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PREFACE. 

LARGELY-INCEEASED commercial intercourse with dis

tant countries, associated with a marked improvement in 

the purchasing-power of the masses of the people, and 

the rapid increase of wealth generally, have attracted 

public attention to the subject of Foods and Dietaries 

in an unusual degree, so that not only is there a 

greater importation of foreign productions than for

merly, but new foods, or preparations of foods, are 

produced almost daily, some of which are specially 

fitted for certain classes of persons, as children, whilst 

others are of general use. Hence our food supplies, 

whether natural or prepared, offer increased variety of 

flavour, if not of nutritive qualities, and foods which 

were formerly restricted to the few are now commonly 

found on the tables of the many. 

Scientific research in every civilised nation has also 

diligently busied itself in the elucidation of the subject, 
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and our knowledge has been increased in reference to 

the chemical composition, preparation, and physio

logical effects of food. 

With so many causes of change since the issue of 

my work on c Practical Dietary,' it seemed desirable to 

produce another which should embrace all generally and 

some less known foods, and contain the latest scien

tific knowledge respecting them, whilst at the same 

time the subject should be treated in a popular manner. 

I t was originally intended to have included both 

foods and diets in one work, but the subject has now 

become so large that it was found necessary to limit 

the present volume to Foods alone, and to reserve the 

interesting subject of diets and dietaries for a future 

occasion. 

The following pages contain a large number of tables, 

which will be useful for reference to both scientific 

and general readers, and also a number of very in

teresting recipes which have been extracted from a 

somewhat rare volume called ' Cury,' containing a 

copy of ancient manuscript recipes of the master cook 

of Richard the Second. The latter have been printed 

in the language of the fourteenth century, and, whilst 

interesting on that ground, will be understood with 

careful reading. 

The prices at which various kinds oi animal food were 
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sold, at a period somewhat anterior to these recipes, 

has not been referred to in the body of the work, 

but it was formerly regulated by law, and in 1315 was 

as follows:— 

'Edwarde by the Grace o t G o d Kynge of England 

&c. To Shiriffes, Majors Bailiffes of Fraunchises 

Greeting: For as much as we have heard and under

s t a t e d the greevous complayntes of Archbishops, 

Bishops, Prelates and Barons, touching great dearth of 

victuals in our Realme: We ordeyne from henceforth 

that no Oxe stalled or corne fedde be sold for more 

than xxiiiis. No other grasse fed Oxe for more than 

xvis.; a fat stalled Cowe at xiis.; another Cowe lesse 

woorth at xs.; a fat Mutton corne fedd or whose wool is 

well growen at xxd.; another fat Mutton shorne at 

xiiiicZ.; a fat Hogge of two yeres olde at iiis. iiiid.; a 

fat Goose at iid., ob., in the Citie at Hid.; a fat Capon at 

iid., in the Citie iid. ob.; a fat Hen at id., in the Citie 

at id. ob. ; two Chickens at id., in the Citie at id. ob.; 

foure Pigions id., in the Citie three Pigions id. Item 

xxiiii Egges a peny, in the Citie xx Egges a peny. We 

ordeyne to all our Shiriffes.' 

I have also thought it desirable to somewhat extend 

the ordinary view of foods, and to include water and air, 

since they are subjects which command great attention, 

both in their food and sanitary aspects. 



Vlll PREFACE. 

The classification of foods has been made on the 

simplest basis, since none other seemed equally good, or 

equally well adapted to the object of this work. 

I dare not hope that a volume of so much detail wUl 

be entirely free from typographical errors, but great 

pains have been taken to insure accuracy. 

EDWARD SMITH. 

LONDON: 140. HA RUBY STREET, W. 

April 1873 



CONTENTS. 

PAGE 

INTRODUCTORY : — T H E NATURE AND QUALITIES OF, AND THE NECES

SITY FOR, FOODS 1 

PART I. 

SOLID FOODS. 

SECTION I.—ANIMAL FOODS. 

o. Nitrogenous. 
CHAPTER 

I. Description and Cooking of Flesh 15 
I I . Preserved Meat:—By drying; Cold; Immersion in Antiseptic 

Gases and Liquids; Coating with Fat or Gelatin; Heat ; 
Salt 22 

I I I . Bone 38 
IV. Characters and Composition of lean and fat Meat . . . 4 ] 
V. Beef and Veal 46 

VI. Mutton, Lamb, Goat's, and Camel's Flesh . . . . 5 2 
VII. Pork, Sucking Pig, Bacon, and Wild Pig . . . . 5 8 

VIII . Various Wild Animals and the Horse and Ass . . . 6 9 
IX. Offal 75 
X. Sausages, Black Pudding, and Blood 82 

XI. Extracts of Meat and fluid Meat 86 
XII . Albumen, Gelatin, and Casein 91 

XIII . Eggs 95 
XIV. Poultry and Game 100 
XV. Fish 105 

XVI. Shell-Fish and Turtle 114 
XVII. Cheese and Cream Cheese . 1 2 0 

/8. Non-Nitrogenous. 

XVIIL Butter, Ghee, Lard, Dripping, and Oils . . . . 1 2 7 



CONTENTS. 

SECTION II.—VEGETABLE FOODS. 

a. Nitrogenous. 
CHAPTER 

XIX. Analogy of Animal and Vegetable Foods, and General 
Considerations on Seeds 

XX. Peas, Beans, Lentils, &c. . 
XXI. Maize or Indian Corn, Millet, &c. 

XXII. Eice 
XXIII. Oats 
XXIV. Wheaten Flour and Bread 
XXV. Wheaten Bread, Biscuits, and Puddings 

XXVI. Barley, Maslin, and Rye; Scotch and 
Gluten . . . . . 

XXVII. Succulent Vegetables 
XXVIII. Fruits: Succulent and Albuminous 

XXIX. Condiments . . . . 

Pearl Barley; 

PAGR 

143 
152 
156 
162 
166 
171 
181 

193 
197 
213 
229 

/8. Non-Nitrogenous. 

XXX. Starches, Sago, Arrowroot, Tapioca, Cassava, Manioc, Se
molina . . . . . . . . . e 239 

XXXI. Vegetable Fats and Oils 246 
XXXII. Sugar, Treacle, Honey, and Manna . . . . . 249 

PAUT II. 

LIQUIDS. 

XXXIII. Water 
XXXIV. Milk, Cream, Butter-milk, and Whey 
XXXV. Tea, Coffee, Chicory, Cocoa, and Chocolate 

XXXVI. Alcohols . . . . . . . 

. 269 

. 312 

. 330 

. 371 

PART III. 

GASEOUS FOODS. 

XXXVII. Atmospheric Air 
XXXVIII. Ventilation . 

434 
459 

INDEX . 477 



LIST OF RECIPES OF THE FOURTEENTH CENTURY, 
QUOTED FROM 'CURT.* 

Cok a Grees . . . . 

For to kepe Venison fro Restyng 

For to do away Restyng of Venison 

Gele of Flessh . 

Lenten Fish Soup 

Gele of Fyssh 

Benes yfryed 

Re Smolle . 

Blank Mang 

Furmenty. 

Maccoros . 

Salat 

Apple Tart 

PAGR 

68 
70 
71 
81 
112 
113 
154 
162 
163 
177 
191 
207 
218 





LIST OF DIAGRAMS, WOODCUTS, AND TABLES. 

WO. PAGB 

1. Thermometric force of Foods. Frank!and 6 
2. Diagram, showing the rate of pulsation and respiration through

out two nights and one day in three phthisical persons. 
E. Smith 9 

3. Diagram, showing the same for twenty-four hours in a healthy 
child. E. Smith 9 

4. Diagram, showing rate of evolution of carbonic acid in the ex
pired air, with and without food. E. Smith . . . . 1 0 

5. Diagram, exhibiting the effect of sudden and marked changes of 
temperature over the vital functions. E.Smith . . . 1 1 

6. and 7. Effect of numerous kinds of exertion over the respiration. 
E. Smith 12, 13 

8 ,9 ,10 . Drawings of Muscular fibre 17 
11. Soda in Blood and flesh-juice. Licbig . . . . . . 1 8 
12. Chemical composition of Bone . . . . . . . 39 
13. „ „ „ Cartilage 40 
14. Diagram, showing joints in a carcass 42 
15. Proportion of fat and lean in fat and store animals. Lawes $ 

Gilbert 43 
16. Chemical elements in Fat 45 
17. Composition of various kinds of Flesh. Mareschal . . . 4 7 
18. Chemical elements in Roast and Boiled Beef . . . . 4 9 
19. Loss in Cooking beef 49 
20. Chemical composition of Veal 51 
21. Composition of Boiled Mutton 54 
22. Food stored up in Pigs, Sheep, and Oxen 59 
23. 24. Composition of Bacon 67 
25. Proportion of carcass and offal in animals 75 
26. Composition of Liver . 7 9 
27. „ „ Tripe 80 
28. „ „ fresh Blood 84 
29. Salts in Blood 85 
30 ,31 . Composition of animal and vegetable Albumen . . . 9 1 
32. „ „ Hen's egg 99 



x i v LIST OF DIAGRAMS, WOODCUTS, AND TABLES. 

NO. **GJ 

33. Composition of Flesh of Poultry 103 
34, 35, 36. „ „ Various Fish. Payen 107 
37. „ „ Clean and Foul Salmon. Christison. . . . 1 0 8 
38. „ „ Cheese 121 
39,40. ,. „ „ 124 
41- „ „ „ . Payen . 125 
42. Quantity of Water in Butter supplied to Workhouses. Wanlclyn . 134 
43, 44. Elements in Butter 135, 136 
45. Drawing of Fat Cells 138 
46,47. „ „ Starch Cells • . . 1 4 7 
48. The same expanded by heat 148 
49, 50. Drawing of Siliceous Cuticle of Wheat and Meadow Grass . 150 
51. „ „ „ „ „ Deutzia . . . . . 151 
52. Elements in Lignine or Cellulose, and Starch . . . . 1 5 1 
53. Proportion of Starch in Foods 152 
54. Composition of Peas and Lentils . . . . . . . 1 5 2 
55. „ „ Maize 157 
56. ,. „ Millet 162 
57,58. „ „ Rice 165 
59,60. „ „ Oatmeal 170 
61. Layers of the Skin of Wheat 179 
62. Analysis of Hart's whole-meal FJour. Qt^ert , . . . 1 8 0 
63. Composition of Seconds Flour 181 
64. „ „ Wheaten bread 191 
65. „ „ Barley meal 194 
66. „ „ Pearl Barley . 195 
67. „ „ Rye meal 196 
68. 69. „ „ Potato 199 
70. Sp. Gr. of and Starch in Potato. PoM 199 
71. Ash in various kinds of Potato. Herapath . . . . . 2 0 0 
72. Drawing of Section of Sound Potato . . . . . . 200 
72. „ „ „ „ Diseased Potato 201 
73. Composition of Chinese Yam. Frhny 202 
74. „ „ Apios and Potato. Payen 20o 
75. Elements in Turnips and Carrots . 2 0 3 
76. 77. „ „ n n „ and Parsnips . . . . 2 0 4 
78. Composition of Beet-root. Payen . . . . . # 205 
79. „ „ Bread-fruit 206 

„ the juices of Plantain 206 
„ of Cabbage. Anderson . . . . 2 0 " 
„ of dried Mushroom. Schlossberger § Dapping . 2 1 1 
„ the juice of the Grape 215 

k4. Sugar in Rhine Grape juice . . . . . . . 2 1 6 
85. Composition of Mulberriss, Bilberries a id Blackberries. Frc.^niifs 217 

80. 
81. 
82. 
J>3 



LIST OF DIAGRAMS, WOODCUTS, AND TABLES. XT 

NO. PAGB 

86. Composition of Cherries. Fresenius . . . . . . 2 1 8 
87. „ „ Apples 218 
88. „ „ Strawberries and Raspberries. Fresenius . . 2 2 1 
89. „ „ Plums, Apricots and Peaches . . . . 222 
90. „ ,, Gooseberries and Currants . . 222 
91. Draving of Nutmeg and Mace 234 
92. „ Ginger plant 237 
93. Elements in Sago, Arrowroot and Tapioca 240 
94. Drawing of a Sago-producing plant 241 
95. Diagram, showing the effects of the Starch series of Foods and of 

Fats on the Respiration. E. Smith . . Front/spircc faces Title 
96. Composition of Sugar Cane 251 
97. Drawing of the Sugar Cane . . . . . . . 252 
98. Proportion of Sugar in various Foods 259 
99. Elements in Milk Sugar and Cane Sugar 259 

100. Diagram, showing the effects of the Sugar series of Foods on the 
Respiration. E. Smith 260 

101. Sugar in Syrups 262 
102. Elements in Caramel 263 
103. Water in various substances 270 
104. Drawings of Crystals found in Water 272 
105. Acidity, Ammonia and Albumenised Ammonia in Water . . 273 
106. Elements in Thames Water 275 
107. 108. Mineral matters in Water 276 
109,110. „ „ , 277 
111- »> >» „ » 278 
112. Hardness of Water. Soap test 282 
113. Organic matter in Water 285 
114. „ „ „ „ . 286 
115. Nitrogen and Nitric acid in Ammonias 293 
116. Chlorine in Water 298 
117. 118. „ „ „ 299 
119. Various substances in Water . . . . . 300 
120. „ „ „ „ 301 
121. Drawing of Charcoal Filter in a cistern 309 
122. Mineral Waters 310,311 
123. Composition of Cow's Milk 313 
124. Diagram, showing the effects of the Milk series of Foods on the 

Respiration. E. Smith . , • . . . . . 3 1 4 
125. Composition of several kinds of Milk i . . 3 1 5 
126. Salts in Milk 316 
127. Composition of Milk of Women in the Siege of Paris . . . 317 
128. Salts of Milk 317 
129. Composition of Butter Milk 328 



x v i LIST OF DIAGRAMS, WOODCUTS, AND TABLE^, 

NO. P A 6 B 

130. Substitutes for China Tea 3 4 i 

131. Weight of Tea to bulk 3 4 5 

132. Elements in Theine 3 4 6 

133. Diagram, showing the effect of the Tea series of Foods on the 
Respiration. E. Smith 3 4 7 

134. Composition of Coffee 363 
135. „ „ the Cacao bean 370 
136. Diagram, showing the effect of the Alcohol series of Foods on 

the Respiration. E. Smith . . . . . . . 377 
137. Alcohol in Wines 390 
138. (Enanthic Ethers in Wines of the Gironde 392 
139. Proof Spirit in Hungarian Wines 397 
140. „ „ „ Greek Wines 398 
141. Drawing of the Palmyra Palm 405 
142. Saccharine matter in Beer . . . . . . . . 4 1 2 
143. Oxygen in Atmospheric Air 446 
144. „ „ „ „ . 447 
145. 146. Carbonic Acid in Atmospheric Air 450 
147. Estimation of Carbonic Acid in Air 451 
148. Organic matter in Atmospheric Air 454 
149. „ „ „ „ „ 455 
150. 151, 152. „ „ „ „ 456 
153. Vapour in a Cubic foot of Air at various temperatures . . 458 
154. Variation of Carbonic Acid with Ventilation. Dr. Angus Smith . 475 
155. 156. Carbonic Acid and Oxygen in Sick wards. do. • 475 



FOODS. 

INTEODTJCTORY. 

THE NATURE AND QUALITIES OF AND THE 

NECESSITY FOR FOODS. 

BEFORE PROCEEDING to consider the numerous Foods 
which, will come under review in the course of this 
work, it seems desirable to offer a few remarks of a 
general character on their nature and qualities and 
the necessity for them. 

As a general definition, it may be stated that a food 
is a substance which, when introduced into the body, 
supplies material which renews some structure or main
tains some vital process ; and it is distinguished from a 
medicine in that the latter modifies some vital action, 
but does not supply the material which sustains such 
action. 

This is certainly correct so far as relates to the sub
stances which supply nearly all our nourishment, and 
which the Germans class under the term Nahrungs-
mittel, but there are certain so-called foods known as 
Genussmittel, which seem to form a connecting link, 
in that they increase vital actions in a degree far beyond 
the amount of nutritive material which they supply. 

s 
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They thus resemble certain medicines in their action, 
but as they supply a proportion of nutritive material 
they should be ranked as foods. 

I t is essential to the idea of a food that it should 
support or increase vital actions; whilst medicines 
usually lessen, but may increase, some of them. 

I t is not necessary that a food should yield every 
kind of material which the body requires, for then one 
might suffice for the wants of man; but that it fulfils 
one or more of such requirements, so that by a com
bination of foods the whole wants of the body may be 
supplied. Neither is it essential that every food should 
be decomposed or broken up, and its elements caused 
to enter into new combinations when forming or main
taining the structures of the body, since there are some 
which in their nature are identical with parts of the 
body, and, being introduced, may be incorporated with 
little or no change. 

But there are foods which are more valuable to the 
body than others, in that they supply a greater number 
of the substances which it requires, and such are 
known as compound foods, whilst others which supply 
but one element, or which are incorporated with
out change, may be termed simple foods. Other foods 
are more valuable because they are more readily 
changed into the substance of the body, or act more 
readily and quickly in sustaining vital actions, and 
these may be called easily digested or easily assimilated 
foods. Others are preferred because they supply a 
greater quantity of useful nutriment at a less propor
tionate cost, and are known as economical foods ; and 
foods varying in flavour are classed as more or less 
agreeable foods. 

Some foods are classed according to the source 
whence they are delivered, as animal and vegetable foods; 
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and others according to the density of their substance, 
as fluid and solid foods. 

There are foods which nourish one part of the body 
only, and others which sustain one chief vital action, 
and are called flesh-forming or heat-forming foods, 
whilst others combine both qualities. 

Besides these larger divisions, there are qualities in 
foods which permit of further classification, such as 
those which render them particularly fit for different 
ages, climates, and seasons, and others which possess 
a special character, as sweetness, acidity, or bitter
ness. 

There are also effects produced by foods apart from 
or in addition to those of nutrition, which are not 
common to all ; so that some foods more than others 
influence the action of the heart, lungs, skin, brain, 
bowels, or other vital organ, whilst others have antago
nistic qualities, so that one may destroy certain effects 
of another. 

Foods are derived from all the great divisions of 
nature and natural products, as earth, water and air, 
solids, liquids and gases ; and from substances which 
are living and organic, or inanimate and inorganic. 
The popular notion of food as a solid substance derived 
from animals and vegetables, whilst comprehensive, i? 
too exclusive, since the water which we drink, the air 
which we breathe, and certain minerals found in the 
substance of the earth, are of no less importance as 
foods. 

I t is, however, of great interest to note how fre
quently all these are combined in one food, and 
how closely united are substances which seem to be 
widely separated. Thus water and minerals are found 
in both flesh and vegetables, whilst one or both of the 
component parts of the air, viz., oxygen and nitrogen, 

v 2 
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are distributed through every kind of food. Hence, 
not only may we add food to food to supply the wants 
of the body, but we may within certain limits substitute 
z>ne for another as our appetites or wants demand. 
The necessity for this in the economy of nature is 
evident, for although a good Providence has given to 
man an almost infinite number of foods, all are not 
found everywhere, neither can any man obtain all foods 
found around him. 

Further, there seems to be an indissoluble bond 
existing between all the sources of food. There are 
the same classes of elements in flesh as in flour, and 
the same in animals as in vegetables. The vegetable 
draws water and minerals from the soil, whilst it absorbs 
and incorporates the air in its own growth, and is then 
eaten to sustain the life of animals, so that animals 
gain the substances which the vegetable first acquired. 
But in completing the circle the vegetable receives from 
the animal the air which was thrown out in respiration, 
and lives and grows upon it, and at length the animal 
itself, in whole or in part, and the refuse which it daily 
throws off, become the food of the vegetable. Even 
the very bones of an animal are by the aid of nature or 
man made to increase the growth of vegetables, and 
really to enter into their structure; and being again 
eaten, animals may be said to eat their own bones 
and live on their own flesh. Hence there is not only 
an unbroken circle in the production of food from 
different sources, but even the same food may be shown 
to be produced from itself. Surely this is an illustra
tion of the fable of the young Phoenix arising from the 
ashes of its parent! 

Food is required by the body for two chief purposes, 
viz. to generate heat and to produce and maintain the 
structures under the influence of life and exertion. 
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The importance of the latter is the more apparent, 
since wasting of the body is familiarly associated 
with decay of life; but the former is so much the more 
urgent, that whereas the body may waste for a 
lengthened period, and yet live, it rapidly dies when 
the source of heat is removed or even greatly less
ened. 

The production of heat in the body, so wonderful in 
the process and amount, results only from the chemical 
combination of the elements of food, whether on the 
minute scale of the atoms of the several tissues, or on 
the larger one connected with respiration, and is thence 
called the combustion of food. As familiar illustra
tions of the production of heat from chemical change, 
we may mention that when cold sulphuric acid and cold 
water are added together the mixture becomes so hot 
that the hand cannot bear it, and the heating of hay
stacks, and also of barley in the process of malting, is well 
known. This action in the body is not restricted to 
changes in one element alone, but proceeds with a l l ; 
yet it is chiefly due to a combination of three gases, 
viz. oxygen, hydrogen, and carbon, and requires for its 
support fat, starch, or sugar, or other digestible food 
composed of those substances precisely as coal and 
wood supply fuel for fire without the body. 

This effect is made extremely striking, by Professor 
Frankland, in the following table, which shows the 
amount of heat generated from so small a quantity as 
ten grains of certain foods during their complete combus
tion within the body, and the force which scientific 
calculations have shown to be equivalent to that amount 
of heat. The original quantity used by Prof. Frankland 
has been reduced by Dr. Letheby to ten grains, for 
the convenience of English readers. (Royal Inst. 
April 1868.) 
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No. 1. 

Food 

10 grains of dry flesh 
„ „ albumen 
„ „ lump sugar . 
„ ,, arrow root . 
,, „ butter . 
„ „ beef fat 

In combustion 
raises lbs. of 
water 1 degree 

Fahrenheit 

11-23 
10-94 

8 6 1 
1 0 0 6 
18-68 
23-32 

Which is equal 
to lifting lbs. 

1 foot high 

8,677 
8,453 
6,647 
7,766 

14,421 
18,023 

Thus we prove that an ounce of fresh lean meat, if 
entirely burnt in the body, would produce heat sufficient 
to raise about 160 lbs. of water 1° F., or a gallon of water 
about 16° F. In like manner, one ounce of fresh butter 
would produce five times that amount of hea t ; but it 
must be added, that as the combustion which is effected 
within the body is not always complete, the actual effect 
is less than that now indicated. 

I t may thus be shown that the division of foods into 
the two great classes of flesh-formers and heat-genera
tors is not to be taken too incisively, for whilst a food 
is renewing flesh it also produces heat, and whilst the 
heat-generating food is acting it may also produce a 
part of flesh in the form of fat; but although they are 
so closely associated in their vital work, the leading 
characteristic of each kind is so marked as to warrant 
the classification which Liebig has formulated. 

I t is understood that the structures of the body are 
in a state of continual change, so that atoms which 
are present at one hour may be gone the next, and, 
when gone, the structures will be so far wasted, unless 
the process of waste be accompanied by renewal. But 
the renewing substance must be of the same nature as 
that wasted, so that bone shall be renewed by bone and 
flesh by flesh; and hence, whilst the body is always 
changing, it is always the same. This is the duty 
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assigned to food—to supply to each part of the body 
the very same kind of material that it lost by waste. 

As foods must have the same composition as the 
body, or supply such other materials as by vital action 
may be transformed into the substances of the body, it 
is desirable to gain a general idea of what these sub
stances are. 

The following is a summary statement of the principal 
materials of which the body is composed:— 

Flesh in its fresh state contains water, fat, fibrin, 
albumen and gelatin, besides compounds of lime, phos
phorus, soda, potash, magnesia, silica and iron, and 
certain extractives. 

Blood has a composition similar in elements to that 
of flesh. 

Bone is composed of cartilage, gelatin, fat, and salts 
of lime, magnesia, soda and potash, combined with 
phosphoric and other acids. 

Cartilage consists of chondrin, which is like gelatin 
in composition, with salts of soda, potash, lime, phos
phorus, magnesia, sulphur and iron. 

The brain is composed of water, albumen, fat, phos
phoric acid, osmazome and salts. 

The liver consists of water, fat, and albumen, with 
phosphoric and other acids in conjunction with soda, 
lime, potash and iron. 

The lungs are formed of a substance resembling 
gelatin, albumen, a substance analogous to casein, 
fibrin, various fatty and organic acids, cholesterin, with 
salts of soda, and iron and water. 

Bile consists of water, fat, resin, sugar, fatty and or
ganic acids, cholesterin and salts of potash, soda and iron. 

Hence it is requisite that the body should be pro
vided with salts of potash, soda, lime, magnesia, sulphur, 
iron and manganese, as well as sulphuric, hydrochloric, 
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phosphoric, and fluoric acids and water; also nearly 
all the fat which it consumes daily and probably all 
the nitrogenous substances which it requires, and 
which are closely allied in composition, as albumen, 
fibrin, gelatin and chondrin. I t can produce sugar 
rapidly and largely, and fat slowly and sparely, from 
other substances; also lactic, acetic, and various or
ganic acids, and peculiar extractive matters. 

So great an array of mysterious substances might 
well prevent us from feeding ourselves or others if the 
selection of food depended solely upon our knowledge 
and judgment; but it is not so, for independently of 
the aid derived from our appetites, there is the great 
advantage of having foods which contain a proportion 
of nearly all these elements; and combinations of 
foods have been effected by experience which protect 
even the most ignorant from evil consequences. 

Thus flesh, or the muscular tissue of animals, con
tains precisely the elements which are required in our 
flesh-formers, and, only limited by quantity, our heat-
generators also; and life may be maintained for very 
lengthened periods upon that food and water when 
eaten in large quantities. Seeing, moreover, that the 
source of flesh in animals which are used as food is vege
tables, it follows that vegetables should have the same 
elements as flesh, and it is a fact of great interest that in 
vegetables we have foods closely analogous to the flesh of 
animals. Thus, in addition to water and salts, common 
to both, there is vegetable jelly, vegetable albumen, 
vegetable fibrin, and vegetable casein, all having a com
position almost identical with animal albumen, gelatin, 
chondrin and casein. 

Hence our appetites and the bountiful provision 
made for us extend our choice to both the vegetable and 
animal kingdoms, and it is possible to find vegetable 
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foods on which man could live as long as upon animal 
food alone. Bread is in vegetable foods what flesh 
is in animal foods, and each within itself contains nearly 
all the elements required for nutrition. 

When, however, we bring knowledge of a special kind 
to the aid of our appetites, we are able to discover both 
the deficiencies in any given food and the kind of food 
which would meet them. Thus a knowledge of the re
quirements of the system and of the available uses of 
food, leads to the proper combinations of food, or to the 
construction of dietaries. 

We have thus placed face to face the requirements of 
the body and the qualities of the foods to be used to 
supply them, but it is of very common observation that 
the effect of the supply is but temporary and needs 
renewal at definite periods. Hence we show that the 
needs of the body are tolerably uniform, whilst the effect 
of the supply is temporary, or that both the need 
and the supply are intermittent. This may be readily 
represented by showing the line of change in the 
degree of vital action on the body during the twenty-
four hours, as produced by my own investigations and 
delineated in the following diagrams. 

Diagram No. 2 shows the rate of pulsation and res
piration per minute, throughout two nights and one 
day, in three adult phthisical persons. The pulsation 
is represented in the upper and the respiration in the 
lower series of lines, and the letter S indicates that the 
patient was asleep at the time of observation. (Brit. & 
For. Med.-CMr. Rev. 1856, and Med.-Chir. Trans. 1856.) 

Diagram No. 3 represents the same facts as observed 
in a healthy child eight years of age, and delineated in 
the circle of the twenty-four hours. I t includes two 
lines, which represent the observations on two days. 
(Medico-Chirurgical Trans. 1856.) 
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In both of these diagrams the shaded part shows the 
hours of darkness at the period of the year when the 
observations were made. 

Diagram No. 4 shows the quantity of carbonic acid 
evolved by myself in respiration at each hour from 
6.30 A.M. until midnight, on two occasions with food, 
and on one day of entire abstinence from food, the 
whole of the carbonic acid being collected. (Phil. 
Trans. 1859.) 

Thus during the repose of the night the amount of 
vital action, as shown by the respiration and pulsation, 
is low and tolerably uniform, whilst under the influence 
of food it is high and varies during the day extremely, 
but the general course is such that a large increase 
takes place after a meal, and a considerable decrease 
before the following meal. This increase, followed by 
decrease, being due to the action of food, proves tha t 
the influence is temporary, and that after a sufficient 
interval another supply of food is required. At the 
same time it must be allowed that the bodv is not 
entirely a passive agent subject to the controlling 
action of food, for no supply could prevent the vital 
actions subsiding at night, or make them equal both 
by night and day. 

There is a power inherent in the body which 
accepts or rejects food as to amount, as well as to 
quality, and which might at length act through the 
appetite and refuse the kind supplied. Moreover, 
the wants of the body vary from many other well-
known influences, and cause an increase or decrease 
in the vital actions which proceeds pari passu with 
the consumption of the transformed or stored-up food 
in a degree proportionate to the cause, but such 
effects are often more rapid and transitory than that of 
food. 
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The variations in the requirement for food are in
duced by age, climate, season, and degree of exertion, 
and will be more fully discussed in the work on 
Dietaries ; but it may now be desirable to give a glance 
at some of them. 

In reference to age, there can be no doubt that all 
vital processes, including the action of foods, are greater 
and more rapid in early, and less and slower in later, 
than in mature life, and in both the former a more 
frequent administration of food is necessary. In early 
life, moreover, there is the important function of growth, 
which demands a large and more frequent supply of food, 
not only for daily wants, but to promote a due increase 
in the bulk of the structures of the body. 

I have elsewhere l shown that the season of the year 
has also a decided influence over the vital actions, so 
that they are the greatest in the spring and the least at 
the end of summer, as is illustrated by the following 
diagram. 

Diagram No. 5 exhibits the effect of sudden and 
marked changes of temperature over the vital function 
in two adult persons. The effect was such that the 
quantity of carbonic acid evolved by the respiration was 
inverse as the change in the temperature; the vital 
changes lessening with increase of temperature, and 
vice versa. (Phil. Trans. 1859.) 

The action of climate is similar to that of season, 
and shows that the vital actions are greater in cold 
than in hot climates, and in the uplands than in close 
valleys. 

The influence of exertion over vital changes is im
mediate and proportionate, whilst the subsidence with 
rest is less rapid than the increase. The following 

1 «Health and Disease: Periodical Changes in the Human Body.'— 
Henry S. King & Co., Cornhill. 
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table of experiments upon myself shows the pro
portionate effect of exertion of varying degrees on the 
basis of the increased volume of air inspired:— 

No. 6. 

The lying posture . 
The sitting posture . 
Reading aloud or singing 
The standing posture 
Railway travelling in the 1st class 

2nd class 
upon the engine, at 20 to 30 miles per hour 

50 to 60 
in the 3rd class 
upon the engine, average of all speeds 

„ „ at 40 to 50 miles per hour 
30 to 40 

Walking in the sea 
„ on land at 1 mile per hour 

Riding on horseback at the walking pace 
Walking at 2 miles per hour . 
Riding on horseback at the cantering pace 
Walking at 3 miles per hour . 
Riding moderately 
Descending steps at 640 yards perpendicular per hour 
Walking at 3 miles per hour and carrying 34 lbs. . 

»» »> >» >> o ^ ,, , 
Riding on horseback at the trotting pace 
Swimming at good speed 
Ascending steps at 640 yards perpendicular per hour 
Walking at 3 miles per hour and carrying 118 lbs. . 

„ 4 miles per hour 
The tread-wheel, ascending 45 steps per minute 
Running at 6 miles per hour 

being 
is 

»> 
>» 
II 

i » 

<> 
»> 
55 

55 

>» 
55 

55 

>5 

51 

15 

55 

15 

55 

55 

55 

55 

55 

55 

51 

55 

55 

5» 

5 ) 

1 
1-18 
1-26 
1-33 
1-40 
1-5 
1-52 
1-55 
1-58 
1-58 
1-61 
1-64 
1-65 
1-9 
2^2 
2-76 
3-16 
3-22 
3-33 
3-43 
3-5 
384 
4-05 
4-33 
4-4 
475 
5 0 
5 5 
7-0 

The next table from the same series of experiments 
shows the same effect on the basis of the amount of 
carbonic acid evolved by respiration per minute :— 
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In profound sleep, lying posture 
In light sleep „ „ . 
Scarcely awake, 1 k A.M. . . . . 

55 55 ^ 3 55 • • • • « 

6-i 
55 55 U 4 55 • • • • 

Walking at 2 miles per hour . 
, , «5 , , , , . . . . 

Tread-wheel, ascending 28*15 feet per minute 

4*5 grains 
. 4-99 „ 
. 5-7 „ 
. 5-94 „ 

6-1 „ 
. 181 
. 25-83 „ 
. 43-36 „ 

Thus it is possible that the amount of vital change 
proceeding in the body may be ten times greater in one 
state than in another, and it follows that a propor
tionate quantity of food will be required to sustain it. 





P A R T I. 

S O L I D F O O D S 

SECTION I.—ANIMAL FOODS. 

a. Nitrogenous. 

CHAPTER I. 

DESCRIPTION AND COOKING OF FLESH. 

T H E qualities by which foods may be classified have 
been already shown to be numerous and open to the 
selection of the enquirer; but as it is not desirable in a 
work of this kind to attempt too much refinement of 
mere outline, we will omit two subjects, and refer the 
classification on the grounds of economy and chemical 
action to the work on Dietaries, whilst here we make 
use of the familiar but comprehensive one of solids, 
liquids, and gases. Solids will be divided into animal 
and vegetable, and each subdivided into nitrogenous and 
non-nitrogenous. We shall proceed first to treat of solid 
animal foods. 

This important series of food might be subdivided 
into two other classes, viz., those which constitute the 
substance of an animal and are obtained when it is dead, 
and those which are the natural product of the animal 
and are obtained whilst it lives. The former includes 



16 NITROOENOUS ANIMAL FOODS. 

the flesh, and as it varies in different classes of creatures, 
it is popularly subdivided into flesh, fish, and fowl, 
whilst the latter are milk, eggs, and other products. 
Those who profess to be vegetarians eat the latter only. 
I t is also divided into lean and fat, both of which abound 
in animals generally, and this leads to a yet more tech
nical division, viz. into nitrogenous and non-nitro
genous foods, since all lean flesh contains nitrogen, whilst 
all fats when pure are destitute of it. 

Hence, however differing in appearance, ail kinds of 
flesh have certain nutritive qualities in common ; but 
the proportion in which the qualities exist varies, and 
each large division of the class has its own nutritive 
value. 

The anatomical composition of flesh is very similar in 
every kind of creature, whether it be the muscle of the 
ox or of the fly; that is to say, there are certain 
tubes which are filled with minute parts or elements, 
and the adhesion of the tubes together makes up the 
substance of the flesh. This may be represented grossly 
by imagining the finger of a glove, to be called the 
sarcolemma, and so small as not to be apparent to the 
naked eye, but filled with nuclei and the juices peculiar to 
each animal. Hundreds of such fingers attached together 
would represent a bundle of muscular fibres. The 
tubes are of fine tissue, but are tolerably permanent; 
whilst the contents are in direct communication 
with the circulating blood and pursue an incessant 
course of chemical change and physical renewal. The 
quality of meat consists in the character of the pulp or 
enclosed substance, whilst the toughness depends chiefly 
upon the tubes and the structures which bind them 
and other parts together, and both vary with the age 
and breeding of the animal. The aim in modern breed
ing is to produce the greatest amount of muscle and 
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fat at the earliest period of life, but it is well known 
that whilst delicacy of flavour may thus be obtained, 
fulness and richness can be produced by age only. 
I t is well known also that the connecting tissue, or 
the substance which binds the parts together, is re
latively more abundant in ill-fed, ill-bred, and old 
animals than in the opposite conditions, and renders 
the meat tough. Hence it will be readily inferred 
that young and quickly fed animals have more water 
and fat in their flesh, whilst older and well-fed animals 
have flesh of a firmer touch and fuller flavour, and are 
richer in nitrogen. The former may be the more delicate, 
the latter will be the more nutritious. 

There are, however, two divisions of flesh which must 
be referred to, for although not differing much in 
chemical composition, they vary in their value as 
nutrients. The fibres of flesh generally are crossed 
by lines invisible to the naked eye, so that all voluntary 

No. 8. No. 9. No. 10. 

No. 8. Voluntarv muscle (striated).—No. 9. Transverse section of three 
fibres of the teal.—No. 10. Involuntary muscle (non-striated). 

A. Of the cat. F . Capillary vessels. 
B, c. Of the house-fly. G. Showing nuclei when treated with 
D. The sheath. acetic acid. 
E. Round refracting particles. 

muscles are striated (fig. 8) ; but the other muscular 
organs which do not move by volition have muscular 

c 
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fibres which are not striated (No. 10), and are termed 
involuntary muscles. The heart is peculiar, being an 
involuntary muscle, but with striated fibres. The 
involuntary muscles are softer in their texture than 
ordinary flesh, but are not easily masticated; so that, 
notwithstanding their identity in nutritive elements, 
they are not so nutritious as ordinary flesh, and never 
obtain so high a price in the market. 

The juice of flesh has an acid reaction, and is more 
abundant in striated than in plain muscular fibre. I t 
contains albumen, casein, creatine, creatinine, sarcine, 
lactic acid, inosic acid, and several volatile acids, in
cluding formic, acetic and butyric acids, a red pigment 
similar to the colouring matter of the blood, and inor
ganic salts, chiefly alkaline chlorides and phosphates. I t 
is much richer in potash than soda, as shown by the fol
lowing comparison with 100 parts of soda in flesh-juice 
and blood (Liebig):— 

No. n . 
Ox Horse 

In the blood . . . 5*9 95 
In flesh-juice . . . 279*0 285*0 

I t is said by the hunters in southern latitudes that 
flesh is the most tender and juicy if eaten directly after 
the animal has been killed, and whilst it is yet soft— 
nay, even when the animal is alive ; but if the stiffening 
of the flesh, called rigor mortis, have begun, it remains less 
tender until the rigidity has passed away and the changes 
of early decomposition have set in. Meat is always 
eaten in hot climates in its first or second state, unless 
means be taken to preserve it, since decomposition sets 
in too rapidly to allow it to be safely kept fresh for 
more than a few hours. On the other hand, flesh is 
never eaten in colder climates before the second state, 
and in order to lessen the hardness or toughness of it, 
it is usual to allow it to enter the third state, when it 
becomes soft and tender, and has gained a flavour from 
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decomposition which is often approved. The nutri
tious elements, speaking generally, are the same in 
each state until the effects of decomposition appear, 
but the nutritive qualities, being dependent upon the 
power to masticate and digest the flesh, may be really 
less in the second than in either of the other states. 

The desired effect may be produced at any stage in a 
rough manner by cutting the flesh into slices and 
beating it across the cut ends until the fibres are broken 
and the connecting tissues forced asunder; but to effect 
this the slices must be thin. 

The effect of cooking flesh is chiefly physical, 
and is chemical in a very limited sense only. When 
meat is either roasted or boiled, it decreases in bulk and 
weight, and the cooked food is generally less soft than 
fresh meat in the first state. The diminution in bulk 
and weight is owing to the extraction of the juices of so 
much of the mass of flesh as may have been acted upon 
by the heat, and these are chiefly water containing salts, 
and the peculiar flavour of meat, with a proportion of 
fat in a fluid state, gelatin, and perhaps some albumen. 
The flesh thus treated becomes contracted in bulk, from 
loss of the juices and by coagulation of the albumen, 
whilst the mass is composed of solid fibrin, with a pro
portion of albumen, and the juices and fat which have 
not been extracted. The tubes having lost much of their 
contents, shrink and separate from each other, and so 
far the meat may be made more tender; but this varies 
in degree, and is often more than counterbalanced by 
the hardening of the albuminous contents of the 
tubes. 

The object of cooking is to render the flesh more 
submissive to mastication and digestion, but it may 
be entirely frustrated if the substance of the flesh be 
hardened in any appreciable degree. I t is also em-

c 2 
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ployed to make the food hot when it is eaten with a 
view to improve its flavour, and to stimulate the sense 
of taste. I t is only an incident in cooking, however 
inseparable from the act, that the flesh should diminish 
in weight by the loss of its fluid parts, but if all that is 
valuable from the extracted matter be collected, there 
will be no real loss of nutriment. There is, however, in 
this respect some difference according to the mode of 
cooking. If the meat be boiled, the introduction of fluid 
into the substance of the meat, whether between the struc
tures or within the fibres, aids the extractive process, 
but at the same time retains and preserves that which 
is extracted. If it be roasted whilst surrounded on all 
sides by the air, the heat is not applied so uniformly and 
gently, and therefore the outside becomes overcooked 
before the inside is sufficiently cooked, and this occurs 
to a far greater extent than with boiling. Hence not 
only is the fluid part of the juices extracted and lost, but 
the loss is greater than when the meat is boiled. I t is, 
however, to be understood that the matters extracted 
are only such as may be dispersed by heat ; and whilst, 
therefore, the evaporated water may carry off some of the 
flavours of the meat, it does not remove the salts which 
are present in the juices. Hence meat which is pro
perly roasted has lost weight more than that which 
is boiled; but if no account be taken of the matters 
extracted, it contains a larger proportion of nutritive 
elements than the larger mass of boiled meat, and in a 
given weight is more nutritious. When, however, the 
extracted matter is collected and used, there is a greater 
proportion of nutriment in the boiled meat with the 
broth than in the roast meat with the liquefied fat and 
it is clearly desirable that both the broth and the boiled 
meat should be eaten together. 

Stewed meat occupies a position between that of 
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boiled and roast, for it may have been submitted to a 
greater heat and for a longer period than boiled meat, 
and thereby a larger proportion of soluble matter may 
have been extracted, whilst it differs from roasted meat 
in that the outside is not hardened and all the extracted 
material is retained. Boiled meat may be cooked so 
that the solid part shall still retain nearly all the 
nutritive elements of flesh, whilst the solid part of the 
stewed meat may be even less nutritious than the mate
rial which has been extracted from it. 

The degree in which extraction of the juices takes 
place in cooking meat depends upon the heat employed, 
so that the proper application of heat is a fundamental 
question in cookery. I t has been intimated that the 
extraction of the juices is chiefly from the cut ends of 
the soft fibres, and that the fibres become harder by the 
coagulation of the albumen during the process of cook
ing. When, therefore, the fibres have become hardened, 
they have lost some of their contents, but this condition 
prevents or retards the further passage of juices from 
parts beyond the hardened ends. The sooner, therefore, 
the hardening process can be effected, the sooner will 
the loss of juices be diminished or prevented. Dipping 
the meat to be boiled into boiling water effects this 
object, for albumen coagulates at a temperature much 
below that of the boiling point of water; and placing 
the meat to be roasted very near the fire at first has the 
same effect. Thus less juices escape (all other parts of 
the process being equal), and the mass of flesh retains 
its nutritive elements. This is clearly desirable when 
the flesh only is to be consumed; but if it be desired to 
make good broth or beef tea, the opposite course must 
be adopted, and by keeping the temperature below 160° 
the tubes may be emptied to a far greater degree than 
with a higher temperature. Hence the explanation of 
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the saying, that you cannot have good broth and good 
meat from the same piece of flesh. 

But the preliminary point having been settled, the 
proper mode of cooking is clearly not to coagulate the 
albumen unduly, but to make the whole mass of meat 
soft and tender. A slow fire, or water at a temperature 
of 160°, will suffice to expand the fibres, and in some 
degree to rupture them, whilst it separates these and 
other structures and renders the whole mass more fitted 
for mastication and digestion. To keep meat in boiling 
water, or to expose the joint to continued heat before 
the fire, is to make it hard and to extract a greater 
proportion of the juices. 

Flesh thus treated is less susceptible of decomposition 
than fresh meat, by reason of its harder crust and 
the diminution of its juices, and may thus be preserved 
in a state fit for the use of man for some time. 

CHAPTER IL 

PRESERVED MEAT. 

THE art of preserving meat for future use, with a view 
to increase the supply and lessen the cost of this neces
sary food, is of very great importance to this country, 
and all the available resources of science are now 
engaged in it. 

I t is of course the most desirable to import meat in its 
fresh state, both that its nutritive qualities may be 
retained, and that its flavour and appearance may com
pare favourably with those of the meat produced at 
home. I t is not, however, possible to obtain a sufficient 
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supply from countries so near to us that it may be 
brought in a sound state without having undergone 
some process of preservation, and hence the problem to 
be solved is what is the best method of preserving it so 
that it may retain its qualities of fresh meat until its 
arrival here. 

We will now proceed to state briefly only the typical 
methods which have been recently employed in pre
serving meat on a large scale, viz., by drying, by cold, 
by immersion in liquids and gases, by coating with fat, 
by heat, by salting, and by pressure. 

A.—BY DRYING. 

A long-known method of preserving meat is to cut it 
into thin slices, and dry it in the sun, as is practised 
in South America and in other climates hotter than 
our own ; but unless the atmospheric conditions be 
favourable, and the drying effected rapidly, the process 
of decomposition is not prevented, and when it has 
been prepared it is fit for use for only a very limited 
period. 

Dr. Hassall has applied a method by which meat 
may be preserved for a lengthened period in a dried 
state. He thoroughly dries lean meat by the appli
cation of a gentle heat, and then grinds it into a coarse 
powder, which may be made into soup by the addition 
of hot water, or mixed with flour and made into biscuits. 
The flavour of it in soup is somewhat rough, and 
the soup is not equal in quality to that made from 
fresh meat, but the nutritive qualities of the lean 
meat are there, except the aromas, which may have 
escaped under the influence of heat. Hence, if it be 
entirely digestible, it is the most nutritious of all the pre
served substances used in the preparation of soup; and 
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when white of egg, with condiments and vegetable juices, 
are added, the soup is fit for use, both by the invalid and 
the healthy. 

The method is not adapted to the preservation of 
meat for separate use, since the cost of preparation 
would prevent its sale in the market; but it is employed 
in the preparation of meat biscuits for the use of 
soldiers or travellers, and for portable soup. 

The drying of meat by artificial means may be the 
most quickly effected over burning coals. Herrings 
and some other fish are also preserved by the drying 
process only, as by the heat of the sun or the action 
of warm air, with or without the fumes of burning 
wood; but this food will not resist decomposition beyond 
a very limited period. 

Dried Hamburg beef is well known in this country, 
although not so extensively used as in Germany and 
other continental states. I t is a very nutritious and 
agreeable food, and will remain good for many months. 
I t is smoked as well as dried, and is used in the pre
paration of sausages. 

M. Tellier of Paris, in his work, entitled * Conservation 
de la Yiande et autres Substances alimentaires par le 
Froid ou la Dessiccation,5 gives the following method. 

He first rarefies the contained air by an air-pump to a 
tension of two or three centimetres of mercury, and then 
fills the vessel with carbonic acid gas from a gasholder, 
so that the atmosphere will consist of only about three 
per cent, of air. This he removes by the air-pump to 
the same tension, and the remaining air is almost en
tirely carbonic acid gas. Once more, however, he fills 
the vessel with carbonic acid, and again removes it as 
before. Afterwards he absorbs the carbonic acid by the 
use of a concentrated solution of potash, by which a very 
near approach to a vacuum occurs. After leaving the 
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meat thus treated for three days, it is removed, and may 
be kept sound without any further trouble, but it will 
have lost eighteen to twenty per cent, in weight. 

B . — B Y COLD. 

The application of cold, as is well known, has great 
influence in retarding decomposition. Flesh packed in 
ice, from which the water is properly drained, will 
retain its freshness for several weeks; and in cold 
climates, where the temperature is constantly below 
freezing point, will remain fresh for months whilst 
exposed in the open air. But the effect of cold is 
to lessen, if not to change, somewhat the flavour of the 
substance, so that whilst it may be really good food 
it does not fully equal recent fresh meat. This defect 
is, however, limited; and if there were sources of meat, 
which at the same time supplied ice abundantly, it 
would be possible to import meat at a price and of a 
quality which might be very acceptable in the markets 
of this country. Hence the real difficulty is to provide 
a sufficient quantity of ice at the ports of South 
America and Australia, in which to preserve the meat 
for long voyages, without imposing a charge which 
would unduly raise the price of the meat when im
ported. There could be no difficulty in obtaining 
ships that might carry a sufficient quantity of ice 
from which the water should be perfectly drained, and 
thus solve the problem in a more satisfactory manner; 
but so long as our supplies of meat are from hot 
climates the expense will be a serious impediment to 
such a commercial enterprise. I t is, however, in my 
opinion, the most fitting mode of solving the problem, 
and it should be effected either by inducing the inhabi
tants of countries where ice is abundant in the cold 
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season to grow animals for our markets, or by storing 
large quantities of ice in an economical manner at the 
ports of other meat-producing countries. Moreover, it 
is now possible that ice may be made anywhere at so 
small a cost as to be available for this purpose; for 
Messrs. Nasniyth, of Manchester, have constructed 
machines, on the patent of M. Mignot, by which 50 lbs. 
of ice may be made per hour at the cost of condensing 
and then rarefying air, and a company has been formed 
with the intention of producing as many tons daily. 

We need not despair of seeing the time when the whole 
carcass of an animal will be imported in a state fit to 
be cut up in our shops for immediate sale, and when 
the exporters from Australia will supply themselves with 
ice for this purpose from the southern hemisphere, or 
when the pastures of the North American continent will 
become our chief, as they may be our nearest, sources 
of supply. Canada offers unbounded facilities for this 
purpose, by reason of its great ice fields, its pastures 
and agricultural population, as well as its nearness to 
this country; and should the present high price of meat 
continue, it will induce commercial men to organise a 
system, both of feeding the animals and of exporting 
the meat in ice, which may be very profitable to the 
Canadians. 

M. Tellier of Paris, in his work before mentioned, has 
described a process which demands great consideration, 
inasmuch as h& removes much of the moisture from the 
atmosphere. 

He proposes to place joints of meat in a chamber 
through which a current of air, charged with ether or 
other volatile substance, may be passed with a view to re
duce the temperature, so that the vapour in the air shall 
be frozen, but the temperature not reduced below — 1° 
Centigrade, that is about 30° F. He would not freeze the 
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ju ice of the meat , but by a low tempera ture keep the 
chemical and vital actions a t the i r lowest point . H e has 
given directions for t he construction of ships for the 
voyage, and for t h e fitting-up of stores, and indeed all 
t h e details, from the s laughter ing of the animal to the 
arrival of t h e food in England. The following is 
extracted from the work referred t o : — 

* Ce que j'emploie, c'est un courant d'air froid amene 
directement un pen au-dessous de 0°, on des courants liquides 
a — 8° ou —10°, qui, saisissant l'atmosphere, congelent l'humi-
dite qu'elle renferme, la dessechent et abaissent rapidement sa 
temperature, fournissant ainsi les resultats cherches. 

Dans cette condition, non-seulement l'atmosphere est con-
stamment purifiee des miasmes organiqnes qn'elle renferme, 
mais nne legere et lente dessiccation se prodnit, dessiccation qui 
vient aussi aider a la conservation (environ 10 pour 100 en 
poids pour six semaines). 

Tout le mecanisme de l'operation consiste done, on le voit, 
a constituer de simples magasins froids. Ces magasins peu-
vent etre la cale d'un navire, l'interieur d'un wagon, un local 
quelconque. Ce qui importe seulement, c'est que la temperature 
y reste fixe entre 0° et —1 °, e'est-a-dire, au point ou l'eau en 
suspension dans l'atmosphere est solidifiee, tandis que celle 
renfermee dans les tissus se maintient liquide, preservee qu'elle 
est de la congelation par les substances en solution dans elle.' 

C . — B Y IMMERSION IN ANTISEPTIC GASES AND L I Q U I D S . 

There are numerous gases, such as sulphurous acid 
and ni trous acid, which have great power in re tarding 
decomposition, and have been used for the preservation 
of m e a t ; bu t when the method was practically applied 
on a large scale, i t did not yield satisfactory results. 
The re are two difficulties to be overcome,—first, 
t h e removal of the air surrounding the m e a t ; and 
second, t he prevention of a disagreeable flavour, which 
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may be due either to the preserving agent or to the 
process of putrefaction. 

Mr. Jones patented a method by which he first 
enclosed a quantity of meat in a tin, and after filling 
the vacuities with water, replaced it by the preserving 
gas, and then sealed the tin to prevent the re-ad
mission of the atmospheric air. The theory on which 
the method was founded was good, and the art 
employed seemed to be trustworthy ; but whilst some 
of the meat thus treated remained fresh for weeks, 
other joints were partially decomposed and unfit for 
food. Moreover, when the operation had been suc
cessful, the change in the flavour and the appear
ance of the meat was not agreeable; and although, 
if the meat were tinned, these considerations might not 
prevent its sale, it would deter purchasers from giving 
a price at all approaching that of fresh meat. I t is, 
however, probable that a modification of the method, 
whether in the gas employed or in the mode of pro
cedure, might obviate both these defects. 

Messrs. Medlock and Bailey have patented a process 
of preserving meat in bisulphite of lime or zinc, which 
while it arrests putrefaction, is said not to injure the 
flavour of the meat. I t may be adopted in hot climates, 
where animals are killed only after sunset, and the 
joints preserved at once by immersion and subsequent 
drying, or it may be applied in this country, at home or 
in the market, to a piece of meat with a sponge, and 
thus retard putrefaction. 

D . — B Y COATING WITH FAT OR GELATIN. 

Professor Eedwood applied a plan by which the joint 
would be entirely enclosed in fat, and being thus kept 
from contact with the air, might not be decomposed. 
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This appeared likely to be a useful procedure, and it 
attracted the attention of Professor Gam gee and other 
scientific men, with a view to utilise it. I t has not, 
however, succeeded in establishing a profitable trade, and 
probably from one or all of the following reasons. 
Firstly, when the joint was placed in the heated liquid 
fat the outside became cooked to a certain degree, and 
after the fat had been removed it did not present the 
appearance of a fresh uncooked joint. Secondly, the 
exclusion of the air was not always perfect, or the 
putrefactive process had already commenced in some 
part of the joint previous to the operation, so that on 
arrival in this country the meat was not fit for food. 
Thirdly, although the cost of the refined fat where the 
meat was produced might not be great, its value on being 
removed from the joint in this country was so lessened 
that the loss from this cause alone on a leg of mutton 
was one shilling, and by so much the cost of the meat 
was increased. 

There should be no insuperable difficulty in the re
moval of the two first-named defects, and so soon as 
the fat used can be made sufficiently profitable in 
this country, the third defect should also disappear. 
We may have to wait for the discovery of a more per
fect method, but a step in advance seems to have been 
taken by Mr. Craig. This gentleman has prepared a 
fat, almost without flavour, which will remain hard and 
unchanged for many months, and may be used in 
cooking after having performed the duty of preserving 
the joint of meat, whilst its cost in this country is onlv 
sixpence to sevenpence per pound. 

This method in a modified form is adopted in the 
preparation of pemmican and potted meats. In the 
former, the dried meat is minced and mixed with about 
half its weight of fat, whilst frc ŝh meat is used in the 
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latter, and in both the fat is not only incorporated with 
the meat, but covers the surface. But although condi
ments are usually added, and are said to retard the 
putrefactive process, the latter food will not remain 
good for a lengthened period, and the method is of 
little value in reference to the importation of meat. 

The application of oil instead of fat as a preserving 
agent for meat has not hitherto been practicable, on 
account of its cost and flavour, and the tendency which 
it has to become rancid, but it has long been employed 
for more costly substances, as sardines, and when 
enclosed in hermetically sealed tins, has been found 
very effectual. 

E . — B Y HEAT. 

The application of heat has hitherto been the most 
successful method of preserving meat, and has called 
into existence a vast machinery for preparation and 
exportation from distant meat-producing countries. I t 
has two objects,—first, to prepare the meat ; and 
second, to exclude the atmospheric air, which, if 
allowed to remain, would advance the process of putre
faction. 

I t is perhaps not necessary that the meat should be 
boiled in order to acquire a condition in which it is the 
best fitted for preservation, since a temperature of 200° 
would coagulate the albumen and reduce the volume 
of the juices. I t is, however, necessary to remove the 
surrounding atmospheric air from contact with it, and 
therefore the meat is enclosed in a tin case, from which 
the air is to be excluded as perfectly as possible, by 
rarefaction. The degree of heat which is necessary 
to effect the latter object I'P more than enough to 
cook the meat, and hence, whilst both objects are 
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effected by the same operation, the meat becomes 
overcooked. 

The process of preserving mea t in th is manner is a 
very simple one. A t in having been prepared, a piece 
of raw flesh and fat is selected and placed in the t in 
wi th or wi thout a small quant i ty of fluid. The cover 
is t hen soldered on, and the t in is closed, except a t a 
small hole t h rough which air and steam may escape when 
hea t is applied. 

The following is Mr. Jones ' method, as described by 
himself:— 

' We put the meat into tins, either with or without bone, in 
joints or otherwise. The tins are filled quite fall, and are 
soldered up entirely, with the exception of a small tube, about 
the size of a quill, which is soldered into the top of the tin. 
The tins are then put into a bath capable of ho l i ng 96 6-lb. 
tins. AJong the centre of the bath runs a tube carrying 12 
taps, into each of which may be inserted a tube from 8 tins, 
there being 8 stuffing boxes to each tap, 4 on each side. The 
tube communicates with a vacuum chamber. The bath contains 
a solution of chloride of calcium, which boils at a tempera
ture of from 270° to 280°. In commencing operations, the bath 
is gradually heated until it gets to about 212°. Communica
tion is then opened with the vacuum chamber, and the result 
is, that as water boils at about 100° in vacuo, the water is 
carried off in the shape of steam, into the vacuum chamber, 
where it is condensed. The tap is then turned, so as to shut 
off communication with the vacuum chamber, and the meat is 
cooked at a high temperature, until complete preservation is 
effected. We then go on cooking the meat, occasionally turn
ing the taps, just to do what engineers call priming, in order 
to draw off any fluid that may be in the tins. After it has 
been thus cooking for about two hours at 250°, it is in a pre
served state.' 

This process is not identical wi th boiling meat, for, as 
t h e t i n becomes filled wi th the vaporised liquor, the 
m e a t is stewed, and ne i ther boiled nor roasted. 



32 NITROGENOUS A N I M A L FOODS. 

I t is not possible, by the application of such a mode
rate degree of heat as would not destroy the meat, to 
expel all the air from the tin, and all that can be 
effected is by expansion of the air to expel as much of it 
as possible. I t has been' proved by experiment that the 
temperature of boiling water does not do this in such a 
degree as would preserve the meat, and hence a degree 
of heat which is too great for the cooking of the food 
must be increased by 20° or more to accomplish the 
other and yet more necessary object, and by Mr. 
Jones' process the meat is cooked at a temperature of 
250°. After a certain duration of exposure to the 
action of heat, the hole in the cover is closed by solder, 
and the tin is hermetically sealed. 

The meat thus preserved is overcooked, and a large 
part of the juices being extracted by the process, the 
fibres are greatly loosened, and the mass readily 
breaks up. 

On opening such a tin the meat is found enclosed in, 
and indeed permeated, by a gelatinous substance, the 
weight of which is about a quarter of the original 
contents of the tin, and inasmuch as this gelatinous 
gravy may have been flavoured by condiments and burnt 
meat, it may be very agreeable, but the meat itself is 
fibrous, loose, not easily masticated, and not very agree
able to the palate. 

The problem of preserving meat by heat for lengthened 
periods has therefore been solved, but not in a perfectly 
satisfactory manner. If it be desired to use only the 
meat and to exclude the gelatinous gravy, the diminu
tion of weight largely increases the original cost of each 
ration, and when eaten it is neither so agreeable nor 
so nutritious as meat cooked in the ordinary manner. 
When, however, all the contents of the tin are used 
together, as in preparing Irish stew or soup, the ex-
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tracted matter becomes available for and valuable as 
food, and the only defect is the difference in sensible 
qualities, which is perceived when it is compared with 
fresh meat. 

The desideratum in the preserving process is to expel 
the air sufficiently without over-cooking the meat, but 
it cannot be effected, except in the manner pointed out 
when sulphurous acid gas is employed, for the fluid must 
permanently remain in the tin or the air would be 
readmitted, and if the quantity of fluid be large the 
proportion of solid meat would be too small to make 
the operation profitable in a commercial point of view. 
I t may appear easy to fill the can with the*solid meat 
well pressed down, and then so far exclude the air that 
but little fluid would be necessary to complete that part 
of the process; but bubbles of air would be enclosed in 
the folds of the meat, and would remain notwithstanding 
the tendency of the liquid to enter every vacuity, and 
wherever they existed the process of putrefaction could 
not be prevented. 

Yet it is worthy of consideration whether something 
more cannot be done in this direction, whereby the 
application of so high a degree of temperature may be 
rendered unnecessary. Thus, if the meat were first 
partially cooked at a temperature of, say, 180°, and cut 
into blocks or slices, and placed carefully in layers 
until the tin case was nearly filled, and then boiling 
liquor were added to entirely fill the case preparatory 
to exposing the tin and contents to a temperature of 
200° to 212° for a limited period, I think it probable that 
the desired end might be obtained without over-cooking 
the meat in its present degree. 

Cooked meat might be preserved by the gaseous and 
fatty methods already described, and since the bulk 
would thus be lessened, and the chance of decomposition 

D 
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somewhat lessened also, it may be desirable to further 
consider the matter. If this could be effected, it would 
probably be better to roast or bake the meat before it 
is enclosed in fat, since the latter would more readily 
attach itself to it than to boiled meat. 

The greater proportion of the meat imported from 
Australia is mutton. 

F.—SALTED MEAT. 

The oldest and best known preserving agent is salt, 
with or without saltpetre. I ts chief action appears to 
be due to its power of attracting moisture, and by thus 
extracting fluid to harden the tissues. Solution of 
the salt in water is, moreover, accompanied by the ab
sorption of heat, so that it tends to lower the tempera
ture of the meat with which it is in contact and so far 
aids in preserving it. 

The modes in which it is applied are numerous and 
deserve a little consideration. 

The well-known methods are, simply rubbing the 
surface of the meat with salt, or immersing the meat 
in a strong solution of salt with the addition of salt
petre, and in order that they may be effectual it is 
necessary that the meat to be salted should be of a 
newly killed animal. When the preservation is to be 
effected by rubbing the salt into the flesh, the opera
tion should be renewed from day to day, or at longer 
intervals, and every fold of the meat, particularly near 
the bones, should be well rubbed. Meat thus pre
served by salt alone loses its colour, but' when salt
petre is added the flesh becomes of a reddish colour 
throughout, provided the action be sufficiently pro
longed. 
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A good brine is made of 4 lbs. of salt and J lb. of 
saltpetre in 6 pints of water. 

I t is usual to employ salt and saltpetre when pre
paring the dried strips of flesh, called charqui in the 
South American States and tasajo in Nicaragua, for the 
climate does not allow the meat to be so thoroughly 
dried in a few hours as to prevent decomposition. 
The meat selected for this purpose is very lean, and in 
preparing the food for the table it is essential to use fat 
of flesh or lard, and to flavour with vegetables, herbs 
and good gravy. 

Salt is also used very generally when preparing 
dried fish. 

Mr. Morgan devised an ingenious process by which the 
preserving material, composed of water, saltpetre, and 
salt, with or without flavouring matter, was distributed 
throughout the animal, and the tissues permeated 
and charged. His method was exemplified by him 
at a meeting of the Society Of Arts, on April 13, 1854, 
when I presided, and is described as follows in the 
Journal of that Society of the preceding March :— 

6 A bullock having been killed in the usual way, the 
chest was immediately opened, and a metal pipe with a 
stopcock inserted in connection with the arterial system. 
The pipe was connected, by means of elastic tubing, 
with a tub filled with brine, placed at an elevation of 
about twenty feet above the floor. The stopcock being 
turned, the brine forced itself through the arteries of 
the animal and passing through the capillaries flowed 
back through the veins carrying with it all the blood, 
making its exit by means of an incision provided for 
that purpose. About six gallons of brine passed thus 
through the body, washing out all the blood from the 
vessels. Having thus cleared all the vessels, the metal 
pipe was connected with another tub similarly placed, 
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containing the preservative materials to be injected, 
and at the same time their exit after traversing the 
body was prevented. On communication being made, 
the liquid became forced into the vessels, and by means 
of the pressure it penetrated into every part of the 
animal.' Much of it proceeded through the minute 
vessels, called the capillaries, into the veins, but a con
siderable proportion exuded through the sides of the 
blood-vessels, and escaped into the cavities of the body 
and the surrounding tissues. The whole body was 
thus an incorporation of flesh and brine, and the 
operation was complete in a few minutes. After a 
short time, the carcass could be cut up into joints and 
packed for exportation. 

The preservative material which he recommended was 
1 gallon of brine, i to J lb. of sugar, i oz. of mono-
phosphoric acid, a little spice and sauce to each cwt. 
of flesh. 

The process was ingenious and sound in theory, and 
the preservation of the meat was complete when no 
untoward event occurred, but it failed in certain in
stances. When performed in this country it was used 
chiefly to preserve meat for the Navy, and not for home 
consumption; but there is no difficulty in employing 
the method in foreign meat-growing countries for the 
use of any people wishing to eat salt meat. 

Salted meat has, however, several defects which will 
always prevent its general use whenever fresh meat 
can be obtained. 

1. The salt extracts a considerable quantity of the 
juices, and by so much lessens the nutritive value and 
natural flavour of the meat, and as these extracted 
juices are obtained only when mixed with salt they 
cannot be used as food. The flesh is harder than 
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cooked fresh meat, in proportion to the strength of 
the saline solution and the duration of the applica
tion of it. This is particularly the case with the 
meat which is both salted and dried, so that after 
having been prepared for some months it cannot be 
rendered soft by any amount of soaking in water and 
skill of cooking. The spasmodic attempts which were 
made to introduce char qui into common use entirely 
failed for this reason. This is, however, compara
tively slight when the meat is highly salted and in
tended for early use, and, with subsequent judicious 
immersion in water and cooking, nearly all the hardness 
may be removed. 

2. The flavour differs very greatly from that of cooked 
meat, and although when used occasionally it is agree
able, it is not preferred to fresh meat as a regular article 
of diet. 

3. The introduction into the system of so much salt 
is prejudicial to health, whether by lessening the relish 
for food or inducing a craving for fluids, indigestion, 
or skin disease. 

4. The capability to nourish the system is lessened by 
the various effects now mentioned, and a given weight 
of salted meat is not equal in nutritive value to that 
of fresh boiled meat with the meat liquid added, or to 
fresh roasted meat. 

Hence it is not desirable to extend the operations of 
preserving meat by this process, provided a sufficient 
supply of meat can be obtained, whether preserved or 
otherwise, in its fresh state, and commercial and scien
tific men should be encouraged to improve the method 
by which meat may be preserved unsalted. 

I t is still the practice to salt or pickle beef and other 
kinds of meat for the year's supply in Anglesea and in 
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the Highlands of Scotland, and the animals being killed 
in the cold weather, the meat takes the salt readily, but 
it is a less prevalent practice than formerly. I t is 
called mairt in Scotland to signify Martinmas time— 
the period when it is prepared. 

G.—BY PRESSURE. 

The Eiver Plate, and also the Texan Pressure Meat 
Preserving Companies, have adopted Henley's process of 
meat preserving, by which the meat is cut into thin slices 
and subjected to pressure, which causes much of the juice 
and fat to be removed from the meat, and the meat and 
juices are treated and preserved separately. I t remains 
to be seen whether meat with the juices pressed out of 
it can be sold, or will be valuable as food. I t will not 
be meat in the ordinary sense of the word. 

CHAPTER i n . 

BONE. 

THE value of bones as food is not a recent discovery, 
since the knuckle bones of veal and the marrow or 
marrow bones have long been in request, but it is only 
of late years that a proper estimate has been made of 
the nutritive material, which by a careful process may 
be extracted from them. 

Bones consist principally of two substances, viz., 
gelatin, which may be obtained by immersing them in 
weak muriatic acid, and mineral matter which may be 
separated by burning the gelatin, and so great is the 
proportion of each, that the form of the bone is still 
retained when either is taken away. 
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The following is the chemical composition of dry 
ox-bones, in 100 parts :— 

No. 12. 

Phosphate of lime 
Carbonate of lime 
Phosphate of magnesia 
Soda and chloride of sodium 

. 57*35 

. 3*85 

. 2*05 
3-45 

Hence one-third of the weight of dry bone consists 
of nitrogenous matter, which when extracted could be 
used as food. This is a much larger proportion than 
is found in fresh bread or meat. 

But besides these elements, there are others in fresh 
bones which are of great value in nutrition. Such are 
oil, nitrogenous juices, and flavouring matters which 
vary with the kind of bone. 

Bones consist of three parts which require notice as 
foods. The solid shaft, as of the long marrow bones, 
the cellular structure of the flat bones, and the car
tilaginous ends of the bones at the joints. 

The solid shaft cannot be used as food by the process 
of boiling, since it does not disintegrate by that agency, 
and in order to extract the gelatin, it is desirable to 
grind the bone before boiling it. The marrow is, 
however, very valuable both as a fat and for its agree
able flavour, and may be roughly reckoned as equal in 
nutriment to half of its weight of butter. The can
cellated bones may be first roughly broken and then 
disintegrated by digestion in a closed vessel with hot 
water for twelve to twenty-four hours. The cells 
contain fluid which consists of water, fat, and nitro
genous and flavouring matters, which are valuable and 
agreeable additions to foods, so that this class of bones 
is the most valuable for food. 
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The ends of the bones are composed of cartilage, and 
as in early life they contain but little bony matter, 
they are easily detached by boiling, and may almost in 
their entirety be used as food, but in later life they are 
firmly attached to the rest of the bone, and are filled 
with bony matter. 

Bone cartilage of the ox and calf has the following 
ultimate composition per cent.—(Fremy). 

No. 13. 

Ox . 
Calf . 

c. 
. 49*81 
. 49*9 

H. 
7*14 
7*3 

N. 
17*32 
172 

0. 
25-67 
256 

I t is evident, therefore, that the chemical composition 
and the nutritive value of bones will vary with the 
class and age of bones, and particularly with the care 
which has been taken to extract all the food material 
that can be obtained from them. 

When the shin and leg bones are sawn into small 
pieces aud boiled in an open vessel for 7 hours, they lose 
10 per cent, of their weight, and the loss extends to 19 
per cent, after 9 hours' boiling. The cancellated bones, 
as the vertebrae, ribs and flat bones generally, lose 16 
and 24 per cent, after having been boiled 7 and 9 hours. 
The loss of weight indicates soluble matter and, in a 
general sense, food. 

Mr. F. Manning undertook for me a series of chemical 
enquiries into this subject which have sufficed to show 
how much greater is the true nutritive value of bones 
than is ordinarily allowed, and consequently the use 
which should be made of those structures by all who 
would not waste, and by the poor who cannot afford to 
waste food. If we first take a mixture of ordinary flat 
bones, as the spine, ribs, and shoulder blades, we find that 
after they have been properly digested in boiling water 
for about eighteen hours they yield 748 grains of carbon 
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and 20*1 grains of nitrogen for each pound of bone. 
The shin bones give a yet higher nutritive value, viz., 
817'6 grains of carbon and 28*5 grains of nitrogen. If 
we compare this with the composition of one pound 
of beef, we find that the latter is equal to about three 
pounds of shin bones in carbon, and to six pounds in 
nitrogen, so that the nutritive value of bones may be 
reckoned at one-third that of beef in carbon, and one-
sixth in nitrogen. 

CHAPTER IY. 

CHARACTERS AND COMPOSITION OF LEAN AND FAT MEAT. 

EACH kind of meat has its own characteristic flavour, 
so that the tastes of different persons, or of the same 
person at different times, may be gratified by selection. 
This depends chiefly upon the juices contained in the 
fibres of the flesh, and on minute quantities of flavouring 
matters incorporated with the fat, as well as upon the 
oily or fatty matters mixed with the juices of the flesh. 
A &ae quality of meat has abundant and full flavoured 
juices, with a considerable proportion of fatty matter, 
and appears red and pulpy, but inferior meat is paler 
and more fibrous in appearance, with but little of the 
proper flavour peculiar to the animal. 

Each animal is also cut up into joints as shown in 
the following diagram of the side of an ox, and it is 
well known that different joints or parts of the same 
animal have different flavours, and not only such parts 
as are distinct in function as the liver and the flesh, 
but even those whose function is identical. Thus the 
flavour of a leg of mutton differs from that of a 
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shoulder, although both joints are composed of flesh, or 
muscle, having the same duty to perform. Hence 
arises the preference for one joint over another, and 
the agreeableness of variety of joints ; and according 
to the general preference will be the market value of 
the food. 

The flesh of all animals is, moreover, divided into two 
principal parts, viz., fat and lean in their separate state, 
besides the oily or fatty matter which is so mixed up 
with the juices and tissues as not to be evident to the 
naked eye. This becomes a further ground for pre
ference and selection, as each individual likes much or 
little fat, for one customer disliking fat, prefers the 
meat or the joint with little fat, whilst another, liking 
fat, rejects tha t kind of meat or that joint which is 
destitute of it. 

The absolute and relative proportions of fat and lean, 
vary both with the animal and the condition in which 
it is killed, and it may be convenient to state here the 
results which have been arrived at by agricultural 
chemists so far as relates to the carcass or the part of a 
slaughtered animal which is sold as meat. 

No. 15. 

Oxen, store 
„ half fat 
„ fat 

Calves, fat 
Sheep, store 

„ half fat 
„ fat 
„ very fat 

Lambs, fat 
Pigs, store 

., fat 

Water „ J e a n o r Pat Salts 
»»w5i Nitrogenous 

pei cent. per cent, per cent. per cent. 
. 6 0 8 18 16 5-2 
, 54 1 7 8 22-6 5*6 
, 45*6 15 34*8 4 6 
. 62-3 1 6 6 l f-6 4*5 
. 57*3 14*5 23-8 4 4 
. 49*7 1 4 9 31*3 4 1 
, 39-7 11*5 45-4 3*5 
. 33 9 1 55*1 2-8 
. 48*6 10-9 36-9 3 6 
. 55*3 14 2 8 1 2 6 . 38*6 10*5 49*5 1 4 

Thus the proportionate quantity of fat in an ox may 
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be doubled according to the condition of the animal 
when slaughtered, and when quite ready for the market 
it is probably not less than one-third of the whole 
weight. This proportion in fat sheep is increased to 
nearly one-half, and is clearly much greater in sheep 
and pigs than in oxen, whilst it is the least in calves. 

The true nutritive value of the fat and lean re
spectively is much the same in all animals used as food, 
so that the same weight of lean meat from one animal 
should (other things being equal), nourish the body as 
well as the same from another. When, however, it is 
used in compulsory dietaries, the influence of appetite or 
the relish for the food plays an important part in the 
phenomena of nutrition, and with less relish of even the 
same weight of food there will probably be less diges
tion and assimilation of it, and thereby less nutrition. 
Moreover, when the joint selected is hard to masticate, 
of coarse grain and poor flavour, the same result will 
follow for the same reason. 

Hence ease of mastication and digestion, and ap
proved flavour, have an influence over the selection 
of food, and affect its market value. 

The question of economy is a complex one, being 
mixed up with that of selection, nutritive value, and 
commercial value, whilst the commercial value is based 
upon the law of demand and supply, which may in only 
a limited and uncertain degree be based upon nutritive 
value. Thus whilst the so-called best are probably 
somewhat more nutritious and agreeable than inferior 
joints, the limited number of such in an animal may be 
disproportionate to the number of persons demanding 
them and a fictitious price may be affixed to them. In 
like manner, whilst the inferior joints should be sold 
at a cheaper rate, the supply in different localities 
may be above or below the demand, and their price will 
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be above or below that which is fairly due to their 
nutritive value. 

When comparing the nutritive values of different 
kinds of meat, it is essential to distinguish between fat; 
and lean, and the nutritive elements of both in a given 
joint or whole animal will be proportionate to the com
bination of fat and lean. Fat is heat-generating alone, 
whilst flesh is both flesh-forming and heat-generating; 
and the difference between the two in this respect is the 
absence of nitrogen in fat and its presence in lean 
flesh. 

As this question will frequently arise in the following 
pages, it may be desirable to anticipate a little and to 
state here the elements of fat and lean flesh re
spectively. 

Fat, when entirely deprived of water, consists of three 
elements only, viz.: carbon, oxygen, and hydrogen in 
the following proportions, in 100 parts :— 

No. 16. 

C. 77. 0. 11. H. 12. 

When the fat is decomposed in the body these 
elements unite, so that the carbon takes a part of the 
oxygen and becomes carbonic acid, whilst the hydrogen 
takes another part of the oxygen and becomes water, 
any deficiency in the quantity of oxygen for this pur
pose being supplied by the inspired air. 

Lean flesh entirely deprived of fat consists of four 
elements, viz.: nitrogen, carbon, oxygen, and hydrogen, 
and the proportions of each are almost identical with 
those of albumen, to which reference will be made in a 
future page. 

Besides the combination of the three latter elements 
already mentioned in reference to fat, the nitrogen 
unites with the hydrogen in the formation of urea and 
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other compounds which are thrown out of the system, 
and ultimately transformed into ammonia. 

As heat is generated by every chemical combination, it 
is evident that both fat and flesh are heat-generators, 
but as nitrogen enters into the composition of flesh in 
the body, the lean flesh and not the fat can supply that 
element, and therefore the former and not the latter is 
the flesh-former. I t must not, however, be supposed that 
this line of division is so strongly drawn that no fat is 
found in lean flesh, for a proportion of fat moving in the 
circulation must enter into and pass through the tissues 
of muscles as of other parts of the body. 

CHAPTEE V. 

BEEF AND VEAL. 

BEEF. 

BEEF is popularly regarded in all parts of the world as 
the most nutritious kind of flesh, and although this 
opinion was formed without the aid of science, it is so 
far true that in the carcass of the ox there is a larger 
proportion of flesh or flesh-forming materials than in 
that of the sheep or hog. I t is of closer texture 
than many other kinds of meat, so that if the measure 
be bulk, there is more nutritive material in a given 
quantity of beef. I t is also the fullest of red blood 
juices; so that Byron, seeing Moore eating an underdone 
beef-steak, asked if he were not afraid of committing 
murder after such a meal. 

This is clearly shown by the proportion of lean 
flesh which exists in the muscular fibre of various 
animals used as food. The following is the analysis of 
Marechal, in 100 parts;— 
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No. 17. 
Ox Fowl Pig Sheep Calf 

Muscular fibre, free from fat . 25*0 24*9 24-3 234 22*7 
Fat 2*5 1*4 6-0 30 2*9 
Water 72*5 73*7 69*7 73*6 744 

Moreover, the flavour of beef is fuller and richer 
than that of other meats, so that its use not only 
gives greater enjoyment, but a sense of satisfaction 
is obtained from a less volume of that kind of flesh. 
The first is, however, the best reason; and it is based 
upon two facts, viz., that the proportion of lean to fat in 
moderately fed beasts is less and of both to bone is 
greater than in either of the other animals referred to. 

The composition of beef is as follows :—carbon 34*3, 
and with the free hydrogen reckoned as carbon 45*02, 
nitrogen 2*4, besides oxygen and hydrogen in pro
portions to form water. 

When considering the average amount of lean and 
fat on the whole carcass, Lawes and Gilbert found the 
proportion in 100 parts of the carcass to be 34*4, and of 
the offal 21, in pigs, sheep and oxen together, but it 
varied in each according to the statement on page 43. 

This is no doubt the most practical mode of deter
mining the true value of the food, for when the carcass 
is cut up, the proportion of fat will be preserved in all 
the joints, whilst only the loose fat will be detached, and 
of the latter whatever is fit for food will be used as suet 
and fat in the preparation of other foods. 

When we refer to the several joints the estimation 
is less satisfactory, for it is possible to select some 
which may consist of lean meat almost exclusively, and 
others where the fat will represent one-fourth to one-
sixth of the whole weight. This can be properly de
termined only by ascertaining the weight of fat and 
lean in a given ration, or on the average of many rations, 
and is essential in all scientific calculations in the con
struction of dietaries. 
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I t also fails when we consider the different degrees in 
which animals are fed, since a prize ox and an ill-fed 
ox differ, as already shown, in the proportion of fat 
and lean flesh, and a special determination of the fat 
and the lean would be necessary to give the required 
information; but there is a condition of an animal in 
which it is usually offered for sale to the butcher which 
is tolerably uniform, and from such a fair practical 
average estimation may be made. 

The proportion of bone in the carcass of a moderately 
fed ox is from 10 to 15 per cent., and is the least in the 
round and thick flank, whilst it is the greatest in the 
head, shins, and legs (where it amounts to about 50 per 
cent.), and the aitch bone. Of the best pieces it is in 
the most moderate proportion in the loin, and next in 
the chine, or the thick ribs. 

Fat is found the most abundantly on the inside of the 
loin, which being hard, is usually detached and sold sepa
rately as suet, also on the thin ribs and the brisket; and 
in over-fed animals it is laid up in considerable quantity 
on the outside of the whole carcass, except on the legs. 

The lower-priced joints are those which are coarse in 
texture, as the neck and brisket, or which have much fat, 
as the thin ribs, or are bony, as the head, legs, shins, and 
aitch bone. The parts which are preferred by the meat-
preserving companies are those thick in flesh, as the 
thick flank, round, loin, and thick ribs. 

The legs and shins are richer in gelatin than any 
other joint of the body, whilst the largest proportion of 
oily fat, or of fat having the least degree of consistence, 
is found in the flesh of the face. Hence, both of these 
parts are especially fitted for the preparation of soup. 

The loss of weight in cooking beef is less than of 
mutton, by reason of the greater solidity of the flesh 
and the smaller proportion of fat. 
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At the Leipsic Soup Kitchen there were 9J oz. of 
cooked meat left after boiling 1 lb. of fresh beef and 
bone, but the joint is not stated. The solid matter in 
the broth was about 27 per cent, of the weight of the 
raw meat and bone. In my own experiments the solid 
matter derived from 1 lb. of meat without bone, boiled 
in the usual way, was, per cent., 28*4 on lean beef, 57*6 
on fat beef, and 34*3 on mutton. 

The following may be accepted as the composition 
of one pound of roast and boiled beef respectively:— 

No. 18. 
Carbon 
grains 
3,600 

Nitrogen 
grains 

262 Roast beef, say 
Boiled beef „ . . . 3,240 215 

If, as is probable, the liquor in which the beef was 
boiled has been preserved, and will be eaten by those 
who consume the beef, there will be a further addition 
for each pound of meat of 490 grains of carbon and 18^ 
grains of nitrogen, besides salts and other products, so 
that the total carbon and nitrogen obtained from one 
pound of beef will be practically the same whether the 
meat be roasted or boiled. 

If we select a piece of beef which is devoid of separated 
fat, the following will be the loss per lb., and the com
position of the boiled flesh and the broth respectively:— 

No. 19. 

1 lb. of fresh beef lost in b o i l i n g . . . 30 per cent. 

Carbon Nitrogen 
grains grains 

1 lb. of boiled lean beef . . . 3,240 215 
Broth from do 360 47 

In my experiments (Phil. Trans. 1859), the effect of 
6 oz. of beef-steak reduced to 4 J- oz. when cooked, was to 
cause a maximum increase of carbonic acid evolved in 
respiration of *7 grain per minute. 

Ten grains of raw lean beef, when burnt in the body, 
E 
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produce heat sufficient to raise 3*66 lbs. of water one 
degree Fah., which is equal to raising 2,829 lbs. one 
foot high. 

Dr. Beaumont proved that it required 2 | to 3 hours 
for the digestion of beef. 

The amount of carbon and nitrogen in 1 lb. of raw 
beef, selected on the average of the carcass, is 2,401 
grains and 168 grains, but if the free hydrogen be 
reckoned as carbon, the quantity of carbon will be 
increased to 3,221 grains. 

VEAL. 

Calves are killed for the market at various ages in 
different countries, and even in different parts of the 
same country. Thus, on the Continent of Europe they 
are six to nine months old, whilst in the country 
parts of England it is usual to kill them whilst still fed 
with milk, and often when not exceeding one month 
old. Since 1855 it has been unlawful in Boston, 
United States of America, to kill calves under one 
month old. 

The mode of killing has also an influence over the 
nutritive quality of the meat. In one, much of the blood 
is left in the flesh, whilst in that which consists of 
blanching the flesh by repeated bleedings, the blood with 
its valuable salts has been almost entirely extracted. 

I t is thus evident that the character of the flesh varies 
very greatly in delicacy, nutritive value, and diges
tibility; 

Perhaps the most delicate food derived from the flesh 
of a mammal is that of a very young calf, well fed on 
new milk, and cooked by roasting; but its nutritive 
qualities are much below those of beef. Veal is popu
larly known to be difficult of digestion : a fact which I 
years ago showed to be due to the difficulty of masti-
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catmg it, not because the fibre is harder, but that it 
eludes the teeth ; but there can be little doubt that it is 
more easy of mastication when well roasted or broiled 
than when boiled, and when very young and well fed. 

I t is not, however, a food which should be regarded 
otherwise than as a luxury, and the use of it should be 
much more limited than fashion now dictates. 

For the above-mentioned reason, it is very difficult 
to define the chemical composition of veal, and the 
following is only an approximation thereto. 

In 100 parts there are :— 

No. 20. 

Water 63. Nitrogenous 165. Fat 15'8. Salts 4*7. 

Ten grains of raw lean veal, when burnt in the body, 
produce sufficient heat to raise 3*01 lbs. of water 1° F., 
which is equal to lifting 2,324 lbs. one foot high. 

The time required for the digestion of veal varies, but 
it is not much less than that of pork, and may extend 
to 5 hours or upwards. 

The bones of the calf at the early period of life con
tain little earthy matter, but yield a large proportion of 
gelatin and chondrin, whilst the flavour of the juices is 
very delicate, and almost entirely destitute of fat. 

Hence the reason for selecting calves' feet for the 
preparation of jelly, and the value of this kind of food 
to invalids. If, however, with so great a scarcity of 
animals, it should become as unfashionable as it is 
undesirable to kill calves for food, this product could be 
readily obtained from other sources in a state of suffi
cient purity. 

The sweetbread of the calf is the most expensive part 
of any ruminating animal ordinarily eaten by man—far 
more expensive than its nutritive qualities and even 
its flavour warrant; but in accordance with the fashion 

E 2 
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of the day, it is in great request for dinners, and com
mands an extravagant price. At the same time it 
should be added, that it is probably the most delicate in 
flavour of any meat with which we are acquainted, and 
is perhaps equally so whether boiled or fried. 

CHAPTEE VI. 

MUTTON, LAMB, GOATS, AND CAMELS FLESH. 

MUTTON. 

MUTTON is popularly regarded as a lighter food than 
beef, and it has doubtless a more delicate flavour, less 
red-blood juices, a looser texture, and a larger proportion 
of fat. Although an agreeable and valuable food for all 
classes, it is not so well fitted as beef to sustain great 
exertion, but is rather a food for those of sedentary and 
quiet habits, including women and the sick. I t is said 
that Kean suited the kind of meat which he ate to the 
part which he was about to play, and selected mutton 
for lovers, beef for murderers, and pork for tyrants. 

The joint in a sheep of the best breed and in fair con
dition, which contains the least proportion of fat, is the 
leg, and next to that the shoulder, whilst the loin, 
neck, and breast have the largest proportion. I t is 
most unusual to cut off any fat from the leg, and 
not usual to cut any from the shoulder before they 
are sold, but in all instances the hard fat from the 
inside of the loin is removed, and very frequently a 
part of that on the loin and neck is not eaten. 

The least proportion of bone to meat is found in the 
leg, and having regard to that fact as well as to the 
absence of excess of fat, this must be regarded as the 
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most useful joint in the sheep, and justifies the higher 
price demanded for it. The neck has the greatest pro
portion of bone, with a large proportion of fat, and 
is not so economical as the price of it might indicate. 

The most solid meat is the leg, and the least the 
shoulder and breast. The latter has the further dis
advantage of having more fat than lean, whilst the 
lean is not easily masticated, and has but little flavour, 
but as the price at which it is sold is less tban that of 
any other joint of mutton, it is not without its advan
tage to the poorer classes. 

The liquor in which mutton is boiled has less nutri
tive value, except in the fat, than the broth of beef, but 
having a delicate flavour is preferred by many persons. 
I t is, however, too rich in fat, unless a large portion 
of that substance be first removed. 

The loss on cooking mutton is generally believed to 
be greater than that on beef. At the Soup Kitchen in 
Leipsic only 9J ounces of cooked meat remained after 
boiling one pound of fresh meat and bone, whilst the 
broth contained nearly one-third of the weight of the 
fresh meat. In my own experiments the loss on the 
knuckle of mutton was 30 per cent, on the meat, and 
14 per cent, on the bone ; or 4 | ounces and 2 J ounces 
in the pound of raw meat and bone. The solid matter 
in the broth was 34*3 per cent, of the raw weight. 

This varies much with the breed of the sheep. Thus, 
mountain sheep have the least fat, and the mutton loses 
the least in cooking, whilst the Leicestershire breed 
produces a very large proportion of fat, and causes 
the greatest loss in cooking. 

The mixed breed of the Lincolnshire and Leicester 
sheep is much approved in the midland counties, as 
increasing the proportion of lean flesh; whilst the 
South Down is preferred in London and neighbourhood, 
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as offering the least proportion of bone and fat, and 
the finest flavour. 

The loss in cookingr varies also with the food of the 
sheep, and is the least when they are fed on cake or 
dry food. 

The following may be accepted as the average com
position of one pound of boiled mutton with the 
usual proportion of fat:— 

No. 21. 
Carbon 
grains 
3,175 

Nitrogen 
grains 

192 

If a piece of the leg of mutton be taken without any 
separated fat or bone, the composition will not differ 
much from that of boiled lean beef, but will probably 
have a somewhat larger proportion of nitrogen. 

The composition of an average sample of raw mutton 
is as follows per cent.:— 

Carbon 41-45, and with free hydrogen reckoned as 
carbon 55*18, nitrogen 2*0, besides oxygen and hydrogen 
in proportions to form water. 

The quantity of carbon and nitrogen in one pound of 
raw mutton is 2,900 and 127 grains, but if the free 
hydrogen be reckoned as carbon it will increase the 
quantity of carbon to 4,108 grains per pound. 

The time required for the digestion of mutton is 
three to three and a quarter hours. 

BRAXY MUTTON. 

The frequent use of braxy mutton in the northern parts 
of Scotland renders it desirable that reference should be 
made to it, since it is the only instance in which the 
habits of our fellow countrymen tolerate the con
sumption of the flesh of an animal which has died a 
natural death. 



MUTTON, LAMB, GOAT'S, AND CAMEL'S FLESH. 5o 

The eatinor of such flesh was forbidden to the Jews. 
Thus in Leviticus, c. xxii. v. 8 : ' That which dieth of 
itself, he shall not eat.' In Leviticus, c. vii. v. 24: 
* And the fat of the beast that dieth of itself may be 
used in any other use, but ye shall in no wise eat of it. ' 
But it is not stated that such food would be unwhole
some, and it is added in Deuteronomy, c. xiv. v. 21, that 
one not being a Jew might eat i t : ' Ye shall not eat of 
anything that dieth of itself; thou shalt give it unto 
the stranger that is within thy gates, that he may eat 
it, or thou mayest sell it unto an alien.' I t was pro
bably associated with the prohibition of the eating of 
blood, for it is added in Leviticus, c. xxii. v. 8, c he 
shall not eat to defile himself therewith,' and in other 
passages the like prohibition is directed against eating 
an animal which has been torn by wild beasts. 

There is no doubt a prevalent objection to eating the 
flesh of animals which have died naturally, and in con
sequence much flesh is lost as food, but such is not 
necessarily unwholesome, or other than good food. So 
far as it is well grounded it is based upon the probability 
of the animal having died of disease, which might have 
injuriously affected the flesh, and rendered it either less 
valuable as food, or likely to induce disease if eaten as 
food. Whilst there is a prima facie objection to such 
food on this ground, it is clear that each case should be 
considered separately, and the flesh tested on its own 
appearance and merits. When flesh is unnaturally light 
or dark in colour, unusually soft and watery, and has 
evident marks of disease, it should be rejected; but mere 
emaciation of an animal from want of feeding does not 
make the flesh unwholesome. 

The flesh of animals which have died naturally is 
verv commonly eaten by the low caste tribes of India, 
as, for example, the Bowrees, Swalghur, and Kucker 
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castes of Barrackpore, and the Chhura caste of Googaira, 
and by some African nations. 

The flocks of sheep which constitute an important 
part of the property of the Scotch farmers are liable 
to i braxy,' which is said by some to be a disease 
of the brain known as the staggers in horses, and 
by others an inflammation of the lungs. Whatever 
may be the cause of death, the duration of the dis
ease is very short, so that there is a presumption that 
the general structures of the body have not been 
tainted by it, and that the disease has been limited 
to the vital organs immediately affected. The dura
tion of the disease is believed to be about twenty-four 
hours; but during my enquiries into the dietary of the 
Highlanders,1 I had reason to believe that neither the 
nature nor the duration of the disease is very carefully 
enquired into, and that a sheep found dead, without 
marked evidence of long-continued disease, is eaten. 

This food enters into the contract between the farmer 
and his shepherd, so that, in addition to the advantages 
of house, oatmeal, cowfeed, and money, he becomes en
titled to a given number of braxy sheep yearly. I t is 
also a part of the ordinary food of the farmer in those 
localities, and also of his men, whether fed singly or on 
the bothy system. 

I made the most careful enquiries, but could not learn 
that any disease or disorder of the human system had 
been known to follow the use of this food, and it is 
almost universally believed to be good in flavour and 
wholesome in quality. 

From necessity the shepherd salts the meat, so that 
it may be kept fit for use, and the diseased parts are 
cut away before the salting process is effected. 

1 Sixth Report of the Medical Officer of the Privy Council. 
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Assuming that the disease was of short duration, and 
of the kind named, it may be inferred that the chemical 
and nutritive qualities will be the same as those of a 
healthy sheep at the same stage of feeding, but it does 
not follow that the animal when dying was in a state fit 
for the market. This, however, would tend to increase 
the proportion of nitrogen, and to lessen the quantity 
of carbonaceous elements as the lean flesh predominated. 

LAMB. 

Lamb varies in its nutritive, chemical and digestible 
qualities in proportion to its age, as well as in those 
peculiar to its breed and feeding. 

The meat is deficient in strength, as compared with 
mutton, however it may excel it in delicacy of flavour, 
and it possesses a larger proportion of water, and a less 
proportion of nitrogenous matter. Hence it is really 
a luxury; and having regard to the deficient supply 
of meat, its use should be much more limited. The fry 
of this animal, including the sweetbread, is also some
what of a luxury. The time required for its digestion 
is less than that of the flesh of a mature sheep, viz., 
two and a half hours. 

GOAT'S FLESH. 

Goat's flesh is very commonly eaten in Switzerland 
and other mountainous regions of the world. In its 
general characters it resembles mutton, but is harder 
and tougher and has a stronger flavour, so that it 
is not preferred to it. I t is, however, much more 
nutritious than mutton, so far as nitrogenous elements 
are concerned, but is inferior in carbonaceous, for the 
animal does not fatten to so great a degree as the 
sheep. I t must be regarded as a stronger food than 
mutton. 
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The flesh of the kid is more esteemed than that of 
the goat, both in Europe and India, as it was in 
Arabia 3,600 years ago, when Jacob made a savoury 
dish for his father Isaac, and it has a flavour not very 
unlike that of venison. 

CAMEL'S FLESH. 

The flesh of the camel is not un frequently eaten in 
the countries where the animal is produced, but it was 
forbidden to the Jews—' The camel, because he cheweth 
the cud, but divideth not the hoof; he is unclean to 
vou,' Lev. c. xii. v. 4. I t is usuallv lean and hard, so 
that, whilst it offers a large proportion of nitrogenous 
matter and is good food, it is not so agreeable as a 
well-fed ox. In estimating its nutritive qualities, we 
may take those of lean beef as already described. 

CHAPTER VII . 

PORK, SUCKING PIG, BACON, AND WILD PIG. 

PORK. 

PORK is a food which was forbidden to the Jews (' and 
the swine although he divide the hoof and be cloven-
footed, yet he cheweth not the cud; he is unclean to you,' 
Lev. c. xi. v. 7), and was not eaten by many African 
and Asiatic nations, but the force of this prohibition 
and objection is sensibly diminishing even amono-st the 
Jews, so that the use of this food is more general over 
nearly the whole world. Indeed, in certain parts of this 
country, as Hertfordshire, Cambridgeshire, and Bed
fordshire it is eaten by no inconsiderable proportion of 
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the inhabitants in preference to other kinds of meat : a 
fact due partly to taste, but chiefly perhaps to the 
universal habit among the peasantry of feeding pigs, 
which has descended from Saxon times. Moreover, 
there is a convenience in the use of it, which does not 
exist with regard to beef and mutton, for in such 
localities the pork is always pickled and kept ready for 
use without the trouble of going to the butcher, or when 
money could not be spared for the purchase of meat. 

The preference for pork is not, however, restricted to 
the old, but is found in all new countries, and may be 
due chiefly to the ease with which pigs are bred and 
reared, and the meat preserved, whilst there is great 
difficulty in obtaining a sufficient number of persons, 
in a thinly populated country or a small village, to eat 
a sheep or an ox whilst the meat is fresh. This I found 
in my journey through the western and south-western 
States of America, and particularly in Texas, where hog 
and hominy was the only food of that class which could 
be ordinarily obtained. 

Pork differs from beef and mutton, not in flavour 
only, but in the larger proportion of fat to lean flesh. 
This is due both to the nature of the animal in its 
tendency to store up fat, and to the habit of so feeding 
and treating it that this tendency may be fully de
veloped. This is strikingly shown by contrasting the 
proportion of food which the pig stores up within its 
body as compared with the sheep or the ox during the 
process of fattening for the market, as appears in the 
following table:— 

No. 22. 
Per Cent. Stored np 

In the food Pig Sheep Oxen 
Of 100 Nitrogenous . . . 13-5 4 2 4'1 
„ 100 Carbonaceous . . . 18-5 9*4 7 2 
,. 100 Mineral . 7 3 3-1 1*9 
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The pig thus stores up in its body three times more 
of its food than the ox, and by so much is it more 
cheaply and quickly grown and fattened, but in its 
wild state or in the inferior breeds of semi-domesticated 
pigs (such as still form the stock of a backwood settler, 
and until recent years the property of the cottagers in 
this country), which have opportunity to run about and 
in the main find their own food, this tendency is 
greatly diminished, and the proportion of lean to fat is 
much greater. 

The smallest proportion of fat is found in the leg and 
the largest in the belly and face, but so great is the 
amount of it which is laid up on the outside of the 
animal that it could not be eaten in its fresh state, but 
must be cut off and salted, so as to become bacon, or 
cut up with the lean meat and pickled before it 
is used. 

I t is, therefore, exceedingly difficult to ascertain the 
fair average composition of the pork which is actually 
eaten, and it can be only approximately arrived at 
by taking the whole carcass and estimating it as 
food to be consumed by a number of people. On this 
basis, the average composition of 1 lb. of fresh pork 
will be 4,200 grains of carbon and 79 grains of nitrogen, 
but if the free hydrogen be reckoned as carbon, the 
total quantity of carbon will be 5,809 grains. I t is, 
however, clear that this must represent too much carbon 
and too little nitrogen; or, in other.words, too much 
fat and too little lean for such pigs as are eaten alto
gether as pork. 

If, however, we take the leg, and exclude all separate 
fat, the composition will be nearly that of lean beef 
already described, or of albumen which is more closely 
allied to it than the difference in appearance in
dicates. 
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Pork having so very large a proportion of fat, cannot 
be regarded as equal to beef or mutton in nourishing 
the system of those who make much muscular exertion. 
Moreover, there is a peculiarity about pork by which it 
is believed to be less digestible than other kinds of 
flesh, and it appears to me that this is due to the 
greater hardness of the muscular fibre, by which the 
mastication of it is rendered so difficult that much 
of it is swallowed in pieces too large for immediate 
solution in the juices of the stomach. This attends 
the eating of pork by all persons, but particularly by 
those who habitually masticate quickly, or who have 
defective powers of mastication, or who are careless in 
performing the act of mastication—classes embracing 
the old and the young, and no inconsiderable proportion 
of those of intermediate ages. 

There is nothing known as to the chemical com
position of this food, which accounts for this undesirable 
quality, and the universal belief in its existence. 

The experience of the Leipsic Soup Kitchen on the 
solubility of pork in water affords a striking illustration 
of these facts, and shows how great is the difference be
tween that flesh and beef and mutton, for whilst the solid 
matters in the broth of beef and mutton were 27 and 
33 per cent., those from pork were not 19 per cent. 
The proportion of the cooked meat on 1 lb. of raw meat 
and bone was over 12 ozs., or nearly ^ more than with 
beef or mutton. 

I t is stated by Sir A. Brady, that the loss on cooking 
American pork is 50 per cent., whilst on Dutch and 
Irish pork it is from 25 to 30 per cent.; the difference 
being due to the nature of the food of the animal. 

Dr. Beaumont found, that a piece of roasted pork 
required five and a quarter hours for its digestion; but 
the time varies materially with the proportion of fat and 
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lean, and the age, breeding, and condition of the pig. 
Young pickled pork will probably be digested in about 
three hours. 

In addition to the convenience of pickling this food, 
as already mentioned, there can be no doubt that the 
use of the salted part of it, whether as ham or bacon, 
is convenient and agreeable in a high degree, and if 
i t were unattainable its loss would probably be more 
widely and deeply felt than that of any other single 
food. I t is a luxury to the rich man, whilst to the poor 
man and his children it is an agreeable necessary which 
cannot be universally supplanted by fresh meat until 
the pecuniary means at their command are much greater 
than at present. 

There is, however, a greater danger in the use of pork 
than of any other kind of meat, since, so far as is known, 
•it is more frequently diseased, and the nature of the 
disease is such as to be very injurious to man. Thus 
measly pork—a disease consisting of cystocerci as large 
as hemp-seed—is known to have produced fatal results 
to many of those who have incautiously eaten it. 
and although the characteristics of the disease may 
be recognised by those who understand it, they are 
neither known nor observed by the great majority of 
the poorer classes. Further, the terrible pest of the 
small worm, called the Trichina spiralis, is much more 
frequent in this than in other kinds of flesh in its un
cooked state, and the power which the creature has to 
penetrate the tissues of the body of those who eat it 
has been vividly described by German and American 
writers. 

Many instances of this terrible disease, isolated or in 
numbers, have now been recorded and particularly in 
Germany. Of 103 healthy people who ate diseased 
pork, which had been made into sausage meat, at 
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Helstadt, in Prussia, 20 died within a month. In 
Massachusetts a family was thus poisoned, with sym
ptoms of pain and swelling in the eyes, stomach, and 
bowels, and also in the limbs, which became rigid 
and could not be moved without giving excruciating 
suffering. There was also vomiting, diarrhoea, and 
profuse perspiration. In all the fatal cases the worm was 
found to have penetrated the whole muscular system, 
and upwards of 50,000 were computed to exist on a 
square inch. 

This diseased state may not be evident to the 
naked eye, so that as a precaution all pork should be 
well cooked. The instances of the disease occurred 
chiefly after eating uncooked sausages or uncooked ham 
—a habit not confined to Germany. 

Yet formidable as this objection may appear, it is of 
very little weight, when we consider it on the great 
numbers of pork consumers, since the known instances 
of injury are infinitesimally few. 

There is a very large importation of pickled pork into 
this country, which is usually divided into three classes, 
or qualities, known as mess, prime, and cargo. The 
'mess ' quality consists altogether of sides, the 'prime ' 
of 3 shoulders (without feet) and other joints, and the 
' cargo ' of 30 lbs. of head and four shoulders and 
other joints in each barrel. 

The importance of this article of commerce may be 
best estimated by the trade which is carried on with 
America, and the magnitude of the establishments de
voted to the killing and curing of the flesh. 

SUCKING PIG. 

Sucking pig is one of the choicest foods, and has a 
delicacy and richness of flavour which is perhaps un
surpassed. Charles Lamb wrote of it as follows: 
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' Of all the delicacies in the whole mundus edibilis, 
I will maintain it to be the most delicate—princeps 
obsoniorum.'* But, although he may be quite correct, 
this food is not one of the established delicacies of 
the dinner-table of the rich, and it is, perhaps, now 
more commonly eaten by the middle and labouring 
classes on festive occasions. The flesh of the very 
young pig has still some of the characteristics of the 
older animal, and although so easily separated when 
cooked, is not easily masticated, and is often swal
lowed in pieces too large for digestion. The fat is far 
more delicate than that of an adult pig. This is 
essentially a luxury, since its nutritive value is small i n 
proportion to the price paid for it, and it should be as 
essentially the rich man's food. The time required for its 
digestion is the same as for lamb, viz., two and a half 
hours. 

BACON. 

This term is applied to the sides of the pig which 
have been prepared by the removal of some of the lean 
flesh and ribs, and preserved by means of salt and salt
petre. I t is usual to rub the saline mixture into every 
part of the pork and to repeat the process in a modified 
degree regularly for about three weeks, during which 
time the flesh is kept in a cool place, and afterwards it is 
removed and dried. Hence the first effect is to abstract 
a certain portion of the juices of the flesh, which with 
the moistened salt forms a pickle which may be applied 
by the hand from time to t ime; but during the whole 
of this part of the process the flesh is not only moist 
but wet, and has rather increased than decreased in 
weight. The second action is to dry the flitch of bacon, 
with or without wood smoke, by which it is reduced in 
weight. 

The first process is solely for the purpose of pre-
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venting decomposition of the flesh, and it is requisite 
that it be begun very soon after the death of the animal, 
and be carried into every part of the flitch. If too long 
continued the lean flesh will shrink unduly and become 
hard, and if it be insufficient, the subsequent drying will 
allow the process of decomposition to begin. The second 
process is effected to render the flesh more portable and 
convenient to the consumer, and to give a different 
flavour to the food. As fresh meat is not attainable in 
a large part of the country more frequently than once 
a week, it is most convenient to the poor to have food 
in the house which may be used at any time, and which 
also may have been obtained by previous savings in 
anticipation of a period when poverty might be more 
urgent and ready money scarcely attainable. More
over, dried bacon divides itself during the process of 
cooking into two parts, of which the labourer and 
his wife may have the solid and the children the 
liquid part, and thus both be in a degree pleased, if not 
satisfied. So far, it may be said, tbat bacon is the 
poor man's food, having a value to the masses which is 
appreciated in proportion to their poverty, and it is a 
duty to offer every facility for its production in the 
homes of the poor. 

I t is also the rich man's food, for the flavour, which is 
naturally or artificially acquired by drying, is highly 
prized, and although it may not be taken as a necessary 
by the rich, it is in universal request as a luxury. 
When the drying process has been continued too long 
the lean part of the bacon becomes hard and does not 
soften by cooking, whilst the fat becomes rancid, and is 
no longer a luxury to the rich or easily digestible by the 
poor. 

Commerce has of late years sought the aid of art in 
effecting these processes with the greatest rapidity, so 
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that the food may be ready for the market with the 
least delay. I t is now usual to place the prepared flitch 
in a fluid pickle, and after a certain time to dry it by 
artificial heat, so that the whole process occupies three 
to six weeks as against three months under the old 
mode of procedure. There is, however, some risk lest 
the preserving process should not be complete, and par
ticularly in the thicker parts, as the shoulder and ham, 
or where there are folds in the flesh, and also that the 
bacon should after drying retain an undue amount of 
moisture. The practical effect has been to render the 
flavour of the bacon milder and more delicate, and to 
cause it to retain a larger amount of moisture, which 
so far lessens the proportion of nutritious matter in a 
given weight. Moreover, as the artificial mode of 
drying cannot be carried on in every cottage, the pork 
is removed to kilns properly constructed, and a mono
poly has thus been created, by which the price has of 
late years been unduly increased. 

A very large quantity of bacon is imported into this 
country from America and Ireland, and a small portion 
from Strasburg and Hamburg, the latter having acquired 
a peculiar flavour by being smoked. That from America 
used to be of inferior quality, owing to the defective 
system of feeding, and particularly to the habit of 
allowing the pigs to feed on acorns, by which the fat 
was less solid and more oily, and shrank on being boiled. 

The finest bacon in our market is the Wiltshire and 
Cumberland, but some of the Irish is nearly equal to it. 

The nutritive value of bacon is within certain limits 
a varying quantity as the two processes are more or less 
prolonged, but that of wet bacon is the more stable of 
the two. Newly dried bacon will have an excess and 
old bacon a defect of water, as compared with the usual 
standard. Bacon from which much lean meat has been 
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removed, or which was obtained from a well fattened 
pig, will leave a less proportion of nitrogenous matter. 

The following is the approximate composition of 
green (or wet) bacon and dried bacon in 100 parts :— 

Green bacon . 
Dried bacon . 

. Water 24 
„ 15 

No. 23. 

Nitrogenous 7'1 
8-8 

Fat 66-8 
„ 733 

Salts 2-1 
„ . 2 9 

There are the following quantities of carbon and 
nitrogen in a pound of an average specimen of dried 
bacon:— 

No. 24. 

Carbon 4,340 grains Nitrogen 97 grains 

But if the free hydrogen be reckoned as carbon the total 
quantity .of the latter will be 6,006 grains in the pound. 

The digestibility of bacon varies with its dryness and 
cooking, but it may be assumed that the time required 
will be less than that of fresh pork. From its large pro
portion of fat, and from the ease with which it may be 
masticated, it may be inferred that the process will be 
usually accomplished in less than three hours, and at 
any rate that it is not less digestible than fresh beef or 
mutton. 

THE W I L D PIG . 

The pig in its wild state is still found in France and 
other parts of continental Europe, in India, Ceylon, 
Zanzibar, and nearly all the great eastern and northern, 
countries of the world. 

I t s flesh, as compared with that of the domestic pig, is 
harder, tougher, and stronger flavoured, and would not 
be preferred to it. The proportion of gelatinous matter 
is greater, as that of fatty matter is less than in the 
flesh of the domestic pig, so that scouse made from the 
gelatinous parts of the animal as the ears and face, is 
stiffer and harder than that from the domestic pig. 

F 2 



6 8 NITROGENOUS ANIMAL FOODS. 

The cause of these differences is that of the habits, 
breed, and food of the two classes. 

The boar's head has been for ages in repute in the 
halls of the great for its flavour when roasted and 
stuffed with nutritious and appetising compounds. I t 
was anciently the first dish on Christmas-day, and was 
carried to the principal table with great solemnity. In 
the ' Collection of Christmas Carols,' published in 1521 
by Wynkin de Worde, is ' A Carol bryngyn in the Bore's 
Head.' This ceremony is still performed at Queen's 
College, Oxford, and the following ditty sung:— 

The boar's head in hand bear I, 
Bedecked with bays and rosemary ; 
And I pray you my masters be merry, 
Quot estis in convivio. 

The boar's head, as I understand, 
Is the bravest dish in all the land; 
When thus bedecked with a gay garland, 
Let us servire cantico. 

Our steward hath provided this 
In honour of the King of Bliss, 
Which on this day to be served is 
In Reginensi Atrio. 

Refrain after each verse :— 

Caput apri defero 
Reddens laudes Domino. 

One of the most sumptuous dishes which have been 
handed down to us, is that of roasted wild pig, which 
was in use in the Norman and Early English periods of 
our history. The following recipe is of the fourteenth 
century:— 

'COK A GREES (Cock and Wild Pig). 
1 Take and make the self fars ; but do thereto pyn and sug. 

Take an hole raosted cok, pulle by (in pieces) and hylde (cast) 
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hym al togg'd, sane (save) the legg. Take a pigg and hilde 
(skin) hy fro the mydd' donward, fylle hi fu.1 of the fars and 
sowe hy fast toged'. Do hy in a panne and seethe hy wel, and 
when thei bene isode, do he on a spyt and rost it wele. Colo 
it w* zolkes of ayren (eggs) and safron. Lay theron foyles 
(leaves) of gold and of silu', and sue hit forth.' 

The so-called boar's head of the present day is 
usually that of an animal obtained with less prowess 
and delay than that of the wild boar of the middle 
ages. 

CHAPTER VII I . 

VARIOUS WILD ANIMALS AND THE HORSE AND ASS. 

As a general expression, it may be stated that the 
points of contrast between the flesh of wild animals and 
that of domesticated and artificially fed animals are the 
greater hardness and solidity of the flesh, the greater 
proportion of solid fibre to juices, the less proportion of 
water and fat in the juices, and the greater proportion 
of lean to fat. Hence it follows that under the same 
circumstances the mastication of the flesh of wild animals 
is less easy, the flavour more concentrated and less 
luscious, and the proportion of nitrogenous or flesh-
forming compounds greater. They are therefore strong 
foods, requiring good powers of mastication and diges
tion, and if well digested, are highly nutritious. Their 
intensity of flavour is also a recommendation to those 
who are satiated with ordinary food and to the con
valescent who seek something to stimulate defective 
appetite or to satisfy a sudden desire. 

But in all these particulars there is a difference with 
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the habits of the animal. Deer kept in a park where 
they take but little exercise and are fed in the winter 
by the aid of man, approach in character the domesti
cated animal, whilst the sheep which lives on moun
tains and travels far and wide to procure food will 
approach the wild animals in the character of its flesh 
if it be allowed to live until it is five years old or 
upwards. Thus, much of the flesh of park deer when 
eaten soon after the death of the animal differs little 
from Highland mutton, whilst that of the true mountain 
sheep has a flavour resembling that of park deer, and 
in dryness after cooking and in the absence of fat, 
differs extremely from the meat of a well-fed South 
Down sheep. 

In treating venison it has been found necessary to 
allow it to hang for a considerable period in order to 
separate the bundles of fleshy fibres; and when cooked, 
to add gravies, condiments, and sweets, so as to give a 
quality to the flavour, which it naturally lacks, and it 
may be added that no part of the animal is cooked by 
being boiled. 

Two recipes of the year 1381, one of which is to 
prevent venison from becoming tainted, and the other 
to remove the taint, cannot be without interest:— 

* FOR TO KEPE VENISON FRO RESTYNG. 
4 Tak Venison wan yt ys newe and cuver it hastely wyth Fern 

that no wynd may come thereto, and wan thou has ycuver yt 
led yt horn and do yt in a soler that Sonne ne wynd may come 
ther'to and dimembr' it and do yt in a clene water and lef yt 
ther' half a day and after do yt up on herdeles for to drie, 
and wan yt ys drye tak salt and do after thy venison axit and 
do yt boyle in water that yt be so salt als water of the see 
and moche more and after lat the water be cold that it be 
thynne and thanne do thy Venison in the water and lat yt 
be therein thre daies and thre nyzt, and after tak yt owt of 
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the water and salt it wyth drie salt ryzt wel in a barel and 
wan thy barel ys ful cuver it hastely that sunne ne wynd 
come thereto. 

'FOR TO DO AWAY RESTYNG OF VENISON. 

' Tak the venison that ys rest and do yt in cold water, and 
after mak an hole in the herthe and lat yt be thereyn thre 
dayes and thre nyzt, and after tak yt up and spot it wel wyth 
gret salt of peite (saltpetre) there were the restyng is, and 
after lat yt hange in reyn water al nyzt or morY 

The composition of venison differs from that of beef 
and mutton in that there is a large proportion of nitro
genous and a less proportion of carbonaceous matter and 
less water. 

Dr. Beaumont found that broiled venison steak was 
digested in one and a half hour, but I cannot think 
that that represents the true period of chymification. I t 
is probably nearly the same as mutton. 

BISON AND OTHER W I L D ANIMALS. 

The Bison may be regarded as the representative of 
the ox in its wild state, and might equally well be used 
for food. The flesh is, however, tough, hard, and dark 
in colour, and strong in flavour, so that it would not be 
preferred to that of the domesticated ox, but its fulness 
of flavour when in good condition makes certain parts 
of the animal very acceptable if not luxurious to the 
hunter. The parts usually selected are the hump and 
tongue, and it is probable that if they could be imported 
into this country at the price of ordinary meat, they 
would be reckoned amongst our luxuries. 

The relative proportions of fat and lean as regards 
the bison and the domestic ox vary with the con
dition of the animals, and therefore, as respects the wild 
animal, with the season of the year; but speaking gene-
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rally, the wild animal yields a larger proportion of 
nitrogenous matters, and particularly of gelatin, and is 
therefore the stronger food. 

The Eland was introduced into this country by a 
former Earl of Derby, with a view to test its capability 
to compete with the ox as a meat-producing animal, but 
the experiment failed on the ground of economy. 

The Antelope is used as food, but the flesh of some 
species, as the Antelope Saltiana has a smoky flavour 
like that of a rat. 

The Kangaroo, Zebra, Springbok, and many other 
large herbaceous and graminivorous animals are eaten as 
food in Africa and Australia when obtained by hunting. 
The preserved flesh of the Kangaroo (Macropus) is now 
imported from Australia, as is also the very excellent 
soup prepared from the tail. I t has the character of the 
flesh of wild animals, but probably a larger proportion 
of fat. 

The Dog, Cat, Rat, Fox, Wolf, Leopard, Jackal and 
other carnivorous animals are eaten by the low caste 
inhabitants of India and other countries. 

THE HORSE AND ASS. 

The flesh of the horse and the ass has been long 
known to be good and nutritious food, and in quality it 
occupies a place rather among wild than domesticated 
animals. The objection to its use does not rest upon 
either chemical or physical grounds, for the carcass has 
a larger proportion of nitrogenous material than the 
well-fed ox, and the mastication of it is not more dif
ficult than that of fresh venison or an ill-fed ox. There 
is not the richness and fulness of flavour which belongs 
to good beef, and in its preparation for the table 
it demands the same additions as those required by 
venison. 
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Several reasons have no doubt prevented the general 
use of horseflesh. 1st. The sentiment with which 
the horse is regarded as a useful, intelligent, high-
spirited and so-called noble animal, by which it is 
esteemed a degradation to feed it and fatten it for the 
table. 2nd. The necessity which exists for its use as a 
living creature—a necessity which increases and cannot 
be supplied by any other animal. 3rd. Its high price 
as compared with that of oxen and cows which are 
reared for feeding only. 4th. The toughness of the 
flesh, and the use as food for the lower animals of 
such horses as are worn out by work and then killed. 
I t would require a far greater necessity for the supply 
of meat than any which has occurred in our country for 
ages past, to overcome the first, second, and fourth 
objections, but the value of the third has greatly 
diminished with the present high price of meat. 

Having regard to the greater cost and risk of pro
duction of the horse than the ox, it is not probable that 
there will ever be so great an excess in the supply of 
horses as to make the rearing of them for the butcher 
a commercial success at even the present price of meat, 
and it seems impossible that it could ever successfully 
compete with the production of oxen. 

Hence the introduction of this flesh as a food must be 
that of the worn-out and disused horses, and a rigid 
system of supervision and examination of the animal 
before death and of the flesh after death would be 
necessary to prevent the occurrence of disease from its 
use. Such food could not, moreover, attract the rich 
man, and if used at all, it would be by the poorest 
classes—by those who in this country strongly object to 
eat anything which is regarded as of inferior quality 
or which is commonly rejected by their richer fellow 
citizens. I t is, therefore, really useless to bring the 
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subject before the public attention of this country, and 
horse flesh must be reserved for such terrible circum
stances as those which recently led to its use on a large 
scale in Paris. 

The composition of this kind of flesh may be reckoned 
as that of lean beef. 

The following is the menu of the horse-flesh dinner 
which was eaten at the Langham Hotel, on February 6, 
1868 :— 

Potages. 

Consomme de cheval. Puree de destrier, 
Amontillado. 

Poissous. 

Saumon a la sauce arabe. Filets de Soles a l'huile hippophagique. 
Vin du Rhin. 

Hors-d'oeuvres. 

Terrines de Foie maigre chevalines. Saucissons de choral aux pistaches 
syriaques. 

Xeres. 

Releves. 

Filet de Pegase roti aux pommes de terre a la crerae. Dinde aux 
chataignes. Aloyau de cheval farci a la centaure et aux choux de 
Bruxelles. Culotte de cheval braisee aux chevaux-de-frise. 

Champagne sec. 

Entries. 

Petits p&t&s a la Moelle Buc^phale. Kronieskys a la Gladiateur. Poulets 
garnis a l'hippogriffe. Langues de cheval a la Troyenne. 

Chateau Perayne. 

Rotis. 
Canards sauvages. Pluviers. 

Volney. 
Mayonnaises de Homard a l'huile de Rossinante. Petits pois a la franeaise. 

Choux-fleurs au parmesan. 

Entremets. 
Gelee de pieds de cheval au marasquin. Zephirs sautes a l'huile 

chevaleresque. Gateau veterinaire a la Ducroix. Feuillantines aux 
pommes des Hesperides. Saint-Peray. 



OFFAL. 75 

Glaces. 
Oemo aux truffes. Sorbets contre-prejuges. 

Liqueurs. 

Dessert. 
Vins fins de Bordeaux. Madere. Caf6. 

Buffet. 
Collared horse-head. Baron of horse. Boiled withers. 

CHAPTER IX. 

OFFAL. 

THE offal of animals consists of the skin, feet, tail, 
horns, head, and tongue; of the lungs, liver, spleen, 
omentum, pancreas, and heart, which constitute the 
pluck or the fry, and the intestines and other internal 
organs. 

I t was in daily use among our Saxon and early English 
ancestors, for pigs' feet and head, calves' feet, sheep's 
trotters, the maw or paunch, and intestines of the wild 
and domestic pig and other animals and the blood, enter 
into the recipes of the fourteenth century. 

The proportion per cent, of the weight of the offal to 
that of the carcass varies with each kind of animal, as 
shown in the following table:— 

No. 25. 

Store oxen . . , 
Fat oxen 
Fat heifers . . < 
Fat calves 
Store sheep . 
Half-fat sheep 
Very fat sheep 
Store pigs . . 
Fat pigs 

Carcass 
593 
59-8 
556 
63*1 
53-4 
59 
641 
79-3 
83-4 

Offal 
389 
38-5 
41-3 
335 
456 
40-5 
358 
188 
16-1 

Thus it appears that generally one-third of the weight 
of animals is offal, and is not sold as meat, and in 



76 NITROGENOUS ANIMAL FOODS. 

certain animals the offal approaches to the same weight 
as that of the carcass. The greatest proportion is 
found in sheep, and the least in pigs, and the extreme 
may be one-half and one-sixth of the whole weight of 
the animal. 

I t must not, however, be inferred that the offal is 
valueless as food, or that it should be otherwise than 
carefully consumed, since it has much nutritive value, 
although not so much as would induce the purchaser 
to give the price of meat for it. Its flavour is also 
peculiar and not equal to that of meat, so that for 
several reasons it is rather the poor than the rich man's 
food. 

If we take the whole offal of various classes of 
animals which are used as food, we find that the pro
portion of nitrogenous compounds in it is greater 
than that of the carcass, viz. 17*2 per cent, against 
13*5 per cent., whilst that of fat is less, viz., 21 per 
cent, against 34*4 per cent. The percentage of salts 
is about equal in each of the two divisions of the animal, 
that is to say, 3*7 per cent, in the carcass and 3 per 
cent, in the offal. 

I t must not, however, be assumed that the whole of 
this is available food for man, and it must be added 
that the nitrogenous part is in a less nutritious form 
than in flesh, since it consists largely of gelatin and 
chondrin. 

The skin, so far as it is useful as food, is consumed 
in the form of gelatin, and is probably the greatest 
source of that article. 

The tongue of all animals used as food is in request, and 
is regarded as a delicacy. That of the ox is frequently 
salted or pickled until it assumes a red colour on being 
boiled. I t is sometimes dried, and must afterwards be 
soaked well in water before it is boiled; or it is taken 



OFFAL. 77 

direct out of the pickle and may be at once washed and 
boiled. The muscular part of the tongue has a rich and 
somewhat luscious flavour, whilst the fat which lies 
under the tongue is very agreeable. Both fat and lean 
may be eaten when either hot or cold with equal grati
fication. 

A large trade is established between Russia, South 
America, and England in the import of dried and smoked 
tongues, which are commonly no doubt those of the ox 
or cow, and not unfrequently of the horse. From their 
preparation more than from their other qualities they 
are agreeable foods when well soaked and boiled and 
eaten cold. The tongues of reindeer and probably of 
other animals are also imported and eaten as a relish. 

The head is a somewhat favourite dish. That of the 
sheep is boiled or grilled, and particularly in Scotland 
and amongst the poorest classes. Calves' head is more 
especially the food of the richer classes, and is a very 
delicate and agreeable dish when boiled and properly 
served. In both cases it may be sold without the skin, 
or the skin may be left on and the hair scraped off. 

Ox head is used both for the preparation of soup and 
as ordinary meat. I t consists of about 30 per cent, of 
meat which contains much oil, and some solid fat, and 
produces a rich and nutritious soup. I t is a convenient 
dish for the poor man's wife, since it enables her to make 
good and cheap soup for the children, whilst the adults 
eat the solid meat. 

The proportion of meat to bone is much greater in the 
pig's head than in the heads of other animals, since 
the pig lays up much fat about the jaws. Instead of 
being 30 per cent, as in the ox, it is 60 to 70 per 
cent. 

There is less oil but more solid fat than in the head of 
the ox, so that it is not so well fitted for the preparation 
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of soup, yet it is a very good addition to beef or ox 
heads for that purpose, and supplies a delicate and 
agreeable flavour. 

The upper part being composed chiefly of bone is 
but little used as food, but the sides and front of the 
face are eaten either when fresh or pickled. More com
monly they are pickled, dried and sold as chaps or 
chowls, which are boiled and eaten cold, but not un
frequently they are eaten fresh after having been 
roasted or taken out of pickle and boiled. 

When served as a Christmas dish they are stuffed 
with a great variety of valuable condiments, so that a 
slice consists more of stuffing than flesh, and thus pre
pared is a costly and highly prized dish. The bones 
are removed, the skin is left on and coloured and de
corated, and the whole is boiled. 

The liver of certain animals is a favourite dish, as 
that of the pig by the poor, and of lamb, calf, and 
Strasburg goose by the rich, and although it is not 
equal to flesh as a food, it furnishes a considerable pro
portion of nutritive elements. 

The liver of the ox and sheep is a less agreeable food, 
and indeed is rarely eaten in England, except by the 
very poor; but in Scotland the latter is more frequently 
consumed in the preparation known as haggis. I t is 
often eaten raw by the Arabs of Mesopotamia. 

The liver of all animals is apt to be infested by a 
parasite of the hydatid class, but as it is evident 
to the naked eye, it may usually be avoided. I t is 
desirable that the food should be cut into slices and 
examined, and also that it should be well cooked. The 
usual mode of cooking it is frying, by which the 
flavour is greatly improved. 

The composition varies somewhat with the nature 
and degree of fattening of the animal, so that its 
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albuminous and fatty elements will not always bear the 
same relation to each other. 

The following is the composition, in 100 parts, of the 
most solid kind, viz., ox liver, in which the nitrogenous 
elements are usually in excess, as compared with the 
liver of other animals:— 

No. 26. 

Water 74 Nitrogenous 189 Fat 4*1 Salts 3 

An average specimen of the liver of the ox yields 17f 
per cent, of carbon and 3 per cent, of nitrogen, or 1,225 
grains of carbon and 210 grains of nitrogen in the lb . ; 
but if the free hydrogen be reckoned as carbon, the total 
quantity of carbon will be 1,338 grains per lb. 

The lungs, or as they are vulgarly termed lights, 
are eaten as a part of the pluck or fry, and as they are 
composed almost exclusively of membranes and vessels 
they contain a high proportion of albumen and other 
nitrogenous matter. They are not, however, very easily 
masticated or digested, and could scarcely be eaten 
alone. I t is desirable that they should be well cleansed, 
and any diseased portion and the glands removed. 

The omentum consists partly of membrane and ves
sels, and partly of fat, and is an agreeable addition to 
the otherwise lean fry. That from an old animal is not 
so tender or so readily masticated as from a young 
one, and it is always desirable to masticate it well. A 
part of it is eaten as tripe. 

The pancreas, and the thyroid and sublingual glands, 
pass by the name of sweetbread, and command a very 
high price. That of the calf is the most esteemed, but 
tha t of the lamb is not unfrequently substituted for it. I t 
contains a considerable proportion of water and some fat, 
and has a delicious flavour when properly prepared. 

The intestines are used as food by man in the pre-
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paration of sausages and black puddings, whilst the 
thicker and fatter parts are eaten as tripe. 

Tripe is prepared from the stomach and intestines, 
with the fattv structures attached thereto, of the ox 
and cow, and consists of two parts, viz., the walls of those 
organs and the enclosed fat. I t is prepared simply by 
thoroughly cleansing the organs from every adherent 
substance, and from the flavours of bile or other dis
agreeable matters, and then gently boiling them in clean 
water for some hours. When thus prepared, it is a 
food of somewhat delicate and agreeable flavour, and of 
very easy mastication and digestion. 

Its chemical composition necessarily varies with the 
proportion of fat; but, taking an average of the different 
cuts, it may be represented as follows, in 100 par ts :— 

No. 27. 
Water 68 Nitrogenous 13-2 Fat 16-4 Salts 24 

Hence, it is a food affording considerable nutriment, 
but not very satisfying, for it is fully digested in 
about one hour, and the stomach soon calls for another 
supply of food. Moreover, the nitrogenous compounds 
are rather those of gelatin than of albumen, and are 
perhaps, therefore, somewhat less valuable as nutriments 
than the quantity of nitrogen might indicate. 

The ease and rapidity with which tripe is digested 
seem to render it a very proper food for the sick, but in 
practice it is found that the absence of pronounced 
flavour, and perhaps the unusual nature of the food, 
prevent its selection by the sick generally. I t is rather 
the food of the poor, and is not in general use by any 
class of the community. There are 1,705 grains of 
carbon and 143 of nitrogen in each lb. 

The feet of animals consist of two chief chemical 
constituents of food, viz., oil and gelatin, and hence we 
have neat's foot oil and calf's foot jelly. 
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The oil has too strong a flavour to be used as food, 
and must be removed before the foot is eaten. This is 
effected by the application of heat after the free use of 
the knife, and as the foot is cooked by being boiled in 
water it is necessary that the oil should be skimmed 
from the broth that the latter may be fit for food. 

When properly prepared the broth contains jelly and 
oil, both of which may be separated and used, whilst the 
insoluble part of the foot contains a portion of skin 
and cartilage, which is nutritious and agreeable. The 
flavour, however, of both cow-heel and tripe is but 
slight, and does not stimulate the sense of taste, so that 
vinegar and other condiments are commonly eaten 
with them. 

Sheep's trotters, called shepis talon, were made into a 
dish in the fourteenth century, with eggs, pepper, saltr 

saffron and raisins. 
Pigs ' feet were found by Dr. Beaumont to be 

digested in about one hour, and it is probable that cow-
heel would require the same time, except such tendinous 
parts as are masticated with difficulty and may be 
only partially digested after the lapse of several hours. 

Collared pork is made from the gelatinous parts of the 
pig, as the ears, feet and face, and was in use in the 
fourteenth century according to the following recipe:— 

1 GELE CP FLESSH. 
' Take swyn' feet and snowt' and the eerys, capons' conyin'g, 

calu' fete, and waische he clene, and do he to seethe in the 
thriddel of wyne and vyneg' and wat and inake forth as biforo' 
(see recipe on fish jelly, page 113). 

G 
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CHAPTER X. 

SAUSAGES, BLACK PUDDING, AND BLOOD. 

THERE are two kinds of sausages, viz., those made 
from fresh meat and those from preserved meat, and 
both are placed in pieces of intestine. 

The former are frequently prepared at home, and con
sist chiefly of meat which has been chopped finely, 
bread, and condiments; and as they are moist and 
fresh, they cannot be kept long without decomposition. 
Their value depends upon the kind, quality, and quan
tity of the meat, and when made properly are agreeable 
and valuable foods, but they may be made of inferior 
and even diseased meat, and should there be any 
disagreeable flavour it is disguised by an excessive 
use of pepper. Hence, their composition is so doubtful 
as to be a byword; yet because it is possible to have 
them pure, and their flavour is agreeable, as well as 
for their convenience at table, they are in very general 
use. 

The latter kind are prepared on the Continent, where 
they are intended to be kept for use. Their nutritive 
value is much greater than that of fresh sausages, since 
the meat is very dry, and they are composed of meat 
only, and, as a general expression, it may be stated 
that they are equal to three times their weight of fresh 
meat. Their flavour is agreeable and varied by cloves 
of garlic. They are particularly adapted to the use of 
travellers, soldiers in camp, and labourers, who cannot 
cook their meat, but the cost in this country precludes 
their use by the latter. Great care should be taken lest 
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diseased pork may be thus eaten and cause the trichi-
nous disease. 

In the island of Majorca each family makes a supply 
large enough for a year. They are made of pork ex
clusively, stuffed into large skins, and flavoured with 
spices, and are not considered ready for use until they 
have been kept six months. With bread, they constitute 
the ordinary food of all classes. 

The Prussians, during their recent war with France, 
prepared sausages, which were in a high degree 
nutritious and not disagreeable. They consisted of a 
mixture of bacon, pea-flour, onions, salt, and condi
ments. The pea-flour was prepared after a patented 
method, by which it did not become sour, and the food 
remained good. The daily ration per man was 1 lb., 
and it was only necessary to boil it in water for a short 
time before eating it. 

Black puddings and blood are much more frequently 
eaten in large towns than in villages, since the fre
quency with which animals are slaughtered in the former 
renders the daily preparation of the latter possible. 
They are prepared with blood, and chiefly that of pigs, 
to which groats and various herbs with lumps of fat 
are added. The whole is enclosed in a piece of the 
intestine of the pig and boiled, but it is usual before 
eating it to cook it further by frying it, with or without 
previously warming it by immersion in hot water. 
When quite fresh they are savoury and agreeable, but as 
blood rapidly decomposes, they may become tainted 
before being cooked, and when yet apparently fresh, and 
if kept long after having been cooked, they lose their 
agreeable flavour and contain ammonia. 

There is no doubt an objection to, perhaps a. prejudice 
against, eating blood, based in some degree upon the 
prohibition to the Jews as contained in the Old Testa-

Q 2 
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ment : c Ye shall eat the blood of no manner of flesh : 
for the life of all flesh is the blood thereof: whosoever 
eateth it shall be cut off.'—Lev. xvii. 14; and also 
on the common belief that the blood may be diseased 
without offering evidences whereby the disease might be 
recognised. As to the former, it may be scarcely neces
sary to add, that we eat a portion of blood in flesh, and 
that even when the animal is killed by cutting its 
throat after the Jewish fashion, it is not possible to 
extract all the blood from the body, and that even the 
Jews must eat some of it. Moreover, blood contains 
nutritive elements of great value, and is inferior only 
to the flesh which is made from it. 

The following is the composition of fresh blood in 
1,000 parts :— 

No. 28. 

Water 
Fibrin 
Fatty matter 
Serolin . . . 
Phosphorised fat 
Cholesterin 
Saponified fat . 
Albumen . 
Blood corpuscles 
Extractive matters and salts 
Chloride of sodium . 
Other soluble salts . 
Earthy phosphates 
Iron . . . . 

779-00 
2-20 
1-60 
002 
0-49 
0-09 
1-00 

69-40 
141-10 

680 
3-10 
2-50 
033 
0-57 

Besides salts of sodium, potassium, calcium, mao-ne-
sium, and iron, there is sugar; and in certain cases, 
salts of copper and lead have been discovered. 

The salts in blood perform an important role in nu
trition, and it may be well to indicate their nature in 
the pig, sheep and ox, whose blood is used as food. 
The following are the quantities per cent, of all the 
salts;— 
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No. 29. 
Pig Sheep Ox 

Phosphoric acid . . . . 365 148 14-04 
Alkalies 49-8 55*79 60 
Alkaline earths . . . . 3-8 4*87 3'64 
Mineral acids and oxide of iron . 9-9 24*54 22*32 

If there be any ground for fear lest diseased germs 
should exist in the blood, it may be set aside by the 
consideration that a temperature at and above 212°, 
if fully applied, will suffice to destroy all known 
elements of disease, and that blood when fresh and so 
cooked may be eaten with impunity. Having regard 
to these facts, and to the high price which is now paid 
for meat, I think it would be folly to object to the use 
of blood as a food under proper restrictions, one of 
which should be that the animal from which it was 
taken should not be in a state of disease. 

The common snail has been occasionally eaten in 
England and the vineyard snail on the Continent, whilst 
slugs are commonly consumed in China. So far as 
respects the use of the snail as food in England, it was 
limited to the sick, and is probably a harmless and not 
an ill-flavoured substance, but the quantity of nutriment 
which it can afford is very small. The snail, in common 
with other creeping things, was a forbidden food to the 
Jews : (These also shall be unclean unto you among 
the creeping things that creep upon the ear th ; the 
weasel, and the mouse, and the tortoise after his kind, 
and the ferret, and the chameleon, and the lizard, and 
the snail, and the mole.'—Lev. xi. 29, 30. 

I t is not desirable to occupy the pages of this book with 
reference to foods which are of a somewhat disgusting 
nature, or such as are rarely used by civilised people, 
but it may be proper to name a very few of them. 

The iguana, an enormous lizard, is commonly eaten 
in Zanzibar; and lizards of smaller size, as the sanda, 
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are frequently consumed by the low caste people of 
India. Lizards were prohibited to the Jews as food 
(Lev. xi. 30). 

The edible frog has long been used as food, and when 
properly fed the hind legs are accounted by the French 
as a luxury. 

Snakes of many kinds are eaten in India and in other 
hot countries where the inhabitants are extremely poor. 

A small monkey (Cercopithecus griseoviridis) and a 
frugivorous bat are eaten as delicacies in Zanzibar. 

The bat (but of what kind is not stated) was pro
hibited to the Jews as food (Lev. xi. 19). 

The large white ants are eaten by many African 
nations, in the absence of more agreeable foods. 

Locusts are commonly eaten by the Bedouins of 
Mesopotamia and other Eastern peoples, who string 
them together and eat them on their journeys with 
unleavened cake and butter. I t is worthy of note, that 
this food was not prohibited to the Jews. ' Even 
these of them ye may eat ; the locust after his kind, 
and the bald locust after his kind, and the beetle after 
his kind, and the grasshopper after his kind.'—Lev. xi. 
22. John the Baptist ate locusts and wild honey. 

CHAPTEE X L 

EXTRACTS OF MEAT AND FLUID MEAT. 

THESE are prepared in two forms, viz., in a thick semi
fluid state and as solids. 

The very large proportions which the trade has 
attained since Baron von Liebig lent his name to the 
process by which the former kind is prepared, demands 



EXTRACTS OF MEAT AND FLUID MEAT. 87 

that the precise value of these foods should be well known, 
and with the observations which have been made by 
numerous scientific men, as well as the aid afforded by 
popular experience, the task is far less difficult than 
when I first called attention to the subject. 

The extracts are prepared by boiling down the flesh 
of animals, so that thirty-two pounds of flesh are said 
to be required to prepare one pound of Liebig's extract. 

I t is desirable to select lean cattle for this purpose, 
and if we assume that the net flesh weight of an 
average beast in Australia, the Brazils, and other meat-
producing countries in America, is 300 lbs., one animal 
will yield only about ten pounds of the extract. 

During the process, all the fat and as much of 
the gelatin and albumen as can be extracted, are 
removed from the solution of flesh, whilst the fibrin, 
being insoluble, is necessarily left behind. Hence 
there remain water, salts, osmazome and the extrac
tives of flesh, or in general terms, the flavouring matters 
and the salts of meat—thus leaving out all that is 
popularly regarded as nutritious. 

This substance varies in value according to the 
amount of water (usually about 20 per cent.) which is 
allowed to remain in it. The intense flavour of meat 
which it possesses is like that of roasted flesh, and is 
always the same. 

The following are tests of its value :— 
1. Sixty per cent, should be soluble in strong alcohol. 
2. When dried at a low heat it should not lose more 

than sixteen per cent, of its weight. 
3. There should be no fatty matter or albumen. 
4. There should be nine to ten per cent, of nitrogen. 
5. The ash should be about twenty per cent., and 

contain from one quarter to half its weight of potash, 
besides about half that proportion of phosphoric acid. 
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What is necessary to render this extract as valuable 
as the meat itself for the purposes of nutrition is to 
restore the substances which were rejected, and those 
have been shown to be almost equivalent to .the 
whole meat. There is but little left in the extract to 
nourish the body, and the elements which it really 
possesses are salts which may be obtained otherwise at 
an infinitely smaller cost, and the flavour of meat which 
disguises the real poverty of the substance. 

If it be asked why so much of the flesh is thus 
unused, we answer that only the soluble parts of the 
meat could be obtained in this form, whilst the insoluble 
but most nutritious parts are left behind, and only such 
of the soluble parts are retained as do not put on the 
putrefactive process, and hence nearly all nitrogenous 
matters are excluded. If it be further asked whether 
the popular belief in the value of this food is altogether 
based upon a fallacy, we answer, No ; for it is a valuable 
addition to other foods, since it yields an agreeable 
flavour, which leads to the inference, however incorrect, 
that meat is present, and when prepared with hot 
water and properly flavoured, gives a degree of ex
hilaration which may be useful to the feeble^ and is as 
useful to the healthy as tea and coffee. 

If, however, it be relied upon as a principal article of 
food for the sick it will prove a broken staff, except to 
those extremely feeble persons who can take very little 
food, and are favourably influenced by slight causes. 

I ts proper position in dietetics is somewhat more than 
that of a meat-flavourer, but all tbat is required for nutri
tion should be added to it. Thus, in the preparation of 
ordinary soup and beef tea, the extract may be added to 
the stock to increase the flavour, or it may be mixed 
with white of egg, gelatin, bread and other cooked 
farinaceous substance. Liebig, in a letter to the 6 Times,' 
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stated t h a t s it is not nutriment in the ordinary sense; ' 
and Professor Almen has shown the small nutritive 
value of this substance in the ' Transactions of the 
Medical Society of Upsala, 1868.' 

I t is not, however, to be entirely removed from the 
list of foods and classed with condiments, for the salts 
of flesh which it contains are valuable in the process 
of nutr i t ion; but it should be classed with such 
nervous stimulants as tea and coffee, which supply 
little or no nutriment, yet modify assimilation and 
nutrition. Used alone for beef-tea it is a delusion. 

The solid preparations contain a considerable pro
portion of gelatin, and do not putrefy because the 
gelatin has been dried. I t is needful to use a much 
larger quantity of these than of the semi-fluid extracts, 
in order to obtain the same amount of meat-flavour and 
salts, but by so much is the gelatin and thereby nutri
ment increased. Hence its qualities and uses are not 
identical with those of the semi-fluid extract, and when 
derived from the same class of animals, both may be 
advantageously used together. These solid foods are 
not exclusively prepared from beef, but represent the 
flesh of other animals, and offer a variety and delicacy 
of flavour adapted to the wants of the sick. 

FLUID MEAT. 

A preparation of lean meat, by Mr. Stephen Darby, 
has been introduced under the title of fluid meat, which 
differs from the various extracts of meat in retaining 
the fibrin, gelatin, and coagulable albumen. This is 
effected by dissolving them as they would be in the 
process of digestion in the stomach, and thus both 
advancing them a stage in the process of digestion, and 
enabling them to resist decomposition. One pound of 
the fluid meat is obtained from four pounds of lean 
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flesh, and assuming t h a t all t he ni t rogenous compounds 
in the flesh as well as t he salts are present in it , i t 
must be a convenient as well as valuable food. The 
following is Mr. Darby 's description of i t : — 

* Fluid meat contains all the constituents of lean meat, 
including fibrin, gelatin, and coagulable albumen. By the 
process pursued these are all brought into a condition in which 
they are soluble in water and are not any longer coagulable 
on heating—in which state they have been designated pep
tones. This change is effected, as in ordinary digestion, by 
means of pepsin and hydrochloric acid. Lean meat, finely 
sliced, is digested with the pepsin in water previously acidu
lated with hydrochloric acid, at a temperature of 96° to 100° 
Fahr., until the whole fibrin of the meat has disappeared. 
The liquor is then filtered, separating small portions of fat, 
cartilage, or other insoluble matters, and neutralised by means 
of carbonate of soda, and finally carefully evaporated to the 
consistence of a soft extract. But this process, whatever care 
may be taken, leaves the fluid meat with a strong bitter taste. 
This bitterness attaches always to meat digested with pepsin; 
and this, in the opinion of medical men, would wholly pre-, 
elude its acceptance and adoption as an article of food. In 
order to remove this bitter taste, and to obviate the objection 
to fluid meats on that ground, I have made many experimental 
researches, and have at length discovered that the purpose is 
completely and satisfactorily effected by the addition, in a 
certain part of the process, of a small proportion of fresh 
pancreas. The fluid meat so prepared is entirely free from 
any bitter flavour.' 

Mr. Darby regards these changes as exactly analogous 
to the action of the pepsin and pancreatic juice on 
food in the body. 
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CHAPTEE X I I . 

ALBUMEN, GELATIN, AND CASEIN. 

ALBUMEN. 

T H I S substance is familiarly represented by white of 
egg, in which it appears as a bluish white, transparent, 
and semi-fluid substance, at the ordinary temperature, 
but when heated becomes opaque, yellowish white, and 
hard, and when the drying process is complete it is 
greatly reduced in bulk and resembles horn. I ts che
mical composition is as follows:— 

No. 30. 

C. 53-4 H. 7'0 0. 22-1 N. 157 Sulphur 2 

I t is also found in all compound animal structures and 
food substances, as well as in the most important 
vegetable productions in a somewhat modified form. 

The composition of vegetable albumen is as follows:— 

No. 31. 

C. 54-0 H. 78 O. 22-4 N. 15'8 

Albumen is by far the most important single element 
of food, since it contains nutritive matter in a compen
dious and easily digestible form, and being almost with
out flavour may enter into the composition of foods very 
diverse in other respects, whilst it is adapted to every 
variety of taste. I ts composition is identical with that 
of the same substance in the blood and tissues of man 
and other animals, and may be used by the body or 
incorporated in it with great ease, although it is neces
sary that it should first be broken up, so as to form new 
combinations. The following is the effect on the vital 
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processes as shown by my experiments. Two good-sized 
eggs caused an average increase in the quantity of 
carbonic acid evolved in respiration of *27, *45, and 
•13 grain, and maxima of increase of *88, 1*12, and *38 
grain per minute on different persons. The quantity 
of air was increased 17 and 38 cubic inches per minute. 
(Phil Trans. 1859.) 

Ten grains of dry albumen when burnt produce heat 
sufficient to raise 12*85 lbs. of water 1° Fahr., which is 
equal to lifting 9,920 lbs. one foot high. 

GELATIN. 

This substance, although differing from albumen in 
appearance, is very similar in chemical composition. I t 
is always found in a solid state, as in the tendons and 
bones, and may be readily seen in the latter by im
mersing them, for some days, in hydrochloric acid and 
water for the removal of the mineral matter. 

I t is usually prepared as food from the tendinous 
and horny structures of the hoof and heels and from the 
skin and bones of animals, and when properly purified it 
is equally valuable from any of these sources. Care and 
skill are, however, required to perfectly separate the 
gelatin from other animal substances which are found 
with it and would injuriously flavour it, and hence the 
cost of one specimen may be thrice that of another. 

When pure it is almost destitute of flavour, and, 
unlike the albumen in white of egg, requires wine and 
other substances to render it palatable. When, how
ever, it has been properly prepared it is a very agreeable 
food, and particularly for the sick, from its flavour and 
readiness of mastication and digestion. 

Its nutritive properties have been unjustly called in 
question, because an elaborate series of experiments 
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which were made in France, on the feeding of dogs 
with ground bones showed that it could not alone 
sustain life, but these experiments proved only that life 
and health could not be sustained on one food alone, 
and not that gelatin, when properly mixed with other 
foods, is not a valuable aid to nutrition. 

My experiments, and those of others, have proved that 
it is a valuable food, since it increases vital action in the 
same direction, if not in the same degree, as albumen, as 
shown by the following details (Phil. Trans. 1859):— 

120 grains of dry isinglass prepared with 12 ounces 
of water gave a maximum increase of *84 grain of car
bonic acid per minute in respiration, and an average 
increase during the period of its action of #45 grain. 
The effect was quite equal to that of albumen. 

I t is time that the fallacy referred to should be 
exploded, and that it should be no longer necessary to 
allude to it, for it is the experience of all people that 
jelly is a valuable food. 

The purest kind is isinglass, and is that obtained 
from the intestines of the sturgeon, and commands a 
price far above tha t of ordinary gelatin. I ts advan
tages are a lighter colour, less flavour, and greater 
thickening power, so that it will produce a jelly clearer 
and in greater quantity than ordinary gelatin. The 
improvements which have been effected in the prepara
tion of gelatin, and.particularly in France, have, however, 
provided new facilities for the adulteration of isinglass. 

Although dried gelatin contains much nutritive 
matter in a small compass, the same substance when 
prepared for the table is greatly diluted by the addition 
of water, and a considerable quantity must be eaten in 
order to supply as much nutritive material as would be 
found in a good-sized hen's egg, and hence persons in 
health partake of it as a luxury or as an unimportant 
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addition to other foods, rather than as a useful article 
of diet, and its merits as a food are not fairly tested. 

Vegetable jelly is found in the juices of plants, as in 
that of the vine, and differs entirely in composition 
from animal jelly, as it contains no nitrogen. A sub
stance somewhat similar is found in various sea weeds, 
as the common green moss; whilst gum, which is 
widely distributed throughout the vegetable kingdom, 
has an analogous composition. 

Birds' nests, which are used in China and some other 
Eastern countries as food, resemble isinglass in their 
quality and flavour. They contain 90 per cent, of 
animal and nitrogenous matter, which is secreted by 
the bird itself in the act of making the nest. I t is, how
ever, a dear mode of obtaining gelatin. 

CASEIN. 

Casein is readily obtained by throwing down the 
curd from milk and washing it repeatedly in pure water, 
and is employed in the preparation of cheese cakes and 
other agreeable and well-known foods. When dried the 
composition resembles that of albumen and gelatin. 

The effect upon myself of eating the casein thrown 
down from one pint of good skimmed milk was to 
increase the carbonic acid in the expired air by 1*34 
grain, and the volume of air inspired by 28 cubic 
inches per minute. (Phil. Trans. 1859.) 
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CHAPTER XIII. 

EGGS. 

I T would not be possible to exaggerate the value of 
eggs as an article of food, whether from their universal 
use, or the convenient form in which the food is 
preserved, presented, and cooked, and the nutriment 
which they contain. 

There is no doubt much difference in their flavour 
according to the kind and feeding of the bird, for 
that of the large egg of the sea gull is much 
stronger than that of the duck, and both than that 
of the common fowl or the plover, and that kind is 
preferred which gives the sweetest and richest flavour. 
The feeding of the fowl has far greater influence over 
the flavour of the egg than is usually acknowledged, 
for the egg of the stray fowl on the Irish bog is far less 
rich than that of the well fed barn-door fowl or a fowl 
which is in part fed on kitchen scraps. I t is also well 
known that the breed of the fowl greatly influences 
the quality as it does the size of the egg, and the inter
mixture of breeds which is carefully carried on is of 
service in this respect. 

But it is only within narrow limits that there may be 
said to be variety, for there is no egg of a bird known 
which is not good for food or which could not be eaten 
by a hungry man. This is due to their similarity in 
chemical composition, for there is always a white por
tion and a yelk, the former consisting of nearly pure 
albumen with water, and the latter of albumen, oils, 
sulphur and water. 
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The oil is separated from the yelk of hens' eggs in 
Russia and used for medicinal purposes, each yelk 
yielding about two drachms. The yelk was also used in 
the middle ages for the painter's art before the dis
covery of oil colours, as in the Chapter House at 
Westminster. 

The weight of an ordinary fowl's egg is one and a half 
to two ounces, whilst that of the duck is two to three 
ounces, of the sea gull and turkey three ounces to four 
ounces, and of the goose four ounces to six ounces. 

When eaten by persons in health, it is customary to 
use both the yelk and the white, but many sick persons 
eat the yelk only on account of its flavour and digesti
bility. When used in puddings or in the preparation 
of a thousand delightful culinary compounds, it is more 
common to separate the yelk from the white, and to 
use one without the other. 

When boiled it is usual to eat them before the white 
or albuminous part has become entirely opaque by 
the consolidation of the albumen, and there cannot 
be a doubt that they are more readily digested in that 
state than when further hardened by heat. I t is said 
that an unboiled egg is more easily digested than one 
that is cooked, but this may be doubted if the egg be 
not overcooked, and unless the person eating it had been 
accustomed to eggs in their uncooked state he would 
not prefer it. Perhaps the most agreeable form is the 
flaky state in which the egg may be obtained when 
placed in cold water and eaten very soon after the water 
has been boiled, but the effect of heat thus applied 
varies with the time required to raise the water to 
boiling point. 

When, however, it is cooked by dry heat, as in pre
paring omelettes, the albumen is more consolidated, and 
the merit of the dish will consist in its retaining much 
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of the softness and all the flavour of the egg, notwith
standing the solidification of the albumen. There is no 
food in which egg is required to be dried or in which 
the drying and hardening process should be carried far 
beyond that of the boiled egg. 

A very favourite compromise is the use of the raw 
egg with a stimulant both to render the compound more 
agreeable to the palate and more easily digestible, a» 
for example, wine and egg or brandy and egg, but of 
the two the former is to be preferred. Another is the 
admixture of it with milk to render the compound more 
nutritious, but if the milk be new and good, it is very 
doubtful whether such a combination is not more fitted 
to hinder than to promote digestion and nutrition. 
When it is used it should be in a cooked form, as that 
of pudding, and thereby be rendered more digestible. 

A most delicious food is that of poached egg, as pre
pared in France, Mexico, and the East generally, where 
a pottery dish is used instead of an iron pan as in this 
country, and the heat kept moderate by using charcoal 
fires. The dish is very thick, so that it must be placed 
upon the fire for a little time to become well warmed 
through, after which butter, with pepper and salt, are 
placed in it, by which the surface is well lubricated 
and a savoury mixture prepared to receive the egg. The 
egg is then broken and dropped into it, and in a short 
time turned so that both sides may be slightly browned, 
but without breaking the yelk bag. When cooked, it is 
served on the same dish and in the hottest state pos
sible, and then the flavour is the most delicate and 
perceptible. This food will often be eaten by the invalid 
when others are rejected. 

Eggs are not improved by keeping, but should be 
eaten as early as possible; yet they may be kept for days 
or even weeks without material change by placing them 

H 
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on end in net trays and in dark corners and reversing 
them daily. When intended to preserve them for months, 
it is necessary to adopt special means, and the simplest 
and perhaps the best is to place them in lime or lime 
water in a dark room, but as this renders the shell 
more brittle, many are broken on being removed or 
during the process of cooking. 

The rapidity of intercourse between countries has 
been so greatly increased of late years, that Irish and 
French eggs are frequently brought and sold in the 
shops in England within seven or fourteen days after 
they were laid and whilst they still retain much of the 
character of fresh eggs. This proceeds throughout the 
warmer parts of the year, but the French and some 
English farmers have the habit of accumulating eggs 
laid at that season in order to send them to market 
when they are scarcer and dearer, and hence eggs sold 
in winter are not only dearer but inferior to those of 
summer. 

The consumption of eggs in this country is now enor
mous. Over six million great hundreds (120) of eggs 
are received annually from the Continent alone, of the 
value of more than 2,500,000Z. Of the receipts in 1875 
nearly 5,000,000 great hundreds came from France, and 
the rest from Germany, Belgium, Denmark and Spain. 

The digestion of egg is not so rapid a process as 
might have been anticipated, for the time is that of the 
digestion of mutton, viz., three to four hours. 

The offensive character of decomposed eggs is such as 
to prevent their use under ordinary circumstances, and 
therefore the instances are few where disease is known 
to have originated from that cause. The effect of 
frying is more satisfactory than that of boiling eggs 
which are in a state of decomposition, but such eo-crs are 
generally cooked in puddings by which the flavour is 
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disguised. Eggs in such a state should certainly be 
well cooked if eaten at all. 

I t may be doubted whether as much attention is paid 
in England to the production of eggs as the utility of 
the food demands, and particularly by the poor to 
whom their value is a consideration. Efforts should be 
made to induce all persons conveniently circumstanced 
to keep hens and ducks, and there is reason to believe 
that ducks are more profitable than hens, having 
regard to the number and size of the eggs laid by them. 
The solid matter and the oil in a duck's egg exceeds 
that of a hen's egg by so much as one-fourth. 

An egg weighing 1 j ounce consists of 120 grains ot 
carbon and 17} grains of nitrogen or 15*25 per cent, of 
carbon and 2 per cent, of nitrogen. 

The following is the composition of a hen's egg, 
according to Lawes and Gilbert: — 

No. 32. 

Fresh weight 
Dry weight. 
Fat . 
Mineral matter 
Nitrogen • 
Carbon • 

1 "8 ounce 
•45 
•198 
•025 
•036 
•275 

or, per cent.— 

Dry matter 25*0 
Mineral matter 1*4 
Dry fat 11*0 
Nitrogen 2'0 
Carbon 15*25 
or Carbon and Hydrogen reckoned as Carbon 20'56 

V 2 
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CHAPTER XIV. 

POULTRY AND GAME. 

THIS class of foods is an exceedingly large one, and 
although it might not be difficult to name those which 
are sold in the markets of this country, it would be 
impossible to include all which are eaten as food by the 
inhabitants of other, and particularly of the Eastern, 
countries. 

The animals which are regarded as game by our laws 
are hares, pheasants, partridges, grouse, heath-game, 
moor-game, black-game, and bustards; but the following 
are also protected: woodcocks, snipe, quails, landrails, 
and conies. 

The flesh of birds differs very considerably from that 
of mammals in two respects, viz.: in the relative quan
tity of fat and the quality of the juices. The fat of 
birds is laid up in various parts of the interior of the body 
as well as under the skin, but is very sparingly found 
in the fibres or the juices of the flesh; and as it has a 
flavour which is not regarded as agreeable, it enters but 
little into the food of m a n * The juices are deficient in 
red blood, and have a more delicate flavour than those 
of adult mammals, but they differ less from those of 
young mammals. 

The muscles of fowl differ little in their anatomical 
structure from those of the mammalia, and are quite as 
rich in nitrogenous elements, but are relatively poorer 
in fat and salts. They are regarded as light foods, 
and more fitted for invalids than strong men, or as an 
adjunct to flesh rather than a food to sustain man. 
This is due, however, rather to the delicacy or absence 

* Goose-grease, however, is a good deal used in Germany. 
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of flavour, than to any real deficiency of nutriment as a 
food, so that a person could not be induced to limit 
himself to this kind of flesh food alone, if he could 
obtain beef or mutton. I t should, however, be un
derstood that it is a nutritious food, and one which 
might be further produced with advantage to our food 
resources. 

There is a general similarity of character by which 
the flesh of this class of creatures is readily distin
guished, but there are, at the same time, very appre
ciable differences, according to the nature of the bird, 
and its breed, food, and feeding. The flesh of the 
domestic fowl differs very greatly, both in fulness and 
delicacy of flavour, in different specimens, and the flesh 
of a graminivorous is very readily distinguished from 
that of a carnivorous bird. The flesh of a fish-eating 
bird, as the sea-gull, and of a carrion bird, as the crow 
or buzzard, is disagreeable; and even a domesticated 
fowl, as the duck, may be rendered disagreeable by 
being fed on fish. 

The flavour of wild birds is fuller and stronger than 
that of domesticated birds, and the flesh is richer in 
nitrogenous, as it is generally poorer in carbonaceous, 
matter. The structure is also closer and firmer, so that 
in the fresh state it is regarded as hard, and tough, 
and it is desirable, if not necessary, to allow the pro
cess of decomposition to commence, in order to cause a 
separation and softening of the fibres. Hence, whilst a 
domestic fowl is eaten when quite fresh, a wild fowl 
is kept for many days, or for weeks, before it is cooked. 

There is, however, much difference in this respect 
according to the habits of the birds, as well as to their 
nature; for larks, sparrows, and other small wild birds, 
feeding on insects or grain, are both rich and delicate 
food when properly cooked. 
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I t may also be added, that the young of flesh-eating 
birds, as the rook, may be eaten, when the adult bird 
would be repulsive. Rook-pie is a dish which but few 
despise, and has a fulness and lusciousness of flavour 
which excels any dish of graminivorous birds. 

The crane, bustard, curlew, and heron were eaten by 
our Norman invaders and their descendants; and it is 
related of the Conqueror that he attempted to strike his 
favourite, William Fitz-Osborn, for serving up a crane 
when half roasted. As the crane and heron feed chiefly 
on frogs, fish, and other animal food, they would not be 
an acceptable dish at the present day. They were directed 
to be larded with fat of pig or bacon, and eaten with 
ginger. 

The peacock and swan were in great repute as a dish 
at high festivals, and may be seen carried in state in 
drawings of the middle ages. As a matter of historical 
interest, it may be recorded that on tne visit of the 
Prince and Princess of Wales to Chatsworth, they 
lunched with the Duke of Rutland in the ball-room of 
Haddon Hall, on December 20, 1872, and were served 
with the two ancient dishes already referred to, viz., 
boar's head and peacock pie- The pea-hen is still occa
sionally eaten, and has a flavour intermediate between 
that of the common fowl and the pheasant. 

Many of our smaller birds, as quails, rails, teal, wood
cock, and snipe, were not used as food in the fourteenth 
century, and the aborigines of Britain were deterred 
from eating hens or geese by superstitious fear. 

There is no reason to believe that the flesh of any 
bird is injurious to man; but it is only certain people, 
as the low caste natives of India, who would eat carrion 
birds, except as a last resource; and even in reference 
to these it may be doubted whether poverty has not led 
to this degradation of taste. 
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The flesh of the male bird has usually a fuller flavour 
than that of the female, whether we refer to domesti
cated or wild animals, but particularly to the latter, as 
will be remembered by one who has shot and eaten the 
magnificent wild turkey of the Western States of 
America. 

In reference to domesticated fowls, it may be added 
that the capon retains some of the strength of flavour 
of the male bird with much of the delicacy of the 
female. The merits of this mode of preparing poultry 
for the table are not sufficiently appreciated in our 
day, but were well known to our ancestors in the 
middle ages. 

There were numerous birds, and particularly the flesh 
and fish-eating birds, which were prohibited to the 
Jews. The list, as given in Lev. xi., is as follows:— 
The eagle, ossifrage, ospray, vulture, kite, raven, owl, 
night-hawk, cuckow, hawk, little owl, cormorant, great 
owl, swan, pelican, gier eagle, stork, heron, and lap
wing. 

The blood of the common fowl differs very con
siderably from that of red-blooded animals, since the 
salts of iron, upon which the red colour depends, are in 
the fowl only 2*11, whilst they are 24 or 25 per cent, of 
the salts in beef and mutton. So far it is inferior, but 
in another quality it is superior; for the phosphates, 
which are said to play so important a part in regene
rating nervous tissue, are three times more abundant in 
the latter than in the former. 

The following is the average chemical composition of 
the flesh of poultry when fit for the market, in 100 
par ts :— 

No. 33. 

Water 74 Nitrogenous 21 Fat 3-8 Salts 1*2 

The goose, wild goose, gosling, duck, wild duck, 
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canvas-back duck, widgeon, teal, quail, water-hen, 
grouse, black game, prairie hen, partridge, pheasant, 
woodcock, snipe, cygnet, capercailzie, pea-hen, Guinea 
fowl, turkey, and larks, are amongst the birds with 
which we are well acquainted as food. They have their 
own special flavours, and are not eaten indiscriminately; 
but they are too well known to render it necessary to 
particularly describe them apart from the general cha
racters of the whole class. 

The flesh of rabbit has a nearer resemblance, in 
general and nutritive character to that of the hen 
than of its wild congener, the hare. I t is pale in 
colour, somewhat loose in texture, without a well-defined 
flavour, and is digested with ease. I t is eaten by the 
convalescent, from the delicacy of its flavour and its 
digestibility; whilst it is consumed by the healthy, with 
condiments to provoke the appetite, and rather as a 
change than as a staple article of food. 

The constant use of this food soon induces satiety, 
and even disgust. 

The flesh of the hare and leveret is much darker in 
colour, harder in texture, and fuller of flavour than 
that of the rabbit, and is one of the most nutritious 
kinds of flesh. Its digestibility is less than that of 
rabbit, and it is a food for the healthy rather than 
for the sick. I t is the practice to hang this meat for a 
considerable period before it is cooked, not only because 
the flavour is thus improved, but it is rendered much 
more easy of mastication and digestion. 

The Jews were prohibited from eating the rabbit and 
the hare, but the sanitary reason, if any, for so doing is 
not clear:—' And the coney, because he cheweth the 
cud, but divideth not the hoof; he is unclean unto 
you. And the hare, because he cheweth the cud, but 
divideth not the hoof; he is unclean unto you.'—Lev. 
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xi. 5, 6. I t may also be added, that our British ances
tors refused to eat hares from a religious objection to 
them. 

Squirrels are not eaten in this country, but they are, 
nevertheless, an agreeable and highly nutritious food. 
I t is not unusual in the Western parts of America, as, 
indeed, in all new woodland countries where they 
abound, to eat them occasionally. The flesh is very 
dense and gelatinous, and, judging by our own expe
rience, may be described as luscious and satisfying. 

The flesh of the racoon is sometimes eaten. 

CHAPTER XY. 

FISH. 

THE varieties of Fish which are used as food throughout 
the world are almost infinite. No fewer than forty-five 
are quoted by Dr. H. Simpson as eaten in only one 
locality in India, viz., Dacca. (Report on Dietary, 1862.) 

Those with which we are the best acquainted are, 
cod, ling, plaice, turbot, sole, sturgeon, haddock, 
whiting, herring, sprat, mackerel, pilchard, eel, mullet 
(red and grey), skate, halibut, pike, carp, tench, roach, 
perch, salmon, trout, bream, anchovy, whitebait, and 
smelt. 

The use of fish is doubtless greatest in those countries 
where it is the most readily caught, and where poverty 
so abounds that many can obtain only that kind of 
flesh. This is particularly the case with many parts 
of India, the Mediterranean coast of Spain, and the 
Western coast of Ireland. 
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Many kinds of fish were eaten in this country in the 
fourteenth century, as the sturgeon, salmon, pike, 
haddock, codling, roach, tench, turbot, plaice, eel, the 
conger eel, mackerel, sole, lamprey, loch, &c.; and, 
although this has been doubted, recipes for the cooking 
of them at that period still exist. 

I t is said that a fish-eating people are ill nourished, 
and in Eastern countries are particularly liable to be
come leprous. If this be so, it must be associated with 
such poverty as prevents the inhabitants from obtaining 
a proper variety of flesh food and vegetables. Certain 
districts on the Mediterranean coast of Spain are cited in 
illustration of these facts, where there is a fish-eating 
and a poverty-stricken population; and if we turn to 
another fish-eating community—that of parts of the west 
coast of Norway—we find the disease, although some of 
the people are characterised by robustness of health and 
great physical strength. In the latter case, however, 
the consumed fish is chiefly the red-blooded salmon, 
which approximates in character to the flesh of the 
mammalia, and there is not an universal exclusion of 
ordinary flesh from their dietary. 

I t is not desirable that fish should be the sole kind of 
nitrogenous animal food eaten by any nation; and, even 
if milk and eggs be added thereto, the vigour of such 
a people will not be equal to that of flesh-eating nations. 
At the same time, the value of fish as a part of a dietary 
is indicated by the larger proportion of phosphorus 
which it contains, and which renders it especially fitted 
for the use of those who perform much brain work, or 
who are the victims of much anxiety and distress. 

Fish are generally divided, for the purposes of food, 
into two classes—viz., into white-blooded and red-
blooded, of which cod may represent the former and 
salmon the latter. I t also varies in flavour, not only on 
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this ground, but from the presence of oil in the flesh; so 
tha t some kinds of fish, as the sole, contain but little, 
whilst others, as the eel, contain much. Moreover, in 
some, as the salmon, the oil is distributed through
out the muscular tissue, whilst in others it is stored 
up in the liver, as in the cod. As a general expres
sion, it may be stated that the flesh of white fish con
tains far less oil than that of red fish. 

I t is therefore evident that, whilst the term fish may 
be applicable to an infinite number of creatures, it 
represents very different nutritive values—a difference 
far greater than exists in the flesh of the mammalia— 
and it is very difficult to give an adequate expression by 
simply stating the composition of one or two specimens. 
The following must, therefore, be accepted as a general 
expression only: per cent.— 

No. 34. 
White fish . . Water 78 Nitrogenous 18*1 Fat 2-9 Salts 1 
Salmon . . . . , 7 7 „ 16*1 „ 5 5 „ 1-4 

The following table, arranged to show points of con
trast, indicates the composition of several kinds of fish 
in their fresh state, according to Payen : per cent.— 

No. 35. 

Conger eel . 
Eel 
Whiting 
Mackerel . 
Pike 
Sole 

Water 
. 79*909 
. 62-076 
. 82-950 
. 68-275 
. 77-530 
. 86-144 

Dry substance 
20-091 
37-924 
17*050 
31-725 
22-470 
13-856 

Fat 
5-021 

23-861 
0-383 
6-758 
0-602 
0-248 

Nitrogen 
2-172 
2-000 
2-416 
3-747 
3-258 
1-911 

The same authority gives the following as the ulti
mate elements of dried substance, free from fat, of four 
well-known fishes : per cent.— 

No. 36. 
c. H. N. o. 

Eel 52-999 7*474 14-644 19-296 
Mackerel. . . . 51'515 6-902 15-836 19-6J8 
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Sole. . 
Barbel . . 

C. 
. 48-795 
. 45-927 

H. 
6-581 
6-800 

N. 
15-460 
15-535 

0. 
20-032 
22-783 

The effect of white fish upon the vital functions is 
much less than that of the flesh of the mammalia, and 
is probably less than that of poultry, but is greater than 
that of eggs. The nutritive value of the flesh of a red-
blood fish, as salmon, differs but little from that of the 
red-blood flesh of other animals. Thus, in my experi
ments, eight ounces of fresh salmon caused a maximum 
increase in the quantity of carbonic acid in evolved 
respiration of *84 grain per minute in sixty-five 
minutes, and so far it was equal to flesh meat. (Phil. 
Trans. 1859.) 

I t is well known that fish are out of condition in the 
spawning season, and are then less fit, or even unfit for, 
food. Sir Robert Christison shows the deteriorated 
state of salmon at that period by the following analysis 
of equal parts of the dorsal and abdominal flesh: per 
cent.— 

No. 37. 

Clean . . . Oil 18*53 Nitrogenous 19-69 Salts 088 Water 6089 
Foul . . . „ 1-25 17*07 „ 0-88 „ 80-8 

Hence, whilst there is a diminished proportion of nitro
genous matter in the flesh of the foul fish, the chief 
deterioration is in the quantity of oil, which is reduced 
by 17 per cent., and is replaced by water. Whether, 
therefore, we consider the reduced nutritive value of the 
food, or the destruction of an animal which in a few 
months would have yielded twice the amount of food, 
the use of foul fish is properly forbidden. 

Nothing, perhaps, could be more striking than the 
contrast of the same fish in its clean and foul state, as 
shown by the painted casts of Mr. Frank Buckland. 

A member of the family of Salmonidw, the capelin, 
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which is as large as a smelt, abounds in shoals in the 
Arct ic seas, and migh t be largely imported into this 
country. 

Prof. Gulliver, F .R.S . , makes the following remarks 
on edible sharks, bet ter known as ' Canterbury gur 
ne ts ' : — 

* Risso, the ichthyologist of Nice, says that the porbeagle is 
good eating, and thus much used and esteemed by the people 
of the Mediterranean. Some of the smaller members of the 
shark family afford an almost constant and very bountiful 
supply of valuable food to the poor people of the Shetlands 
and Hebrides and other parts, and at Canterbury may occa
sionally be seen loads of skinned fresh fish, each about 18 in. 
long and 2 in. thick. They are commonly brought up North-
gate into the city, where they are sold, under the fictitious 
name of " gurnets," as cheap food, which is said to be agree
able and wholesome. They belong to a small species of shark, 
known at Hastings as Robin Hursts, elsewhere as rough 
Hounds, and to naturalists as the small spotted Dog-fish— 
Scyllium canicida. At Canterbury these fish always arrive 
decapitated, gutted, and skinned, probably to conceal what 
they really are, and to serve the cabinet-makers, who are said 
to use the skins to smooth down or polish the surface of their 
work. This fish, under the name of morghi, is commonly used 
in the west of Cornwall for soup, which is much liked by the 
natives. The Pricked Dog-fish or Hoe (Spinax acanthias), so 
abundant as to be contemptuously rejected on the Sussex 
coast, is considered valuable as diet in the Scottish islands, 
where these fish are dried for this use, and a large and profit
able quantity of oil obtained from their livers ; and in the 
west of England the same fish is used and much valued as 
excellent aliment, both fresh and salted, by the fishermen and 
others. The smooth-hooped or skate-toothed Shark, a fish 
about a yard long, is esteemed as delicate food in the Hebrides. 
And indeed, when we consider the constant abundance of food 
and oil for man offered by the small sharks, it seems lament
able that they are so much despised and wasted on most parts 
of our coasts.' 
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The market value of fish differs extremely with the 
season, weather, and kind of fish; but, under ordinary 
circumstances, fresh herring offers the largest amount 
of nutriment for a given sum of money of any kind of 
animal food. A fresh herring weighing 4J ounces, and 
costing \d., contains 240 grains of carbon and 36 grains 
of nitrogen; and a dried herring, weighing 3 ounces, 
and costing fcL, contains 269 grains of carbon and 
41 grains of nitrogen. The largest and best flavoured 
herrings are obtained from Loch Fyne. 

Hence, herring is of great value to the poor man, 
whilst salmon, which centuries ago was the poor man's 
food, is of all fish the most to be desired for the richer 
classes; and whilst the former is abundant without the 
aid of man, the latter demands the protection of the 
law that it may increase. The cost of the former is 
scarcely under the control of man, whilst that of the 
latter may be greatly reduced as the supply increases, 
and the present monopoly in its capture and sale is 
broken up. Perhaps no subject, in reference to food, 
demands and will repay greater care in production, and 
freedom in sale. 

The most delicate of all kind of fish is probably the 
whitebait, when properly cooked and served; but it is 
said that the smelt, when newly caught in the Humber, 
is almost its rival in that quality. 

The lamprey, which was so commonly eaten in the 
middle ages, is now rarely mentioned, but it may be 
obtained, and is an agreeable food. 

Eels are a luscious and favourite dish whenever they can 
be obtained. Those from Ballyshannon, and other Irish 
rivers, are accounted the best in this country, inasmuch 
as the flavour of them is rich and agreeable and their 
size convenient. Those of the fenny districts of Lincoln
shire and Cambridgeshire, and from Holland, which are 
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found in the dykes, are also good, but their size is com
monly less than those above mentioned. They are found 
chiefly in comparatively still waters, where there is a 
deep deposit of mud, and particularly in the great 
lagoons of the Adriatic, whence, under the name oi 
Capitone, an enormous quantity of large repulsive-look
ing eels are obtained. More than one million pounds 
are imported into Naples alone every year, for the fish 
is the national dish of both rich and poor. A more 
striking idea of numbers of living things than that 
derived from the young eels as they ascend the rivers 
in Ireland can scarcely be conceived. The sides of the 
river seem to be a solid mass of wriggling lines, stretched 
out for miles in length. 

The use of fish by the Jews was greatly restricted, 
for the prohibition extended to all fish without scales and 
fins. * These ye shall eat of all that are in the waters: 
all that have fins and scales shall ye ea t : and whatso
ever hath not fins and scales ye may not ea t ; it is 
unclean to you.'—Deut. xiv. 9 and 10. * Whatso
ever hath no fins nor scales in the waters, that shall be 
an abomination unto you.'—Lev. xi. 12. Hence cod, 
whiting, eel, and all kinds of shell-fish are forbidden. 

I t may also be added, that the aborigines of Britain 
objected to eat fish, whilst they were not unwilling 
to eat seals and porpoises (doubtless without enquiring 
into classification), and recipes of the fourteenth century 
are still extant, which prescribe the proper mode of 
cooking those creatures. 

Fish is prepared for the table in every known mode 
of cooking, but most frequently by boiling, and much 
pains are taken by cooks to garnish it and to provide 
suitable sauces. Yery commonly it is cooked in the 
mass, but sometimes in slices. The preparation of the 
slices is called crimping and should be performed 
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immediately after the fish has been caught, and before 
the rigor mortis has set in. The flesh is then easily 
divided, and there is a slimy or creamy fluid lying 
between the layers of muscles. In this state, the flesh 
of salmon is said to be curdy, and is believed to be 
more digestible and to possess a more delicate flavour 
than at any other; but it passes off in a very short 
time. 

Opinions differ as to the advantage of keeping any 
kind of fish for twenty-four hours before it is eaten ; and 
whilst some affirm that the flavour is increased by the 
delay, the majority of people prefer to eat nearly all 
kinds at the earliest possible moment after capture. 
Our own opinion coincides with the latter view; and 
in order to retain fish alive until they are required 
for the table it is desirable to adopt the plan in use in 
certain parts of Wales, and on the Continent in refer
ence to fresh-water fish—that of placing them in a box 
or tank, through which a stream of water constantly 
flows, or in an enclosed part of the sea, in reference to 
sea-water fish. 

Salmon when eaten almost immediately after capture 
is still called Calver Salmon in Lancashire, and in 
that state it was eaten by our forefathers. Recipes of 
the fourteenth century mention Calwar Salmon, which 
was prepared with almonds, rice, milk, and pepper. 

The recipe for a Lenten fish-soup of the same period 
may be of interest:— 

' Take the blode of pykes oth' of cong (conger eel) and nyme 
the panc'h of pykes, of cong and of grete code lyng, and bolle 
he tendre and mynce he smale and do he I that blode. take 
crust' of white brede and styne it thurgh a cloth, thenne 
take oynons iboiled and mynced. take pep and safron wyne. 
Vyneg aysell oth' aleg and do th'to and sue forth. 

Jellies of fish and flesh were in common use in the 
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middle ages, and probably at the Conquest. The fol
lowing recipe of the fourteenth century possesses an 
interest, since it shows that fish was in use earlier than 
Henry VII. 's reign:— 

* GrELE OF FYSSH. 

' Take Tench, eelys, pykes, turbut and plays, kerue (carve) 
he (to) pecys. scalde he and waische he clene. drye he w* 
a cloth, do he I a pane, do th'to (thereto) half vyneg and 
half wyne and seethe it wel. and take the Fyssche and pike it 
clene. cole (strain) the broth thurgh a cloth ito an erthen pane. 
do th'to powdo of pep (pepper) and safroii ynowh. lat it 
seethe and skym it wel whan it is ysode. dof (do of) the 

grees clene, cowche fisshe on chargeos and cole the sewe 
thorow a cloth onoward and sue it forth.' 

The roe of fish whether fresh or dried is esteemed 
a luxury, and is also nutritious. The dried roe of the 
salmon and cod is very commonly eaten in this country ; 
whilst in Russia the roe of the sturgeon and allied 
fishes is preferred, and the preparation and sale of it is 
now a large branch of trade, under the name of caviare. 
A similar preparation, from the roe of the cod and other 
fish, is also eaten in Sweden and other parts of northern 
Europe, under the same name. 

Fish are generally pickled in a very simple manner; 
they are rubbed with salt, and thrown into a cask, 
with layers of rough salt, until the cask is filled, and in 
this state they will keep for some weeks. This is the 
usual mode of treating herrings, but large fish, as cod, 
are cut open, and salted both on the inside and outside. 

A favourite mode of pickling pilchards in Cornwall is 
much more complicated. Those fishes are cut open, 
and have their heads, tails, and fins cut away, after 
which they are washed, and rubbed on the inside 
with salt, and various kinds of pepper and other 
spices. They are then placed in layers in a jar, sepa-

I 
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rated by bay leaves, salt, and spices, and so laid, layer 
on layer, until the jar is filled, after which they are 
covered with vinegar, tied over, and exposed to a gentle 
heat for several hours. So prepared, they will keep 
several weeks, and are a savoury as well as good food. 

Salmon is often preserved by being cut open, salted, 
and dried in smoke, and is a good and agreeable food. 
Haddocks are slightly salted and dried, and herrings 
are smoked and dried, as well as salted. 

According to Frankland's experiments, ten grains of 
whiting, when entirely consumed in the body, produce 
heat sufficient to raise 2*03 lbs. of water 1° F., which 
is equal to lifting 1,569 lbs. one foot high. 

CHAPTER XVI. 

SHELL-FISH AND TURTLE. 

THIS class may be conveniently subdivided as foods into 
gelatinous and fibrinous, the former being molluscs, and 
represented by the oyster, mussel, whelk, and cockle, 
which are soft, and easily masticated and digested; and 
the latter crustaceans, represented by the lobster, crav-
fish, and crab, which abound in true muscular fibre, and 
are less easy to masticate or digest. 

The whole class is very extensive, and embraces mem
bers unknown to our markets, but everywhere regarded 
as a luxurious rather than as a necessary food. Oysters, 
although one species, the Ostrea edulis, is chiefly used 
here, differ greatly in size and flavour. They were 
eaten by our forefathers in the middle ages, if not 
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earlier, and are found in many parts of the coast of Great 
Britain and France, where they are more carefully pro
tected and cultivated than heretofore. The most delicate 
in flavour are called Natives, and grow more particularly 
off the coast at Whit stable; but owing to their great 
scarcity and very high price, a variety has been im
ported from America, the Ostrea Virginica, which is an 
excellent substitute, and costs scarcely half so much. 
The importation has already assumed considerable pro
portions, and it is desiderable for both countries that it 
should be greatly increased. 

The historians of Alexander's expedition state that 
there were oysters a foot long in India, and Sir J. 
Emerson Tennent found the mother of pearl oyster 
in Ceylon 11 inches by 5 inches. The largest which 
are known in our markets do not attain to more than 
half that size, and although containing a far greater 
amount of nutritive matter than the small Whitstable 
oyster, their flavour is not so delicate, and they are 
much cheaper than the smaller variety. 

The tree or parasitic oyster abounds in the mangrove 
swamps of the West Indies, Africa, and Eastern coun
tries. 

Oyster-beds are found in estuaries, or other places on 
the coast, where the sea is tolerably quiet and the 
water not very salt, and where there are supports to 
which the oysters may attach themselves. Their extent 
may be very great, and whilst it is probable that there 
are an infinite number of such beds at present unknown 
to us, we are acquainted with enormous banks on the 
coast of Georgia, and know that even mouths of the sea 
have been closed by them. The oyster is hermaphrodite, 
and produces young by millions, so that the shallow 
seas might well be filled with them if all the product 
lived and in their turn produced oysters; but, in fact, only 

i 2 
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a few in a million succeed in attaching themselves to 
the parent shells, or to rocks, or to pieces of wood, sea
weeds, or clumps of reeds or grass, so as to remain in the 
bed, whilst an infinite number become detached, and 
die, or are eaten by fish, reptiles, and birds. The great 
oyster-beds of Georgia are called racoon-banks, because 
the racoon frequents them in search of the oyster as 
food. 

When an oyster-bed has been discovered, it has 
usually been impoverished, and sometimes destroyed, 
by continued and careless dredging, so that too great a 
proportion of oysters has been removed to enable the 
bed to be maintained. Laws regulating this fishery 
have been in force for nearly 500 years; but more 
stringent ones have now been established, and, with 
the influence of public opinion and self-interest, will 
probably restore our supply of this favourite luxury. 

Artificial beds have been prepared from the time of 
Sergius Orata, who established them at Baise, to our 
own day, when the French have converted the shores of 
a whole island (the Isle of Re) into oyster beds, and 
our own countrymen are adopting the same expedient. 

The oyster is not a food of high nutritive value, but 
is nevertheless useful to the sick, whilst its delicacy 
of flavour leads to its selection when other foods are 
rejected. 

The more usual mode is to eat it when uncooked, 
and it is very doubtful whether cooking increases its 
digestibility. I t is, however, possible that the flavour 
of scalloped may be preferred to that of the raw 
oysters, or that the vinegar which is usually eaten with 
the latter may be disliked or may disagree with the 
stomach, but with such exceptions the usual method 
of eating them raw is to be preferred. When oysters 
are to be cooked it is needless to obtain those of the 
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finest quality, for the flavour is in great part changed 
by the cooking, and a larger and coarser oyster is 
equally good. 

Mussels, cockles, whelks, limpets, and scallops, are 
cheap and abundant, and are commonly eaten by the 
poorer classes. 

Lobsters and crayfish were known to and eaten by 
our ancestors at least 400 years ago, and in a recipe of 
the date of 1581, it is directed to roast the lobster in 
its shell in an oven or in a pan and eat it with vinegar. 
They rank higher in price and are certainly more deli
cate in flavour than crabs, but at the same time they 
are tougher and more difficult to masticate and digest. 
I t may be doubted whether there are any foods which 
are so little desirable in a sanitary point of view, or which 
so frequently cause indigestion, yet they are extremely 
popular as a change of food and a luxury, and are as 
agreeable to the eater as useful to the doctor. They 
consist chiefly of muscular fibre which is not rich in oil, 
so that they are most frequently eaten with oil and con
diments in the form of lobster salad, and should be cut 
into very thin slices and well masticated. 

The crab offers a much larger proportion of non-
muscular material than the lobster, and is fuller of 
flavour and more easily masticated. I t is believed to 
be also somewhat difficult of digestion, and the flavour 
is apt to repeat itself in the mouth for many hours after 
the food has been eaten, but it cannot be so difficult of 
digestion as the tough tail of the lobster or crayfish. 
The muscular structures in the limbs are also less tough 
than in lobsters, but they elude the teeth and are not 
perfectly masticated with ease. 

Hence we are of opinion that whilst crab is cheaper, 
it is much to be preferred to lobster as a food, if not as 
a luxury. 
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All the kinds referred to require the aid of condi
ments, if not of a stimulating liquor, to promote their 
digestion, and unless they are perfectly fresh it is desir
able to correct the ammoniacal salts by an acid. A 
composition of olive oil, pepper, mustard, and vinegar 
is a very suitable adjunct to the flesh when eaten. 

Turtle (Chelonia), which is so costly and favourite a 
food here, is neither scarce nor good in the tropical 
countries where it is produced. The number of these 
creatures lying on the sandy banks when depositing 
their eggs, or floating in the shallow bay, is almost 
infinite, so that they might be the sole animal food of 
the inhabitants of those regions, but neither the people 
who live among them, nor sailors who remain there 
temporarily, can continue to eat them. 

Mr. Bates, in his very interesting work, * The Natu
ralist on the River Amazon,' writes :— 

* The abundance of turtles, or rather the facility with which 
they can be found and caught, varies with the amount of an
nual subsidence of the waters. When the river sinks less 
than the average, they are scarce; but when more, they can be 
caught in plenty, the bays and shallow lagoons in the forests 
having then only a small depth of water. The flesh is very 
tender, palatable and wholesome; but it is very cloying; every 
one ends sooner or later by becoming thoroughly surfeited. I 
became so sick of turtle in the course of two years, that I 
could not bear the smell of it, although at the same time 
nothing else was to be had, and I was suffering actual hunger.' 

With such testimony, how may we explain the 
favour with which it has always been received by 
civilised nations, and the price which is paid for 
it ? Simply by the mode of preparation for the table. 
The flesh is never served separately, but is made into 
soup with a great variety of condiments, recherche" wines, 
like Madeira, and other agreeable adjuncts, and with 
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high culinary skill. The soup so prepared is doubtless 
luscious and rich, if not easily digestible ; but if, instead 
of being rare and costly, it were a constant and cheap 
dish, as it might be on tropical coasts, the appetite 
would soon reject it, and disease rather than health 
would follow its use. I t must also be added that, as at 
present consumed, it is accompanied by costly viands 
and wines, which lend a gourmand's charm to the 
entertainment. 

The expedients which are adopted by the natives in 
cooking it, with a view to keep their appetite for it, are 
worthy of note. Mr. Bates says :— 

' The native women cook it in various ways. The entrails 
are chopped up and made into a delicious soup, called sara-
patel, which is generally boiled in the concave upper shell of 
the animal, used as a kettle. The tender flesh of the breast 
is partially minced with farina, and the breast shell then roasted 
over the fire, making a very pleasant dish. Steaks cut from 
the breast and cooked with the fat, form another palatable 
dish. Large sausages are made of the thick-coated stomach, 
which is filled with minced meat and boiled. The quarters 
cooked in a kettle of Tucupi sauce, form another variety of food. 
When surfeited with turtle in all other shapes, pieces of the 
lean part, roasted on a spit and moistened over with vinegar, 
make an agreeable change.' 

There are numerous varieties of turtle which are fit 
for food, but that which is the most agreeable in 
flavour and is alone imported into this country is the 
edible green turtle (Chelonia Midas) which abounds in 
the West India Islands. The turtle (Chelonia vir-
gata) and the Hawksbill turtle (Chelonia imbricata) in
habiting the Indian Ocean, the estuaries of the Indian 
coast as well as the southern shores of the Atlantic, are 
also well known and valued both for their flesh and 
shell. 
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The eggs of the turtle are eagerly sought after in the 
countries where the turtle is found, and while fresh are 
doubtless good food, but as they are hatched in the 
warm sand they soon lose their freshness and are no 
longer fit for food. 

CHAPTER XVII . 

CHEESE AND CREAM CHEESE. 

CHEESE is obtained exclusively from the milk of 
animals, and its quality varies with the class, breed and 
appropriateness of the food of the animal and the pro
cess of manufacture. I t was well known to the ancients, 
and is mentioned by Homer, Euripides, Theocritus, 
and Aristotle, and in the 1st Book of Samuel, where 
David, nearly 3,000 years ago, was directed to take 
ten cheeses to the captain of his brethren (1 Sam. 
xvii. 18). 

The most ordinary source of cheese is the milk of the 
cow, and there are certain varieties of cows which pro
duce much cheese and little butter, as there are others 
of the contrary qualities. The kind of pasture is so 
important that certain farms in the cheese-making dis
tricts are prized for the cheese which they yield, and 
obtain greater rentals accordingly. Cheese is also some
what largely made from goats' and sheep's milk on the 
continent of Europe. 

The mode of preparation varies as to the application 
of heat, the duration of the process, and the kind of 
milk which is used ; and it is said that to this more than 
to any other separate cause is to be attributed the excel
lence of the Stilton cheese and the product of other 
famous cheese-producing districts. 
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The essential constituent is casein or the curd; which 
when pure consists of the following elements in 100 
parts, and is the sole source of the nitrogen in which 
cheese so much abounds :— 

No. 38. 

C. 53*83 0. 22*52 H. 7*15 N. 15'65 

Casein alone is very difficult of mastication and 
digestion when dry and eaten alone, and is not very 
tempting to the palate. I t is, however, rarely made for 
use in that form, for when prepared from the most care
fully skimmed milk there will be some admixture of 
butter and the usual proportion of salts in milk, and 
when fresh and moist is an agreeable food. 

Samples of cheese differ chiefly in the quantity of 
butter which they contain, and in the flavour which is due 
to the food as well as to the nature of the cow. The 
best is made from new and unskimmed milk, so 
that nearly all the butter of the milk is incorporated 
with the casein in the production of a fat and rich 
cheese, and in making Stilton cheese a further quantity 
of cream is or should be added. When skimmed milk 
is used the cheese contains very little butter, and is 
called poor, so that according to the richness of the milk 
in casein and cream is the richness of the cheese. A 
proper admixture of the milk of different cows is one 
of the arts of cheese-making. 

The process of cheese-making really consists in gently 
warming the milk and causing the curd to be separated 
by the addition of an acid. The acid used in this 
country is that of the rennet, which is the dried stomach 
of the calf, whilst in Holland it is muriatic acid. The 
curd is connected with the cream or globules of oil 
which pervade new milk, and the whole is separated by 
means of a sieve and placed in a mould, where it is sub-
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ject to pressure until it has become consolidated into 
one mass, after which it is turned out of the mould and 
laid upon a shelf or the floor to dry. The temperature 
of the cheese room should not be too low, and in order 
to mature the cheese more perfectly and rapidly, it is 
customary, as in the Stilton-cheese district, to heat 
the room artificially and to maintain a tolerably equal 
temperature of 65° to 70° by night and day for several 
months. During the process the cheese is turned over 
every day or two and kept perfectly clean. 

The stock of cheese is sold off at the end of the 
summer, and although that which was made in the 
early part of the winter may then be ready for use, that 
made during the summer is improved by being kept still 
longer. I t is matter of opinion as to when cheese is 
in its most perfect condition; but when it is new it is 
tough and when old it is rancid, and experience has 
assigned an age varying from nine to twenty months. 

The poorer and cheaper kinds of cheese are largely 
eaten in substitution of meat by the poor labourers 
in South Wales, Somerset, Wilts, Dorset, and other 
counties; but in districts where meat is obtainable by 
the poor and the quality of the cheese is good, as in 
Yorkshire, this habit does not prevail. 

Luxurious kinds of cheese, as the Gray ere and Par
mesan, are made from goats' milk or an admixture of 
goats' and cows' milk, and a certain degree of fermen
tation is allowed in the process of manufacture. They 
are not in any degree superior as food to our Cheshire 
or Stilton cheese; but their mildness of flavour and a 
certain character of texture fit them for the preparation 
of macaroni and other foods. 

The natural colour of cheese is a dingy white, and 
when cheese is highly coloured there has been an ad
dition of annatto or other colouring matter. The green 
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colour of Stilton cheese is due to a vegetable growth; 
but there are some kinds of cheese which are rendered 
green by the addition of powdered sage leaves. 

The value of cheese as an article of diet has not been 
entirely established. If we consider it in its chemical 
composition we find it very rich, richer than any other 
known food, in nutritive elements, provided we select 
a good specimen; but this varies, as has already been 
pointed out, with the conditions of its manufacture. 
The poorer the cheese the greater is the proportion of 
the casein or nitrogenous element, whilst the richer 
the cheese the greater is the proportion of fat or 
butter which it contains; but in either case the propor
tion of nitrogenous matter in a given weight far exceeds 
that of meat. 

There is, however, a long-standing belief that cheese 
is not easily digested, and in fact, that of any given 
quantity much will pass off by the bowels unused, and 
so far as this is true its nutritive value is lessened. 
That it is true has been repeatedly proved by us when 
determining the amount of nitrogenous matter which 
appears in the faeces after eating cheese; but it is very 
probable that this will be less in one who from infancy 
has eaten it daily than in one but little accustomed to 
its use. 

In my own experiments it was shown that the use of 
cheese caused an increased excretion of nitrogen by the 
kidneys as well as by the bowels, which proved that 
part of it was digested and transformed in the system 
and part passed off unchanged. 

There is a popular belief formulated by Shakspeare,1 

when he makes Achilles say, ' Why my cheese, my 
digestion,' that cheese although difficult of digestion 
promotes the digestion of other foods, and this was 

1 Troilus and Cressida, act II. scene 3. 
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shown in my experiments by the increased quantity of 
carbonic acid which was eliminated by the lungs under 
its influence. 

There is, therefore, good reason to consider that this 
belief is well founded, and that whilst it may be proper 
to eat a small portion of cheese, both for the nutriment 
which it supplies and for the promotion of digestion, it 
is not proper to eat a large quantity or to make it a 
principal article of food and a substitute for meat. 

The chemical composition of cheese varies so much 
that it is not easy to state it with great precision, but if 
we take a poor cheese made from skim milk and a good 
cheese made from new milk we shall obtain tolerably 
correct results. Thus the proximate composition, in 100 
parts, is as follows:— 

No. 39. 

Skim milk cheese . . . Water 44 Nitrogenous 44*8 Fat 6*3 Salt 4*9 
Very good new milk cheese „ 36 „ 28*4 „ 31*1 „ 4*5 

The quantity of carbon and nitrogen in 1 lb. of mode
rately good cheese is 2,660 grains of the former and 
315 grains of the latter, showing how rich is this sub
stance in nitrogen. If the free hydrogen be reckoned 
as carbon the former quantity of carbon becomes 3,283 
grains per pound. 

Professor Voelcker found that the poorer kind of skim 
milk cheese yielded 2,345 grains of carbon and 364*3 
grains of nitrogen per pound, the former made up of the 
following items:— 

No. 40. 

Butter 
Casein 
Lactic acid . 

611*2 grains of carbon 
. 1,250-5 „ „ 
• 484 

Payen gives the following as the composition of the 
cheese of different counties, in 100 parts :— 
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No. 41. 

Cheshire. . 
Marolles 
Roquefort . 
Holland. 
Gruyeres 
Parmesan . , 
Brie . , 
Neufchatel . , 

Water 
. 30*39 
. 40*07 
. 26*53 
. 41-41 
. 32-05 
. 30*31 
. 53-99 
. 61-87 

Nitrogen 
5*56 
3*73 
5*07 
4-10 
6-40 
5-48 
2-39 
2*28. 

Fat 
2541 
28-73 
32-31 
25*06 
28-40 
21-68 
24-83 
18-74 

Salt 
4-78 
5*93 
4-45 
6-21 
4-79 
7*09 
5-63 
4-25 

In my experiments (No. 124) the effect of eating the 
casein from one pint of new milk was to cause a maxi
mum increase of 1*34 and *92 grain of carbonic acid 
in the expired air, with an increase of 28 cubic inches 
per minute of the air inspired. I t is, however, curious to 
note that my colleague in the experiment had no in
crease ; and, in explanation, it may be added that he 
dislikes cheese and says that it does not agree with him. 
I t is not at all improbable, from what has already been 
stated, that cheese may produce different effects on dif
ferent persons, and that the effect will bear some 
relation to the desire for it. (Phil. Trans. 1860.) 

The time required for the digestion of cheese varies 
with its age and as the fat more or less abounds; and 
in a fairly good cheese of medium age it is from three 
and a half to four hours. New cheese and poor cheese 
require a longer time for digestion, inasmuch as they 
are masticated with greater difficulty. Old poor cheese 
also requires a longer time, for it is so hard as to be 
almost incapable of solution in the gastric juices, and 
if a good cheese be old and greatly decayed it plays the 
part of an irritant in the stomach which may cause a 
form of indigestion, and be itself hurried through the 
stomach into the intestines so rapidly as to almost pre
vent its digestion. 

I t is probable that the establishment of cheese 
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factories in America and in this country will tend to 
produce cheese of more uniform quality. There are 
now nearly 2,000 such factories in the United States, 
and three or four have been opened in England during 
the last Hive years. I t is necessary for their success that 
there should be good pasture land and plenty of water in 
the vicinity, and that the farmers should be able to take 
their milk to the factory while it is yet fresh and new. 
The manufacture of cheese by small farmers is not 
always effected in the most cleanly manner, neither 
with the uncertainty of seasons is it always lucrative. 

Ten grains of good cheese when consumed in the 
body produce heat sufficient to raise 11*2 lbs. of water 
1° P. which is equal to lifting 8,649 lbs. one foot 
high. 

CREAM CHEESE. 

Cream cheese is also practically found of two quali
ties and in two conditions. I t usually appears in the 
London market as new curd containing but little fat, 
and placed upon straws. If eaten in this state there 
is but little flavour of cheese, whilst the prevailing 
flavour is that of the whey which is allowed to abound 
in it. After a few days the process of decomposition 
begins, and the cheese assumes a less solid but more 
creamy appearance, whilst its flavour is richer than 
before. As this proceeds an odour of a very disagree
able kind arises, and ultimately the cheese assumes a 
semi-fluid or fluid aspect, and is offensive to both the 
senses of smell and taste. The proper course is not to 
eat it until the process has begun. 

The cream cheese which is produced in Lincolnshire 
is far richer in quality than that now referred to, and 
has a very agreeable flavour. I t may also be kept for a 
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longer time without becoming offensive, but as it is 
ready for use early it is not usual to keep it. 

Some foreign kinds, as Neufchatel cheese, which 
is imported in little pillars, somewhat resembles the 
Lincolnshire cheese in quality, and when exposed to the 
air does not run into a liquid but gradually shrinks and 
dries up. Yet the outside may become soft and yield an 
offensive odour. This cheese is rarely obtained until it 
has been kept for some time, and not unfrequently 
vegetable growths occur in it and on it before it can be 
eaten. 

Cream cheese is more digestible than ordinary cheese, 
both because it is softer and may be readily masticated, 
and has a less proportion of casein. I t is, moreover, 
probable that the process is effected in from two to 
three hours. 

/3 Non-Nitrogenous. 

CHAPTEE X V n i . 

BUTTER, GHEE, LARD, DRIPPING, AND OILS. 

THE non-nitrogenous animal foods are very numerous, 
but belong to only one class, viz., fats, and as they have 
much similarity in composition and action, it will not 
be requisite to refer to them at great length. 

I t is desirable to premise that fats which are used as 
food are naturally divided into two sub-classes, differing 
as to the temperature at which they remain fluid; so 
tha t at one temperature we have solid fats and at 
another oils ; but it is needful to add further, that even 
such fats as are solid at a given temperature contain also 
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oil which, when separated, remains fluid. Hence the 
division of the two great classes of fats into stearine or 
margarine and oleine. 

In treating this subject it will not be necessary to 
refer to the great advances which chemistry has made 
in determining the nature of fatty compounds, and 
which have brought to light a vast number of substances 
which were unknown at the time when Chevreul made 
the researches which are still the foundation of our 
knowledge of fats, for they have little bearing upon the 
subject of food. I t will suffice, if we proceed to indicate 
those animal fatty substances which are commonly 
used as food. 

BUTTER. 

Butter was unknown to the ancient Greeks, as may 
be inferred from the absence of any reference to it by 
Homer or Aristotle. I t was also unknown to the 
aborigines of these islands, and was not in common use 
in England until after the fourteenth century, whilst to 
this day it is less frequently eaten by barbarous than 
civilised nations. 

I t is obtained from milk, and chiefly from that of the 
cow, in which it exists as minute globules scattered 
through the whole substance so long as the fluid is in 
motion, but when at rest it rises to the surface and 
constitutes cream. I t is separated generally by churning, 
but in a rougher and readier way by heating the milk 
and shaking it, as in India, Texas, and other very hot 
countries, where the labour of churning is not desired 
and waste of butter and milk not important. 

I t is the best known of all this class of sub
stances, but it is eaten in very different quantities; 
from the large cupful before breakfast, as drank 
by the Bedouins near the Red Sea and the Persian 
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Gulf, to the scarcely perceptible layer on the bread 
eaten by the needlewomen of London, and the supply is 
limited by pecuniary means rather than desire. I t 
is also the form of separated fat which is less frequently 
disliked by consumptive people and invalids generally, 
as was shown by me in an enquiry into the state of 1,000 
patients at the Hospital for Consumption, Brompton.1 

The flavour, however, differs according to the animal 
from which the milk was derived, so that butter from 
the buffalo in Egypt and India, and from the goat, has 
a strong tas te ; but it also varies with the food of the 
animal, and is much stronger when the cow is fed on 
turnips than on grass or hay. In like manner the 
colour varies both with the animal and its food, so that it 
may be nearly white or very yellow; but a false colour 
is sometimes given by the addition of annatto. 

Some of the milk-preserving factories in the United 
States of America are also butter factories, and may 
ere long supply no inconsiderable part of our best 
butters. On their mode of preparation and preservation 
of butter, Mr. Willard has supplied information in the 
columns of the Journal of the Royal Agricultural Society 
for 1872, from which we shall make a few extracts. 

He states that during the churning it is thought 
desirable to keep the cream from rising above 60° F. 
When the churns are started the temperature of the 
cream should be about 56° P . ; and it has been found 
tha t the best results are obtained when the dashers 
make from 40 to 42 strokes per minute. At this 
rate of stroke and no less than one hour being con
sumed in the process of churning, if the temperature 
of the cream be kept below 60° P., or no higher than 
that , the butter will come of good colour and texture, 

1 «Tubercular Consumption: its early and remediable stages.'—Henry S. 
King & Co., Cornhill. 

K 
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and will be in the right condition for a first- class fancy 
product,' at least, so far as it can be made by the 
operation of churning. I t is important, of course, that 
the cream be in the proper condition when it goes to 
the churn; but the manner in which the churning is 
conducted has a much greater influence upon the pro
duct than many people imagine. 

The agitation of the cream over the whole mass 
should be as even and uniform as possible, in order 
that all of it may be turned into butter at about the 
same time. If the agitation be too rapid, or if it be 
unevenly distributed through the mass, a part will be 
transformed into butter whilst some will remain un
changed, and by the time the whole mass is churned 
the particles of butter first formed will have been 
beaten up in the agitation so as to injure the texture; 
or portions of unchanged cream may become mingled 
with the butter, thereby not only lessening the quantity 
of butter from a given quantity of cream, but materia lly 
injuring its quality. Again, in order to preserve a nice 
flavour and colour, as well as fine texture, the mass of 
cream while churning must not be allowed to rise to a 
high temperature. 

Great care is taken, by the use of very simple means, 
to wash all the buttermilk out of the butter. * The 
batch of butter,' or the ' churning,' say of about twenty 
to twenty-five pounds in weight, is laid upon the butter-
worker and water applied from a sprinkler or small 
watering-pot. I t is provided with a rose-nozzle, so as 
to distribute the water over the mass in numberless 
small streams. The watering-pot is held in the left 
hand, and the butter is worked with the right hand at 
the same time by applying the lever, going rapidly from 
one side of the mass to the other. The butter being 
on the inclined slab or bed-piece of the butter-worker, 
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the butter-milk flows off readily, and by a few move
ments of the lever the butter-milk is expelled. When 
the water flows from the mass without being discoloured, 
the process of washing is completed. The water falling 
in a spray over the whole surface of the butter cools it, 
and gives the proper degree of hardness for working 
with the lever, a point of considerable importance, 
especially in hot weather. 

On the subject of preserving butter by salt and salt
petre, he states that at the Orange County factories, 
the following recipe is used, viz.:—Por every 22 lbs. 
of butter, 16 ounces of salt, one teaspoonful of salt
petre, and a tablespoonful of the best powdered white 
sugar; and the butter makers of that part of the 
country claim, that by the use of saltpetre the butter 
will retain its flavour and keep sound longer in hot 
weather than when it is not used. 

The mode in which butter is packed for transport 
and keeping materially affects its preservation, and Mr. 
C. H. White, of Michigan, has invented a tub which 
deserves notice. The tubs are 14 inches in diameter at 
the top, and 9 inches at the bottom, and about 16 inches 
high. They are well made, of oak, with strong hoops, 
and with heads at both ends. A sack of cotton is made 
to fit the tub for the reception of the butter. I t is 
placed in the tub as it stands on the small end, the sides 
of the sack being long enough to extend over the top 
of the tub. 

The butter is packed firmly in this sack until within 
I f inch of the top of the tub, when a circular piece 
of cloth is laid on the top of the butter, and the sides 
of the sack are brought over and nicely plaited down 
over the circular cover. A layer of fine salt is now laid 
on the top, the head is put in, and the hoops are driven 
so as to make a perfectly tight fit, that will admit of no 

£ 2 
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leakage. The tub is then turned upon the larger head, 
and the butter in the sack drops down upon the larger 
end, leaving a space between it and the sides and 
top of the tub. Strong brine is then poured into it 
through a hole in the head, till it fills the intervening 
space between the tub and the butter, when the hole is 
closed tightly with a cork. The brine thus floats the 
butter, so that it is completely surrounded by the liquid, 
and effectually excluded from the air. 

When the butter is to be used, the tub is turned on 
its small end, the hoops are started, and the large head 
is taken off, after which the butter may be lifted entirely 
off the tub by taking hold of the ends of the sack. I t 
may be placed upon a platter or large earthen dish, 
the cloth removed from the top, and the butter cut into 
desirable shapes for the table. If any portion remains, 
it may be returned to the tub, and in this way it can be 
preserved for future use. 

Although butter, when pure, is a fat destitute of nitro
genous elements, it is rare to meet with it in that state, 
for if any portion of the whey be present there will 
be a nitrogenous and decomposing compound. More
over, as the flavour of butter changes with the food 
on which the animal is fed, and chemical changes 
rapidly proceed after its production, its elements vary 
within somewhat narrow limits. If butter be so well 
made that no fluid remains in it which could be ex
tracted without other artificial means than that of 
pressure, its composition will be tolerably uniform, and 
it will not differ much in its ultimate elements from 
that of the fat of flesh removed from the fat cells. 
In that state it may be kept in a cool place without 
much chemical change for several weeks ; but, in order 
to preserve it, it is customary not only to make it as 
solid as possible, but to mix it in layers with salt, and 
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when well prepared and the surface kept from exposure 
to the atmosphere by salt and water, it may be pre
served for a year, or indeed for a much longer time, 
without such changes as would render it unfit for 
food. 

If, for the purpose of preservation, it is desired to 
obtain butter free from water, it may be effected by a 
proper application of heat, as is accomplished in Turkey 
and other Eastern countries. When the butter is quite 
fresh it should be placed in a long necked vessel over 
a heat not exceeding 140° P., by which it will rise to 
the surface, as a clear transparent fluid, and should 
be carefully removed. I t is then strained through a 
cloth and cooled by immersion in . cold water, after 
which it may be mixed with salt and packed closely. 
The action of salt seems to be chiefly that of attracting 
any water which may remain, and in Spain and America 
a little saltpetre is added for the same purpose. I t is 
said that sugar has power to prevent the decomposition 
of butter, as will be more particularly stated in our 
observations on preserved milk. 

The proportion of water which is commonly met with 
in butter is from half an ounce to one ounce in the 
pound, according to the care, and perhaps, the honesty 
of the manufacturer; but a larger qua.ntity is said 
to exist in the cheaper kinds. In a report recently 
made by Mr. F. W. Rowsell, on the supply of pro
visions to the metropolitan workhouses, Mr. Wanklyn 
found that the quantity of water exceeded two ounces 
in the pound, or twelve and a half per cent., in more 
than one half of the samples submitted to him, as stated 
in the following table:— 
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No. 42. 
Per-centage 

of water 
. 12-6 . 

127 . 
. 12-8 . 

129 . 
13*2 . 
13*2 . 
13*2 . 

. 131 . 
133 . 
137 . 

. 142 . 

. 14-3 . 

. 14-5 . 
14-7 . 
153 . 
15*3 . 

. 154 . 

. 16-5 . 

. 16-5 . 

. 16-6 . 

. 18-2 . 

. 19-4 . 

. 197 . 

. 20-0 . 
23-6 . 
23-7 . 

. 24-9 . 

Character of 
butter 

. Fair 

. Middling 

. Bad 

. Very bad 

. Bad 
. Tolerably good 
. Exceedingly bad 
. Good 
. Very good 
. Good 
. Good 
. Fair 
. Fair 
. Exceedingly bad 
. Bad 
. Bad 
. Bad 
. Bad 
. Nasty 
. Tolerable 

do. 
. Fair 
. Middling 
. Bad 
. Rather rank 
. Wretched 
. Very bad 

Workhouses 
St. Saviour's 
Stepney 
St. Pancras 
Poplar 
Shoreditch 
St. Giles 
Lambeth 
Fulham 
Wandsworth 
City of London 
Hackney 
St. Olare's . 
St. Luke's, Chelsea 
Camberwell 
Shoreditch . 
Wandsworth 
St. George's in the East 
Paddington 
Stepney 
Hackney 
Marylebone 
Greenwich . 
Holborn 
City of London 
Paddington 
Kensington (salt butter) 
Whitechapel . . 

Butters are commonly divided into two classes, viz., 
fresh and salt; but a small proportion of salt, say half an 
ounce to the pound, is added fco the best fresh butter. 
When there is nearly one ounce of salt to the pound the 
butter should be classed as salt, and in that proportion 
exceedingly good butter is imported into this country. 
It is, however, usual to find a larger proportion in the 
salt butters of the shops, and two ounces in the pound 
is not very uncommon. In the report of Mr. Rowseli 
just referred to that quantity was never exceeded; but 
i t was approached at Whitechapel, where there was 10*7 
per cent, of salt in the pound. 
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Besides these two adulterations, it is very common to 
find cheap animal fats, as mutton fat and horse grease, 
added to butters, the former to even good but the latter 
to bad butters only. I t is also said that palm-tree butter, 
which is used for candles and railway carriage wheels, 
is sometimes added with the like purpose. 

The addition of water or other fluid is determined by 
liquefying the butter, and expelling the fluid by heat, 
when the loss of weight is the required measure of the 
fluid. When the fluid is whey, or other nitrogenous sub
stance, an analysis of the butter will be required, if the 
flavour does not sufficiently indicate its character. Salt 
is removed by washing the butter in pure water, when 
the taste of the water will reveal its presence, and the 
loss of weight of the butter indicate its quantity. Care 
must, however, be taken that no appreciable quantity of 
butter remains suspended as oil globules in the water, 
or the weight will be unduly reduced. 

Pure meat fat when added to butter may be dis
tinguished by the taste, which may indicate the absence 
of the flavour of butter and the presence of another 
flavour not belonging to i t ; but the latter is usually 
avoided by adding a tasteless fat, as that of mutton, 
assisted by the more penetrating flavour of butter. 
Analysis can, however, detect the admixture. These 
fats are, moreover, harder than butter, and cannot be 
perfectly mixed together, so as not to be detected by a 
magnifier, without some care. 

Hence, in determining the chemical composition of 
butter, we must regard it as a fat, and it will be 
the same as that of other fats in their natural state. 
Thus, butter and fats consist, in their ultimate ele
ments, of— 

No. 43. 
C 77 H12 O i l 
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The proximate elements in 100 parts of an average 
sample of butter are as follows:— 

No. 44. 
Water 150 Fat 830 Salts 2 0 

The fat consists of 68 per cent, of margarine, or solid 
fat; 30 per cent, of oleine, or fluid fat; and 2 per cent, 
of fats, which yield butyric, caproic, caprylic, capric, 
and other acids, according to the animal from whose 
milk the butter was made. 

Fresh butter has the same amount of carbon per 
pound as suet. 

Ten grains of butter, when burnt in the body, pro
duce heat sufficient to raise 18*68 lbs. of water 1° F., 
which is equal to raising 14,421 lbs. one foot high. The 
effect of butter on the respiratory process was very 
small, as shown in Diagram No. 95 (frontispiece). 

There are but few instances in which the flavour of 
butter is purposely changed, but the Bedouins in the 
Hedjaz boil herbs with it, with a view to improve it. 

GHEE. 

Ghee is a clarified butter, prepared chiefly from bison's 
milk, and used very largely by the natives of India. 

The milk is first boiled, and on being allowed to cool, 
a little sour milk, called Dhye, is added, which causes 
coagulation. The mass is then churned, and hot water 
added, and in afcout an hour butter is produced. After 
a few days the butter becomes rancid, when it is 
clarified by being boiled with the addition of Dhye and 
salt, or betel-leaf, and is then kept in closed pots for 
use. This form of butter is less free from nitro
genous matter than that made in this country, and 
it has a peculiar flavour, which is distasteful to 
Europeans. 
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THE FAT OP FLESH. 

The fat of animals is derived from two sources, viz., 
their structures and their secretions, and both are of 
the utmost value to mankind. 

We have already pointed out the proportion in which 
fat is found in animals, and have shown that in a 
well-fed pig or over-fed sheep and ox, it may amount to 
one-third of the whole carcass-weight (page 43). This 
is not restricted to one part of their body only, for there 
is none which does not contain some fat, but it is chiefly 
found in masses within the loins, which are almost 
separated from the flesh, and in layers upon the outside 
of the flesh. 

The former is commonly cut off, and sold separately 
from the joint under the name of suet, and is unr 
usually solid, so that it is especially fitted for, and is 
largely and universally used in, culinary operations 
with farinaceous substances. This kind of fat has a 
flavour which is usually less marked than any other in 
the animal, and may be eaten by invalids when ordinary 
meat fat would be rejected, so that it is accounted 
one of the purest and most useful fats in food. The 
latter is usually sold with the joint, and is cooked with 
it, but when the quantity is excessive a portion is cut 
off, and is not used as food for man. Besides these, 
there is fat in the juices of flesh, much of which is 
extracted by cooking, and also in bones and other 
offal, as has been already described. 

When it is found in connection with flesh, or in a 
separate form, it is always enclosed in cells (No. 45), and 
in order to extract it quickly, and with as low a degree 
of heat as possible, the mass should be cut into small 
portions; but when it is met with in the juices, and in 
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secretions generally, it is unenclosed, and appears as 
globules of various sizes. 

The value of fat in the animal economy is exceedingly 
great, both chemically and physically. Chemically, it 

No. 45> supplies the heat-forming ele
ments of food in their most 
compendious form, and is 
much more rapidly trans
formed than starch under 
the influence of exertion, 
when a very large elimina
tion of carbonic acid takes 
place. We have elsewhere 

Fat-ceiis. intimated the close relation
ship which exists between muscular exercise and the 
elimination of carbonic acid on the one hand, and the 
necessity for an increased supply of the hydro-carbons 
on the other, to meet the waste; but have deferred a 
fuller discussion to the work on Dietaries. There can, 
however, be no doubt that, whether we refer to the inti
mate molecular actions in nutrition, to the supply of an 
essential element in growth, or to the daily use of the 
body, it is essential that there should be a full supply of 
fat in some of its forms. 

Physically, its action may be less important, but it is 
most desirable as an addition to bread and farinaceous 
foods generally. I t supplies an agreeable flavour, without 
which they could not be readily eaten, and lubricates 
the passages through which the masticated food is the 
more readily conveyed. I t is also very probable that it 
exerts an influence in the passage of refuse matter 
through the bowel; so that, with some excess of fat, 
the bowels will act more readily than where the dietary 
is deficient in that lubricating substance. 

There is also another physical action, by which it 
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may act indirectly as a food, although it may not enter 
the body. Thus, when the skin is perspiring too 
actively, either for the wants of the body, or the degree 
in which loss of heat by that process can be borne, free 
inunction into the skin diminishes greatly the loss of 
heat, and thereby the necessity for food. 

We have used this method with remarkable success 
in persons who had almost ceased to eat, and in whom 
it was with the utmost difficulty that the heat of the 
body and the circulation of the blood could be main
tained. Moreover, without entering into a theological 
question, it may not be improper to point to this as a 
rational explanation of the use of anointing the sick, 
which has been practised, not as a religious bat as a 
sanitary measure, by many Eastern nations, and of the 
habit of anointing the body among many savage 
nations. 

The composition of suet is tolerably uniform, but 
there is a larger quantity of stearine, and less oleine in 
mutton than in beef suet. There are 4,760 grains of 
carbon in a pound; and if the free hydrogen be 
reckoned as carbon, the quantity will be increased to 
6,720 grains per pound. 

LARD. 

This important culinary substance is derived from the 
loose fat of the pig, and is a very pure fat. I t was 
used in Saxon and early Norman times, and as late as 
the fourteenth century, when butter was comparatively 
unknown, it was almost the only fat for cooking. Thus 
Capon in grease was a well-known dish. I t is not 
entirely without flavour, but is nearly so, and this, with 
absence of colour, renders it particularly fitted for the 
preparation of any kind of pastry, or as a medium in 
which substances may be fried. I t is rarely eaten with 
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bread, since it is soon absorbed and disappears from sight, 
and has not sufficient flavour to sharpen the appetite. 

The rendering of it from the leaf fat requires care 
lest it should, be burnt, or obtain a flavour from the 
cooked membranes in which it is enclosed, and it is not 
necessary to prolong the process so far as to drive off 
all the water with which it is naturally associated. I t 
is also desirable that the cooked membranes should nou 
be so much pressed as to exclude all the liquid fat, and 
it is better that the fat should be allowed to drain off 
with no other help than the pressure of the spoon or 
ladle by the hand. When prepared in this way it is 
usual to mix a little salt with it, with a view to its pre
servation, but the quantity need not exceed half-an-
ounce in the pound. 

I t is very frequently adulterated with fats of inferior 
value, as, for example, mutton fat, which is cut off the 
joints before they are sold, and is not one-half the value 
of good lard. When the fat used in adulteration is of 
greater consistence than lard it must be used sparingly, 
and, from whatever source the adulterating fat may be 
obtained, it must have little or no colour, (or be de
colorised) and be nearly devoid of taste. Adulterated 
lard is, however, generally slightly coloured, and has not 
the flavour of the genuine fat. Moreover, it is not 
uncommon to mix starch with adulterated lard, in 
order to hide any colour that may have been imported 
into it. I t is also said to be customary in Canada for 
dealers to add two to five per cent, of milk of lime, by 
which the colour is improved, and the lard made to 
absorb as much as 25 per cent, of water. 

There are no means of discovering adulteration by 
other pure fats, but starch is readily ascertained by the 
aid of the microscope (No. 46), p. 147. An excessive 
quantity of salt may be proved by washing and subse-
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quent weighing; the quantity of water may be ascer
tained by loss of weight on evaporation. Lard, whether 
pure or adulterated, is very commonly used to adulterate 
batter, and particularly when the colour of butter is so 
high as to bear lowering without exciting suspicion. 

The composition of lard is that of a pure fat, and 
there are 5,320 grains of carbon, or if the free hydrogen 
be reckoned as carbon 8,237, in one pound. 

DRIPPING. 

Dripping, which is eaten as a fat, or used in cooking, 
is almost invariably obtained from the process of roasting 
flesh, and, as it should have very little water in its com
position, it is one of the most nutritious kinds of fat. 

Prepared in this manner it has also the flavour of 
meat, by which it is more agreeable than when made from 
the fat of animals alone ; and that derived from camels' 
flesh is especially accounted a luxury by the Arabs. I ts 
flavour will, however, be affected by the degree to 
which the flesh is roasted, and its subsequent use for 
culinary purposes. 

Except in the care and cleanliness with which it is 
prepared, it differs little from the finest kinds of tallow 
which are still prepared in Russia, and those made in 
Australia and South America, by the boiling-down of 
the whole carcass of the ox or sheep for the fat alone. 
Yet, notwithstanding this relationship, it is one of the 
fats most highly valued by the poor for its flavour, 
nutritive quality, and cheapness. Wealthy families 
benevolently give it to their poorer neighbours, or sell 
it to them at a merely nominal price; but the more 
general practice of allowing cooks to have it as a 
perquisite leads to many and serious evils. Thus the 
cook is tempted to purchase more fat or fatter meat 
than is desirable, and to put the excess direct into her 
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store; also to overcook the meat, so as to increase 
the dripping; to purloin butter, lard, and any other 
good fat to which she has no claim; to prevent its 
proper use in culinary operations and the preparation 
of pastry, and to substitute other fats for i t ; to bring 
her in connection, when selling it, with a class of people 
who will steal, and encourage her to rob her master, 
and, generally, to make a thief of an honest woman. 
There is little doubt that this absurd custom has led to 
great waste and extravagance in our kitchens, and to 
the dishonesty of our cooks; and every employer, of 
whatever rank, should prohibit it, and punish any 
infraction of his regulations. 

When it is skimmed from broth, or similar fluids, it is 
less valuable, since it contains a larger portion of water, 
and has acquired foreign flavours, so that it is seldom 
used for culinary purposes. 

Dripping properly made contains 5,320 grains of 
carbon in the pound, whilst butter and suet have only 
4,760 grains. When the free hydrogen is reckoned as 
carbon, the quantity of carbon becomes 7,511 grains per 
pound. 

OILS. 

There are various animal oils which are used in the 
adulteration of food, but extremely few which are 
eaten in temperate and hot climates. Whale oil is 
eaten largely by the inhabitants of exceedingly cold 
climates; but even there it is consumed rather as 
blubber than after its extraction from the cells in which 
it is enclosed, and mixed with more solid fat. Seal oil, 
in the same manner, may be eaten as food; and cod-
liver oil, which is now so largely used medicinally, 
probably acts chiefly as a food. 

The effect of fats and oils upon the respiratory process 
is shown in Diagram No. 95 (frontispiece). 
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SECTION II—VEGETABLE FOODS. 

a. Nitrogenous. 

CHAPTER XIX. 

ANALOGY OF ANIMAL AND VEGETABLE FOODS, AND 
GENERAL CONSIDERATIONS ON SEEDS. 

VEGETABLE FOODS. 

I T has already been shown that the same nutritive 
elements exist in both vegetable and animal foods, and 
that, within certain limits, the two classes of food are 
interchangeable. Also, that both are divisible into two 
sub-classes, viz.:—nitrogenous and non-nitrogenous, or 
flesh-formers and heat-givers, the former being the 
larger. The nitrogenous consists of all seeds and vege
table tissues ; whilst starch and sugar are in vegetables 
that which fat is in animals, viz., the especial represen
tatives of the non-nitrogenous. Hence, flesh in animal 
foods is represented by seeds in vegetables, and fat 
by starch and sugar; and, to continue the analogy, it 
may be added that seeds when digested will produce 
flesh, and starch when transformed in the body may 
produce fat. 

Moreover, every other element, whether mineral or 
organic, which is required for nutrition is found in the 
vegetable kingdom; as for example—salts of potash, 
soda., lime, magnesia, iron, and manganese; substances 
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analogous to fibrin, albumen, and gelatin; gum, 
pectin, and sugar; phosphoric, acetic, sulphuric, hy
drochloric, and fluoric acids; besides many acids pecu
liar to vegetables. 

I t may then be asked, if there are the same elements 
in both, and if either will suffice to maintain life for a 
considerable time, what is the practical difference be
tween them, for the purposes of nutrition ? 

I t is probable that this depends upon the habits of 
men, for whilst the majority of people require and 
can digest a moderate quantity of both, there are some 
who from early use live chiefly upon one kind and eat 
many pounds of flesh or vegetables at a meal. I t is, 
however, a general rule that, whilst flesh presents the 
elements of nutrition in a form the most compendious 
and easy of digestion, seeds are composed of substances 
which must not only be digested but thoroughly trans
formed before they can be used for the reparation of 
the body. The cooking of flesh is doubtless desirable, 
although it is not necessary to its digestion; but the 
cooking of seeds is still more so, in order to enable the 
stomach to dissolve and perfectly transform them. A 
good test is the amount of matter which leaves the 
bowel after the consumption of vegetable and animal 
foods, and if quantities supplying an equal amount of 
nutriment be taken, the refuse from the former will be 
twice as much as from the latter. I t is commonly 
assumed that the digestion of vegetable is easier than 
that of animal food, and that the process is more 
quickly performed, but the experiments of Dr. Beaumont 
have shown that mutton will be digested more quickly 
than bread, and an egg earlier than a potato. 

To this must be added the fact, that a greater bulk of 
vegetable than of animal food is required to provide a 
given amount of nutriment, and hence those who live 
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chiefly on the former must be large eaters; but if it 
were possible to live on either alone, the difference in 
this respect would not be great. 

I t will be inferred from the above statement, that 
although the vital actions may be sustained by both 
kinds, they are more slowly moved by vegetable than by 
animal foods; and this is true, whether we regard the 
respiration, pulsation, or heat-production. When, there
fore, we compare them it may be stated generally, that 
vegetable food must be eaten in larger volume, and be 
better cooked, than animal food, and that it requires a 
longer period for, and greater power of digestion, whilst 
it excites the vital processes more slowly, and in a lower 
degree. 

We will now proceed to offer some general remarks 
on Seeds, as the chief representatives of the large and 
important class of nitrogenous vegetable foods. 

These structures have much in common in reference 
to their organisation and nutritive elements. There 
are two essential parts in all seeds, apart from the 
seed-vessel, viz., the external rind or skin and the con
tained kernel. The rind differs much in thickness and 
appearance, as in the cocoa-nut and rice, but in all 
edible seeds it is comparatively thin, and when properly 
prepared is sometimes itself edible. I t consists of 
woody fibre or lignine, through which the circulation 
is carried on in the seed, and by which form and 
strength are given to the skin, as also of a small pro
portion of starch, besides elements peculiar to each 
kind of seed which determine its flavour and properties. 
In many, as wheat, it is coated with a shining layer of 
silica or flint, which protects the underlying structures 
from the action of the atmosphere; and, unless its con
tinuity be broken, the gastric juices cannot act upon the 
starch. Hence, grain when kept dry will remain sound 

L 
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for thousands of years, as has been proved in the 
Egyptian tombs, whilst oats which are unbruised by 
the teeth, or other instrument, will be found almost un
changed in the dung of the horse. 

The interior, or kernel of the seed, consists almost 
exclusively of cells, which are filled with starch, and 
albuminous, glutinous, or mucilaginous matter. The 
former may be obtained from the finely-ground seed by 
continued washing, as in the preparation of commercial 
starch, whilst the latter are the substances remaining 
after this process has been completed. 

The starchy material was known many centuries ago, 
for a substance, then called Amidon,x was employed to 
thicken broths. Cotgrave says that it was made from 
* fine wheat-flour steeped in water, strained and let stand 
to settle, then drained and dried in the sun.' I t is a 
loose material, which on decomposition affords a sour 
odour, whilst gluten is so adhesive and tenacious, as to 
have been used even by the ancients for taking birds, 
and called bird-lime, and on decomposition emits highly 
offensive odours. The grains or granules of starch 
differ much in form and size, and are readily dis
tinguished under the microscope, although, as they 
all consist of the same material, they may not be dis
tinguishable from each other by any chemical process. 

The following are illustrations of the best known 
forms as observed under a microscope of moderate 
power, such as is usually in the hands of non-scientific 
persons, and are a very interesting and useful subject 
of enquiry. They may be seen by both transmitted and 
reflected light, but with the former they should be 
examined in a drop of water ; and the power should be 
varied with the size of the granules. 

: Still called amidon by the French, and the starch from roots fecule. 
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No. 46.—STARCH CKLLS. 

A. 

The best known forms of Starch Cells.—a. Saero starch, highly magnified, b. Potato 
starch, c. Tnus les mois starch, d. Wheaten starch, e. Bice starcb. / . Oat 
starchv. g. Pea starch, h. Bean starch. (300 diameters.) 

When the cells are heated, 
as in the process of boiling, 
they absorb water, and swell 
until the cell-wall bursts, 
and the contents escape. 
This is the true effect of 
cooking, as represented in 
the drawing, on the following 
page, and enables the gastric 
juices to act upon it imme
diately it is admitted into the 
stomach. The same result is 
no doubt effected when the 
seed is placed in its raw state 
in the stomach, for it is then 

L 2 

No. 47.—STARCH CELLS 
B. 

Shows in different degrees the central 
cavity and folding of the cell-wall. 
a. Colchicnm antnmnale. 6. Iris. i. 
Arum maculatum. 
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exposed to heat and moisture; but the digestion and 
No. 48.—COOKED STARCH CELLS. 

C 

The starch-cell of the Horse-Chestnut in its progress under the influence of 
moisture and heat, from its dry form (H), to its cooked state (A). The 
progress is marked by the inverted order of the letters H to A, nnd the 
beautiful fringes in E. C and B sbow the unfolding of the cell-wall 
until it is perfectly expanded and ruptured in A. The size is propor
tionate at each step of the process. 

transformation of it are so g^c^.tly retarded, that it m:iv 
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not yield the required nutriment when the body needs 
it, or be removed from the stomach before another supply-
is required. 

Hence the two parts of the process are— (1) the minute 
division of the seed, so that all the parts or cells may 
be quickly brought under the action of the heated 
water; and (2) the continuance of the cooking process 
until all the cells shall have been distended and rup
tured. When the whole seed is exposed to the action 
of heat, a longer period will be required for this process, 
and the result will be more uncertain. 

In order that the seed may be ground into a fine 
powder, it should be previously dried. Grinding by 
millstones is a far more perfect process than by the 
teeth, for not only may the former be used for a pro
longed period at a time, but the action of the teeth 
is to cut and press as well as to grind, and is more 
analogous to the action of the coffee-mill than of a pair 
of revolving stones. When, therefore, seeds are eaten 
raw and ground by the teeth, less nutriment is de
rived from them, the stomach is more taxed to digest 
them, the process of digestion is slower, the refuse 
emitted from the bowel greater, and the production of 
indigestion much more likely to occur than when 
they have been well cooked and ground. 

This is not the case, or only in a slight degree, with 
flesh, for the teeth can sufficiently tear it asunder, the 
juices of the stomach can more readily act upon a mass, 
and when uncooked, it is still comparatively easy of 
digestion. 

But whilst these processes are necessary in reference 
to all seeds, they are more easily performed on some 
than on others, and on the kernel than on the rind or 
skin. Hence, however finely peas and rice may be 
Tround, the former will require a longer period for 
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cooking than the latter, and so tough is the skin of the 
pea that if it be cooked whole, it may be boiled for 
many hours and still retain its form. The perfect 
cooking of the kernel is, however, always practicable, 
and of known duration, but that of the rind is not 
possible by ordinary methods, unless it be first ground 
into a fine powder. 

This is a very important consideration in reference to 
the more expensive grains, as wheat, since it is desirable 
that every portion of it should be used as food, and 
the same would hold good of all edible seeds at periods 
of severe privation. 

But however perfectly the skin or rind may be pre
pared for cooking, and however perfectly it may be 
cooked, the siliceous or shining layer before mentioned 
is insoluble in the gastric juices, and is therefore indi-

No. 49.—SILICEOUS CUTICLE. 

B. 

§ / ; 

A. Siliceous cuticle of the Wheat (Tritu 
cum vnigare), showing cups for the 
insertion of hairs and a spiral vessel. 

B. The same of the Meadow Grass 
(Festuca prateruu). 

gestible. When the bran of wheat is eaten by an 
animal, whether man or horse, it will be found in the 
excrement, having this layer still perfect, but the more 
nutritious part which is covered by the silica will have 
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been digested in proportion as it was reduced to a fine 
powder and allowed to remain No. so. 
sufficiently long in the stomach V̂c 

and bowel. ^^KS^T, p. 
This leads us to the question ^ ^ ^ Q t ^ Q ^ 

of the action of the skin or rind n 
# - # • # upon the bowel, and it is of com

mon observation that in pro- "xC "/^"^Jf^ ^^ 
portion as the piece of rind is ^W 4^L ^SnL -4* 
large and indigestible, so is it ^ ^ S f ^ ^ J g ~ 
a stimulant or irritant of the " ^ ^ 
•i -. ry f. . -, j . -, C This coating is sometimes very 
D O W e l . OO t a r , t n e r e t O r e , J l O W - beautiful, as in the star-like flinty 

. , . . ., . . hairs of the Deutzia scabi-a and the 

ever rich the rind may be m Phams cutaivs. 
nutritive elements, it is more likely to prevent than to 
sustain nutrition, since it will lead to the quicker re
moval from the body not only of itself but of other and 
perhaps more nutritious matter. When, however, it is 
ground into a fine powder it does not produce this effect, 
and although the siliceous part may still be undigested, 
the lignine and starch which it covers may be partially 
digested and promote nutrition. 

The chemical composition of lignine and starch is as 
follows; and whilst starch may be readily detected by 
the aid of the microscope, it may be even more quickly 
determined by the dark blue colour which it produces 
when iodine is added to a solution of it in water. 

Lignine or cellulose, and starch, per cent.:— 
No. 51. 

O. 494 H. 6-2 C. 444 

The proportion in which starch is found in some of 
the principal articles of vegetable food may be con
veniently stated here:— 

No. 52. 

Arrowroot . . . 82 0 per cent. 
Rice 79*1 
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Rye meal 
Barley flour . 
Wheaten flour 
Indian corn meal 
Oatmeal 
Peas 
Wheaten bread 
Potatoes 
Parsnips 
Carrots . 
Turnips . 

69*5 per cent. 
694 
663 
64-7 
584 
554 
47-4 
188 
9 6 
84 
51 

CHAPTER XX. 

PEAS, BEASS, LENTILS, $c. 

THE most highly nitrogenous seeds are peas (Pisum 
sativum and arvense), beans (Faba vulgaris), lentils 
(Ervzim Lens), and analogous seeds from leguminous 
plants, and although the members of this class differ in 
appearance and flavour, they have very similar chemical 
and nutritive qualities. The following is the ultimate 
chemical composition, per cent., of peas, besides oxygen 
and hydrogen:— 

No. 53. 
G 39 N. 3 65 

The proximate elements in 100 parts of peas, millet 
and lentils are :— 

No. 54. 
f Water 15 Nitrogenous 23 

' I Fat 2 1 Salts 2 5 

(Water 13 Nitrogenous 9 
Fat 2 6 Salts 2-3 

Nitrogenous 25 

reas . 

Millet . 

Lentils. 

Starch 55'4 Sugar 2 

Starch 74 

There is no temperate or hot country which does not 
produce some member of this family, or where the 
inhabitants do not eat them, but in none are they the 
sole staple article of vegetable food. This arises from 
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three well known causes, viz., their cost, a strong 
flavour which does not please all persons at any time 
nor any person constantly, and the comparative difficulty 
with which they are digested. We are familiar in this 
country with peas and beans, and in the fourteenth 
century our forefathers used vetches or lentils, then 
called Chych, whilst on the continent of Europe and in 
Egypt and Asia various kinds of lentils are still eaten. 

Several species of beans are eaten daily and in great 
quantit}r by the inhabitants of Mexico and Central Ame
rica, and are called frijoles; they are eaten when cooked 
with pork and fat, or with dry beef called tasajo, as in 
Nicaragua. Haricot beans are also consumed very 
largely in France, Italy, and the South of Europe, a3 
well as in Egypt and in India, where the various mem
bers of this class of foods are known by the term Dhal. 

As prepared in Mexico they are a very savoury as 
well as strong food. They are first boiled slowly and 
for a long time in soft water, or water softened with a 
little alkali, until they become perfectly tender, and then 
are simmered with a little lard and crushed capsicum 
pods and flavoured with onions or garlic. 

The chick pea (Cicer arietinum) is called Gram in 
India, and is very largely cultivated there as well as in 
the south of Europe. I t is of too delicate a nature to be 
grown in this climate with advantage, and is not so 
prolific as our common pea. The seeds are parched for 
use on journeys, and made into cakes and puddings, and 
in India they are made into sweetmeats with sesame 
oil and sugar. The pods are hairy, and exude oxalic 
acid, which irritates the hands and is injurious even to 
the boots of persons walking through a gram field, but 
it is collected by the natives as a medicine. 

The skin or rind of the members of this class gene
rally, but of the larger kinds in particular, should be 
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rejected, and the kernel alone eaten, and both should be 
thoroughly cooked. This was well understood in early 
times, for in a recipe of the fourteenth century we find 
the direction to dry the beans in a kiln or oven and to 
shell them well, and winnow the shells (or skins) away, 
before using the beans to make broth, or to be eaten with 
bacon. 

But it was not always so, as is seen in the following 
recipe for frying beans :— 

'BENES YFRYED. 

* Take benes and seethe he almost til they bersten, take and 
wryng out the wat clene. do thereto oynons ysode and 
ymynced (minced) and garlec 'pw*, fry hem I oile, or I grece 
and do therto powdo douce (pepper) and sue it forth.' 

The importance of this direction varies with the 
maturity and dryness of the seed. Green peas and 
dried peas are very different foods, and whilst the 
former may be eaten with the skin, and be easily 
cooked and digested, the latter must be soaked for 
a long time in order to soften the skin; and after 
the kernel has been well cooked, the skin should be 
rejected. The same remark applies to the bean, but 
by proper selection and cultivation the haricot bean 
has a skin which is thinner and more easily detached 
from the kernel, whilst the flavour of the kernel is 
more delicate than that of the common bean. Hence 
this kind in its mature state is far more frequently used 
as an article of food than the dried pea or bean. More
over, the pods of certain leguminous plants may be eaten 
when young, as those of the haricot (Phaseolus vulgaris), 
and scarlet-runner, of which both the pod and the im
mature bean are cut up into thin slices and boiled. 

I t may well be believed that the increased cultivation 
and greater consumption of the haricot bean by the 
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working classes of this country would cause an improve
ment in their dietary, and in some degree supply the 
deficiency of animal food. The cost is, however, 
too great, and the want of acquaintance with the 
food too marked, to justify the hope that its use 
will ever be greatly increased in our time. On the con
trary, there can be no doubt that the use of this 
class, as represented by the dried pea, has greatly 
diminished within this century, notwithstanding the 
general belief in its nutritive value, so that it is 
now more frequently found in compulsory than in 
voluntary dietaries. This is owing to the special 
qualities of the pea, as above stated, greater refine
ment of taste and increase in the means of the working 
classes, as well as to the cheapness and more agreeable 
flavour of such grains as wheat; and, in my opinion, it 
is not desirable to return to former habits so long as 
the conditions remain unchanged. 

This class of seeds is not grown in extremely cold 
countries, as in the Arctic and Antarctic zones, where, 
indeed, all vegetable productions, except the lichen, 
are rare, and although so well fitted to support nutri
tion elsewhere are there supplanted by animal foods. 

I t might almost be said that peas alone are nowhere 
made into bread, although they are frequently added to 
farinaceous foods for that purpose; but in the south
east of Scotland very thick cakes, called peas-bannocks, 
are still made of pea meal. 

The following quantities of carbon and nitrogen are 
found in 1 lb. of peas:—viz., carbon 2,683 grains, and 
nitrogen 252 grains. 

The time required to digest beans when boiled is 2J 
hours and upwards. 

According to Frankland's experiments, 10 grains of 
pea meal, when thoroughly consumed in the body, 
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yield heat sufficient to raise 9*57 lbs. of water 1° F., 
which is equal to lifting 7,487 lbs. one foot high. 

Pea meal, mixed with a proportion of refined fat, is 
made into small cakes by Messrs. Craig, for the use of 
soldiers, sailors, travellers, and housewifes, in the pre
paration of pea-soup. I t requires to be boiled for half-
an-hour in water, meat-liquor, or bacon-liquor, and 
with the addition of meat or bacon, will be found a very 
luxuriant way of preparing that excellent and nutritious 
food. I t has been adopted experimentally for the use 
of the Volunteers. Prepared in a peculiar manner, it was 
also largely eaten by the Prussians in their late war 
with France, and supplied with meat in the form of 
sausages. Perhaps a better form still is the pea soup 
prepared by MM. Kopf, which is inclosed in a metal 
envelope in order to protect it from damp. 

CHAPTEE XXI. 

THE CEREALS, MAIZE, OR INDIAN CORN, MILLET, $c. 

THIS large class of farinaceous seeds comprehends 
those which are most frequently used by man in dif
ferent parts of the world, and while affording much 
nutriment, are agreeable to the palate, capable of being 
perfectly cooked, and may be produced in an unlimited 
quantity in all but the coldest climates. They are 
inferior to leguminous seeds in chemical constituents, 
but, being more agreeable, are more willingly eaten, 
and at the same time, are more readily cooked and 
digested. The greatest attention has, moreover, been 
given to their growth and preparation, and they are 
so prolific that a given extent of land will yield a larger 
quantity of this than of any other food fitted for man. 

There are many well-known members of this class, 
and each is a staple food in^ different climates, but 
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in no one climate can all be equally well produced. 
Thus wheat is essentially a product of temperate and 
is not grown in very hot countries, whilst maize is a 
chief food in many temperate and hot climates, and 
rice is essentially the food of hot climates only. Oats 
are the product of the northern portion of temperate 
climates, and the general use of them does not extend 
beyond that region. None of these productions are 
grown in extreme northern latitudes, and are, therefore, 
not a principal part of the food of the inhabitants of 
cold countries. 

This class of seeds is also used very largely in the 
production of ardent spirits, the feeding of animals, 
and the preparation of starch for commercial purposes, 
and thus by so much is the portion used by man as food 
lessened and its cost increased. 

Maize (Zea Mays) may be placed first on our list, 
whether we regard its nutritive value or the immense 
regions of the globe where it is produced and consumed 
by man. The production extends throughout North and 
South America, the continent of Europe, and a very 
large part of the continents of Asia and Africa, besides 
numerous islands of the Pacific Ocean ; but it is not 
grown in England, and but little in the English colo
nies of Australia. Hence it is, no doubt, a product of 
sunny rather than of temperate climes, and cannot in 
the latter compete with wheat, whether in flavour 
or production. I t yields, however, the largest crop of 
any of the class in the countries where it is usually 
grown, and is by far the cheapest food. 

The composition of this grain is as follows, in 100 
parts :— 

No. 55. 
W^ter 14 Nitrogenous 11-1 Starch 647 Sugar 0-4 Fat 81 Salts 17 

The quantity of carbon and nitrogen in 1 lb. i* 2,800 
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and 121-6 grains. The time required for the digestion 
of Indian corn-cake or bread is from three to three and 
a half hours. 

When eaten green its flavour is delicate, and boiled 
in milk, or roasted and eaten with other foods, it 
is accounted a luxury; but the proportion thus ea.tenis 
infinitely small as compared with that which is allowed 
to mature, and to become dry for storing and grinding. 
The plant is the most handsome of the class; and, 
growing to the height of six to ten feet, with several 
cobs upon each stem, gives an appearance of abundance 
unsurpassed by any product. 

The flavour of the mature and dried seed is rough 
and harsh, so that one must be trained to like it, and 
it is the most preferred by those who have eaten it from 
childhood. I t may be eaten when cooked with water 
only, but it is much improved by the addition of milk, 
eggs, sugar, and other substances of a softer and more 
agreeable flavour. 

The whole mature grain is used by man, after having 
been parched, by which it is rendered more friable 
and digestible, and a very convenient food to travellers 
in India and many Eastern countries. With this excep
tion, it is always ground, the skin and kernel together, 
for the skin is thin, and when well ground is digested, 
with the exception of the siliceous coating. The meal 
thus produced is much coarser than that of wheaten 
flour, and as it is not readily cooked, it cannot be made 
into large loaves, lest the central part should not be per
fectly baked, but is prepared in cakes and baked before 
the fire or in an oven. Hence it is cooked very soon 
before it is eaten, (unless it be dried in very thin 
layers, like a cake); and it is commonly prepared fresh 
every day, and often at every meal. The grinding 
of the grain is often roughly done in the Western 
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States of America and other newly-peopled countries, and 
the cooking is too hasty and insufficient to make the 
food very digestible. Cakes baked on a board before 
the fire, or on an iron plate in the oven, in the Western 
States of America, are called ' Johnny cakes ; ' and in 
Nicaragua, Mexico, and other places, ' tortilla.' They 
are eaten hot, and usually with milk, but not un
frequently with butter, treacle, or other savoury food; 
and although very acceptable, the inhabitants would 
gladly exchange them for cakes of wheaten flour, if the 
latter were within their reach. Sometimes two cakes 
or tortillas are made into a sandwich, with some inter
vening food, as meat, or a sauce of tomatoes and Chili 
pepper, and eaten by travellers. 

The tortilla is a food which has been eaten by the 
Mexicans from remote antiquity, and is prepared now 
with the same kind of materials and in the same 
mode as in former ages. I t is really a cake, made of 
ground maize, of the size and thickness of a pudding-
plate, and resembles our oat-cake, but is better cooked 
and rendered more digestible. I t is prepared by boil
ing the whole corn in water with a little soda or 
mixed alkali, until it is completely softened but not 
broken up, and afterwards it is kneaded or rolled 
upon a stone, so as to become thoroughly homogeneous 
in texture. The paste is divided into portions, rolled 
or clapped between the hands into a cake, and then 
turned upon a hot plate, to be browned on both sides, 
until it is ready for the table. 

But besides the use of maize as bread, it is very 
commonly made into pudding, with or without other 
and more agreeable foods, and eaten either alone or 
with meat. I t is now known in Ireland as Stirrabout, 
and in Italy as Polenta, whilst it is eaten with pork 
in America under the designation of Hominy. 
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Maize has recently supplanted the millet in the food 
of the Kaffirs. The corn, termed umbila, is placed in a 
covered earthenware cooking-pot, with a little water, 
over a wood fire until it is partially softened. I t is 
then pounded and rolled upon a flat stone until it is 
made into a soft paste or porridge (isicaba), in which 
state it is eaten with a wooden spoon, and, as in 
Ireland, with sour milk. Being rich in nitrogen, it is 
also known as a strong food, and numerous preparations 
of its starch have been introduced into this and other 
countries under the name of corn-flour, for the pre
paration of blanc-mange and puddings, for which it is 
perhaps better fitted tban the flour of wheat. I t is thus 
not only a food of very high nutritive value, but is con
sumed in a great variety of forms, and whilst a neces
sary to hundreds of millions of people in a limited sense, 
is a luxury and a very agreeable food to selected classes 
of persons. 

The large proportion of nitrogen which it contains 
renders it a more stimulating food than wheat, so that 
when it is the constant food of horses, even in the 
countries where both the food and the horse are indi
genous or acclimatised, it is liable to produce disease. 

The consumption of this grain in Great Britain is no 
doubt greater than it was thirty years ago, and an 
impetus was given to its importation during the Irish 
famine of 1847, but it has not taken root as the ordinary 
food of any class. As a food for man it is known in 
England almost exclusively in gaol and Irish poor law 
dietaries ; and although it was welcomed by the Irish 
people when the potato failed, and they were exposed 
to starvation, it is not preferred to oatmeal, much less 
to wheat or potato, and its use is receding before the 
claims of the two latter foods. So long as wheat can 
be obtained here in sufficient quantity, maize will never 
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be generally accepted as an ordinary food for man, bu t 
a t t h e same t ime its use is rapidly increasing for horses 
and other of the lower animals. 

I t may be doubted whether Ind ian meal is ever greatly 
adu l t e ra t ed ; but for some years pas t a preparat ion, 
known as ' Jona than , ' has been sometimes added, which 
is indigestible and useless, if not injurious. I t con
sists of calcined and ground oat-chaff, as was admit ted 
in an enquiry before t he magis t ra tes a t Guisborough, in 
May 1872, to which the following extract from a report 
re fers :— 

* I t was found difficult, however, to prove what the article 
" Jonathan " really was. A witness for the prosecution stated 
that it was not fit for the food of man or beast, and a witness 
for the defence stated that it was meal. The case was adjourned 
for a proper analysis to be made. Mr. Frederick Wm. Rock, 
analytical chemist, of London, attended on Tuesday, and stated, 
after careful chemical examination, he found the article con
sisted entirely of fibre, generally resembling oat husks which 
had been calcined and ground; he could not positively say 
whether there was any wood in it. He found nothing but a 
trace—one-half part in a thousand parts—of nutriment. This 
article was worse than wood when eaten by either animal or 
man, because the husks would irritate the intestines and bring 
on inflammation. He could positively state that the article 
was not meal, and that oatmeal or the kernel of any grain 
would be adulterated if mixed with it. For the defence, it was 
contended that the article was not sawdust, as stated in the 
summons, but the husks of oats, and not a foreign substance 
within the meaning of the Act of Parliament. I t was also ob
jected, that a conviction could not be sustained on the ground, 
that the allegation of the " article supposed to be sawdust" in 
the summons was not proved by the evidence.' 

Millet (Panicum miliaceum) is a small grain scarcely 
larger t h a n a large pin's head. The Sorghums or larger 
millets grow very extensively in the south and east, as 

M 
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China, India, Egypt, and other parts of Africa; one is 
described by Lord Elgin on his visit to China as a stiff, 
reedy stem, some twelve or fourteen feet high, with a 
tuft at the top. The grain is found in this tuft. There 
are numerous varieties, and it is a chief article of food 
over very large districts, but usually it shares that posi
tion with maize or rice. 

This and similar seeds, under a variety of names, as 
cheena, warree, are parched in India, and form a very 
convenient food for travellers. I t is used in Tartary for 
the preparation of a fermented beverage, called bouza, 
by pouring hot water over a portion of fermented seed 
and imbibing the infusion through a reed. The flavour 
of the beverage is said to resemble sour sherry and water. 

Millet consists, in 100 parts, of— 
No. 56. 

Water 12*1 Nitrogenous 9 Carbonaceous 74 Fat 2'6 Salts 2*3 

Jowaree, a species of millet (Sorghum vulgare), is used 
as food in many parts of India. 

CHAPTER XXII . 

RICE. 

I T is perhaps worthy of observation that rice, both 
whole and ground, was used in English cookery in the 
fourteenth century, seeing that it was not grown in 
England, and must have been imported, at considerable 
cost, from some foreign country. The following is a 
recipe of that period :— 

' RE SMOLLE. 
* Take almand blanched and draw hem up with wat (water) 

and alye (thicken) it with flo of rys and do pto (thereto) 
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powdo of gyng (ginger) sug and salt and loke it be not standy-
ing (thin or diluted) messe it and sue it forth.' 

I n other recipes, the rice was used with dates, white 
roses and spices, or with meats ; or made into a com
pote, with apples, saffron, honey, almonds, pepper, and 
salt; or eaten with salmon, Cyprus wine, and condi
ments. A preparation called blank mang was described 
in the following manner. The rice which had been 
soaked in water for a night, and on the morrow washed 
clean, was put upon a strong fire until it burst, but not 
too much. Then brawn of capon or hen was taken and 
drawn small. Milk of almonds was then mixed with the 
rice and boiled, after which the brawn was added to it, 
and thickened with it. When it was stiff enough, sugar 
and almonds were added, and it was fried in lard, and 
served. This is not the blanc-mange of our day, but 
rather a curry with the curry powder omitted. 

Rice (Oryza sativa), upon which hundreds of millions 
of people chiefly subsist, is by no means equal to wheat 
in its nutritive properties, since it consists almost ex
clusively of starch, and is relatively deficient in nitro
genous elements. Hence rice-starch is a familiar article 
of commerce, and rice is nowhere regarded as a strong 
food. 

There are two principal divisions of this grain, viz., 
upland and sea-level rice, but there are an almost 
infinite number of varieties in the different countries 
where it grows. I t varies very much in size, colour, 
and general appearance, and in its properties when 
cooked, so that in one kind the grains remain quite dis
tinct, whilst in others they are broken up, and furnish 
a mucilaginous material, which makes a very agreeable 
food. As a specimen of the former, we may cite that 
which is grown in India, and used in the preparation of 
curry, and of the latter the South Carolina rice, so 

si 2 
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generally used in puddings. The latter is the finest 
quality of rice known in commerce, due chiefly, if not 
entirely, to care in cultivation and husking. 

Rice is cut with the sickle, made into shocks, stacked, 
threshed, and winnowed, like wheat, when it is called 
paddy in India, and rough rice in America. I t is then 
sent to the cleaning or husking-mill, by which the outer 
yellow siliceous coating is removed, and the inner white 
grain separated. The former is of no use as food, but is 
of value as a material in which to pack fragile goods, 
very much as oat-chaff is used in this country. After the 
grain has been received from the mill it is winnowed, to 
drive off a part of the husk, and sifted into five parts, 
viz., the chaff, chaff and rice-flour, broken fragments of 
rice, middlings and smaller grains, and prime. The last 
is the best rice to be obtained from the crop, so far as its 
market value may be a test, but it is not sweeter, or, in 
a nutritive sense, better, than the broken rice, when 
the latter is free from grit and chaff. 

The broken rice, being well dried, may be ground 
into flour of different degrees of fineness; and when 
white rice is selected for this purpose, it is not unfre
quently used to adulterate fine wheaten flour, in order 
to increase the whiteness of the whole, and, the cost of 
broken rice flour not being so great as that of fine 
wheat flour, the operation is a profitable one. 

New rice is regarded as inferior in quality to old, 
inasmuch as it is much less digestible, and likely to 
produce indigestion, diarrhoea and rheumatism. I t 
should not be eaten for at least six months after it has 
been gathered, and some Indian authorities interdict 
its use for three years. 

Whole rice .cooked by boiling in water until it is 
softened throughout is known in almost all parts of the 
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world, but particularly in India, where it is called bhdt ; 
but it is more usual in this country to bake it with 
milk, eggs, and other foods, as rice pudding. 

A food, called Julpaun, is made with parched rice and 
other grain in India ; and parched rice alone is very 
commonly eaten by travellers and labourers, who are 
unable to cook food when it is required. 

Ground rice is not necessarily of the best quality, 
but its value is determined by its colour and thick
ening properties. I t is ground somewhat roughly, 
so that the grains are perceptible and impart a rough 
and dry taste to the food. When mixed with wheaten 
flour and made into bread it gives a dry taste, whilst 
it may increase the whiteness of the food. 

Rice cakes are prepared as small loaves or biscuits, 
and are easily masticated and digested, and being 
usually mixed with sugar and other agreeable sub
stances, are luxurious foods. 

Rice flour is often adulterated with the flour of other 
grains, as maize and wheat, and although the nutritive 
value may be increased thereby, it is desirable to be 
able readily to detect the adulteration. So small an 
admixture as two per cent, may be determined by 
adding a saturated solution of picric acid to equal parts 
of the flour and water, when a precipitate occurs in about 
an hour. There is no precipitate when rice flour only 
is present. 

The chemical composition of an average sample of rice 
is as follows, per cent., besides hydrogen and oxygen:— 

No. 57. 

C. 39 N. 1 

The proximate elements in 100 parts are— 

No. 58. 

Water 13 Nitrogenous 6 3 Starch 79'1 Sugar 0 4 Fat 0*? Salts 0'5 
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According to Frankland's experiments 10 grains of 
ground rice when thoroughly burnt in the body produce 
heat sufficient to raise 9*66 lbs. of water 1° F., which 
is equal to lifting 7,454 lbs. 1 foot high. The effect in 
my experiments of eating 4 ozs. well cooked, was to give 
a maximum increase of carbonic acid in expiration of 
1*9, 1*67, and 1*54 grain per minute in different per
sons, and to increase the quantity of air inspired by 54 
and 96 cubic inches. The rate of pulsation was in
creased, but not that of respiration, and the effect was 
very enduring (No. 95). The addition of 1 ounce of fresh 
butter did not add to the respiratory effect of the rice, 
but the rate of pulsation was increased 9 per minute. 

The time required for the digestion of boiled rice is 
somewhat over an hour, so that it is a very digestible 
food. 

CHAPTER X X i n . 

OATS. 

THIS grain (Avena sativa or orientalis) is grown in com
paratively low temperatures, whether in reference to 
latitude or elevation, as in the Peak of Derbyshire, the 
northern districts of England and Scotland, and gene
rally through the north of Europe, where wheat cannot 
be produced as a remunerative cropu The grain is 
larger and its nutritive qualities greater in the climate 
of Scotland than in England, and in elevated rather 
than in lowland districts generally. 

The husk is particularly hard, so that it is not only 
somewhat difficult to break, but unless it be broken the 
gastric juice cannot act upon the kernel, and it will 
pass through the stomach and bowels undigested. I t 
is also furnished with long sharp spikes, which are apt 
to become fixed in the folds of the intestines and to 



OATS. 167 

accumulate in large masses in the bowels of the horse. 
Hence it is desirable for proper nutrition that it should 
be entirely removed or be so divided that it may 
not prevent the action of the gastric juice and the 
solution of the kernel. This is well known to horse-
keepers, and every prudent man bruises, if not grinds, 
the oats before feeding the horse. 

The proportion of this part of the grain to the kernel 
is one of the measures of the value of the corn, since 
inferior grain has a small kernel and much husk. I t 
is also said to be very nutritious, because it is richer in 
nitrogen than the kernel; but that is a fallacy, since the 
husk can neither be thoroughly masticated nor digested, 
and hence cannot yield up all its nitrogen. This is im
portant when we consider the nutritive value of the 
ground grain, for whatever proportion of the husk may 
remain in the meal the nutritive quality of the food is 
scarcely, if at all, increased. Notwithstanding the 
greater proportion of nitrogen, as there is no known 
method by which the husk may be ground into a very 
fine powder, it should be removed from the meal in the 
dietaries of men, for not only does its weight not repre
sent nutriment, but it acts as an irritant to the bowel, 
and may thereby prevent nutrition. I t is, however, 
very possible to remove the husk as a whole and leave 
the kernel alone, as anyone may prove for himself. 

The husks are used both in Scotland and Wales for 
the preparation of a kind of porridge, by being steeped 
in water for one or two days until they begin to ferment, 
and the mass skimmed and boiled. This is called 
So wans in Scotland, and Succan or Llymru in Wales, 
and when cold it assumes a gelatinous or blanc-mange 
appearance. 

The kernel is really the digestible and nutritive part 
of the oat, and is an exceedingly valuable article of food. 
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The flavour although sweet, is rough,and to be thoroughly 
approved must be eaten in early life, but notwithstanding 
the alleged preference for this food, a Scotchman so 
trained is very apt to exchange oatmeal for white 
wheaten flour on removing to England, and his children 
brought up in England eventually discard it as a daily 
article of diet. 

Oatmeal is known as a strong food and one that 
requires much cooking in order to break its starch cells, 
but when it is well cooked it thickens milk or water 
more than the same weight of wheaten flour. I t also 
yields a jelly or blanc-mange of a firmer quality than 
that derived from wheaten flour, and is doubtless the 
stronger and better food. 

When it is ground in the ordinary way a proportion 
of the husk is left in the meal, but less in meal made 
by millstones than from crushing corn mills. The 
meal is ground in two forms, namely, in somewhat 
large grains as in the Scotch oatmeal, and a fine 
powder as in Derbyshire oatmeal, but either may 
be obtained from the same grain. The Scotch always 
prefer the rough grain, and boil it for a long time ; by 
which they obtain a thicker and sweeter porridge than 
the English, who use a finer meal and boil it for a 
shorter time. The longer it is boiled the more digestible 
is the food produced. 

I t is worthy of remark that the cost of this food has 
increased of late years, while that of other farinaceous 
foods has decreased, not because there is a greater 
demand for it, but a less supply. I t has, in fact, 
changed from a necessary food of a coarse character for 
the use of the poor to a luxury eaten in small quantities 
by all classes, and produced on so small a scale that it 
is not only not a cheap food for the poor man, but being 
dearer than wheaten flour is in many places too costly 
to be obtained by him. 
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Groats are the whole kernel of the oat when freed 
from the husk, and in like manner they are regarded as 
a luxury and not a necessary food, since the expense of 
preparation and the selection of the best and largest 
grain renders them more expensive than their nutri
tive value warrants. They are not eaten in the form 
of bread or cake, but are boiled in water or milk in the 
preparation of gruel ; and if the rough-ground meal 
requires much boiling the whole grain demands still 
more. When thoroughly cooked with milk, they make 
a very nutritious pudding, but as the flavour is far less 
delicate than that of rice they are rarely used for that 
purpose, 

Ground oatmeal is cooked in two principal forms, 
namely, as porridge and cakes. The word ' porridge ' 
in Scotland and the north of England means oatmeal 
boiled well in water, in which state it is known in 
England as hasty pudding, but it is more usual in 
England to boil a smaller portion of it with milk or 
milk and water in the preparation of milk porridge. 
The former kind is eaten as a thick pudding with cold 
milk, into which it is thrown, or it is sweetened with 
treacle, or sugar and butter, as in eating hominy. 

When oatmeal is prepared by simply stirring it in 
boiling water it is called brose, and is still used both 
in the highlands and lowlands of Scotland, but par
ticularly in the bothies. I t is not unusual to find this 
the sole food of the bothy men, with the addition of 
milk, and being prepared so easily is a very convenient 
if not an easily digested food. 

When oatmeal is steeped in water from twenty-four 
to thirty-six hours until it begins to ferment, and is 
then skimmed and boiled to the consistence of gruel, it 
is called budram or mwdran or brwchan in Wales. 
Another Welsh preparation of oatmeal is termed 
bargout. 
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Oat-cakes are made of two degrees of thickness—one 
very thin, as in the Passover cake of the Jews, and 
the other about a quarter of an inch thick. I t is not 
fermented, but soda or carbonate of ammonia are some
times added to levigate it, and it must be well dried to 
preserve it for subsequent use. The Passover cake, being 
very thin, may be thoroughly dried, and will resist the 
action of the atmosphere for an indefinite time, or so 
long as it remains dry; but the ordinary oat-cake, being 
thicker, is rarely dried throughout, and is very apt to 
become so sour that only those who are accustomed to 
its use can eat it. 

No attempt has been made to bake it in large loaves, 
like wheaten bread, and in this it again resembles 
Indian corn, the explanation being the great difficulty 
of thoroughly expanding and rupturing the starch cells, 
and therefore of cooking the meal in that form. If it 
were desirable to make the attempt, it would be better 
to first heat it to a temperature of 200°, taking care to 
stir it frequently, and not to allow it to become too 
dry until most of the cells have been ruptured. This 
process would, if carefully carried out, cause the meal 
to be better cooked in water, and would make it more 
digestible, but it is useless to recommend it wherever 
fine wheaten flour can be obtained. The ultimate 
analysis of oatmeal shows the following constituents, 
besides oxygen and hydrogen, per cent.:— 

No. 59. 

C 40 N. 2 

There are 140 grains of nitrogen and 2,768 grains of 
carbon per pound. 

The proximate elements in 100 parts of oatmeal 
are:— 
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No. 60. 

Water 15 Nitrogenous 12*6 Starch 58-4 Sugar 5*4 Fab 5*6 "Salts 3*0 

The time required for the digestion of oatmeal is 
somewhat greater than that of wheaten flour when 
cooked in the same manner. 

Ten grains of oatmeal, when thoroughly burnt in the 
body, produce sufficient heat to raise 10'1 lbs. of water 
1° F., which is equal to lifting 7,800 lbs. one foot high. 

In my experiments the effect upon the vital functions 
of eating oatmeal was considerable, and very similar to 
that following the use of rice and wheaten bread. Four 
ounces of good Scotch oatmeal, when well cooked as 
porridge with water, gave maxima of increase of 1*63 
grain and 1*32 grain of carbonic acid per minute in 
different persons. The volume of air inspired per 
minute was increased by 55 cubic inches, and the fre
quency of respiration was lessened. The whole effect 
was sustained and very enduring. (No. 95, frontispiece.) 

The chaff of oats is used for the adulteration of 
Indian meal and barley meal, as described at page 161, 
under the term ' Jonathan.' 

CHAPTER XXIV. 

WHEATEN FLOUR AND BREAD. 

W E now proceed to consider the most important vege
table production of temperate climates (Triticum vulgare, 
turgidum and durum)—that upon which the life of man 
in these regions mainly depends. I ts importance rests 
upon several properties, by which it is an acceptable 
and good food for all ages and classes of the people. 
I t is produced abundantly, and cheaply; is easily 
ground and refined, is readily and thoroughly cooked, 
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has a mild flavour which is universally agreeable, and 
contains nearly all the essential elements of nutrition. 
I t is preferable to any of the other great vegetable 
products on which men chiefly live, since it is a far 
more agreeable food than maize, and a more nutri
tious food than rice. I t is probable that the health 
and mental and bodily vigour of the inhabitants of 
temperate climes are more attributable to this food than 
to any other single cause. 

Wheat is of two principal kinds, known as white and 
red wheat; but there are numerous varieties of the plant 
which do not affect the colour of the grain. The red is 
the stronger food, and the grain is usually smaller and 
harder; whilst the white is a large grain, and par
ticularly adapted to the production of fine white flour, 
and to mix with red wheat for the same purpose. The 
red variety is the most widely grown, and in nutriment 
is to be preferred. 

The quality varies not only with the selection of seed 
and cultivation, but with season and climate, so that a 
hot summer and a sunny clime produce grain with 
the least proportion of water and the greatest of 
nitrogen. Hence wheat from Southern Europe, the 
"hores of the Black Sea, and the Steppes of Asia 
:md the Caucasus, is preferred, as is also that of any 
.emperate clime in which the heat of the sun is great 
during the summer months, as in the interior of America 
and Russia. I t does not, however, flourish under a 
tropical sun, or in a high northern latitude. I t is 
grown in India chiefly in the upper provinces and on 
lands at a considerable elevation. The effect of season 
is practically as great as that of climate, and the pro
duct of a hot season is harder and more nitrogenous 
than that of a wet or cold season. 

Hence the art of the miller consists not less in pro-
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perly mixing the kinds of grain to produce the best 
flour, than in well grinding and preparing it for food, 
and offers scope for intelligence and knowledge. 

By the same art, wheat flour is adulterated with rice 
flour, potato starch, plaster of Paris, pea flour, alum, 
sulphate of copper, and other materials which cost less 
than flour, or add to its weight at a cheaper rate. 

Rice, potato starch, and pea flour are readily ascer
tained under the microscope by the form of the granules 
(No. 46); plaster of Paris, by being insoluble when 
the flour has been washed in water and separated for 
analysis; alum, by dipping a slice of bread into a 
watery solution of logwood, when a claret colour will 
be produced if alum be present; and sulphate of cop
per, by the colour of chocolate brown, which is produced 
when prussiate of potash is added to a solution of the 
bread in water. 

Perhaps a more convenient form of applying the log
wood test for alum is to macerate 4 J oz. of logwood chips 
in 8 oz. of spirit for twenty-four hours, and filter. A few 
drops, added to moistened bread or bread-crumb or flour 
in a little water, will show the dark red colour, if alum 
be present. Such a preparation can be made and kept 
ready for use in every house. 

Rice flour, possessing much less nitrogen than wheaten 
flour, lessens the nutritive value of the mixture, and is 
used only when it can be obtained at a cost less than 
that of wheat, or when it is desired to prepare flour 
and bread of extreme whiteness, as French flour, or of 
great dryness and friability, as in rice-cakes. 

Pea flour is added to inferior wheat flour, to give 
strength, by its greater quantity of nitrogen, and is no< 
an injurious addition. Plaster of Paris increases th* 
weight of the flour at a cheap rate, and although it i 
not a poisonous substance, it is not useful to the bod> 
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and is liable to interfere with the proper action of the 
bowels, so that its use is very reprehensible. Alum is 
added to give strength to the flour, not in the sense 
already mentioned by supplying nitrogen as an im
portant food, but to enable the flour to absorb a larger 
quantity of water, and to produce a greater weight 
of bread from a given weight. I t is extremely likely 
to produce indigestion; but if employed in very small 
proportions, it might be usefnl when the flour is of 
inferior quality, as the result of a cold and wet season, 
or of sprouting, and in that proportion might not be 
injurious to health. The usual extent of adulteration 
varies from ten to thirty or forty grains in the 4 lb. loaf. 
A mixture of potato starch and boiled rice is added to 
enable the flour to take up more water, (so that five 
additional loaves may be sometimes made from a sack of 
flour,) and the bread remains moist for a longer time-
Sulphate of copper is said to be used very frequently to 
give increased whiteness to the bread. 

The bran of wheat is of value in the nourishment of 
both man and the inferior animals, and its real merits 
are better appreciated now than at any previous period. 
I t cannot be detached entire, but in the process of 
grinding it is broken up into scales of various sizes and 
qualities. The inner part is called cerealin, and acts 
like diastase in the conversion of starchy food into 
sugar, and is therefore an aid to digestion. The several 
layers become thinner and whiter as they approach the 
kernel, and when broken up in the process of grinding 
receive different names, and obtain different prices in 
the market. These are as follows, besides the fine and 
second flour:— 

1. Tails or tippings, in the proportion of about 2 per cent. 
2. Sharps, in the proportion of about 3 per cent, selling at 2s. a bnsheL 
3. Fine pollards, in the proportion of about 3 per cent., selling at 1*. a busheL 
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4. Coarse pollards, in the proportion of about 4 to 6 per cent., selling at 
lOd. a bushel. 

5. Bran, in the proportion of about 5 to 10 per cent.,.selling at 9d. a bushel. 

The market price is, in a rough way, a measure of 
the nutritive value of these layers, for their properties 
have been well tested in feeding the inferior animals, 
and it increases as we proceed from without inwards. 

The outside layer, or coarse bran, is the least nutri
tious, and as the exterior is covered with a layer of silica, 
it is so far indigestible, and remains as a foreign 
body in the bowel, setting up irritation or diarrhoea. 
Hence, its nutritive value in this form is limited to the 
starch and gluten which lie on its inner side; but if it 
irritate the bowel, it may be removed before these have 
been digested, and in its removal carry away other 
nutritive material, and rather lessen than increase 
nutrition. This laxative quality may be medicinal, but 
it is not nutritious, and may be more useful in one form 
than in another, and at one time than at another. That 
it can add directly to nutrition is impossible; and whilst 
it may be very useful to those who are well fed and need 
a laxative, it may be worse than useless to the ill fed 
who need nourishment. 

Years ago in England, as now in India, this part of the 
skin was left in the flour (thence called brown or batch 
flour), so as to enable the whole to be sold at a lower rate 
than fine flour, for the use of the poor; but the dis
advantage of its use was insisted upon by me, in 1864, 
at the Society of Arts, when treating on the dietaries of 
the poor and the compulsory dietaries of prisoners and 
paupers, and it was shown that the discarding of it by 
the poor in favour of a finer flour was based on sound 
experience of its nutritive value. I t was also shown, in 
my Report to the Privy Council in 1863, on the dietary 
of low-fed populations, tha t as bread was more agree-
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able without it, the children of the poor were con
tent to eat it dry when they would have been disgusted 
with dry brown bread, or would have required treacle, 
or some savoury and expensive addition, to induce them 
to eat it. Thus, it was shown that white bread is now 
the poor man's food; and it may be repeated, in illus
tration of the contradictory course of events, that brown 
bread has become a luxury—the luxury of the rich man, 
and too dear for the use of the poor. 

These facts having been strongly insisted upon, 
attempts have been made to remove the objection 
to use it. This has been effected by grinding it very 
finely, and we believe it has been effectual, not only 
in preventing the mechanical irritation of the bowels; 
but in so exposing the particles to the action of the 
gastric juices that the stomach appropriates nearly all 
the nutritive matter. 

There are two reasons for regarding this change with 
favour—the lower price of the bran as compared with 
that of the kernel, and the greater proportion of 
nitrogen in the bran. The value of the former will 
depend upon the usefulness of the latter, and it is there
fore very desirable to prove that the bran in this finely 
divided state is readily digested. The proof is still 
wanting, and I think we are only entitled to affirm that 
a much larger portion of it can be digested than of the 
whole bran; but the woody fibre and the silica will pro
bably remain undigested. Hence, this partial advantage 
may be counterbalanced by the increased cost of 
grinding, and also by the increased value which would 
be given to the bran in the market. 

There is but little of the inner scales which cannot 
be employed in nourishing the body; and, as they 
contain a larger proportion of gluten, in relation to 
the starch, than is found in the kernel, as well as the 
valuable ferment, called cerealin, thev should be desir-
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able additions to the flour, so far as their nitrogenous 
element is concerned. The flavour, however, of these 
layers is far inferior to that of the kernel, and dimi
nishes rather than enhances the value of the flour. 

I t is now very unusual to eat the grain of wheat in 
its entire form, but it was long employed in the prepa
ration of frumity, or furmenty, either for daily use, 
or to celebrate the harvest-home. I t is prepared by 
steeping the new wheat in water, and placing the pan 
in an oven, where it may be kept at a temperature of 
100° to 120° F. for eighteen to thirty-six hours, when 
the grain will have swollen and ruptured its skin, and 
at the same time, the kernel will be softened, and the 
saccharine process will have commenced. I t is then 
ready to be boiled with milk, and, when spiced and 
sweetened with sugar, is a preparation of delicious 
flavour, but it is indigestible, so far as regards the 
whole wheat and the husk, which will ultimately pass 
off by the bowel* And it could not be used constantly as 
an article of food. 

In the middle ages this old English food was called 
frumity, frumetye, furmenty, furmenti, and formenty; 
and, in the fourteenth century, was prepared according 
to the following recipe:— 

' Nym (take) clene Wete and bray it in a morter wel that 
the holys (hulls) gon al of & sethe yt til it breste, and nym 
yt up and lat it Kele (cool), and nym fayre fresh broth and 
Swete Mylk of Almandys or Swete My Ik of Kyne & temper 
yt al, and nym the Yolkys of eyryn (eggs) . boyle it a 
lityl, and set yt ad on and Messe yt forth e wyth fat Venyson & 
fresh Moton.' 

In other recipes it is prepared with porpoise, instead 
of venison and mutton. 

The Arabs of Syria boil it with leaven, and after
wards dry it in the sun, and eat it with butter or oil. 

N 
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They call it Burgoul, and when thus dried it may be 
kept good for years. At other times they grind the 
wheat very coarsely and boil it in water, after which it 
is eaten with butter or milk. 

In the grinding of wheat by the miller the grain is 
passed over a series of sieves, by which the parts of it 
which are large are ultimately removed from those which 
are more finely ground. The finest white flour is de
rived chiefly from the central parts of the kernel, and 
is known as the finest biscuit flour, whilst all the 
succeeding portions vary in colour and fineness accord
ing to the degree of admixture of the different layers 
or coats of the skin. Hence the cost of the finest flour 
must be greatly enhanced, both by the small proportion 
of it, and the skill and material required to prepare 
it. I t has therefore a value in its very whiteness and 
so-called purity and rari ty; but let us further enquire 
into the true nutritive value of this and other qualities 
of flour. 

We will assume that all are made from the same 
grain, and therefore that there is one standard of 
quality common to all. The finest flour has lost, as we 
may suppose, every trace of the skin, and is truly the 
kernel only. I t is therefore composed of starch in the 
starch cells, and of the glutinous matters in the cell 
walls and intervening structures with certain mineral 
matters which are associated with them. So far as 
starchy or heat-giving matter is concerned, it is supe
rior to any other quality of flour. The other qualities 
vary only in the proportion of the layers of the skin 
•which they contain ; and as they possess a larger pro
portion of gluten and other nitrogenous materials with 
phosphoric acid and various salts, by so much does the 
flour contain less starch and more of the flesh-forming 
and other nutrient principles. Hence prima facie the 
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latter qualities are preferable to the first if the nutritive 
quality and not the flavour be the test. Subject to the 
removal of so much of the skin of the wheat as would, 
if present, colour or deteriorate the flavour of the flour 
in a marked degree, the so-called inferior qualities 
are to be preferred by the poor and by those who 
would obtain nourishment at the least proportionate 
cost. 

I t may be convenient to state, in a summary manner, 
the nitrogenous and mineral matters which are found 
in the whole grain of wheat and in its several parts. 

Thus the gluten or chief nitrogenous principle varies 
from 10*5 in English to 11*5 in Virginia, 13*5 in New 
Orleans and Dantzig, and even to 15 per cent, in Black 
Sea wheat in good seasons, which is nearly one-half 
more than that produced in our climate. 

The increased proportion of gluten and salts in the 
husk, as compared with the kernel, is very striking. 
Thus, whilst the nitrogen is 1*7 and salts 0*7 per cent. 
in fine flour, the following proportions are found in the 
different layers of the husk:— 

No. 61. 
Ni 

Bran 
Coarse pollard 
Fine pollard 
Coarse sharps 
Fine sharps 

Hence I have no doubt that a good seconds flour is 
the cheapest and most nutritious, if not the most 
digestible of the series, and that when thirds are pro
duced, or even when the bran is ground to a fine 
powder and added to the flour, the actual amount of 
nutritive matter which the stomach can extract is 
probably less than with the seconds, whilst its flavour 
does not recommend it to either the poor or rich. 

N 2 

Nitrogen 
. 2 3 per cent. 
. 2-4 
. 2 4 
. 2 5 
. 2 2 

5» 

>J 

i) 

>» 

Salts 
7 per ceDt. 
6-5 „ 
5 5 „ 
3 8 „ 
19 „ 
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There is, however, a mode of grinding the whole 
grain, by Mr. Hart 's process, so as to leave it in small 
masses, instead of reducing it to an impalpable powder, 
which gives a peculiarity, if not advantage, to the bread 
produced from it, and by which it may be among wheat 
flours that which Scotch oatmeal is in the kinds of oat
meal. I have eaten it with enjoyment, but the flavour 
is rough and somewhat coarse, and it would not be 
eaten, except as a luxury by the wealthier classes. 
Ladies generally object to it, until they have by habit 
acquired a new taste. 

The importance of the subject has stimulated in
ventors to give more variety, sweetness, or economy 
to this product. Mr. McDougall has, with the same 
view, prepared an addition of phosphates, by which he 
assumes that he has added an important element. 
This was suggested by the presence of that material 
in the bran of wheat, as well as by the known value of 
the phosphates in supplying material against brain-waste, 
and I think it very probable that it is based on truth. 

Comparisons of flour prepared by different processes 
are open to great fallacy, since different parcels of the 
grain vary considerably in the proportion of nitrogen, 
whilst flour varies hi the proportion of husk which is 
allowed to remain in it, and both circumstances may occur 
quite irrespective of the particular process employed. 

The following are said to be analyses by Dr. Crace 
Calvert of the kinds of London flour, namely, the 
ordinary seconds flour and Hart 's whole-meal flour:— 

No. 62. 

Water 
Starch 
Gluten and albumen 
Sugar, gum and oil 
Vegetable fibre . 
Mineral oils 

Seconds 
. 1473 

65-48 
10-31 
701 
1-43 
1-04 

per cent. 
>> 
>» 
>> 
»l 

>» 

Hart's Meal 
14-33 
4827 
1987 
4-01 

11-86 
1-66 

per cent. 
>> 
»» 
>• 
»» 
>» 



WHEATEN FLOUR AND BREAD. 181 

Ln Hart 's meal there is the indigestible vegetable 
fibre of the husk to the extent of nearly 12 per cent., 
which is nearly 10^ per cent, more than in the seconds 
flour, and replaces the more nutritious starch of the 
latter. There is a much greater proportion of nitro
genous elements in the former than in the latter, 
due to the presence of the inner layers of the husk 
and to the better quality of the flour submitted to 
analysis. 

Mr. Har t sees an advantage in the presence of the 
indigestible fibre on the ground that it gives volume to 
the faeces, but if it be so, ' Jonathan ' would be cheaper 
and as effectual. 

The ultimate composition of good seconds flour is as 
follows, besides oxygen and hydrogen, per cent.:— 

No. 63. 
C. 38 N. 1-72 

The proximate composition is in 100 parts :— 
Water 15 Albuminous and allied substances 10*8 Starch 663 

Sugar 4-2 Fat 2 Salts 17 

The quantity of carbon and nitrogen which is con
tained in 1 lb. of flour is 2,656 and 120 grains. 

Ten grains of wheaten flour when thoroughly burnt 
in the body produce sufficient heat to raise 9*87 lbs. of 
water 1° F., which is equal to lifting 7,623 lbs. 1 foot 
high. 

CHAPTEE XXV. 

WHEATEN BREAD, BISCUITS, AND PUDDINGS. 

THE most important use of wheat flour is in the manu
facture of bread. 

The mode of preparation of bread is essentially the 
same everywhere. I t consists in the gradual but 
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thorough admixture of flour, water, and salt in proper 
proportions so as to produce dough, which is sub
sequently placed in a heated oven until sufficiently 
baked. 

The water employed is somewhat warmed, and, in 
preparing some fancy kinds of bread, milk is wholly or 
partially substituted for it. The use of the water is to 
cause the expansion of the starch cells and to give a 
convenient and agreeable consistence to the bread after 
it has been baked. Salt is used as a condiment, and 
supplies the hydrochloric acid and soda which are 
insufficiently provided by natural foods. Heat is re
quired to cause the rupture of the starch cells and to 
promote the rapid evaporation of superfluous water. 
Hence the action of these agencies on the flour is 
physical and not chemical, or, if chemical, only in a 
slight degree. 

When loaves of bread are required it is needful to 
lighten the mass of dough by the introduction of air or 
other gas, so that it may assume a spongy character, 
and be readily broken up by the teeth when baked. 
This has usually been effected by fermentation set up in 
the dough on the introduction of yeast, when the starch 
being partially converted into sugar or diastase, car
bonic acid gas is eliminated and dispersed through the 
mass. When the admixture of yeast and flour has 
been perfectly accomplished, the action of fermentation 
is set up equally in all parts, and the mass is permeated 
throughout by small bubbles of a tolerably uniform 
size; but when the yeast has not been well mixed with 
the flour, there is an accumulation of gas in the parts 
exposed to its action, which disfigures the bread by large 
vacuities, whilst there is little or no action elsewhere. 
The process requires a certain time for its completion, 
but it is stimulated by heat, so that it is customary to 
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place the mixture in a warm place and to add the luke
warm water containing the yeast little by little to the 
flour. Hence this action is chemical and causes a loss 
of a portion of the nutritive parts of the flour. 

The introduction of the German yeast has been of 
great service in the preparation of home-made bread, 
because it may be purchased daily and rarely fails to 
produce good fermentation. 

Brewers' yeast is attainable in country villages only 
at irregular periods and will not keep good for more 
than a day or two ; but it has recently been ascertained 
that if it be made into a thick syrup with sugar, it may 
be kept for weeks or months. The same process may 
be carried on with even better effect with German yeast, 
since it contains much less water. 

A successful effort has been made to obviate the 
waste of nutriment by pumping carbonic acid gas into 
the dough and thus to make it as light as when acted 
upon by fermentation. This is known as Dr. Dauglish's 
process, and the method has been so perfected that the 
whole dough is evenly permeated by the air in the 
course of a few minutes, and a very uniform aspect 
given to the bread. 

The gas is supplied in the water to the dough thus : 
—There are two strong iron vessels each capable of 
sustaining a pressure of 120 lbs. on the square inch, of 
which one is the mixer and the other the water vessel 
containing water to be charged by compression with 
the gas. The mixer receives the flour, and being fur
nished with arms is ready to mix it with the water. 
Water containing a proportion of common salt having 
been introduced into the water vessel is charged with 
the gas under great pressure until a proper quantity of 
gas has been absorbed. The communication is then 
opened between the two vessels, and the charged water 
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is admitted to the mixer whilst at the same time the 
arms of the mixer are set in motion and the water and 
flour are rapidly mixed together. During this part of 
the process the gas not actually in solution becomes 
liberated from the water and permeates the bread, whilst 
the prepared dough is squirted out of the mixer and 
made into loaves for the oven. 

This process is, I think, the greatest improvement oi 
our time in the manufacture of bread, for it leaves the 
chemical constituents of the flour intact, and there is 
not only a greater proportion of bread produced by it, 
but none of that which remains has been deteriorated 
by chemical decomposition. I t is of course very 
desirable that the gas thus introduced should be 
pure. 

The same effect is produced by yet another method, 
viz., the introduction of a gas-generating mixture into 
the dough. Thus, if carbonate of soda be well mixed 
with the flour in its dry state, and tartaric acid or weak 
hydrochloric acid added to the water, the incorporation 
of the two will be accompanied by the union of the 
two chemical substances and evolution of gas. There 
are, however, two disadvantages in this procedure 
which prevent its general use, viz., the uncertainty as 
to the uniform distribution of the chemicals and the 
retention of the tartrate of soda in the bread. The 
former mav lead to an uneven levi^ation of the bread, 
by which parts of the mass would be comparatively 
sodden or tough, or there may be lumps of the 
chemicals in various parts, which give a slightly yellow 
colour and a disagreeable flavour. The tartrate of soda 
is not usually injurious to health, but it is not required 
by the system, and does not improve the flavour of 
bread. Moreover, if the mass thus levigated be not 
baked with sufficient rapidity, or if it be over-baked, the 
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gas will escape, and the bread will be less light than is 
desirable. 

When it is desired to add anything to the bread, as, 
for example, the phosphates of soda, in McDougalFs 
process before mentioned, it is mixed with the flour or 
dissolved in the water, or sea water may be used. 

The method of mixing the ingredients to make the 
dough was formerly by hand in small bakings, and by 
treading the mass with the feet in large ones, but the 
invention of Mr. Stevens has provided an apparatus by 
which the dough is mixed by curved iron levers, which 
move the mass in a concentric manner when the axle is 
rotated. This process is free from objection on the 
score of uncleanliness and is very expeditious. 

Thus the process of bread making is complete when 
the starch cells have been ruptured and the mass ren
dered capable of eas\ and agreeable mastication; and 
it is not essential that there should be any chemical 
change in the flour itself. The degree, however, in 
which these results occur may vary with the wish of 
the operator. To produce a very light bread the 
mass must be more completely permeated by the air or 
gas, and if this be effected by fermentation, a much 
larger proportion of the starch will be destroyed in the 
operations; or the bread may be highly baked, and 
both these conditions are more commonly found in the 
long bread of the Continental than in the thick loaves 
of the English people. The economical aspect of this 
question is evident, but the process may not materially 
interfere with the digestibility of the bread, for in 
either case it may be capable of ready mastication. 

If, however, the bread contain too much water, it 
may not only be less agreeable to the taste, but less 
capable of being masticated and digested ; or if it be 
over baked it may have lost much of its nutritive 
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value, and also be less capable of ready mastication. 
English bread is moister than French, but it should 
be always so dry as to crumble between the fingers, 
and it is usually more friable than the French bread. 
The art of baking consists both in the due preparation 
of the dough and the degree of moisture which should 
remain in the bread. 

These conditions materially affect the weight of 
bread to be obtained from a given weight of flour, but, 
it must be added, that according to the quality of the 
flour will be the weight of water which it will take up 
and retain in the process. Flour produced from wheat 
of the finest quality, and in hot summers, or in hot 
countries, takes up much water, and is known as strong 
flour, the strength being due to the larger amount of 
nitrogenous elements which it possesses; but sprouted 
corn, or the produce of cold climates and cold summers, 
yields flour of the contrary tendency. 

Moreover, of the different kinds of flour produced 
from the same wheat, the finest will absorb the greatest 
quantity of water, and produce the greatest weight of 
bread. This increase is, however, due to the water, 
and so far the economy of the operation is only 
apparent; but if the wheat itself be of the finest quality, 
there will be also a substantial advantage. 

When good seconds flour is used, as is ordinarily the 
case in England, and the bread is baked in the usual 
degree, 14 lbs. of flour will produce 19 lbs. or 19J lbs. of 
bread, or a sack of 250 lbs. produces 95 four-pound 
loaves, or even more; but if with the same degree of 
baking the finest flour derived from the finest wheat be 
employed, the weight of bread will be 1 lb. per peck 
or stone more. When the baking is carried to the 
usual degree observed in French bread, the quantity 
from 14 lbs. of the finest flour will be not more, but 



WHEATEN BREAD, BISCUITS, AND PUDDINGS. 187 

frequently less, than that from the seconds flour when 
made into English bread; but whether 18 lbs. of French 
bread will contain as much nutriment as 20 lbs. of 
English bread will also depend upon the degree to 
which the process of fermentation was carried. Where 
neither real nor apparent economy is of essential 
moment, it is certainly desirable to select the finest 
flour and to bake the bread well; but when bread is 
baked for the market, or when a loaf must be cut 
up into a given number of rations, it will be more pro
fitable to use seconds flour of moderate quality, and to 
rather under than over bake it. 

When bread is baked in very small cakes, it is usual 
to levigate it by adding carbonate of soda or ammonia, 
but although this will lighten the mass it will not im
prove the flavour of the cake. The varieties of bread 
made as cakes are almost infinite, and not unfrequently 
milk and other foods are added which increase its 
flavour and richness. 

There is an impression that newly-made bread is less 
digestible and healthful than that which has been kept 
for a certain time, and when this is so, it is not due to 
any difference in composition, but to a degree of tough
ness which renders the bread less capable of mastica
tion, whilst after bread has been kept for a short time 
it has lost some of its water and is more friable. I t 
varies, however, with the quality of the wheat and the 
mode of preparation. Bread made from unsound 
wheat is always more difficult to masticate than 
from good wheat, and the better the flour the more 
easily may the bread be masticated. When bread is 
made with yeast, and particularly if the process of fer
mentation have been insufficient, the difficulty of masti
cation will be greater than when it is aerated or made 
' shor t ' by the addition of milk or baking powder. 
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The mode of manufacture has no doubt caused a 
change in this respect, for formerly country and home
made bread was improved by being kept a few days, 
whilst the baker's bread of the present day need not be 
kept longer than one day. 

I t is probable that new and hot bread is eaten rapidly 
and with less mastication than old bread, and is con
sequently swallowed in lumps, so that the saliva, which 
is the transforming agent, has not acted upon the 
whole mass. In such a case the bread will lie in the 
stomach unchanged for an unusual time. 

The preparation of biscuits is now a very important 
trade, and the variety of the articles renders the manu
facture a very interesting process. Huntley and 
Palmer's manufactory at Heading may be quoted as an 
example of variety, and well repays a visit; whilst the 
great ship biscuit factories in our dockyards show the 
simple process on a very large scale. 

These are for the most part unleavened, and must be 
baked in thin masses, and highly dried, so that they 
may be broken by the teeth in mastication, and be 
fitted to resist atmospheric changes for years if kept dry. 
When, however, they are exposed to damp air or to the 
action of water, they lose their brittleness and become 
mouldy, so that it is usual to carefully enclose them in 
tins or well-made casks for use in distant countries. 

The process of preparation is yet more simple than 
that of bread, since it is needful only to well mix the 
flour with the water or milk, and to add salt, butter, 
sugar, and any other flavouring or colouring matter 
that may be desired, until a dough of sufficient con
sistency shall have been produced. This is collected 
in receivers and put through a series of rollers to be 
reduced to the proper thickness, after which it is cut 
by machines into the desired sizes and forms, and is 
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either baked in tins or passed through ovens on an end
less band until sufficiently dried. 

The fancy kinds of biscuits require special manipu
lation, in order to add the decorations, and this is done 
with great rapidity upon the cut paste before being 
passed through the oven. 

The various kinds having been thus prepared, are 
mixed in certain proportions, or retained separately, to 
be packed in tins or casks. 

The fancy kinds- are eaten as luxuries in health, but, 
in the feebleness of disease, are often of great value, 
and may be strictly necessaries. The ordinary kinds 
are very convenient foods, as to carriage and keeping, 
and contain a much larger proportion of nutriment than 
the same weight of bread; but they are more difficult 
to masticate, and, by reason of their dryness, more 
difficult to digest when eaten. I t is desirable that the 
process of mastication should be perfect, and that there 
should be plenty of fluid in the stomach to ensure their 
rapid solution. Hence, notwithstanding their nutritive 
value, plain biscuits are not preferred to good bread, 
and although they may be necessaries they are not 
luxuries. 

The other chief uses of wheaten flour are in the 
preparation of puddings and pastry. When flour is 
sprinkled into boiling water, and boiled for a time, 
the cells of starch become ruptured, and an agreeable 
hasty-pudding is made. This is usually eaten hot, with 
butter and sugar, or milk; but it should be well boiled 
and well stirred during the process, both to complete 
the rupture of the cells and to prevent the burning of 
the substance. 

I t is customary in Somersetshire to make dumplings 
of unleavened dough of thinner consistence than for 
the manufacture of bread; and, strange to say, the 
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people like them. In other parts of the country the 
dough is leavened, and if the dumpling be boiled care-
fully, it remains light. In neither case is the food very 
easy of mastication and digestion, for it is tough and 
not easily broken up by the teeth; but the latter is to 
be preferred. 

I t is, however, far more common to mix the flour 
with fat when making puddings, pie crusts, or pastry, 
either with or without the addition of soda or ammonia. 
Where suet is added, it is usually cut into very small 
pieces, and lightly mixed with the flour, so that the two 
are rather mixed than incorporated, and such a compo
sition is agreeable, and readily masticated and digested. 
When lard, butter, or dripping is added in the prepa
ration of pastry, it is usually closely incorporated, not 
only by kneading but by rolling the dough, and ulti
mately there are many layers in one crust. Such a 
crust, when baked, is easily broken to pieces, but not 
easily pulverised or ground into a pulpy mass by the 
teeth, and the eater very commonly swallows flakes of 
a comparatively large size. Thus there is a mechanical 
cause for the indigestibility of pastry; but there is also 
a chemical cause, viz., the imperfect application of the 
saliva to the starchy matter when enveloped in fat, by 
which the first step in the conversion of starch into 
sugar is prevented. From these two proceed the evil 
results so frequently experienced. Hence, very rich 
crusts are not desirable, and when they are eaten should 
be very patiently and thoroughly masticated. 

The preparation of macaroni, from fine wheat flour, 
requires a notice. I t is now, as it has been for ages, 
a chief food of the inhabitants of Naples and Southern 
Italy, and is prepared simply by selecting the finest 
flour, making it into a very thin paste, and gently 
.drying or baking it, so that it may keep good for future 
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use. Various pates used in soup are made from the 
same kind of paste. 

I t appears tha t in the fourteenth century we had 
acquired a knowledge of this food, as is shown by the 
following recipe for macaroni au gratin:— 

'MACCOEOS. 
1 Take and make a thynne foyle of dowh, and Kerve it on 

peces and cast hem on boillyng wat and Seethe it wele. take 
chese & grate it and butt caste bynethen and above as losyns, 
and sue forth.' 

The ultimate chemical composition of English bread, 
made from good seconds flour, is, besides oxygen and 
hydrogen, per cent.:— 

No. 64. 
C. 28-5 N. 1-29 

The proximate elements in 100 parts are:— 
Water 37 Albuminous and allied substances 8*1 Starch 47'4 

Sugar 36 Fat. 1-6 Salts 23 

The quantity of nitrogen and carbon in 1 lb. of bread 
baked in the ordinary English manner is 92 and 1,968 
grains. 

The time required for the digestion of bread is 3^ to 
4 hours. Ten grains of dryish bread, when burnt in the 
body, produce sufficient heat to raise 5*52 lbs. of water 
1° F., which is equal to lifting 4,263 lbs. one foot high. 

The effect of eating 4 oz. of white home-made wheaten 
bread was to give maxima of increase in the quantity 
of carbonic acid evolved of 1*48 grain and 2*4 grains per 
minute on different persons. The quantity of air inspired 
was increased by 60 cubic inches per minute. The in
fluence was very enduring. (No. 95, frontispiece.) 

The law of this country inflicts penalties for the adul
teration of bread, and prescribes that when ordinary 
bread is sold over the counter it shall be sold by weight, 
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so that a quartern loaf shal] weigh 4 lbs., and half a 
quartern loaf 2 lbs.; and the price of the loaf varies only 
with the price of flour. 

This subject has always attracted the attention of 
Governments, so that in the reign of Edward IY. we 
find it stated that the Lord Mayor ' did sharpe correc
tion upon bakers for making bread otherwise than of 
floure and light of weight, and caused divers of them 
to be put in the pillory.' 

At a later period the assize of bread by the Court 
of Mayor and Aldermen of London prescribed the weight 
and price of bread, as shown in the following precept, 
copied from a Bill of Mortality, No. 28, London, Tues
day, the 27th day of June, 1775 :— 

* WILKES, Mayor. 

The Assize of Bread, set forth this 13th day of 
* London, June, 1775, by order of the Court of Mayor and 

to wit. Aldermen of the said city, to commence and take 
_ place on Thursday next, and to be observed and 

kept until the further order of the Lord Mayor of the said 
city, or the said Court of Mayor and Aldermen, by all persons 
who shall make, or bake for sale, any bread within the juris
diction of the said Court of Mayor and Aldermen, that is to sa v. 

The penny loaf, or two half-penny f Wheaten 
loaves, to weigh . . . \ Household 

The two-pe„„y loaf . . . { * £ d 

The t W p e n n y loaf . . . { ^ h o l d 

To be sold for:— 

lb. oz. dr. 

The peek loaf, to weigh) 17 6 o { ™ ^ 

The half-peck loaf . ) 8 11 0 {n^utehold 

The partem loaf . } * 5 S { g ^ 

lb. 
0 
0 
1 
1 
1 
2 

s. 
2 
2 
1 
1 
0 
0 

oz 
8 

11 
1 
< 

10 
2 

d. 
8 
0 
4 
0 
8 
6 

dr. 
11 
9 
6 
3 
1 

12 

/• 
0 
0 
0 
0 
0 
0 



WHEATEN BREAD, BISCUITS, AND PUDDINGS. i 9 3 

NOTE.—All loaves, if complained of, must be weighed before 
a magistrate within twenty-four hours after baking, or ex
posing thereof to sale, and must be according to the respective 
weights in the above table. 

Sixteen drachms make an ounce, and sixteen ounces a 
pound. 

ITEM.—It is hereby ordered and appointed that no person 
within the jurisdiction aforesaid shall, after Wednesday next, 
until the further order of the Lord Mayor, or of the said Court 
of Mayor and Aldermen, make, or bake for sale, or sell or 
expose to or for sale within the jurisdiction aforesaid, any 
half-quartern loaves. 

And the better to distinguish and ascertain the two sorts of 
bread hereby ordered to be made, one from the other, there 
is to be imprinted and marked on every loaf of bread which 
shall be made, sold, carried out, or exposed to or for sale 
within the jurisdiction aforesaid as wheaten bread, a large 
Roman W ; and on every loaf of bread which shall be made, 
sold, carried out, or exposed to or for sale within the jurisdic
tion aforesaid, as household bread, a large Roman H. And 
the penalty for every omission is twenty shillings. 

R. I. X. 

The price of salt, set by order of the Court of Lord Mayor 
and Aldermen, dated the 21st of October, 1735, is five shillings 
the bushel, 56 lbs. to the bushel, and so in proportion for any 
lesser quantity; and whosoever shall sell at a higher price, or 
shall refuse to sell at the price aforesaid, forfeits five pounds.' 

CHAPTER XXVI. 

BARLEY, MASLIN AND RYE—SCOTCH AND PEARL 
BARLEY— GL UTEN. 

BARLEY (Hordeum) is now rarely used in th is country 
for t h e preparat ion of solid food, bu t is chiefly devoted 
to t h e preparat ion of mal t and the manufacture, of ales 

o 



194 NITROGENOUS VEGETABLE FOODS. 

and spirits. I t is, however, eaten as bread in certain 
parts of South Wales and in the Northern Counties, 
and is sometimes added to wheat flour in making brown 
bread. I t is also largely eaten, and is still the ordinary 
farinaceous food of the peasantry and soldiers in certain 
parts of the Continent, and in parts of India and other 
Eastern countries. 

When used whole as food it is first parched, as in 
many districts of India, and was so given by Boaz to 
Ruth, and referred to at a yet earlier period. Mrs. Finn 
writes from Palestine:—' I t is still usual for reapers, 
during barley harvest, to take bunches of the half 
ripe wheat, and singe or parch it over a fire of thorns. 
The milk being still in the grain it is very sweet, and 
is considered a delicacy.' When baked into bread it 
has a brown colour, and although rough it has a 
sweetness and a moist consistence which are not dis
agreeable. I t is sometimes adulterated with (Jonathan.' 

The composition of barley-meal is as follows, in 100 
parts :— 

No. 55. 

Water 15 Albuminous and allied substances 6*3 Starch 694 
Sugar 49 Eat 2*4 Salts 2-0 

The quantity of carbon and nitrogen in 1 lb. of barley-
meal is carbon 2,500 grains, nitrogen 68 grains. 

Hence it is not equal in nutritive value to wheaten 
bread, but its cost being less it is possible to obtain 
more nutriment from that source for a given sum 
than from wheaten bread. As, however, there is. good 
reason to believe that a larger proportion passes off by 
the bowel undigested, it may be really a less economical 
food. When it is added in small quantity to the 
whole-meal bread made of wheat, it certainly keeps the 
bread moist, and improves the flavour. 

The special quality which it possesses is its ready 
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conversion into saccharine matter in the process of 
malting, as will be described in the chapter on beer, 
while it is also well fitted to produce alcoholic spirit 
and other elements of ale. 

The German Weiss-bier is made from a mixture of 
wheat and barley. 

A mixture of barley meal and wheat flour is in very 
general use among the poorer (not the poorest) classes 
in India, the proportion of each being equal, as at 
Gonda, or one-quarter barley meal and three-quarters 
wheat flour as at Bareilly, or one-seventh barley meal 
and six-sevenths wheat flour as in Meerut, and often
times the husks of both grains remain in the meal. 

Scotch and pearl barley appear to be very different 
foods from ordinary barley, and in fact they are used 
rather as rice than barley. They are never made into 
meal or bread, but are used whole in puddings, and seem 
from their flavour and thickening properties to occupy 
a position between wheat and rice. They are, however, 
prepared from one of the species of barley by the 
removal of the husk, as in the instance of the Scotch 
barley, and by further polishing and rounding, as in 
the pearl barley. They are much approved as a farina
ceous and mucilaginous ingredient in puddings, and 
when prepared with new milk and flavoured with sugar, 
if not spices, produce a delicate and delicious food. 

The ultimate chemical composition is as follows* 
besides oxygen and hydrogen, per cent.:— 

No. 66. 
C. 38 N. 1-3 

The quantity of carbon and nitrogen in one pound is 
2,656 and 91 grains. 

The time required for their digestion when boiled is 
twice that of rice, viz., two hours, but less than that of 
wheat. 

o 2 
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Maslin is a mixed product grown in Yorkshire and 
other northern districts of England, and is composed of 
two or three parts of wheat and one part of rye ; but it 
is not very extensively used at the present time. 
Neither rye nor barley is preferred to wheat in the 
production of bread, for the colour of the bread is less 
white and the flavour is rougher than that of white 
wheaten bread. Moreover, as rye is inferior to wheat 
in nutritive elements the mixed product is less valuable 
than wheaten flour alone, so that it is onlv as an inferior 
food selling at a lower price than wheat that it is 
accepted. At the same time the admixture of rye with 
wheat is not disagreeable as a change of food, and bread 
prepared from maslin is more agreeable, if not more 
nutritious, than that from thirds or fourths wheaten 
flour. 

Rye (Secale cereale) is grown on light soils in various 
parts of the country; but chiefly in the north of England. 
I t is, however, a product of less importance now than 
formerly, since bread is rarely if ever made in England 
from rye flour alone, and when it is used it is mixed 
with wheaten flour. I t is inferior to wheaten flour in 
nutritive properties, flavour and digestibility, but it is 
still used in some parts of the Continent and particu
larly in Russia. 

The Russians also use this grain for the preparation 
of a fermented liquor called Quass. 

The following is the composition of rye meal in 100 
parts :— 

No. 67. 
Water 150 Nitrogenous 80 Starch 69*5 Sugar 3*7 Fat 20 

Salts 1-8 

There are 2,660 grains of carbon and 86 grains of 
nitrogen in 1 lb. of the meal. 

A diseased state of this grain is the well-known and 
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highly poisonous ergot of rye (Secale cornutum), by 
which many persons have been poisoned. I t is a valu
able medicine, but when taken incautiously produces 
convulsions and gangrene. 

GLUTEN. 

This is a most important part of food, and represents 
the nitrogenous element of grain to an extent varying 
from nine to sixteen per cent. I t may be obtained by 
washing the flour of wheat or any other grain until all 
the starch has been removed, when it is a tenacious 
colourless substance, known in ancient times as birdlime 
and used for catching birds. I t can scarcely be regarded 
in this state as a food, since it is not agreeable, neither 
can it be entirely masticated. As-, however, it is so 
important a principle of food, it was desirable to deter
mine its influence, and after eating all the gluten which 
could be washed out of four ounces of wheaten flour, we 
found it produce a maximum increase of 0*84 grain 
of carbonic acid and of 11 cubic inches of air per 
minute in the respiration. I t may be added, that in 
this effect it is very similar to albumen, gelatin, and 
other animal compounds, having the same chemical 
constitution. Hence gluten is an excitor of the respi
ration in a degree beyond the respiratory material 
which it supplies. 

CHAPTER XXVII . 

SUCCULENT VEGETABLES. 

T H E class of succulent vegetables is a very large one, 
and is valuable both for its nutritive and saline consti
tuents, by which it is at once a food and a medicine. 
I t will not be possible for us to enter into very large 



198 NITROGENOUS VEGETABLE FOODS. 

detail, but it will suffice to group the various members of 
the class in three divisions: one of which will be repre
sented by the Potato, the second by Cabbage, and the 
third by Mushrooms and Lichens. 

A.—Potato and similar Foods. 

Of all kinds of fresh vegetables grown in temperate 
climates, none is so valuable as the potato (Solanum 
tuberosum), when we have regard to its agreeable flavour 
and nutritive and medicinal qualities, so that it is eaten 
daily by almost every family, and with the addition of 
butter-milk or skim-milk, was until recently nearly the 
sole support of a whole nation. 

I t was introduced into this country from Chili in the 
sixteenth century; but in hot climates it is very gene
rally supplanted by the sweet potato, artichoke, and 
similar vegetables; and in the Arctic regions, oil and 
other animal foods are substituted for it. Hence it may 
be said to be practically excluded from the hottest and 
coldest parts of our globe, whilst in reference to more 
moderate temperatures it may be remarked that it is 
influenced by comparatively slight conditions of soil 
and climate, for it grows of very different qualities in 
various parts of this country, and is a better crop in Tas
mania than in the neighbouring continent of Australia. 

The best known varieties of potato do not differ very 
greatly in chemical composition, and are selected less on 
that ground than according to the taste of the indi
vidual as to the hardness or mealiness of the tuber after 
it has been cooked; yet there is some difference in 
flavour which influences the selection. Thus some are 
called waxy or watery, as, for example, young potatoes, 
and those grown in the bog lands of Ireland and Scot
land, whilst others are mealy, as the York Regents, 
grown in Yorkshire and other parts of this country. 
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The varieties which are brought into the market are too 
numerous to warrant a reference to them here, but it 
may be added that but few vegetables have received and 
rewarded better selection and cultivation. 

The proximate elements necessarily vary much with 
the season, kind, ripeness, and soil, so that the analyses 
differ much among themselves, but a good average com
position per cent, may be stated as follows :— 

No. 68. 
Water 76 Nitrogenous 2*1 Starch 188 Sugar 3-2 

Fat 0-2 Salts 0 7 

The ultimate composition, besides oxygen and hydro
gen, may be stated to be, per cent.:— 

No. 69. 
C. 11 N. 035 

The relative value of potatoes is determined in a 
general manner by their specific gravity, just as a similar 
estimation is made of an apple or an orange by weigh
ing it in the hand, for the heavier in relation to bulk is 
any given potato, so is the greater amount of starch. 
If several potatoes be thrown into a strong solution of 
salt, and water be added until some of them sink and 
others swim, the specific gravity of the saline solution 
will be that of the potatoes as a whole. 

J. J . Pohl found the following relation between the 
specific gravity and the proportion of starch:— 

No. 70. 

Sp. Gr. Starch in 100 parts 
1-090 1638 
1093 17-11 
1-099 18-43 
1-101 18-98 
1-107 20-45 
1-110 21-32 
1-123 21-14 

The quantity of ash or saline materials present in 
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100 parts of the fresh potato, varies with the kind, as 
shown by T. J. Herepath. Thus:— 

No. 71. 

Fortyfold 0-88 Prince's Beauty 1*06 Maggie 109 
Axbridge Kidney 1-27 WTiite apple 130 

The proportion of potash in the salts of potato is 
very large, and does not vary much in the several 
specimens examined, the limits being 53*03 per cent, in 
the Fortyfold, and 55*73 per cent, in the Maggie. 

Potatoes are deficient in mineral matter, so that they 
are unfit to be a sole food, but that defect is supplied 
by the addition of hard water, milk, and other elements 
of food. 

There are 760 grains of carbon and 24 grains of 
nitrogen in 1 lb . ; so that more than 2 | lbs. of potato 
are required to equal 1 lb. of bread in carbon, and more 
than 3J lbs. in nitrogen. Hence when potatoes are 
Id. per lb., and bread l^d. per lb., the former are two to 
three times dearer than the latter, but the former are 
valuable for their juices in addition to their nutritive 
elements. 

New and waxy are said to be less digestible than 
old and mealy potatoes, but the time required for diges
tion may be regarded as nearly No. 72.—POTATO. 
the same as for bread, viz., 
from 2J to 3J hours. 

The potato disease, which 
produced so much distress in 
Ireland and elsewhere, was 
accompanied by the produc-

tion of a fungus and the de- • T v ^ " r O t e W ^ ^ o ( ^ 
struction of starch in the l ^ l / ^ l ^ r / W C) 
starch cells, as is represented 
in the following drawings. A- ^ ^ fi£<3£ ST 0 ( a > 
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'««£*&• 

C The fungus in the diseased potato is shown 
at (6), and the healthy starch cells (if any) 
at (a). 

B. The same after the process of germina
tion or in a state of disease, when the 
starch cells have been removed, except 
at (a). 

The kinds of potatoes which were found in Cam
bridgeshire to be the least subject to the disease were 
Myatt's Ash-leaf Kidney, the Eiver Eoyal Kidney, the 
Nonpareil Prolific, and the Eock. 

10 grains of potato consumed in the body produce 
heat .sufficient to raise 2-6 lbs. of water 1° F., or to lift 
1,977 lbs. one foot high. 

Potatoes and similar vegetables should be well cooked, 
with a considerable degree of heat. If it be intended 
to boil them, they should be placed at once in hot 
water; and if to be roasted, the oven should be mode
rately hot, and care taken lest they should burn. When 
peeled and soaked in cold water a larger proportion of 
the fecula and salts will be extracted than is desirable, 
and with a slow oven the peel will be hardened and 
thickened. 

Potatoes are best boiled in their skins, by which 
means both their flavour and the salts of vegetable acids 
are preserved. If peeled before cooking, they should be 
stewed, as in Irish stew and the like. 

I n my experiments, the etfect of eating good pota
toes, whether new or old, was less than that of rice. 
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In two experiments 8 ounces increased the carbonic 
acid evolved in the respiration by 1*27 grain per 
minute, and the quantity of air inspired by 52 cubic 
inches per minute. The rate of pulsation and respira
tion was slightly lowered. (Phil. Trans. 1859.) 

There are many vegetable productions which some
what resemble potatoes in flavour or quality, and are 
not very inferior to them as food, to which we will 
now briefly refer. 

The sweet potato (Batatas edulis) is rarely used, 
although it is not unknown in this country; but is in 
daily use in Central America, the West Indies, and in 
many other hot countries where the common potato 
does not grow or cannot be obtained. 

The cassava (Manihot utilissima), from which meal is 
obtained, is not a bad substitute for potato, and is in 
common use in Central America and India. 

The red yam (Dioscorea alata) is a similar food, and 
grows over a very extended area. I t is particularly 
appreciated by the negroes, but Europeans do not 
prefer it to the potato. 

The Dioscorea batatas, or Chinese yam, has the fol
lowing composition, per cent., according to Fremy:— 

No. 73. 

Water 79*3 Starch 16. Nitrogenous 2-5 Fat, &c. 1-1 Salts 1-1 

The common yam (Dioscorea sativa) is said by Suersen 
to yield 23 per cent, of starch. 

The common artichoke (Cynara Scolymus) and the 
Jerusalem artichoke (Helianthus tuberosus) (perhaps so 
called as a corruption of the Italian name Girasole or 
Sunturner) are well known foods, both in temperate and 
hot climates, and are highly nutritious, whether cooked 
alone or made into soup. They contain a large 
amount of salts, of which, 55*9 per cent, is potash, in 
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the Jerusalem artichoke, whilst there are potash, soda, 
lime and magnesia, with sulphuric and phosphoric acid, 
with silica and salts of iron. The leaves are used as 
fodder for cattle in the United States of America, and 
contain salts which yield 40 per cent, of lime. 

There are numerous plants in Chili and the neigh
bouring States, which produce edible tubers somewhat 
resembling the common potato, such as the TJllucus 
tuberosus, Oxalis crenata, 0. tuberosa, and Arracacha escu-
lenta. In North America the tubers of the Apios tube
rosa and the prairie turnip, which are twining plants of 
the leguminous order, are eaten as food. 

The great value of such tubers as food is well shown 
by the contrast in the chemical composition of the 
apios and the potato as made by Payen:— 

No. 74. 

Nitrogenous matter . 
Fatty matter , 
Starch, sugar, pectose, &c. , 
Cellulose and epidermis . 
Inorganic matter 

Apios 
. 4 5 
. 0-8 
. 33-55 
. 1-3 
. 2-25 

Potato 
1-7 
0-1 

21-2 
1-5 
1-1 

74-4 

Turnips vary in nutritive qualities and flavour, so 
that the Swede variety is far more nutritive than the 
white, but the flavour of the latter kind is preferred as 
the food of man. They are also much less valuable as 
occasional foods than carrots and parsnips. The follow
ing is the ultimate composition of turnips and carrots:— 

No. 75. 
Turnips 

. * x Carrots 
Swede White 

Carbon ... 4*5 3 2 5*5 per cent. 
Nitrogen ... 0'22 0-18 0'2 

The following is the quantity of carbon and nitrogen 
(in grains) contained in 1 lb.:— 
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No. 76. 

Turnips 
Carrots 

Water 91 
Sugar 2-1 
Water 83 
Sugar 6-1 
Water 82 
Sugar 5*8 

Nitrogenous 1*2 
Fat 
Nitrogenous 1'3 
Fat 0-2 
Nitrogenous 1*1 
Fat 0-5 

Starch 5'1 
Salts 0*6 
Starch 8'4 
Salts 1-0 
Starch 9-6 
Salts 1-0 

Swede White 
Carbon . . 304 173 384 
Nitrogen . . 153 11*2 14 

The proximate elements in 100 parts are :— 

No. 77. 

Turnips . . < 

Carrots. . . < 

Parsnips . . < 

The time required for the digestion of parsnips and 
carrots varies from 2^ to 3^ hours. 

Ten grains of carrot, when consumed in the body, 
produce heat sufficient to raise 1*36 lb. of water 1° F., 
which is equal to lifting 1,031 lbs. one foot high. 

BEETROOT. 

This valuable food (Beta vulgaris and B. Cicla) must be 
considered apart from other vegetables, on account of 
the large proportion of saccharine matter which it con
tains, a quantity so large as to enable our French 
neighbours, who lack sugar-producing colonies, to pre
pare nearly all their sugar from it, and even to export 
sugar to this country in competition with the cane 
sugar which we import. I t is also grown extensively 
in Germany and Eussia for this purpose, as well as for 
the distillation of alcohol. Its production for sugar has 
been tried unsuccessfully in this country, although sugar 
factories and distilleries were established here. 

I t has been shown that carrots and parsnips possess 
an unusual amount of sugar, but beetroot exceeds them 
in this respect. Thus the amount of sugar in parsnips, 
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carrots, and beetroot is 5*8, 6*1, and 8*0 to 10*0 per 
cent, in their order. 

The proximate composition in 100 parts is, according 
to Payen:— 

No. 78. 
Water 83*5 Sugar 10*5 Pectose, &c. 0 8 Nitrogenous 15 

Salts and pecten 3*7 

There are 350 grains of carbon, and 17£ grains of 
nitrogen in each pound. (Lawes and Gilbert.) 

The time required for its digestion is greater than 
that of similar sugar-yielding foods, and even greater 
than that of bread, viz.: 3 | hours. 

There are other plants used as food which are not 
tuberous, and may be called fruits or vegetables in
differently, but as they are not eaten uncooked, we 
shall refer them to the latter, and mention a few of 
them in this place. 

The bread-fruit tree (Artocarpus incisa), growing to 
the size of the largest oak, provides a farinaceous 
fruit which has so much the appearance and dietetic 
qualities of food as to resemble fine white wheaten 
bread, and to be called bread. I t grows freely in the 
Indian Archipelago and the islands of the Pacific, and 
is a chief article of food to the inhabitants. I t pro
duces a fruit singly, or in clusters, about the size of a 
child's head, which in its early stage contains a 
thickish milk, whilst in the second stage it is fibrous 
and pulpy, and in the third juicy and rotten. I t is 
edible at all its stages of development, but is usually 
cut for food in the second stage. 

This fruit is usually cooked before being eaten, and 
the process is carried on in a hole of the earth. I t is 
cut into several pieces and the core removed, after 
which it is placed on heated stones for half an hour 
in layers, alternating with layers of leaves. When 
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ready for eating, it is brownish on the outside with a 
yellowish pulpy substance in the inside, resembling 
somewhat the inside of a white wheaten loaf. 

The following is its chemical composition per cent.:— 

No. 79. 

Water 63 Starch 14 Albumen 3 Gluten and woody fibre 19 

The plantain (Musa paradisiaca) bears a long fruit, 
which is cooked like other vegetables. The tree will 
produce 133 times more food in weight than the same 
space of ground could if cultivated with wheat, and 44 
times more than if planted with potatoes, but the 
nutriment is not equal to that of wheat. 

The juices contain very valuable salts as shown by 
the following analysis, per cent.: — 

No. 80. 

Potash 25-27 Soda 9'52 Lime 15-85 Magnesia 5*0 
Alumina 0*87 Chlorine 6*3 Sulphuric anhydride 096 
Phosphoric anhydride 087 Silica 0-81 and Carbonic anhydride 34-17 

The horse plantain grows in Ethiopia and South 
Africa, and bears a fruit a foot in length filled with 
hard blank seeds, which are fried in butter and eaten. 

The kemmaye is described by Burckhardt, in his 
' Notes on the Bedouins and Wahabys,' as a favourite 
dish which forms the chief vegetable food whilst it lasts 
of those people, as also those of Damascus and Eastern 
Syria. I t lies about four inches under the ground, and 
at length by growth throws up a little mound of earth, 
over which the camels may stumble. I t is dug up and 
boiled in milk or water until it forms a paste over 
which butter is poured, or it is eaten when washed with 
butter. There are three species, distinguished by their 
colour, viz., black, white, and red, but all alike resemble 
the truffle in shape and appearance 



SUCCULENT VEGETABLES. 2,07 

B.—Cabbage and similar Green Succulent Vegetables. 

Numerous green vegetables as borage, radish, turnips, 
parsley, cabbage, mustard, hyssop, mint, rue, spinach, 
onions, coriander, rosemary, fennel, chervil, and also 
mushrooms were in common use in this country among 
our Saxon ancestors ; and we find the following recipe of 
the fourteenth century for the preparation of a salad, 
which in this point of view may not be without in
terest :— 

( Salat. 
1 Take Psel, Sawge, garlee, chibol'i, oynons, leek, borage, myn't 

poneet, fenel, and ton tressis (cresses), rew, rosemarye, 
purslarye, lane, and waische heui clene, pike hem, pluk he 
small wip phu (thine) hand and myng hem wel with rawe oile, 
lay on vynegr and salt and sue it forth.' 

This represents the least nutritious class of vegetable 
foods, and is perhaps less valuable for its direct nutritive 
elements than for its indirect and medicinal saline 
juices. With so great a variety in common use as the 
common cabbage (Brassica); Brussels sprouts (Brassica 
oleracea); broccoli (B. oleracea italica); turnip tops 
(B. rapa); cauliflower; spinach (Spinacia oleracea) ; 
water-cress (Nasturtium officinale), &c, there will be 
some difference in chemical composition, but for all 
practical purposes it will suffice if we take cabbage as 
a type of class in which the leaves are used as food. 

Anderson found the following difference in com
position in the leaves of the common cabbage per cent.: 

No. 81. 

Young Plant 

Water 91-8 
Nitrogenous 2*1 
Woody fibre, gum and sugar. . 4-5 
Ash or salts . . . . 1 * 6 

Ripe Outer 
Leaves 

91*1 
1-6 
5 0 
2-2 

Ripe Heart 
Leaves 
94-4 

0-9 
4-J 
0-6 
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I t may be stated generally that there are 420 grains 
of carbon and 14 grains of nitrogen in 1 lb. of cabbage 
and mixed vegetables. 

I t would not be possible to sustain life for a length
ened period upon such substances alone, since the 
quantity required to supply the requisite food would 
exceed the rate of digestion and the limits of the human 
stomach, but they are nevertheless most agreeable and 
useful adjuncts in their season. They should be well 
cooked, and indeed it is said that they cannot be too 
much cooked, but even then they are not so quickly 
digested as certain kinds of animal food, but require 
from 2£ to 4 hours. 

10 grains of cabbage when consumed in the body 
produce heat sufficient to raise 1*08 lb. of water 1° F., 
which is equal to lifting 834 lbs. one foot high. 

The nettle (TJrtica dioica), a well-known weed, is some
times used in this country and more frequently on the 
Continent as a table vegetable in the early spring when 
it is yet young and tender, but probably less for its 
nutritive qualities than for the medicinal virtue of its 
juices. I t is boiled with a little soda, and served like 
spinach, or it is perhaps more frequently boiled in water 
or milk and the juice alone taken. 

The charlock (Sinapis arvensis) and the dandelion 
(Taraxacum dens leonis) may also be eaten as green 
vegetables. 

The goatsbeard {Tragopogon orientalis) grows near 
the line of perpetual snow, and forms a principal article 
of fresh vegetable food in the dietary of Kurdistan. 
The stem is peeled and eaten raw, and makes an agree
able salad in the European manner. 

Salsify {Tragopogon porrifolius) is eaten cooked in 
Europe. 

Fennel (Fceniculum vulgare) was eaten in England 
many centuries ago, and is still used as an aromatic 
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vegetable in the cooking of fish, but in various Eastern 
countries the stem is eaten like rhubarb stalks, and 
offers an agreeable acidity. 

Tomatos (Solanum lycopersicum) may be eaten raw, or 
cooked, and made into an agreeable sub-acid sauce. 

Vegetable marrows (Cucurbita ovifera) are grown very 
rapidly, and having a mild agreeable flavour are a 
favourite food. 

Cucumbers (Cucumis sativus) are a favourite vegetable, 
which some eat in lumps with or without the skin, 
whilst others carefully peel it, cut it up into thin slices 
and plentifully flavour it with vinegar and pepper. 
There is much difference of opinion as to the digesti
bility and general wholesomeness of this food, but whilst 
it may be admitted that the flavour sometimes repeats 
itself in the mouth for some time after it has been 
eaten, and that if made acid with vinegar and eaten in 
large quantity, it is very apt to cause pain at the 
stomach, less evil will follow its use when cut and eaten 
like any other vegetable. I t is also said that an un
wholesome property resides in the skin, and in the fluid 
which drains from the pulp, but without good grounds. 
The seeds, which are numerous, should be removed, and 
the pulp should be well masticated. 

The pumpkin (Cucurbita Pepo) grows to an enormous 
size in both temperate and hot climates, but is not 
highly appreciated in this country as a culinary vege
table. I t somewhat lacks flavour, and has a tendency 
to toughness, and certainly cannot compare favourably 
with the vegetable marrow and analogous plants. 
Gourds were in common use in England in the four
teenth century. 

Sea kale (Crambe maritima) is a delicate and even 
delicious vegetable, when grown in perfection and well 
cooked. 

p 
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Ehubarb (Rheum), is a vegetable growing rapidly and 
yielding an agreeable sub-acid juice. I t is to some 
tastes the most agreeable of its class, quite equal in 
flavour to gooseberries, apples, or other fruit which 
are usually made into pies, and it should be ranked 
with fruits rather than with ordinary garden vegetables. 
The juice yields a considerable quantity of saccharine 
matter, and makes a good home-made wine. The well-
known medicinal quality of rhubarb resides in the root, 
but the English cannot compare with Turkey rhubarb as 
a medicine. I t is carefully cultivated, and a number of 
choice varieties have been produced. Those grown hi 
the market-gardens near London produce an early crop 
of leaves, and have a fine flavour. 

C.—Mushrooms and Lichens. 

MUSHROOMS. 

Much difference of opinion exists as to the varieties 
of mushroom (Fungi) which may be eaten with safety, 
since some allow but few, whilst others believe that 
nearly all may be eaten with impunity. In the first 
view they may be regarded as luxuries or as condi
ments and agreeable adjuncts to food, whilst the sup
porters of the latter look forward to the time when 
they will become important and generally used foods. 
With every desire to see substances used as food, which 
may be so rapidly and cheaply grown, it is impossible 
to ignore the cases of poisoning from mushrooms, which 
have been recorded. The discussion would occupy too 
much of our space, and we shall therefore leave it to be 
dealt with by an able writer in the present Series. 

Mushrooms generally consist of about 90 per cent, of 
water, and 10 per cent, of cellulose, with salts and 



Nitrogen 
3-22 
4-25 
4-61 
4-68 
6-34 
7*26 
4-7 
3-19 
4-46 
6-16 

Ash 
11-2 
9-5 
4-8 
6 9 
9-0 

19-82 
6-80 
3 1 
3-0 
5-2 
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acids. Schlossberger and Dopping give the following 
elements in 100 parts of dried mushrooms:— 

No. 82. 

Agaricus Cantharellus 
,, Russula 
„ glutinosus 
„ deliciosus 
„ muscarius 
„ arvensis 

Boletus aureus . 
Dsedalea quercina 
Polyporus fomentarius 
Lycoperdon echinatum 

If we estimate ihe composition on the dry matter, 
we must allow that these substances are highly nutri
tious, ranking indeed with the most nutritious of vege
table products; but such would scarcely be a practical 
view, for the bulk of fresh mushrooms to obtain a given 
quantity of nourishment would be too great to allow 
them to be used as a necessary food. About seven 
pounds weight of mushrooms would supply the minimum 
requirements of a day in nitrogen, assuming that all the 
material is digestible. 

I t is said, that mushrooms of the edible kinds which 
grow under trees are not always harmless, and that they 
should be gathered in the open field and when of com
paratively small size; but they may be grown readily in 
dark cellars with plenty of manure, without poisonous 
qualities. Some persons eat them when raw, after peeling 
off the outer skin; but it is more common to roast or fry 
them with a little butter, pepper and salt, or to add them 
to sauces when served with meat. Perhaps they are at 
present the most useful in the preparation of ketchup, 
which is one of our most agreeable and harmless con
diments. 

Truffles are now a favourite food and belong to this 
p 2 
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class of vegetables. The common variety (Tuber ciba-
rium), called also black truffles, grows in many parts of 
England, as the downs of Hampshire, Wiltshire, and 
Kent, but more abundantly in the southern parts of 
Europe, and varies in size from a nut to a potato. I t 
grows about a foot under the ground, whence it is dug 
up, and it is said to be found by dogs which have been 
trained to the search. A white variety (Rhizopogon 
albus) also grows in this coantry and in Germany, and 
appears partly above ground. 

They are very costly in relation to the nutriment 
supplied; but are aromatic, agreeable, and fashionable 
foods. 

SEAWEEDS AND LICHENS. 

There is very little doubt that there are valuable foods 
in this class of vegetables, but they have not yet been 
generally eaten. The inhabitants of the sea-coast, and 
particularly in the Orkneys and other isolated localities, 
where the people are frequently on the brink of starva
tion, have long had recourse to them, and in inland 
districts the inhabitants are aware of the existence of 
Iceland and Carrageen moss, and of laver as an agree
able adjunct to roasted mutton. 

In chemical composition they appear to rank high, 
since they are said to contain 10 to 15 per cent, of nitro
genous and 60 to 70 per cent, of carbonaceous matter; 
but the flavour is not such as to lead to their general 
use. When steeped in water with a little soda, they 
lose the adherent salt and much of their bitterness, and 
may then be prepared as a mucilaginous food by long 
stewing in water, milk or soup. When eaten with 
meat, it is usual to allow the bitter flavour to remain. 

Professor Stenberg found in the lichens of the 
Northern regions 29 to 33 per cent, of starch in Evernia 



SUCCULENT VEGETABLES. 213 

jubata, and 27 to 31 per cent, in Cetraria Islandica, or 
Iceland moss, quantities considerably exceeding those 
in the potato, and there is reason to believe that the 
bitter flavour of the Evernia may be extracted. I t may 
be interesting to add, that the reindeer moss (Cladonia 
rangiferina) contains but 1 per cent, of starch. 

Laver is the name given to a preparation of seaweeds 
(Porphyra laciniata and Diva latissima), and is in some
what frequent use in London as an accompaniment to 
roasted mutton, and has an agreeably acid flavour. I t 
may be eaten on bread, after thoroughly warming it 
with a few tablespoonsful of hock in a saucepan, and 
flavouring it with a little lemon-juice. I t should be 
immediately removed, and whilst hot eaten on buttered 
toast. 

CHAPTEE X X V m . 

FRUITS. 

A.—Succulent* 

THIS very large class of vegetable products comprehends 
representatives from every hot and temperate climate, 
and offers the greatest variety of flavours, and those of 
the most agreeable character, of all vegetable and ani
mal foods. Many of them are too well known to render 
it needful to mention them, and the whole number is so 
large tha t it would be impossible to cite them; but the 
English-speaking race, with their Asiatic and African 
experience, are probably better acquainted with them 
than all other races of the civilised world. 

The true position of these foods is less that of 
nutrients than of agreeable luxuries, for nowhere are 
they a food on which the life of man depends, whilst 
all races, however diverse in habits, eagerly seek after 
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them as additions to their dietary. I t is true that in 
hot climates they occupy a higher position as foods 
than in temperate regions, not, however, by reason of 
any superiority in their chemical composition, but from 
the necessity of obtaining food which does not greatly 
produce heat, and juices of an agreeable flavour to 
moisten the mouth, and to stimulate the sense of taste. 
In these respects they are but imperfectly appreciated 
in temperate and cold climates; and, it may be added, 
that the flavours of such tropical products as reach us 
are not by any means equal to those of the fruits im
mediately they are gathered. 

I t must not, however, be inferred that we suffer 
from lack of fruits in this country which may not 
favourably compare with those of any clime, for our 
strawberry is probably unsurpassed in delicacy and 
lusciousness of flavour; and the pine-apples, melons, 
grapes, peaches, apricots, nectarines, and pears of our 
hot-houses excel those of any country. This is owing, 
however, not to our temperate climate, but to care and 
skill of cultivation and to the artificial climate which we 
provide for them. 

But with all this, the Englishman who has returned 
from India, Ceylon, or the West Indies longs for a fresh 
orange or cocoa-nut instead of the old and stale samples, 
which alone are within his reach, just as when in India 
he would have been delighted with an English pear, 
apple, or bunch of currants, could he have gathered 
them from the trees. There is probably nothing in 
which Nature has been so bountiful to man, in whatever 
temperate or hot climate he may be found. 

I t is a characteristic of all fruits that when ripe they 
may be eaten in their raw state, and of many, that they 
may be eaten cooked or raw. They consist essentially 
of two parts, viz., the juices, and the cellular structures 
in which the juices are contained; and it is necessary to 
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add that, whilst the juices may be readily transformed, 
the cells are not easily digested, and when possible are 
thrown away. This is readily seen in such a food as 
the orange and apple when not of good quality or not 
quite ripe. In such fruits as the strawberry, the pine
apple, the grape, and even the banana the cell-wall is 
very thin, and is easily broken up, so that its presence 
is not perceptible, and the digestion of it cannot be 
difficult. 

As a general expression, it may be stated of any fruit 
that the variety which yields the richest juices in the 
greatest quantity, whilst the cellular frame-work is the 
least perceptible on mastication, is the most preferred, 
and the most digestible. 

I t is not necessary in a work of this class to enter at 
great length into the chemical composition of different 
fruits ; but it is of interest to remark that chemical 
science has become so practical that the delicate flavour 
of the pine-apple, pear, strawberry, and other fruits are 
produced by the chemist in his laboratory, and that 
under the term ' essences' we may enjoy the agreeable 
delusion of believing that we eat the juices of choice 
fruits when the fruits themselves cannot be obtained. 

All fruits agree, however, in containing much fluid 
in relation to the solid matter, and in supplying sugar, 
acids, salts, and the various volatile essences on which 
their flavour depends. As an illustration, we may cite, 
the following as the composition per cent, of the ripe 
grape:— 

No. 83. 
Soluble 

Grape sugar 
Tartaric acid 
Nitrogenous matter 
Gum, fat, &c. 
Salts 
Water • • 

• 
• 
• 
. 
. 
• 

. 13-8 

. 112 
•8 
•5 
•36 

79*8 

Insoluble 
Skin, stones, &c. . 
Pectose 
Mineral matter 

. 2*6 

. *9 
•12 



216 NITROGENOUS VEGETABLE FOODS. 

The quantity of sugar varies with the different vine
yards, and as examples the following Rhine grapes may 
be cited:— 

Kleinberger, quite ripe . 10'59 
White Austrian . . . 1378 
Red Aemannshauser, ripe . 17*28 

No. 84. 
Percent. Percent. 

Oppenheim, ripe . . 13*52 
„ over ripe . 15*14 

Johannisberg . . . 19*24 

The dried grape or raisin and dried figs have been 
long in repute, and enter largely into the recipes of 
the fourteenth century. There are many kinds in use 
at the present day. Thus the muscatels, which are so 
much prized for dessert, are dried whilst hanging on 
the tree, and are thence called raisins of the sun. All 
the vine leaves around them are first cut away, and the 
foot-stalk is half cut off, after which the bunches are 
left undisturbed and the fruit unbroken until they are 
carefully removed and packed in boxes. These are the 
largest and sweetest raisins in the market, and sell at 
a very high price. The sultanas are the smallest which 
are sold under the name of raisins, and their flavour is 
very delicious. The former grow in Southern Europe, 
and the latter in Turkey. The ordinary raisins are 
produced from the ripe fruit, and are imported from 
France and Southern Europe, as well as from Asia 
Minor. They have greatly improved in quality and 
appearance within the last twenty years, and probably 
from the use of lye in which they are dipped before being 
dried. 

Currants from the Ionian Islands, which have been 
recently restored to Greece, are small seedless grapes, 
having less juice, and containing a less proportion 
of saccharine matter than the muscatels. 

Raisins and currants are used chiefly in the prepara
tion of puddings, but may produce good wine. 
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The date is the fruit of a palm (Phoenix dactylifera), 
which grows extensively in the Sahara, Persia, and 
generally throughout Asia and Africa, and bears bunches 
of fruit weighing 25 lbs., with perhaps 200 dates. I t 
contains a very large quantity of saccharine ma-tter, 
and is eaten when either fresh or dried; and so valuable 
is the tree that it is the chief source of wealth of the 
inhabitants. The fruit is largely imported into this 
country, and is highly esteemed, whilst where it grows 
it is nearly a necessary food. I t contains, according to 
Reinsch, 58 per cent, of sugar, and 9 per cent, of pectin, 
besides other soluble substances, and water. 

The edible fig (Ficus Carica) attains perfection in 
Southern France, Turkey, and the Mediterranean 
coasts, but it grows and is appreciated throughout 
Central Europe, Asia, and Africa, and ripens on the 
chalk soils of our own country. I t has a more delicate 
and less satisfying flavour than the date whether fresh 
or dried. 

The mulberry (Morus), both white and black, is an 
agreeable sub- acid fruit, well known in this climate even in 
Saxon times, and ripening in the southern parts of the 
island. I t contains more sugar than blackberries or 
bilberries, as shown by the following analysis 
Fresenius (per cent.) :— 

of 

Water . 
Sugar . 
Free acid . 
Nitrogenous . 
Salts . 

. 
• 
. 
• 
. 

No. 85. 
Mulberries 

. 84-707 
. 9*192 
. 1-860 
. 0-394 
. 0-566 

Bilberries 
77 552 
5-780 
1-341 
0-794 
0-858 

Blackberries 
86-406 
4-444 
1-188 
0-510 
0-414 

Cherries were grown.in England in Saxon times, and 
used in the 14th century in the preparation of broth. 
They were called chyryse, and there is a Saxon word 
nearly resembling it. 
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The composition of cherries, according to Fresenius, 
is as follows, per cent.:— 

No. 86. 

Sour 
Rather sour 
Sweet black 
Sweet light red. 

Water 

. 80494 
. 81-998 
. 79700 
. 75-370 

Sugar 

8-772 
8568 

10-700 
13-110 

Free acid 
1-277 
0-961 
0-560 
0-351 

Nitrogenous and 
Pectinous 

2656 
3529 
1-680 
3-189 

Salts 

0-565 
0-835 
0-600 
0-600 

The apple and pear were known in this country be
fore the Conquest, probably even before the Saxon inva
sion. Apple fritters, milk fritters and herb fritters were 
eaten in the middle ages, and in the 14th century were 
usually fried in oil or lard. They were eaten with 
honey or sugar, and much resembled the pancakes of our 
day. 

An apple tart was made as follows :—' Tak gode 
applys and gode spycis and figys and reysons and 
perys (pears), and wan they are well ybrayed colourd 
wyth safroh wel, and do yt in a cofyn, and do yt forth 
to bake wel.' 

Fresenius's analysis of certain kinds of apples and 
pears is as follows, per cent.:— 

Apples Water 
English rennets . . 82*04 
White dessert . . 85-04 

English golden pippin 81 -87 

Pears 
Sweet red . . . 85*007 

No. 87. 

Sugar 
6*83 
758 

10-36 

7-940 

ft—MH153KS",d ""* 
0-85 
1-04 

0-48 

trace 

7-92 
2-94 

0-36 
0-44 

5-11 

4-646 0*284 

The custard apple obtained from Anona reticulata, 
growing in South America, Africa, the East Indies, the 
Caribbean Islands, &c, is a fruit with a juicy pulp, which, 
when ripe, has the flavour of clotted cream and sugar, 
and is highly prized by rich and poor. The fruit varies 
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in different species of the order, from the size of an arti
choke to that of a melon, and in the latter case it has a 
reticulated appearance somewhat like a pine-apple. 

The alligator or Avocado pear is the succulent fruit 
of Persea gratissima. 

The guava (Psidium) is both pear-shaped and apple-
shaped, and grows generally throughout the East. I t is 
aromatic, but not so agreeable as some other Eastern 
fruits, yet it is highly prized, stewed in wine, and for 
the excellent jelly which is obtained from it. 

The mangosteen, alligator, or Avocado pear, as well 
as the mammee apple, are favourite tropical fruits, 
whilst the prickly pear, which grows in Majorca and 
over extensive tracts of country of the Old and New 
World, has long been known, but is not a fruit much 
sought after by the English people. 

The pomegranate (Punica Granatum) grows exten
sively in the East and in Spain and Portugal. I ts rind 
is a mild astringent, and its juice sub-acid. 

The banana (Musa sapientum) is the prolific fruit 
of an allied species to the plantain, growing in Ceylon, 
Africa, and very generally throughout the East and 
West Indies. I t is of the form and size of a large 
finger, and grows in clusters, two or three feet long, 
containing 100 to 200 specimens. I ts flavour is luscious 
and delicious, but a little cloying to the appetite, so that 
a great number could not be eaten at one time. I t 
consists of a thick skin and an enclosed pulp, and the 
latter alone is eaten. The analysis by Corenwinder is 
as follows, in 100 par ts : Water 73*9, cane sugar and 
grape sugar, &c. 19-66, nitrogenous 4*82, cellulose 0*2, 
fat 0*63, with phosphoric anhydrid, lime, alkalis, and 

iron. 
There are two kinds of melon (Cucumis Melo and Ci-

trullus^ sold in our markets, both of which are delicious 
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—viz. the water melon (C. Citrullus) of Spain and 
France, and the musk-melon of our English glass
houses, but the latter is the more agreeable. 

The cannon-ball tree (Couroupita Guianensis) has a 
fruit as large as an infant's head, with a pulp of a 
vinous and pleasant flavour when fresh. 

The peach palm (Gulielma speciosa) grows in South 
America, and bears clusters of fruit with a flavour like 
chestnuts and cheese, and Mr. Bates reports a belief 
that it is more nutritious than fish. 

A large number of delicious fruits have been intro
duced into our South African possessions, amongst 
which may be mentioned the granadilla, yellow peach, 
white mulberry, Cape gooseberry, and the loquat. The 
latter is a delicious small apple, obtained from the 
Eastern Archipelago, with a juicy pulp and flavour 
between that of a gooseberry and peach, far excelling 
the English apple. I t is the fruit of the Eriobotrya 
Japonica. 

Souari nuts are the seed of the Caryocar butyrosum, a 
very large tree growing in Guiana and other parts of 
South America. They are like the Brazil nut in 
flavour. 

Before quitting this part of the subject, it may be 
interesting to add, that when oranges are freshly 
gathered from the trees in the West Indies, the aro
matic essential oil in the skin is so pungent as to blister 
the lips and disorder the stomach. 

Strawberries, which trail on the ground in Great 
Britain, abound in many countries, and in parts of 
North America are so abundant in the woods as to 
feed a large detachment of soldiers. They are of 
delicious flavour, and grow on bushes three or four 
feet high. 
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Fresenius's analysis of strawberries and raspberries is 
as follows, per cent.:— 

No. 88. 

Water . 
Sugar • , 
Free acid . 
Nitrogenous. 
Pectous 
Salts . 

Strawberries 
f A 

W i l d Cultivated, 
quite ripe 

. 87-019 87474 

. 4-550 7575 
1-332 1133 

. 0-567 0-359 

. 0-049 0-119 

. 0-603 0-480 

Raspberries 
r" • - • - \ 

Wild Cultivated 
red red 

83-860 86-557 
3-597 4-708 
1-980 1-356 
0-546 0-544 
1-107 1-746 
0-270 0-481 

The pine-apple plant (Ananassa sativa) grows in every 
hedge-row in Zanzibar, the East and West Indies, and 
very widely within the tropics, and has a flavour far 
more delicious than the same fruit when imported 
into this country. The flavour is well imitated by 
a solution of pure butyricite of ethyl in eight or ten 
times its weight of alcohol, and is sold as pine-apple 
essence. 

A large portion of this class of fruits may be pre
served in an edible state for a lengthened period, after 
they have been detached from the tree, either bj 
allowing them to dry, as in the case of raisins, Nor
mandy pippins, figs, dates, apricots, and tamarinds, or 
by simply keeping them in a suitable manner, as apples 
are kept, so that they may be used at nearly all sea
sons of the year, or transported to other climates and 
distant countries. 

The preservation of fruit, whether produced in this 
^country or prepared in other countries for exportation, 
is an art of great interest and importance, and has led 
to a very large commerce between nations. When not 
effected by drying, as already mentioned, it is chiefly 
by being immersed in a preserving liquid, after being 
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cooked. In reference to all saccharine fruits, the pre
serving material is sugar dissolved and boiled in the 
juices of the fruit, as in the preservation of goose
berries, currants, apricots, and strawberries; whilst 
oleaginous fruits, as olives, are preserved in salt and 
water. Much care is required. 

Plums, apricots, and peaches, were eaten by the 
Saxons in England, but probably not of the fine quality 
of our own day. They are too well known to require 
a description, and we shall simply indicate their compo
sition, per cent., according to Fresenius :— 

No. 89. 

Plums Water Sugar Free Acid Nitrogenous Salts 
Greengages, yellow . . 80*84 2*96 0-96 0-47 0*318 

„ large and sweet. 79*72 3'40 0'87 0*40 0*398 
Mirabelle, common yellow . 82*25 3*58 0*58 0*19 0*570 

Apricots 
Large fine-flavoured . . 82-115 1*53 0*76 0*38 0-75 
Small 83-55 2*73 1-60 0*41 0'72 

Peaches 
Large Dutch . . . . 84*99 1-58 0-612 0*46 0*42 

Currants and gooseberries are amongst our most 
useful fruits and preserves, and grow as well in our 
Australian colonies and in America as in England, but 
are not suited to very hot climates. 

The following is the analysis of Fresenius, per cent.— 

No. 90. 
Gooseberries Water Sugar Free Acid Nitrogenous Salts 

Small red . . 84-831 8*23 1-58 0'35 0'50 
Yellow . . . 85-364 7*50 1-33 0*36 0-27 
Large red . . 85'565 8-06 1-35 0-441 0-31 

Currants 
White . . . 83*42 7'12 2*53 0*68 0-70 
Red. . . . 85-27 6*44 1-84 0-49 0'57 
Very large red . . 85*355 5*647 169 0-35 0*62 
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But however valuable chemical analyses may be, they 
afford but a very imperfect idea of the differences which 
exist in the flavours and other qualities of these 
delicious foods; and although such investigations are 
carried farther than is here indicated, it would almost 
have sufficed for all questions of food, to cite one 
example for all of them. 

The elephant or wood apple (Feronia elephantum) of 
Bengal makes a preserve of an unusually soft and 
creamy flavour. The fruit is about the size of our apple, 
and the fleshy part which is adapted to this purpose is 
found underneath a very hard woody rind. 

The mango, which grows generally in the tropics, is 
not only a luscious fruit, but makes a delicious preserve. 
I t grows to the size of a large Jersey pear, and encloses 
a very large stony seed. 

The fruit, known as Amatungula or Natal plum, and 
the Kei apple or Dingaan's apricot, are African fruits, 
which make excellent preserves. The former varies in 
size from an olive to a plum, and possesses a milky 
juice due to Caoutchouc, and of an agreeable sub
acid flavour. The latter is a berry which in its fresh 
state is so acid as to be used alone as a pickle, but 
when preserved with abundance of sugar is most 
agreeable. 

The Carissa Carandas furnishes a good substitute for 
red currant jelly. 

The quince (Cydonia) makes better marmalade than 
the orange. 

Preserved nutmegs (Myristica) are perhaps the most 
aromatic and delicious of all conserves, but they must 
be used when quite young before the seed has 
begun to harden. The preserve is but little known in 
this country. 
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Preserved ginger (Zingiber officinale) when young and 
tender is prepared with sugar as a preserve in the East 
Indies and China, and large quantities are sent to Eng
land. I t is a most agreeable addition to the dessert or 
to the tea-table. 

I t is not necessary to refer to the fruits from which 
preserves and jelly are made in this country, which are 
not excelled by the fruits of any climate; but it may 
be added that for this purpose the fruit should be fresh 
and dry when gathered, and well boiled with an equal 
weight of fine loaf sugar. 

A review of the qualities of these productions enables 
us to place them in the first rank of subsidiary or 
luxurious foods, since they supply an agreeable and re
freshing material when taken alone or with other foods 
which in health is desirable, and in disease almost 
necessary to life. They may be taken by the sick when 
nothing else is desired, and by acting upon the sense of 
taste may ultimately induce the invalid to eat food 
of a more nutritive character. 

Moreover, certain of them approach nearer to foods 
than others, so that, for example, the olive as a fruit is 
less luscious than the more succulent fruits, but it has 
the two advantages of offering a true food in the form 
of oil, and of stimulating the appetite when pickled: so 
that in the former it is the servant of the poor and ill fed, 
and in the latter of the rich and over fed, but in its 
fresh state it is eaten daily by poor and rich alike, both 
as an agreeable fruit and a true food. 

In their indirect action as the producers of wines and 
alcohols, they exert a totally different influence which, 
whether it be analogous to that of food or not, is of 
almost universal use, and exercises an influence for good 
or evil, second only to that of necessary foods in the 
maintenance of life. The readiness with which fruits 
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assume the fermentation process, and the large quantity 
of sugar which they possess fit them for the production 
of alcoholic liquors, and give rise to that great trade of 
nations connected with the production and consumption 
of wines and spirits. This is particularly the case with 
the grape, since in addition to its special qualities it 
grows in temperate climates very abundantly, and 
offers a sufficient variety of flavour to repay the greatest 
devotion to its cultivation and the preparation of 
wine. But there is not a member of the class which may 
not be employed for the like purpose, and a thousand 
other liquors of the same nature are prepared in dif
ferent parts of the world. 

There is, however, a limit on the score of expense to 
Che production of spirits from these substances in this 
country, for alcohol can be produced much more cheaply 
from grain, and it is only the finest qualities of spirits, 
as Cognac, which are usually produced from the grape. 
But in Eastern nations spirits are prepared readily and 
economically from sugar-bearing fruits as well as from 
the sugar-bearing juices of the locality. 

The cost of production has moreover been lessened by 
diminishing the duration of the process through the dis
tribution of air in the mass of fluid, as has been recently 
effected in California, so that the fermentation may now 
be completed in a few days instead of several weeks. 

B.—A Ibuminous. 

The class of fruits now to be considered are really 
seeds, and might have been referred to under that head, 
but as they are eaten when uncooked, and have the 
character of luxuries rather than of necessaries, it 
seems more fitting that they should be considered with 
fruits than with grain. Such are nuts, as the cocoa 
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nut, hazel nut, or filbert; the almond, walnuts, hickory 
nuts, and many similar products. 

The nut itself consists of the envelope or pericarp, 
which is almost always inedible, and the contained edible 
and nutritive substance. The latter consists of a solid 
material, which in composition resembles animal albumen 
or casein, and is therefore very much more nutritious 
than succulent fruits. These substances may be re
garded as foods of high nutritive value if we consider 
their chemical value only, but they fail in that they could 
not be eaten in quantities sufficient to constitute a chief 
part of a dietary except for a short period when proper 
food might be unattainable. This is a familiar fact, as 
it respects nuts in use in this country, but in countries 
where the cocoa palm abounds, and great poverty 
exists, the cocoa nut is perhaps a not unimportant part 
of their daily food. I t is also a familiar fact that, 
owing to difficulty of mastication, this kind of food 
is not easily digested, for any one eating a piece of 
cocoa nut is aware of the great length of time and 
careful attention necessary to reduce it to a pulp, but 
it is true of this class of food, as of cheese, that 
whilst difficult of digestion they promote the digestion 
of other foods. Hence, like cheese, they should be 
eaten with great moderation. 

Of the whole class the cocoa nut (Cocos nucifera) 
is by far the most important to mankind, whether, 
considered as a delicious and nutritious food, or as 
supplying valuable oil and many other articles, useful in 
social life. Each tree yields from 80 to 100 nuts yearly, 
and will continue to bear during two generations of 
men. The edible part when ripe is composed of fat or 
oil to the extent of about 70 per cent., so that a quart 
is obtained from six or eight nuts. The quality of the 
oil or butter is very good, and might readily be used 
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as food, but as it quickly becomes rancid, it is more 
commonly employed in the manufacture of fine soap 
and candles. I t has also an albuminous or nitrogenous 
substance and various volatile oils and salts. 

When green and unripe the nuts are lined with a 
creamy substance which subsequently becomes the 
hard white solid albumen which we eat in this country, 
and filled with water so cold as to render it desirable 
to add a little brandy to it. They are readily obtained 
by cutting the end of the nut across with a cutlass, 
and holding it upright. The enjoyment of this fruit 
by one living in a hot climate cannot be appreciated 
by those in temperate regions. 

I t is an Arab saying, that the cocoa nut and the 
date cannot exist together. 

The cocoa palm supplies the nut as meat, milk, 
wines, spirits, vinegar, sugar and syrup ; besides mats, 
cords, sails, strainers, tinder, firewood, houses, boats and 
fencing, and is undoubtedly the most useful tree in the 
world. 

Almonds (Amygdalus communis) are both sweet and 
bitter, and are produced abundantly in Southern Europe 
and Africa. The sweet variety has been in use in this 
country since, if not before, the 14th century, in the 
preparation of almond milk by trituration with water, 
but in our day it is eaten more as a nut, with or with
out raisins. The bitter almond contains a proportion 
of prussic acid, but the quantity is not sufficiently large 
to render the nut itself dangerous. 

Like other nuts, they contain fixed and volatile oils. 
The former which is obtained by compression, is bland 
and agreeable, and although not used as a food is 
esteemed for other purposes, and particularly by the hair
dresser. The volatile oil is separated by distillation, 

Q 2 
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and that from the bitter almond is highly poisonous 
until after the prussic acid has been expelled by heat. 

The hazel nut was used in England during the 
middle ages in the preparation of milk, after the 
manner of almond milk for the cook. I t grows in most 
temperate climates, but attains its greatest perfection 
in Spain and Southern Europe. The filbert, however, 
which is a congener, has by careful cultivation been 
produced in its greatest perfection in this country. 

The earth nut or ground nut (Arachis hypogwa) 
is a vetch-like plant, which buries its pods in the 
earth, and produces oily seeds of excellent flavour when 
roasted. 

The Brazil nut (Bertholletia excelsa), or Peru al
monds as they were called three centuries ago, is 
enclosed in a capsule as large as a 24 lb. shot, very 
hard, and full of closely packed seeds. When falling 
in the forests they are a source of great danger to 
travellers. 

The edible chestnut is doubtless an important article of" 
food to the poor in Southern Europe, and possesses many 
excellent qualities. Its flavour is agreeable, it is very nu
tritious, it may be easily cooked, is much more digestible 
than other nuts, and may be eaten with bread alone. 
I t is unlikely that this food will occupy the highest 
place among foods anywhere, and least of all in nor
thern climates where it cannot be produced; yet it must 
be admitted that its use has largely increased of late 
years, both among the rich and poor, and that it is 
only the expense which prevents its more general 
extension among the latter class. At present it is 
regarded as a luxury. 

The first step to a great extension of its use would 
be to make the ordinary horse chestnut a safe and 
agreeable food, since it grows in our climate, and could 
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be obtained in large quantities. I t has an acrid 
bitter principle, which does not exist in the Spanish 
chestnut, and makes it distasteful and injurious as a 
food. I t is said that means might readily be adopted 
to remove this poison; but they could not be applied by 
the eater, and would therefore imply some preparation 
which would destroy the appearance of the nut and 
enhance its cost. 

Kola or Guru nuts are the seeds of Sterculia acuminata, 
growing in Central Africa, which are bitter but highly 
prized, having the effect of causing water which is 
drunk to taste afterwards like white wine and sugar. 

CHAPTER XXIX. 

CONDIMENTS. 

ALTHOUGH Condiments are rather adjuncts to food than 
foods, and rather medicines than foods, they are of ex
treme value in rendering food more palatable, stimu
lating a jaded appetite, supplying a necessary substance, 
and assisting in the preservation of food. 

They are of three classes, which may be represented 
by salt, vinegar, and pepper, since, all compounds of the 
class contain some or all of these elements. 

Salt, or chloride of sodium, has been in use from the 
earliest times, and is eagerly sought after as food by both 
man and animals. So necessary is it for man, that when 
revenue was the most urgent a tax was placed upon 
salt since, nearly everything would be sacrificed to 
obtain a portion of that material, and the saline 
earths called salt licks are the greatest attraction to 
the wild animals of the prairie or the desert. Both 
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the chlorine and the sodium, of which it is composed, 
are, moreover, part of the elements of the body, and 
are not yielded in sufficient quantity by the foods which 
we eat, and hence we crave for a further supply. 

The immediate use appears to be to stimulate the 
sense of taste and to increase the flow of saliva, but 
its preserving action is due to its power to attract mois
ture, by which it tends to harden whatever moist sub
stance is brought into contact with it, and when it has 
obtained moisture it becomes soft, and loses its fla
vour. There is no other compound of chlorine which 
effects both of these purposes or could supplant com
mon salt. I t is met with in an unlimited quantity 
in sea water, and in certain salt springs, from which it 
is obtained by evaporation and crystallisation. Salt 
springs are preferred by salt manufacturers to sea 
water, since they do not contain iodine or other ele
ments which would modify the flavour of the salt. 
Another source is the earth itself, as in the salt mines 
of Cheshire, Salzburg, Cracow, and the Punjab, whence 
it is extracted by digging or washing. Such salt is 
generally mixed with colouring matter, and is pre
pared for the table at greater cost than from salt 
springs. 

Vinegar is an acid fluid which is prepared from many 
sources. Thus all saccharine materials may put on the 
acetous fermentation and produce vinegar. The finest 
is that prepared from the grape, but malt is well 
known as the largest source of vinegar in this country. 
This kind of fermentation is produced by a tempera
ture of 75° to 80°, maintained for some days or weeks. 
At a lower temperature, vinegar is gradually produced 
from beers or wines which contain little spirit, and 
are exposed to the atmosphere. Such is more or less 
coloured, but a tolerably white vinegar may be produced 
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from white wine, and perfectly white vinegar is the 
product of distillation of wood or pyroligneous acid. 

The strength of the vinegar varies much, but may be 
increased by evaporation, and is not unfrequently for
tified, by the addition of a strong mineral acid or sul
phuric acid. The proof strength is 5 per cent, of pure 
acid and has a sp. gr. of 1-019, but vinegars are usually 
lower than that standard. 

Vinegar of very excellent quality and at a moderate 
price may now be obtained in every part of the country, 
so that it is no longer necessary to make it at home, 
but the following recipe will produce i t : viz., 1 gallon 
of water, 1J lb. of raw sugar, and \ pint of yeast. 
At a temperature of 80° it will be sufficiently acid in three 
or four days to be drawn off, when an ounce of cut rai
sins and the like weight of cream of tartar should be 
added, and after a few weeks the sweet taste will have 
entirely disappeared, so that the fluid may be bottled. A 
more simple method for the production of a small quan
tity is to procure the vinegar plant (Penicillium glaucum) 
and place it in a weak solution of sugar in a warm place 
for a few days. The same plant will continue to increase 
and may be used again and again for the same purpose. 
The production of vinegar from any saccharine material 
is accompanied by a fungoid plant, so that vinegar pro
duced in the purest manner from wine lees deposits a 
material called ' mother of vinegar,' which is a myco-
derm (Mycoderma Vini) and when added to weak alcohol 
produces vinegar. I t consists of cellulose and a nitro
genous principle. The process has, however, some 
connection with the extractive substance of plants, for 
when that of wine is lost by age the acetous fermenta
tion is not easily produced. 

The addition of beech shavings is valuable for the 
purpose of clarifying the vinegar and the acetous fer-
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mentation process is greatly expedited by the free ad
mixture of air with the alcoholic liquor as it passes 
through the shavings. 

The flavour is due in some degree to the acid itself, 
but much more to the substances which accompany it, 
such as various acetic ethers; and in proportion to its 
strength in acid, and fulness and delicacy of flavour is 
the vinegar esteemed. Distilled vinegar is weaker in 
acid if not in flavour than raw vinegar, and having less 
colour is generally preferred. As acetic acid is the true 
acid of vinegar, all others must be regarded as adul
terations. Such are hydrochloric and sulphuric acids, 
the former of which may be ascertained by the white 
deposit which follows the addition of nitrate of silver, 
and the latter of chloride of barium. 

Although acetic acid is transformed into carbonic 
acid, and so far is a food, it would be a refinement to 
say that vinegar supplies nutritive materials, and its sole 
use, as a food seems to be, to flavour food and stimu
late the nerves of taste. I t has also a powerful preser
ving action by which it hardens flesh and prevents the 
decomposition of both animal and vegetable substances. 

Peppers and spices constitute a very large and impor
tant class of condiments, and have been hi use in all 
ages and in nearly all climates. I t is true that peppers 
are the product of hot climates solely, and if used in 
temperate or cold climates, must be imported, but they 
are light and compendious, and particularly fitted for the 
mode of conveyance which was in use in distant ages. 
But many other substances growing in temperate cli
mates have similar properties, and are substituted as 
occasion may require. 

Spices were always highly esteemed, and not only 
were a principal article of merchandise, but acceptable 
presents even to a king. Thus the Queen of Sheba 
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presented spices in great abundance, and it is written, 
' Neither was there any such spice as the Queen of 
Sheba gave King Solomon.' 

So important were they even in our cold climate, that 
in our early history the spicery was a special depart
ment of the Court, and had its proper officers. Spices 
were necessarily rare and costly in the 14th century, 
since they were imported from the Levant, and were 
not then in general use. Chaucer and Wiclif men
tion cinnamon or canella, mace (or as then called 
macys), cloves (or clowe), galyngal, pepper, ginger, 
cubebs, grains of paradise (or de Parys), nutmegs, 
caraway and spykenard de Spayn, are specially noted 
in the recipes. Certain compounds of spices, as our 
allspice, were then used, as powder douce and powder 
fort. Of all these, only the carraway seed is now pro
duced in England, but at that time it was an exotic, 
and imported from Caria. I t was not unusual to 
flavour fluids with leaves as bay leaves, and with 
flowers, as the white and red rose and the hawthorn. 
The class is, however, much too large to allow us to 
devote the requisite space for detailed description, and 
we shall content ourselves with indicating certain 
typical specimens. 

1. As to Fruit. The seeds or berries of plants are 
the chief source of this pungent material, including 
the peppers with which we are so well acquainted. 
The black and white pepper of commerce are produced 
from the same plant (Piper nigrum), a, low shrub which 
grows in the East Indies and Ceylon, and indeed 
extensively throughout the East. The berry has a 
black or dark brown cuticle, and when the whole is 
ground, the product is black pepper, but when the 
skin is removed, white pepper is produced. 

Long pepper is the fruit of several species of the 
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No. 91. 

Chavica, and particularly of the Chavica offichiarum, so 
called, because it has been used in medicine in almost 
all ages, and is more pungent than white pepper. 

Jamaica pepper or Pimento is the dried berry of 
the Eugenia Pimenta, which grows in Jamaica to 
the height of 20 or 30 feet, and bears flowers of an 
aromatic odour. The berries are gathered when green, 
and most carefully dried, after which they are of a 
brown colour. The flavour is much less pungent and 
more aromatic than that of black pepper, and is so rich 
as to be called Allspice. 

Cubebs is the dried fruit of the Cubeba officinalis, 
a climbing shrub, which grows abundantly in Java, 
Sumatra, the Maluccas, and other Eastern coun
tries, where it is in common use as a condiment; but 

in this country it is now employed 
almost exclusively as a medicine, and 
Cubeba Clusii in Western Africa. 

Coriander, cummin, and carraway 
seeds are produced in temperate as 
well as in hot climates, and have an 
agreeable aromatic pungency. 

The nutmeg is the fruit of the 
Myristica moschata, and fatva, and 
other trees of the same genus, growing 
in the Straits Settlements, the West 
Indies, Maluccas, and many parts of 
Asia. I t is enveloped in a fleshy 

its foSaceous arijfus or sarcocarp, and when unripe, the 
whole fruit makes an excellent pre

serve. The seed of the ripe fruit is dried and sent to 
Europe whilst whole, but it is easily torn into small 
portions by the grater, which is in common use. It 
is very delicate and aromatic in its flavour, but not 

Showing the nutmeg with 
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by any means so pungent as ordinary pepper. Hence 
it is more fitted for use with farinaceous foods, having 
a delicate flavour, which would be destroyed by the use 
of a strong pepper. Mace is a thin foliaceous aril, 
which is attached to, and envelopes the nutmeg. I t 
has the character of the nutmeg, with perhaps greater 
delicacy of flavour, and it is used whole (No. 91). 

Cardamom seeds are the fruit of species of Elettaria 
and Amomum, growing in Malabar, Travancore, and 
Siam, as well as in many other parts of Asia. They 
are said to be divided commercially into three classes, 
viz., shorts, short-longs, and long-longs, according to 
the length of the fruit. They are very aromatic. 

Grains of paradise are also the product of the same 
genus, the Amomum Melegueta, growing in tropical West 
Africa, and are used in this country chiefly to give 
increased pungency, or false strength, to beer. They 
are not employed here in cookery. 

Mustard seed (Sinapis nigra and other species) was 
used by our Saxon forefathers, and in the 14th century 
was mixed with honey, vinegar, and wine, as a condi
ment. I t is produced largely in this country and 
Europe generally, and is perhaps the chief condiment 
of this class. I t is never used whole, but is ground 
into an impalpable powder, and is commonly mixed 
with a proportion of flour to mitigate its natural pun
gency. Hence the mustard makers are also manufac
turers of starch, and there is a tendency to use an undue 
proportion of flour by which the pungency of the 
powder is so much enfeebled, that capsicum is added to 
restore it. 

The seed-pods of numerous plants are used as condi
ments. Thus the cayenne pepper is the roughly ground 
pod of the Capsicum frutescens, and other varieties, which 
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grows in both temperate and hot climates. The same 
product is called chillies in Mexico and other parts of 
America, and is used largely when cooking beans. 

The flower bud of the Caryophyllus aromaticus is the 
clove of commerce, and is so called; from its resemblance 
to a nail (clou). The tree grows in the Maluccas, 
Mauritius, Sumatra, Zanzibar, and many other tropical 
countries. The flower is dried in the sun, or by 
artificial heat, and in the process becomes much duller 
in colour. It has a somewbat pungent aromatic 
flavour. 

2. The Bark of Plants. This division is well repre
sented by the cassia and cinnamon, which grow in Java, 
Ceylon, China, Japan, and many other Eastern countries. 
They are the product of the Cinnamomum Cassia, Cinna-
momum zeylanicum, and other species, but of the two 
the cinnamon bark is much more aromatic and useful 
as a condiment. So highly was cinnamon esteemed, 
and so close the monopoly which the Dutch had in 
Ceylon, that the punishment of death was inflicted 
on those who injured the plant or illegally exported 
the bark or oil. I t is used in pieces or it may be 
ground into a fine powder. The finest quality is 
obtained from the young shoots or suckers, since it has 
a less proportion of woody fibre and a more delicate 
aroma. 

3. Leaves. I t is necessary to premise that whilst 
there are leaves which are used as condiments, the same 
property is generally extended to the fruit, and very 
frequently to the flower and bark, if not to the wood, of 
the shrub or tree. 

Bay leaves of various species of Laurus, spear mint, 
peppermint, penny royal, and all our well-known 
garden herbs, belong to this division. The powdered 
leaves of the Baobab are eaten as a condiment in Central 
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Africa, and the leaves of the betel-pepper (Chavica Rooc-
burghii) are chewed by the Malays. I t may also be added 
that the leaves of the tobacco plant (Nicotiana Tabacum) 
are chewed rather as a condiment than as a narcotic. 

4. The Root, Rhizome, or Bulb. This division is well 
represented by the ginger plant (Zinziber officinale), 
growing in the East and West Indies. When fresh, it 
makes a gently stimulating preserve, and when dried 
may be used either whole or ground into powder. I t 
enters into almost every compound of this class, and is 
one of the most useful and least injurious members. 

The following drawing represents the Zinziber offici
nale, with the rhizome, which is preserved. 

No. 92. 

The Ginger Plant. 
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Turmeric is the dried tuber of the Curcuma longa, 
and grows abundantly in the East Indies, where it is 
one of the chief condiments used in the preparation of 
food, and particularly of the various seeds which are 
called dhal. I t is ground into a fine powder before 
use; but in this country it is not used separately as a 
condiment, but as a yellow dye, and is so delicate that 
it is used as a test-paper for determining the presence 
of alkalies. 

Garlic (Allium sativum) is eaten both in hot and 
temperate climates; what is termed the clove is the 
young bulb. The onion is an allied genus, and although 
it is eaten as a food, the small onions are used as a 
condiment in pickles. 

In reference to nearly all the substances comprised in 
this division of Condiments, it may be remarked that 
their property is due to special volatile oils, and that 
such oils are obtained in the largest proportion from the 
fruit and leaves and sold separately. 

From these various sources which may be termed 
elements, are obtained the materials from which the 
infinite varieties of sauces, pickles, and similar ap
petising compounds are made, and to which we may 
only slightly refer. 

Curry powder is a mixture of various peppers and 
other condiments coloured with turmeric, which is in 
universal use in India and the East, but which varies 
in flavour with each manufacturer. I ts use is less 
necessary and defensible in a temperate than in a 
hot climate, and it is rare for one in England to 
tolerate the quantity of capsicum which is relished in 
India. I t is said that a curry mixture should contain 
all the following ingredients, viz.: greenginger, garlic, 
coriander and cumin seeds, onions, Chili pepper, tur
meric, rasped coco nut pulp and lime or lemon. 
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A composition very similar to this was in use in the 
spicery of the middle ages. 

Cassareep is produced in the West Indies and Guiana 
from the root of the tapioca plant (Manihot), and is ex
tensively used both to flavour sauces and to preserve 
meat. As a condiment it is very valuable and is pre
pared by boiling the expressed juice of the roots until it 
is reduced to the consistence of syrup, when it is highly 
seasoned with pepper, cinnamon and mace. The scum 
is carefully removed during the process. I t is so strong 
in flavour that a tablespoonful is sufficient for a tureen 
of soup, and is useful for every purpose of a condiment 
and as a menstruum in which to impregnate and con
serve animal food. 

The palaver sauce is prepared from the leaves of the 
Baobab, and flavoured with pungent spices in Central 
Africa. 

Ketchup or catsup is obtained from mushrooms and 
spices. 

j3. Non-Nitrogenous. 

CHAPTEE XXX. 

STARCHES, SAGO, ARROWROOT, TAPIOCA. 

T H E non-nitrogenous vegetable products are of two 
classes, viz., starch and fat, which have the same elements 
of composition, but differ in their proportions. They 
are very interesting and important foods, and although 
not constituting an essential part of any dietary, are 
amongst the more agreeable of ordinary foods, and their 
use could not be dispensed with without great regret. 

The starchy foods to which we shall now refer are 
used as puddings, and are never made into loaves of bread. 
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Such are sago, arrowroot, tapioca, cassava meal, manioc, 
semolina, and many other similar productions. They 
are rarely absolutely free from a trace of nitrogen, but 
the quantity is inappreciable when considered as a food. 
I t may also be added, that nearly all the members of 
this class are particularly useful as food for children and 
the sick. 

SAGO AND ARROWROOT. 

Sago is the product of various species of Sagus and 
other palms, and a little from the Cycas revoluta and 
other trees in India, Ceylon, and Eastern countries (No. 
94). I t is obtained by washing the pith with water 
and drying the sediment, after which the sago appears 
in round grains, somewhat varying in size, or in small 
granulated masses. The grains, although so hard when 
dry as not to be easily broken by the teeth, absorb water 
somewhat readily, and make a mucilaginous food when 
prepared as pudding or gruel. I t possesses but little 
flavour, but is not in any degree disagreeable, so that 
with suitable adjuncts it becomes an agreeable food. 

Its nutritive value is not very high, since it consists 
almost exclusively of starch, and is therefore inferior to 
rice, and much inferior to the farinaceous foods grown 
in our own climate. The ultimate elements present in 
sago must be considered as if it were so much starch, 
on the following percentage:— 

No. 93. 
C. 44*4 H. 6*2 0. 49'4 

There are 2,555 grains of carbon and 1} grain of 
nitrogen in 1 lb. 

When cooked it is digested in about one hour and 
three-quarters. 

Arrowroot is a well-known food, derived from various 
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sources, but chiefly from the plant (Maranta arundina-
cea), which grows in the Bermudas, the West India 
Islands, the East Indies, and various other parts of 
Asia as well as in Africa. I t is prepared from the 
rhizomes or roots by washing and drying. The rhizomes 
are first very carefully peeled, so as to exclude a 
resinous substance, which would give an unpleasant 
flavour to the arrowroot, and the inner portion is rasped 
or beaten and broken to pieces by mills or deep wooden 
mortars. The arrowroot being insoluble subsides to the 
bottom of the vessel in which it is washed, and may 
then be collected on hair sieves, and separated from 
fibres and other foreign substances. 

English arrowroot is obtained chiefly from potatoes, 
but may be profitably prepared from rice or maize. I t 
resembles sago in being almost a pure starch, as well as 
in its nutritive and culinary properties ; and those sub
stances are preferred from which to prepare it that 
contain very little nitrogen, and whose cost is less than 
that of wheaten flour. 

Bermuda arrowroot is the most esteemed, and is not 
unfrequently adulterated with less costly preparations 
of starch, as potato starch, sago meal, and Brazilian 
arrowroot; but the chemical properties are not thereby 
changed. When the adulteration is made with wheat 
flour, it may be detected by the foam which remains 
upon the surface of the liquid in which a portion of the 
arrowroot has been boiled and persistently stirred, 
for with pure starch, as arrowroot should be, there would 
be no froth. This test depends for its action upon the 
presence of gluten in wheat flour. 

The proximate elements in 100 parts when pure are 
water 18*0, and starch 82*0; so that it is or should be 
free from nitrogen. There are 2,555 grains of carbon 
in 1 lb. 



ARROWROOT. 243 

The time required for digestion is the same for sago 
and arrowroot, viz., from one hour and three-quarters 
to two hours. 

Ten grains of arrowroot when thoroughly consumed 
in the body produce heat sufficient to raise 10*06 lbs. 
of water 1° F., which is equal to lifting 7,766 lbs. one 
foot high. 

In my experiments on arrowroot when eaten alone and 
on an empty stomach it gave no sense of satisfaction, 
but, on the contrary, there was a sense of sinking and 
malaise in the stomach and bowels in about an hour. 
The effect of arrowroot upon the respiratory and other 
vital functions was very small. After eating 500 grains 
well cooked in water, the average increase in the emis
sion of carbonic acid was only 0*154 grain per minute, 
whilst there was a subsidence of the rate of pulsation 
and respiration. When the same quantity was taken 
after a perfect fast of twenty-four hours, the effect was 
still very small, but it was greater than when eaten 
under ordinary circumstances. The maximum increase 
in the carbonic acid evolved was only 0*45 grain per 
minute (No. 95, frontispiece). 

The addition of one ounce of fresh butter scarcely 
increased the effect of arrowroot alone on the respiration, 
for the total average increase was only 0*17 grain, 
and the maximum increase 0*4 grain per minute. The 
rate of respiration was somewhat lessened, whilst 
that of pulsation was increased four beats per second 
(No. 95, frontispiece). 

When 250 grains of sugar were added to the arrow
root, as in the preparation of pudding, there was a 
farther increase in the effect, for the maximum increase 
in the carbonic acid evolved was one grain per minute, 
and of the quantity of air inspired twenty cubic inches 
per minute. The rate of pulsation was somewhat 

B 2 
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increased, whilst that of respiration was lessened 
(No. 95; see frontispiece). 

The sense of satisfaction was greatly increased by 
the addition of sugar or butter to the arrowroot. 

When starch was obtained by washing wheat flour, 
or as commercial starch, the effect varied with its 
purity, that is to say, with the gluten which had not 
been removed by the washing, and with gluten there 
was a much greater increase in the carbonic acid 
evolved and in the rate of both respiration and pulsa
tion. Hence there can be no doubt that starch to be 
used as a nutrient should not be entirely free from 
gluten or other nitrogenous matters. 

TAPIOCA OR CASSAVA. 

This starchy food is prepared from numerous plants 
which grow in tropical America, Asia, and Africa ; but 
particularly from the Jatropha Manihot, and other species 
of the Euphorbiaceous family, although some yield 
highly poisonous juices. 

I t is found in the rhizomes or roots, which resemble 
large turnips, and grow in clusters, and is prepared in a 
manner very like that of arrowroot. The fecula, or 
starch, which has been washed out of the bruised roots, 
is carefully dried on heated plates, by which many of 
the starch-cells are broken, and dextrin is produced. 
The heat thus applied is apt to lessen the nutritive 
value of the product; bat is essential, in order to drive 
off the poisonous acid which is found in the juices. It 
is imported from Brazil, under the name of Brazilian 
arrowroot, and both are essentially the same in nature 
and nutritive value. 

I t is very largely used in South America in the pre
paration of cassava cakes, by the farina, or meal, being 
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heated, but in nutritive value they are far inferior 
to oat-cakes. Slices of the root are also dried and 
eaten as cassava bread. There is also a cassava which 
possesses the same substance without the poisonous 
juices, and known as sweet cassava, or sweet yucca, 
the rhizome of which may be eaten raw, roasted, or 
boiled. 

The chemical properties are identical with those of 
arrowroot, and almost identical with sago, and as 
foods they are all practically equal, the one to the 
other. 

Captain Burton says that this food is full of 
gluten (in which he is doubtless mistaken), but by 
no means nutritious, and after a short time it pro
duces an inordinate craving for meat ; yet it is a 
common article of food, for the poorer classes on 
the western coast of Africa, where there are fifty 
ways of cooking it. I t tastes like parsnips or watery 
potatoes. 

SEMOLINA. 

This favourite food, from which puddings are made, 
is perhaps the most valuable of all the substances so 
employed, since it is derived from the finest and hardest 
wheat, and as it contains a larger proportion of 
nitrogen than tapioca or arrowroot might have baen 
described elsewhere. 

I t is that portion of the central part of the grain of 
wheat which is not reduced to powder in the process 
of grinding by stones, and is produced from the 
grains of very sunny climates, as Spain, Odessa, and 
some other parts of Eussia and the south of Italy, 
where the grain becomes very dry and hard. I ts pro-
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duction is, in a degree, a necessary result of the imper
fection of the grinding process, since it lies in the 
furrows of the millstones, but the quantity may be 
increased at the pleasure of the miller. 

I t is used in Italy for the preparation of polenta, and 
in France is made into a favourite kind of bread, whilst 
in this country it is employed in the preparation of 
puddings alone. In Algeria it forms the national dish 
called Couscousou, with the addition of vegetables, butter 
and fowl, and is as good as its composition and cook
ing are complicated. A preparation very similar to 
it is made from millet and maize, but the flavour is 
inferior. 

CHAPTER XXXI. 

VEGETABLE FATS AND OILS. 

W E have now to consider a class of substances which 
are used by man everywhere in temperate and hot 
climates, and which offer very great variety in their 
source of production and flavour. 

Eat, whether in a solid or liquid state, is found in 
nearly all vegetable productions, and adds to their 
nutritive value and flavour, but the quantity is some
times so small as to preclude the attempt to obtain it 
separately. I t is more particularly stored up in the 
seeds, and can be obtained by expression, with or 
without the aid of heat. Thus, the cocoa-nut is now 
extensively employed in the East Indies and other coun
tries for the production of oil only, and yields a pure 
and clear oil, which is valuable as a food. 

Numerous other palm-trees of Eastern countries 
supply fats, which are called butter, and which, when 
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properly treated, yield oils which are used as food. 
Hence, we have the butter-nut and the Shea butter, 
as well as palm-oil, which are bringing the African 
people into communion with civilised nations, and upon 
which our greatest hope of the abolition of slavery and 
the cultivation of legitimate commerce chiefly depends. 

The Brazil nut, ground-nut, the hazel-nut and the 
walnut are amongst many which are known in this 
country as possessing oils, and from the two former 
the oil is expressed, and sold as articles of com
merce. 

Fruits, which are less albuminous in their nature 
than nuts, also yield oil largely, so that edible vegetable 
oils are best known in this country, and in Europe 
generally, by the olive-oil, which was also used in
stead of butter in England in the fourteenth century; 
but in hot climates, and particularly in India, a great 
variety of vegetable oils are obtained and used as 
food. 

The olive tree (Olea Europaia), which produces olive-
oil, grows in Syria, and other parts of Asia, as well as 
in the southern countries of Europe, and is everywhere 
highly esteemed. I ts fruit varies in size, so that 
the Spanish is twice as large as the French olive, 
and has a fleshy coat or sarcocarp, which contains 
the oil. The olive is used as food by the poorer 
classes in the country where it is produced, and when 
eaten with bread is agreeable and nutritious. The 
drupe is, however, as commonly used for the prepa
ration of olive oil; or, after pickling in salt-water 
or lime-water, it is exported to countries where it is 
eaten as a luxury, to stimulate the appetite or diges
tion. 

The oil is obtained from the fruit by pressure, and 
that which comes over first is the purest, and is called 
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virgin oil, whilst a further portion is expressed by 
means of heat and water, and is much less valuable. 
The oil thus obtained is not so clear as it subsequently 
appears in the market, until subjected to a purifying 
process. This consists simply in allowing it to settle 
in tuns for about twenty days at a temperature of 60° F., 
and then drawing it off clear. 

When it is fresh and pure it has only a very slight 
yellowish green colour, and but little smell or flavour, 
so that it may not only be drunk by those who like 
oil, but is particularly fitted for cooking delicate 
foods. I t cannot be doubted that it is one of the 
most easily digested fats in food, and its use might 
be properly extended in this country, notwithstanding 
our excellent animal fats. 

So valuable a substance excites the cupidity of those 
who deal in it, and becomes adulterated with cheaper 
oils, such, for example, as the oil of the ground-nut 
of Africa (Arachis hypog&a), the oil of other seeds, and 
even animal products, as lard oil. Such additions or 
substitutions may not lessen the nutritive value of the 
oil, but they diminish its peculiar flavour, and, being 
cheaper, are fraudulent. 

But the largest source of vegetable oils is the small 
seeds of plants, and some of them are used as food. 
The seed of the cotton-plant, mustard-seed, linseed, and 
rape-seed may be quoted as illustrations of these pro
ducts, and oils of a very fine quality are procurable 
from most of them. The seeds of the common cucumber 
may be especially cited as yielding an edible oil of 
delicious and delicate flavour; and that of the large 
cucumber grown on the African coast far exceeds in 
flavour the finest olive-oil. Seed-oil is much more 
commonly eaten in India, and other hot countries, than 
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in England. The seeds of the sunflower, yielding 40 
per cent, of oil, and sesamum oils may be added to the 
list, as representing Indian oils, which are used in 
cooking gram and other vegetables; whilst in the 
gloomy forests of Central Africa, where milk and butter 
are rarely attainable, and in the great mangrove 
swamps, where the cassava, plantain, and yam are the 
chief foods, palm-oil and vegetable fats are almost 
necessaries of life. 

There can be no doubt that we have in this product 
of the seeds of plants, which seem otherwise to be 
useless, a great storehouse of most valuable nutritive 
material; and if we know but little of them in this 
climate, it is because we have the olive-oil at hand and 
are bountifully supplied with many kinds of animal fats. 
I t is, however, probable that the cheapness of some of 
these vegetable oils, in addition to the delicacy of their 
flavour, will, ere long, force themselves into notice, and 
obtain a place among our foods. 

CHAPTER XXXII . 

SUGAR, TREACLE, HONEY, AND MANNA. 

THE modern researches of chemists have so extended 
our knowledge of sugar and saccharine compounds, 
that , were we to enter into detailed chemical descrip
tions, we should have to describe a class of substances 
rather than the one food which is popularly known as 
sugar; and as that would be incompatible with the 
scope of this work, we shall strictly limit our observa
tions to the popular conception of the subject. 

Sugar is not a product of Nature, which, like a fruit, 
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maybe detached by mechanical means from the plant pro-
ducingit, but a component part of the juices of plants, and 
is obtained by expression, evaporation, crystallisation, 
and purification. I t is met with in the juices of nearly 
all edible plants, but particularly in fruits and in the 
sugar-canes, which are cultivated solely with a view to 
its production. I t is also found very largely in the 
subterranean stems and rhizomes of many plants, as 
beet-root, carrot, and parsnip, and in the juices of 
certain forest trees, as the sugar maple of the New 
World, some palms, and in all edible seeds. I t is found 
in the blood, flesh, and secretions of animals, particularly 
milk, and is a product both of health and disease. 

Hence, the sources whence it might be derived are 
exceedingly numerous and widely distributed, and there 
is probably no part of the globe where the inhabitants 
do not obtain it, so that it would scarcely be beyond the 
truth to say that it is the most generally distributed of 
all proximate chemical elements. 

Sugar was not introduced into England until the 
fourteenth century; and, as it was imported from 
countries so distant as the Indies, by Damascus and 
Aleppo to Venice and Pisa, or from Cyprus, it was an 
expensive luxury. I t could not compete with honey, 
which was the native saccharine food, but was reserved 
for choice dishes and for the use of the wealthy classes. 
I t was even refined at an early date, but the process was 
effected with wine, and probably did not proceed further 
than the removal of foreign matters. 

I t was, however, known to, but rarely used by, the 
ancients as far back as the fourth century before 
Christ. I t is not mentioned in the Old Testament 
Scriptures; and in those records the quality of sweet
ness which we attach to sugar was connected with 
honey, so that the expression used was, not c As sweet 
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as sugar and the sugar-cane,' but, < As sweet as honey 
and the honey-comb.' 

Amongst an almost infinite variety of so-called 
sugars, as understood by chemists, there are three 
kinds which demand notice, viz., milk-sugar, cane-
sugar, and grape or fruit-sugar. They have the same 
chemical elements, but differ much in sweetening power. 
Milk-sugar is so called because it is chiefly derived from 
the milk of animals, and cane and fruit sugars from 
having their chief sources in the sugar-canes and fruits. 
The former is less soluble and has less sweetening pro
perty than the latter, and its use is infinitesimally 
small. 

The usual sources of ordinary crystallisable or cane-
sugar are four, viz., the sugar-cane, maple-tree, palms, 
and beet-root, but of these the former far exceeds the 
others. 

The sugar-cane grows, or may be grown, freely and 
almost universally, in hot or tropical countries, as the 
lowlands of the Mississippi, the West Indian Islands, 
Spain, the Mauritius, Java, the Brazils, parts of Africa, 
Australia, and the East Indies, and also over extensive 
tracts in Asia. I t is not grown in the temperate regions 
of Europe, or in districts where the elevation is so great 
as to reduce the temperature to that of temperate 
climates, and everywhere the product varies as the 
degree of heat, other conditions being equal. 

The cane grows to twelve or even twenty feet in 
height, and to one inch and upwards in width, so that 
a field of canes fully grown and in flower presents a 
very handsome appearance (No. 97). 

The chemical composition of the cane is as follows, 
per cent.:— 

No. 96. 
Water 72-1 Sugar 18*0 Woody fibre and salts 9*9 
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There is a larger proportion of sugar in the juices at 
the lower part of the stem, and 100 lbs. of mixed cane 
yield about 70 lbs. of sugar. 

No. 97. 

The Sugar Cane (Saccharum officinale). 

The machinery now employed in the manufacture of 
sugar from the sugar-cane is ingenious and expensive, 
but the process of manufacture is simple. The canes 
are passed through slowly revolving rollers, which 
press out the juice, and the juice is then mixed with 
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a little quick-lime and passed through a series of heated 
pans. In this process it is heated more and more until 
it boils furiously, by which the impurities rise as a scum 
to the surface, whence they are removed, whilst the 
juice is reduced to the consistence of oil. The further 
evaporation and crystallisation takes place in vacuum-
pans, where the crystallised is separated from the un-
crystallised sugar or molasses, and is ready for the 
market, and much skill and care are exercised in the 
manufacture of the sugar. 

The crystals of sugar when purified are colourless, 
but before decolorisation are usually tinged by the 
adhesion of a dark syrup, consisting of uncrystallised 
sugar and fruit sugar. The chief object in the pro
cess of refining is to get rid of these impurities, and 
this is effected by two processes, known as the clay pro
cess (from which such sugars are known as clayed 
sugars) and the centrifugal process. 

In the former, a layer of very moist clay is placed 
over the sugar, and the water leaving the clay passes 
slowly through the mass of sugar, and carries off the 
syrup adhering to the crystals, whilst, at the same time, 
it dissolves and removes but a very small quantity of 
the crystallised sugar. In the latter, the sugar is 
caused to revolve at a great speed in the inside of a 
drum, which is covered by fine wire gauze, and the 
syrup is thrown through the meshes of the gauze, whilst 
the sugar is retained within. 

Refined sugar is of two descriptions, viz., loaf sugar 
and pieces, the former produced in London, the latter 
at Bristol and in Scotland; but it is by no means easy 
for one ignorant of the trade to distinguish the one from 
the other. 

In both alike the raw sugar is dissolved in water and 
boiled, and the impurities are removed either by the 
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addition of bullocks' blood, which causes them to rise to 
the surface, or by passing the syrup through cotton 
bags. I t is rendered colourless by filtering the clarified 
syrup through layers of charcoal, and it is again con
centrated by placing it in the vacuum-pan. After a 
certain time crystals begin to form, and are enlarged 
by the addition of fresh syrup and a continuance of the 
boiling process; and when large enough the sugar is 
withdrawn from the vacuum-pan, and placed in ' forms ' 
to complete the crystallisation. 

When it is intended to make loaf-sugar, the uncrys-
tallised syrup is removed from the crystals by the 
addition of a concentrated solution of pure sugar, which 
carries off the syrup and leaves the crystals clear; and 
the latter, having been dried in a stove and turned in a 
lathe, form the loaf-sugar of commerce. The drainings 
are, however, again concentrated by boiling, and yield 
a proportion of crystals, which become loaf-sugar of an 
inferior quality, whilst that part which cannot be crys
tallised is sold as treacle. When, however, loaf-sugar 
can no longer be produced, a moist sugar, containing 
some treacle, is made and sold as * bas tards ' ; and all 
that cannot be so prepared is disposed of as treacle. 

In making (pieces,' the separation of the uncrys-
tallisable part is effected by the centrifugal machine, 
and the first production of crystals is called ' lumps,' 
whilst all others from the same syrup are termed 
6 pieces.' Ultimately all, or nearly all, the treacle or 
syrup is absorbed by a sort of bastard crystals, and 
sold as raw sugar. 

I t is a familiar fact that ail kinds of sugar have not 
the same sweetening properties, but the degree of 
variation is not by any means well known. This is due, 
in part, to the quality of the source whence it is derived, 
for where there is much grape or fruit-sugar mixed 
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with the cane-sugar, as, for example, in beet-root juice, 
the sweetening property is lessened in proportion 
to the amount of fruit-sugar. In other part it is due 
to the process of manufacture, for the heating process 
converts cane-sugar into fruit-sugar, and the more so 
the longer the process is continued. Hence, the first 
crystallisation contains the greatest proportion of cane-
sugar, and is the sweetest, whilst the quality deteriorates 
at every succeeding crystallisation; and finally the 
treacle, or uncrystallisable syrup, consists largely of 
fruit sugar. These qualities may be in great part deter
mined by the size of the crystals, for it lessens as the 
quality deteriorates, and at length is supplanted by 
granulation, or bastard crystallisation. 

The aim of the refiner is, therefore, to select a raw 
sugar which contains the least quantity of impurity, or 
any flavour distinct from that of sugar, and which also 
yields the greatest proportion of cane-sugar, whilst in 
the process he seeks to produce the largest and whitest 
crystals, and to cause the least quantity of granules or 
crystals to absorb the greatest amount of uncrys
tallisable syrup; that is to say, to make the greatest 
quantity of sugar and the least of syrup. 

That kind should be preferred for domestic use which 
consists of the largest crystals, and has the least propor
tion of moisture; and, as it respects loaf or lump sugar, 
considerable time should be allowed for the perfect 
solution of such crystals. A very moist raw sugar, which 
has an homogeneous appearance when rubbed between 
the thumb and finger, and a refined sugar, which is 
broken with comparative ease, and not of a pure white 
colour, should be avoided. I t is also very useful to 
judge of sugar by the smell, for e pieces' and raw sugar 
from beet-root have an unpleasant odour, whilst pure 
sugars are entirely, or almost entirely, free from it. 
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The amount of sugar hi different specimens varies 
from 100 per cent, in pure refined sugar and sugar 
candy to 94, 88, 80, and 67 per cent, in the first, second, 
third, and fourth classes of unrefined sugar, in ac
cordance with the classification adopted by the Sugar 
Convention of the different Governments. 

The adulteration of cane sugar is effected with starch 
and glucose or grape sugar, all of which lessen its sweet
ening power without introducing any deleterious pro
perty. Sand and water are also added with a view to 
increase the weight, but it is believed that this mode of 
adulteration is now much less frequent than formerly. 
Starch may be readily detected by the iodine test, and 
sand by its insolubility and grittiness. Iron is not un
frequently found in the low class of sugars as an 
impurity, and renders the infusion of tea black by its 
action on the tannin of the tea leaf. 

The Chinese sugar grass (Sorghum saccharatum), a 
kind of millet, is also largely used in China, America, 
and Europe, for the production of sugar, as the date, 
fig, and similar fruits are used in Asiatic countries for 
the same purpose. I t is well known that the common 
barley of this country contains so large a proportion of 
saccharine matter that by the process of malting it 
yields the sugar contained in beer and porter, and is 
therefore an important source of that food. 

The sugar maple (Acer saccharinum) abounds in North 
America, and resembles the sycamore tree. I t is not 
generally grown purposely for the production of sugar, 
but its juices are very abundant in the spring and 
summer, and yield a large amount of it. One tree yields 
from two to six pounds of sugar yearly, and one pound 
of sugar is produced from four gallons of sap. The 
method adopted to procure sugar is very simple. Holes 
are bored obliquely upwards into the lower part of the 
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trunk of the tree m the spring season, through which 
the juice exudes, and by a proper apparatus the juices 
may be collected in vessels, without waste and almost 
without labour. Thus obtained, they are of a brown 
colour, and on evaporation and condensation by arti
ficial heat yield sugar in both a crystalline and non
crystalline form, which is run into moulds. I t is not 
generally prepared for sale, and therefore is rarely 
purified or decolorised, and hence, although it sweetens 
well, it has other flavours besides those due to the sugar, 
and would not be preferred to the purified cane sugar 
of the market where that could be obtained at or about 
the same cost. 

I t is for the most part prepared by the settlers in 
America for their own use, and is therefore obtained at 
small cost. 

There are also numerous palms which yield sugar 
very freely, and particularly in India, where the juice is 
expressly used for this purpose. I t is obtained by cut
ting off the male flower when young, and allowing the 
juice to flow for several months, during which time it 
is collected, and then evaporated and purified. Such 
palms are the Wild date and the Arenga saccharifera. 

Beet-root sugar was first made in 1747, and is 
now more largely produced in Prance than in any 
other country, not only for home consumption, but 
for export to England. This is, however, due less 
to the special superiority of this source of production 
than to the absence of French colonies, whence the 
sugar could be obtained from the sugar-cane and 
imported into France. Hence, in order to foster 
native industry, as well as to supply sugar economically, 
the French have given great attention to the culti
vation of beet-root (both for this product and for the 
distillation of alcohol), and have succeeded in pro-

s 
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ducing a very refined sugar, which looks extremely well, 
if it does not sweeten so well as the less refined sugar of 
the sugar-cane. I t is, moreover, grown largely for the 
same purpose throughout the continent of Europe, and 
its production is increasing in Australia and Tasmania. 
In this country, the beet-root has been cultivated for the 
preparation of both sugar and alcohol, but looking at 
the advantages which we possess in the importation of 
cane sugar, it is not probable that this will ever become 
a profitable and important business. 

The preparation of sugar from beet-root is carried on 
with the best skill and apparatus, whilst the mode is 
probably more simple than that of sugar from the sugar
cane. The beet-root is first detached from the green top, 
and then cleaned from dirt, and washed in a cylinder or 
other washing machine. The next process is to rasp or 
tear it into the smallest pieces, and thus to open the 
cells which contain the juices, and allow the latter to be 
readily removed. This is perhaps the most important 
part of the proceeding, for it has been found that pres
sure alone, however great, does not remove more than 
two-thirds of the amount which may be obtained by 
first rasping the root. I t is then subjected to pressure, 
by which probably 80 per cent, of all the juices are 
extracted and afterwards mixed with lime. The pro
cesses of purification, concentration, and crystallisation, 
are carried on until the sugar is prepared for the market 
or for the further operations of the refiner. 

I t is needless to show how universally this substance 
enters into the dietaries of every class in every place. 
There are of course immense tracts of country where 
sugar in a separated form is not obtained, but even 
there it is eaten in milk, fruits and other animal and 
vegetable productions. Thus in the deserts of Arabia 
the tamarind and camel's milk are the chief sources of 
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its production, whilst the fig, date, and innumerable 
luscious fruits yield it in tropical and other Asiatic 
countries. 

The following table shows the quantity of sugar 
which is contained in ordinary foods :— 

No. 98. 
Sugar in various products (per cent.*). 

Raw sugar 
Treacle 
Butter-milk 
Carrots 
Parsnips . 
Oatmeal . 
Skim milk. 
New milk . 
Barley meal 

950 
77-0 
6-4 
6-1 
5-8 
5 4 
5-4 
5-2 
4-9 

Wheat flour. 
Rye meal 
Wheaten bread 
Potatoes 
Turnips 
Peas . 
Indian meal "1 
Rice / 

. 4-2 

. 3 7 

. 3 6 

. 3-2 

. 2 1 

. 2 0 

. 0-4 

I t is impossible to estimate the effect of the entire 
withdrawal of an important article from the food of 
mankind; but it may be doubted whether the loss of 
any one element of food would be so keenly felt as that 
of sugar. So necessary is it, in fact, that starch, the 
other universal vegetable food, is transformed into sugar 
in its course of chemical change within the body. 

The ultimate chemical composition of dried sugar is 
as follows, in 100 parts :— 

No. 99. 
c. 

Milk sugar . . . 4 2 * 1 
Cane sugar . . . 40*0 

There are 2,800 grains of carbon in 1 lb. of ordinary 
moist sugar, and there should not be any nitrogen. 

Ten grains of lump sugar when burnt in the body 
produce heat sufficient to raise 8*61 lbs. of water 1° F., 
which is equal to lifting 6,649 lbs. one foot high. 

I t was indicated as the respiratory food par excellence 
in my Memoire published in the Annates de VAcademU 

5 2 

H. 
6'4 
6*6 

O. 
51*5 
53-3 
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des Sciences de Montpellier, 1860; and is the most striking 
illustration of a respiratory food which we possess, for 
not only does it exert a great and rapid influence over 
the respiratory process, but it is itself entirely trans
formed into carbonic acid and water, both of which 
pass off from the body by the lungs. 

I ts action is very rapid, commencing within five to 
ten minutes after it is eaten in solution, attaining its 
maximum in about thirty minutes, and disappearing 
within two hours. My experiments on the different 
kinds of sugar have been very numerous, but it will 
suffice here to give a general indication of the results. 

One ounce and a half of white sugar dissolved in water 
gave a maximum increase in the carbonic acid evolved 
of 2*18 grains per minute, and of the air inspired of 
111 cubic inches per minute. The rate of respiration 
and of pulsation was lessened (No. 100). 

In an experiment when the whole of the carbonic acid 
evolved was collected, it was proved that after taking 500 
grains of white sugar in cold water, there was an in
crease of 1*57 grain per minute during the first half-
hour, and of "58 grain per minute during the second 
half-hour, whilst after one hour and a-half the quantity 
was still increased by 0*12 grain per minute. The 
increase in the quantity of air inspired was 19*3 cubic 
inches per minute during the first half-hour, of 30*6 
cubic inches per minute during the second half-hour, 
and of 8*3 cubic inches per minute during the third 
half-hour. When the sugar was eaten dry, the effect was 
less, but it was rapidly increased on drinking water 
^No. 100). 

The addition of 6 drachms of good vinegar to 750 
grains of sugar was to increase the effect of the sugar. 
The maximum increase of carbonic acid was 3*3 grains 
in 20 minutes, and the whole average increase through-
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°ut one hour and a-half was no less than 1*24 grain 
per minute. The maximum increase in the air inspired 
was 79 cubic inches in 20 minutes (No. 100). 

The addition of an alkali did not increase the effect 
of the sugar. Thus, 750 grains of white sugar with 40 
minims of Liquor PotassoB and twelve ounces of water 
gave a maximum increase of 2*13 grains of carbonic acid 
per minute, but the increase in the quantity of air 
inspired was no less than 165 cubic inches per minute 
(No. 100). 

The addition of 500 grains of butter lessened the 
effect of the sugar to a maximum increase of only 1*3 
grain of carbonic acid and 48 cubic inches of air per 
minute (No. 100). 

Milk sugar has less influence than cane sugar, and 
grape sugar less than either. The maximum increase of 
carbonic acid from the former was 1*62 grain, and with 
the latter 1*3 grain per minute, and of air 24 cubic 
inches per minute (No. 100). 

There was always great ease and depth of respiration 
after taking sugar, so that it was so far an agreeable 
food, but in five minutes there was sometimes a sour 
taste in the mouth, and it differed from ordinary food in 
causing a craving for food in about a hour and a half. 

MOLASSES, TREACLE, AND GOLDEN SYRUP. 

Molasses is the ancrystallisable juice of the sugar-cane 
or other source of sugar, which is left after the crystal
lised sugar has been separated. I t is a natural product, 
since some of the saccharine juice is not capable of crys
tallisation ; but it is further an artificial product, as the 
result of the action of heat during the sugar-making 
process, which renders a part of the sugar uncrystal-
lisable which would otherwise have crystallised. 
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I t is not so pure as crystallised sugar, since it con
tains matters which are excluded in crystallisation, but 
it possesses remarkable sweetening properties, and 
except that it contains nearly 20 per cent, more water 
than moist sugar, is as useful as sugar when the 
flavour is not objectionable. 

Treacle, as it is ordinarily understood, is produced 
when sugar is being extracted from the juice of the 
sugar-cane, while golden syrup is the same kind of pro
duct when the moist sugar is being refined. The latter 
is much lighter in colour and clearer than the former, 
and is sold at a higher price, but its sweetening proper
ties are very inferior to those of treacle. The treacle 
which is obtained from the sugar maple is preferred to 
any other. 

Dr. Ure found the following quantities of sugar in 
treacle and syrups of varied specific gravity, and 
established the rule that if the decimal parts of the 
specific gravity be multiplied by twenty-six, it will give 
very nearly the number of pounds of sugar in each 
gallon:— 

No. 

Sp.gr. 

1-0395 
1-0500 
1-0685 
1-0820 
1-0905 
11045 

Sugar per cent, 
by weight 

10 
12-5 
16-666 
20 
21-74 
25 

101. 

Sp. gr. l 

1-1110 
1-1250 
1-1340 
1-1440 
1-2310 
1-3260 

Sugar per cent, 
by weight 

26-316 
29-412 
31-25 
33-333 
50 
66-666 

SUGAR CANDY. 

This is used rather as a luxury than a food, and 
requires but little notice here. I t is obtained by 
the slow evaporation of cane sugar in large crystalline 
masses, which are hard and do not so readily absorb 
moisture as ordinary sugar. I t is sweet, but by no 

http://Sp.gr


HONEY. 263 

means so sweet as sugar, and could not be used with 
advantage to sweeten foods. Barley sugar is prepared 
by boiling down rapidly a concentrated solution of 
sugar, and then letting it cool to a vitreous mass. The 
process through which the sugar has passed in tbe pre
paration of barley sugar is apt to change its chemical 
composition, so that it consists in great part of caramel, 
and is not a true sugar. The chemical composition of 
caramel differs from that of sugar by the loss of the 
elements of water, and is in 100 parts :— 

No. 102. 
C. 47-06 H. 588 0 . 47*06 

Whenever sugar is exposed to a considerable heat, 
as in the manufacture of fruit preserves, a part of it is 
converted into caramel, and by continuing the process 
it may be converted into glucose, and greatly lose its 
sweetening properties. 

HONEY. 

Honey is a well-known product of the activity of the 
working or neuter bee, but not of the bee itself, for it 
is simply collected by that useful insect, and varies 
in quality according to the plants which produce it. 
Whilst, therefore, it is mild or bland in one locality, 
its flavour may be far more aromatic and stimulating 
to the taste in another, so that honey produced from 
village gardens, or from heather, or from the Swiss 
herbage, has very different flavours, and produces dif
ferent effects. 

Honey obtained from certain localities is known to be 
poisonous, and to produce giddiness or temporary mad
ness, as is recorded in the report of the Eetreat of the 
Ten Thousand; and without proceeding to that length, it 
must be within the experience of many that they have 
sometimes experienced nausea and a sense of malaise at 
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the stomach after eating it. How far this affects all 
individuals alike is not known : but it is not unusual to 
hear a visitor to Switzerland say that he liked the 
honey, but it did not agree with him. 

This substance is found usually at the base of the 
petal of the flower, and in the nectariferous glands. The 
bee sucks it by its proboscis, and transfers it to its honey 
bag or dilated oesophagus, whence it deposits it, without 
chemical change, in the hive for future use. The hive, as 
is well known, contains several combs, which consist of a 
series of hexagonal cells, adhering to each other by their 
sides. In a comparatively few instances cells for the re
ception of honey are specially made of an elongated form, 
but usually the honey is deposited in old cells which have 
become too small to hold the larva3, or in the ordinary 
cells after the breeding season is over. They are open 
to the bees until they have been filled with honey, and 
afterwards they are closed with wax until the honey 
is required for use. 

Hives vary very much in the quantity of honey which 
they contain, but those of our cottagers, which are 
robbed every year, produce twenty to forty pounds, 
whilst in the decayed trees of the American forests, 
and in Palestine, they have been known to contain 
more than two hundred pounds. Virgin honey is 
the portion which first runs off, either with or without 
the aid of gentle heat, whilst pressure and heat are 
used in the extraction of that which follows. The 
former is the purer and sweeter kind, whilst the latter 
has a deeper colour, less translucency, more impurity, 
and a stronger flavour. The latter, when produced from 
old combs, is usually of very dark colour, and often of a 
disagreeable sticky waxy flavour. Every kind but virgin 
honey is clarified by causing the impurities to rise to 
the surface by heat and then skimming them off. 
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This has always been regarded as a luscious and 
coveted food, so that the excellence of Palestine was re
presented by the spies describing it as a land that 'floweth 
with milk and honey' (Numb. xiii. 27). When Jacob 
wished to propitiate the governor of Egypt, he sent him 
' a little honey' (Gen. xliii. 7). I t was also well known 
as an article of ordinary food, so that John the Baptist's 
* meat was locusts and wild honey.' I t was also pre
pared into wafers (Ex. xvi. 31), into a kind of bread 
with flour and oil, and even eaten with butter, when it 
was the most delicious compound known. Solomon, 
however, was well aware that ' it is not good to eat too 
much honey,' and it is very curious and interesting to 
observe that whilst its use was so common amongst 
the Jews, it was forbidden to offer it as a part of their 
ritual, for it was said, ' Ye shall burn no leaven nor any 
honey ' (Lev. ii. 7). 

Honey is, moreover, mentioned by writers of anti
quity of all nations, so that its use was very general. 
I t was always particularly esteemed in this island, 
when sugar could not be obtained, and so largely was it 
used that the clarification of it, by boiling it with white 
of eggs, was a recognised branch of trade. I t was 
used in cooking as well as to sweeten food, and was 
largely employed, even to a recent date, in the manu
facture of fermented liquors, as mead and metheglin. 

I t has also been a source of profit in all time. 
Judah sold honey to the Tyrians (Ezek. xxvii. 17), 
and in the Western States of America, bee tracking and 
honey and wax selling are common and profitable occu
pations. In our own country, a large proportion of 
the cottagers keep hives, and the thrifty housewife 
dresses her children and sometimes pays the rent 
thereby. 

The bee is found in all temperate and warm climates, 
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and so numerous are the varieties t h a t no less than 
250 exist in Bri tain alone. 

The composition of honey varies within certain 
limits, according to the plants from which it is 
derived, but i t is always highly saccharine, and of the 
consistence of very thick fluid. The sugar is found in 
both crystallised and un crystallised forms, as coarse 
sugar, grape-sugar, and m a n n i t e ; and, in addition, 
there is gum, wax, mucilage, extractive mat te r s , acid, 
and peculiar flavours. The pollen powder of flowers is 
very commonly mixed wi th it , and is said to be t h e 
cause of certain ill effects on the system. After i t has 
been kept for some t ime i t ceases to be a fluid, and 
appears as a solid crystallised mass, in which s ta te i t 
has lost much of its richness and flavour. 

So valuable a substance could not escape adulterat ion, 
and is often found mixed with s tarch and sulphate of 
lime. The former may be determined by the micro
scope (Nos. 46, 47, p . 147), and the la t ter by being 
insoluble when the honey is mixed with water . 

MANNA. 

This substance is probably the same as t h a t called 
manna in the Bible, and is clearly analogous to it, 
both in appearance and qualities. 

* And when the dew that lay was gone up, behold, upon the 
face of the wilderness there lay a small round thing, as small 
as the hoarfrost on the ground.'—Ex. xvi. 14. < And the 
manna was as coriander seed.' ' And the people went about, 
and gathered it, and ground it in mills, or beat it in a mortar, 
and baked it in pans, and made cakes of i t : and the taste of 
it was as the taste of fresh oil. And when the dew fell upon 
the camp in the night, the manna fell upon it.'—Numb. xi. 
7, 8, and 9. 

I n Kurdistan, Lebanon, and elsewhere, i t is found on 
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the leaves of various plants, as the dwarf oak, tamarisk, 
and larch, and is shaken from them before sunrise into 
cloths which have been placed underneath. I t is also 
sometimes found upon sand and stones, and is then 
whiter and purer than the tree manna; but its appear
ance depends upon the dews or rain, so that it is chiefly 
found during a period of six weeks in the end of 
autumn and the early spring. 

I ts flavour is agreeably aromatic, and like that of 
honey, to which substance it is made to have a further 
resemblance by the mode of preparing it into a paste, 
after it has been thoroughly cleansed from leaves and 
other impurities by being boiled. In the state in which 
it is found it resembles a coriander seed. 

The honey-dew, which is found on many plants under 
certain atmospheric conditions, and which attracts 
destroying insects, to the horror of the gardener, is 
probably of the nature of manna. I t is said to be 
sweetish in flavour, and sometimes is sufficiently abun
dant to fall from one leaf to another. 

A shower of manna was recorded in July of 1872, 
which appeared as small seeds on the leaves of trees 
and on the ground. 
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L I Q U I D S . 

CHAPTER XXXII I . 

WATER. 

I T is needless to insist that water is a most important 
food, for it is found in all foods, whether solid, liquid, 
or gaseous, and is taken into the body to the amount 
of several pints daily. I t , moreover, constitutes about 
87 per cent, of the whole bulk of the body, and as 
it wastes at every moment, it must be restored by a 
new supply. 

I t is required for many purposes :—Eirst, to soften or 
dissolve solid foods, so as to facilitate their mastication 
and digestion; second, to maintain a due bulk of blood 
and the structures of the body; third, to keep sub
stances in solution or suspension whilst moving in the 
body; fourth, to supply elements in the chemical 
changes of the body; fifth, to enable the waste material 
to be carried away from the body; sixth, to discharge 
superfluous heat by transpiration through the skin, and 
by emission through other outlets; and seventh, to 
supply in a convenient form heat to, or to abstract heat 
from, the body. Some of these functions are performed 
by water in its liquid state, and others in a state of 
vapour. 
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The importance of these statements will be better 
appreciated by a consideration of the proportionate 
quantities of water which are present in various solid, 
liquid, and gaseous foods, and in the excretions, as 
shown in the following table * — 

No. 103. 

Water iti various Foods and Excretions 

Potatoes . 
Poultry . 
Pure butter and fats 
Eice . 
Eye meal . 
Salmon 
Skim cheese 
Skim milk 
Sugar 
Tea . . nearly 
Treacle 
Tripe 
Turnips 
Veal 
Wheaten bread . 
Wheaten flour . 
White fish 
White of egg 
Yolk of egg 

Arrowroot 
Barley flour 
Beer and ale 
Butter milk 
Carrots 
Cheese 
Coffee 
Cream 
Dried bacon 
Eels . 

Egg • 
Fat beef . 
Fat mutton 
Fat pork . 
Green bacon 
Indian meal 
Lean beef. 
Lean mutton 
New milk. 
Oatmeal . 
Ox liver . 
Parsnips . 
Pea meal . 

Ingesta. 
. . 
. 
. . 

, 
. 

. 
nearly 
. . 

. 

. 
. 

. 

. 
. 
. 

. . 

. , 
, . 
, 
. 
. 
• • 

18 
15 
91 
88 
83 
36 

100 
66 
15 
75 
74 
51 
53 
39 
24 
14 
72 
72 
86 
15 
74 
82 
15 

per cent. 
>> 
i i 

>> 
>> 
i» 

H 

>» 
>> 
» 
>> 
>> 
a 

>> 
>> 
>> 
>• 

it 

>» 
>> 
>> 
>> 
»» 

75 per cent. 
74 „ 
15 „ 
13 „ 
15 „ 
77 „ 
44 „ 
88 „ 
5 „ 

100 „ 
23 „ 
68 „ 
91 „ 
63 „ 
37 „ 
15 „ 
78 „ 
78 „ 
52 „ 

Estimated Egesta, daily. 
Faeces . . . 3 ounces 
Transpiration . . 40 „ 
Urine . . . 40 „ 

The subject of the purity of water is one of the 
leading questions of the day, and vast efforts are made 
to show what sources are pure and what impure, and 
how contamination may be avoided; but we are met on 
the threshold of the enquiry with the question, What 
is pure water ? and no absolute standard has, as yet, 
been agreed upon. 
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I t is true that water may be made simply from two 
gases—oxygen and hydrogen—by mixing two volumes 
of the latter with one of the former, and passing an 
electric spark through them; but as such water does 
not exist in Nature, how can it be taken as the 
standard of purity ? Water which has been distilled 
approaches this in composition, but it has, at least, 
1*85 per cent, by volume of atmospheric air mixed with 
it, and not unfrequently traces of ammonia; but if it 
had not these additions, the same objection to its use as 
a standard exists, viz., that it is not found in Nature. 
All known natural waters possess other elements, such 
as salts of lime, which are found as the solid residue 
after the fluid has been evaporated, besides minute 
quantities of organic matters and ammonia; and how, 
then, can we avoid the conclusion that such elements 
are natural to water, are a part of the water, are, so far 
as they go, water ? If so, their presence cannot render 
the water impure, and water containing them must be 
called pure water. 

Further, it may readily be shown that these addi
tional substances, and particularly the salts of lime 
and magnesia, are required by the body, and must 
be obtained from either solid or liquid food; and, 
if they are foods, how can they be regarded as im
purities ? 

Viewing water practically as a food, it must be said 
to consist of such elements as are met with in the 
largest and best sources. Water is essential to life; 
and it is idle to suppose that man has been left to 
create for himself a substance which is essential to his 
existence, or that he could by any artificial means pre
pare it in sufficient quantity and of a higher degree of 
pur i ty ; or, in other words, with fewer elements than 
Nature has provided. Such water as Nature lias sup-
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plied mast, therefore, be regarded as normal, and its 
constituents as a necessary part of it. 

But if this be admitted, we shall not have got rid of 
the question as to what is purity in water, for the same 
elements which exist in normal water are found in 
water which must be called abnormal, but in much 
greater quantity, and as some of these have been derived 
from foreign sources, and are injurious to health, they 
may fairly be called impure. Hence, normal and ab
normal, if not pure and impure waters, are distinguished 
only by the amount of certain substances which are 
common to all. 

Rain-water itself is no exception to the rule, for it is 
not possible to collect it on the earth without some 
admixture of solid matters obtained in its passage 
through the atmosphere. 

Dr. Angus Smith, in his excellent work on Air and 
Rain, has delineated some of the substances which rain 
brings down from the air in the neighbourhood of 
Manchester, and Dr. Hassall and others have published 
drawings illustrating the same subject. The following 
is a sketch of substances found in the water, and of 
crystals produced in the evaporation of the rain-water, 
in the neighbourhoods of Manchester, Newcastle, and 
London:— 

No. 104.—EAIN-WATER. 

2, o 
'\, 

,X^' ' 
• ^ • % 
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The substances found in rain-water, collected before 
it has touched the earth, are minute animalcules, ves
tiges of living creatures, portions of hair and raw or 
manufactured materials, phosphates, sulphates, nitrates, 
chlorides, and ammonia. These vary, according to the 
locality, so that the chlorides, being derived from 
common salt, are usually more abundant near the sea, 
whilst nearly all contaminating substances are more 
abundant in the air over large towns, and where there 
are special manufactories. 

The quantities are, however, very small, and are 
better expressed in comparative than absolute terms, as 
has been done by Dr. Angus Smith:— 

No. 105. 

Comparative. 
Albu-

Acidity Ammonia menoid 
Ammonia 

Ireland—Valentia none . 1*0 . 1*0 
England—Inland country places . . . none . 5*94 . 3'21 

„ Sea coast none . 1055 
Scotland—Sea coast, country places, west . TO . 2-69 . 3*09 

Inland „ „ . 2*27 . 2-96 . 115 
„ Sea coast „ average . 9-30 . 4*10 . 3*11 
„ „ „ east . 17*61 . 5*51 . 3*1 

Towns (not including Glasgow) . 22-85 . 21-22 . 623 
German specimens . . . . . 9*22 . . 359 
Darmstadt 12*56 
London, 1869 27*97 . 19*17 . 6*03 
St. Helen's 28*71 . 25*33 . 6*76 
Manchester, 1869 60-13 . 35*33 . 6*38 

average of 1869-70 . . . 73*44 . 35*94 . 7*38 
1870 86*76 . 36-54 . 8*38 

Euncorn 82*40 . 25*72 . 5*59 
Liverpool 83*46 . 29*89 . 4*67 
Glasgow 109*16 . 50*55 . 8*22 
England—Towns 61*57 . 28*67 . 6*29 

As a rule, rain-water gives an acid reaction, either as 
it falls or directly after it has touched the earth, but 
sometimes it is alkaline. 

T 
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The water, thus reaching the earth, dissolves animal 
and vegetable substances with which it comes in con
tact, such as the manures and other decaying sub
stances on the fields, or the substances in the body of 
the earth, as it runs off quickly into the rivers or 
percolates through the strata, and reappears as springs 
or as drainage water flowing into rivers. In the latter 
case it will have lost much of the animal matter which 
it had dissolved at the surface, whilst it has gained 
minerals from beneath the surface. 

Hence it follows that the quantity of the several 
substances which it has appropriated will vary accord
ing to the state of the atmosphere, the surface of the 
soil, the material of the subsoil; and of those which 
it subsequently lost by the perfection of the percolating 
or filtering process. 

But having been collected into rivers or wells, its 
character may be entirely changed by subsequent addi
tions, so that animal excreta or relicta, or decaying 
vegetable, or other matters known as dirt, may get 
into the well from surface drains, or by percolation 
through the subsoil, from cesspools, or such matters, 
with more or less of the soil itself, may be found in the 
rivers. 

Hence, our examples of normal water should be 
taken from localities where the atmosphere is the most 
pure, animal productions rare, the volume of water 
large and in motion as in our lakes, or from deep 
artesian and other wells. 

The oxygen thus found in water not only as a gas 
renders the water more agreeable to the palate, but 
by chemical action oxidises and purifies contaminating 
matters which may have gained access to them. The 
normal proportion of the oxygen to the nitrogen is as 
one volume to two volumes, and when it is reduced 
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below that standard there is evidence that it has been 
consumed by this process. Thus, in reference to the 
Thames water, Professor Miller found that the proportion 
progressively diminished from Kingston to Woolwich, 
as shown in the following table:— 

No. 106. 

Kington ^ s m X * S H 5 2 ? Greenwich Woolwich 
Cub. cent. Cub. cent. Cub. cent. Cub. cent. Cub. cent. 

Oxygen . 7 4 4*1 1*5 0*25 1-8 
Nitrogen . 15*0 15 1 16*2 14*5 15*5 

The quantity of nitrogen may be greater than the 
proportion which exists in atmospheric air, as in some 
of the springs at Bath and on the Continent. 

The power of water to absorb gases varies with the 
pressure of the atmosphere and the temperature. 
At the ordinary pressure and with a temperature of 32° 
it will be about ^ t h of its volume of nitrogen, and a 
yet larger proportion of hydrogen, whilst with in
creased pressure the power may be increased many fold. 

We will now proceed to show the actual composition 
of such water—of water indeed which we must regard 
as our normal standard. 

1. As to Atmospheric Air. 

The presence of atmospheric air gives vivacity to 
the flavour which is always agreeable, and in an ex
aggerated degree is experienced in drinking aerated 
waters. Water cannot be obtained without it, for 
even rain-water usually contains 2^ volumes of air 
in 100 of water, and yet such water is sometimes 
called flat or insipid. .Running water usually contains 
a larger volume of air than still water, and particu
larly such as ripples over stones or falls from a 
height by which it is mixed with air, and is far more 
agreeable than distilled water, and more useful as a 

T 2 
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food in certain culinary operations, as, for example, in 
making tea and beer. 

2. As to Mineral Matters, 

The following is the total solid residue and the 
degree of hardness in the waters of some English, 
Scotch, and Swiss lakes:— 

No. 107. 
In 100,000 lbs. of water 

Kassenthwaite lake . . 
Buttermere 
Crummock Water 
Derwent Water. 
Ennerdale lake. 
Grassmere 
Windermere 
Bala l a k e . . . . 
Banw and Eira. 
Colinton Water . • 
Lake of Geneva . , 
Swanston Water 
Zurich lake . 
Zug 

r \ 
Solid residue Degree of hardness, or 

lbs. lbs. of mineral matter 
. 4*64 . . . 1*74 

3*56 
. 4*06 
. 6*56 

2*16 
. 4*18 

5*78 
. 2*79 

4*86 
. 14*1 

15*2 
12*7 . 
14*3 . 
13*2 . 

4*04 
. 101 
. 1-3 

1-45 
. 2*7 
. 3 1 
. 0 4 
. 2-0 
. 917 

. 6*22 
10*61 
903 

Certain very deep wells give the following quan
tities :— 

No. 108. 
In 100,000 lbs. of water 

Deal 
London—Royal Mint 

„ Trafalgar Square 
Northampton . 
Tring 

Springs and other wells of less depth 
Ben Rhydding 8*0 
Critchmere springs . . . . 6 * 2 4 
Malvern—Holywell . . . . 9*37 

St. Ann's . . . . 5*68 
Spring at Witby 7 6 

/ • - — • • 

Solid residue 
lbs. 

. 33*24 . 

. 83*96 . 

. 83*4 . 

. 57*76 . 

. 28-6 . 

De^ 
lbs. 

cee of hardness, or 
of mineral matter 
. 26*31 
. 17*48 
. 5*92 
. 10*33 
. 26*33 

2*6 

2-8 
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Great collecting areas away from the habitations of 
men, where pollution seems to be almost impossible, 
give the following numbers in 100,000 lbs. or 10,000 
gallons of water :— 

Batley gathering ground 
Halifax ,, „ 
Manchester reservoirs, in Derbyshire 
Rivington Pike . . 
Skiddaw . . . 

Rivers which supply water to 
the following: — 

No. no. 

No. 109. 
Total solid residue 

lbs. 
. 7-60 . 

. 
srbyshire 

. 
• 

. 8-16 . 

. 6-2 . 

. 8*48 . 

. 4-34 . 

Degree of hardness, or 
lbs. of mineral matter 

. 3*33 
. 
• 
• 
• 

. 3*20 

. 3-73 

. 372 

. 3-37 

important towns have 

In 100,000 lbs. of water 

Avon, at junction with Frome . 
Calder, Rochdale road . , 
Cocker . . . . 
Crawley Burn . . . . 
Danube, near Vienna 
Derwent . . . . . 
Frome, below last mill 
Garonne, at Toulouse 
Irk (one of its sources) . " . 
Irwell, near its source 
Kent, above Carpet works. 

„ below Kendal and Low mills 
Medlock, near its source . 
Mersey, above Warrington. 

„ below „ . 
Severn, above Newtown 

,, in Wales 
Thames, at Hampton 

„ head waters. . 

The hardness of the Thames water supply to London 
is about 14 degrees. 

Brook water varies much in the quantity of solid 
matter which it contains, according to the soil through 

— .. ... . ,̂  
bal solid residue Degree of hardness, or 

lbs. lbs. of mineral matter 
. 11*1 . . . 0*35 . 7-30 
. 4*62 
. 11*28 
. 14-14 
. 6*00 
. 11*6 
. 13-67 
. 19*78 
. 7-80 
. 3*3 
. 4*2 . 
. 12*80 
. 28*36 
. 29*04 
. 8*6 . 
. 3*87 . 
. 27-87 . 
. 28*25 . 

. 3*77 

. 2*15 

. 6-08 

. 3*37 

. 0*03 

0 
0 
0 

trace 
0 

2-30 
1*80 
3*09 
0-9 
trace 

0 
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which it passes, to recent rains washing soil into it, 
and to lowness of water in the summer season; but 
such matter is only held in suspension, and will subside 
if time be allowed. I t is, no doubt, an impurity, but it is 
not a very deleterious one, for such waters when clear 
do not necessarily contain any excess of organic or 
mineral matters, or nitrites, or chlorides, and are often 
soft, of- good taste, and healthful. The well water in 
the cottager's yard or garden is not unfrequently much 
worse thai; brook water, for independently of any 
special contamination from petties, the surface water is 
often allowed to drift in and to convey impurities with it. 

But there are sources of water in which the mineral 
matter is in much greater quantity than those now 
cited, as shown in the following table :— 

No. 111. 
In 100,000 lbs. of water 

r — • 

Solid residue '. 
Bedford—Pillory pump. 

,, Shallow well from upper oolite 
Bristol—Spring in All Saints' lane 

„ Water s u p p l y . . . . 

„ near junction with Irwell 
Croal, near Bolton . . . . 
Deal—Deep chalk well at Hill's brewery 
Norwich—-Artesian well, 400 ft. deep . 
Rochdale spring . . 
Runcorn public fountain 
Worthing—New deep well in chalk • 

lbs. 1 
140*74 . 
72*46 . 

127-28 . 
28-66 . 
76-90 . 

142*90 . 
69*20 . 

202*14 . 
38*14 . 
37-04 . 
60-80 . 
32-44 

Degree of hardness, or 
lbs. of mineral matter 

. 

. 

. 
. 
. 
. 
. 
. 
. 
. 
. 
. 

54*51 
40*77 
66-92 
24*46 
38*79 
64*40 
25*67 
47*25 
29*64 
14*38 
25*34 
24*69 

Waters having this great quantity of salts of lime 
are known as hard, not only because of their flavour, 
but from the sensation which they give when used for 
washing the skin and clothing, and are less fitted 
than soft waters for cleansing purposes. This hard
ness is divided into two parts, one of which is tem
porary, and is due to the presence of carbonic acid gas, 
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which keeps salts in solution, and the other permanent. 
The former may be readily removed by simply boiling 
the water and expelling the gas when the salts are 
deposited, as is found in tea kettles and boilers, and 
hence is called temporary, whilst the other cannot be 
removed except by distillation of the water. 

This hardness has been estimated and classed in 
degrees, so that a specimen of water is said to be of so 
many degrees of hardness. This is purely technical, 
but it has been agreed to consider water with 1 lb. of 
carbonate of lime (or its equivalent of other hardening 
salts) in 10,000 gallons or 100,000 lbs. of water, as 
1°, 2 lbs. 2°, &c. 

I t is well known that hard water causes soap to curd 
and prevents the formation of a lather, until a large 
quantity of soap has been added. This fact has also 
been used as a measure of hardness, for it has been 
found that 12 lbs. of best hard soap must be added to 
10,000 gallons of water of 1° of hardness before a 
lather will remain, and, hence, that quantity used in 
10,000 gallons or 1-2 lb. in 1,000 gallons, or 0-12 lb. 
in 100 gallons, to produce an ordinary lather, is a 
measure of 1 degree of hardness. 

Such water may be useful as a food in certain cases, 
by supplying a large quantity of lime and magnesia; 
but, on the other hand, it is said to be a cause of 
disease, and particularly to induce calculi in the 
kidneys or bladder. 

I ts flavour is harsh and disagreeable to one accus
tomed to drink soft water, but not necessarily so to one 
accustomed to its use. We found that those accustomed 
to drink the hard lime-waters of Illinois regarded the 
soft sandstone waters of the Missouri as flat and taste
less, whilst the Missourian would reject the hard water, 
and, it is said, would be more liable to fever if he used it. 
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So also in a less degree is it in Scotland, and in other 
parts of our country; each person likes that kind of 
water to which he has been accustomed from his in
fancy. 

Hard water is not, however, so useful in cooking as 
soft water, and for other domestic purposes it causes an 
enormous waste of soap, labour, and material. Hence. 
it has become very desirable to soften it, and this has 
been effected by the addition of lime, in the process 
known as Clark's process. One ounce of quick-lime 
should be added to 1,000 gallons of water for every 
degree of hardness. I t is first to be slacked and stirred 
in a few gallons, and immediately poured into the 
whole quantity, taking care to repeat the operation, 
and fco thoroughly mix the whole contents together. 
After this it should be left at rest, and it will become 
sufficiently clear in three hours for external use. but 
should not be drunk for twelve hours. 

Dr. Clark patented his process in 1841, and prepared 
and applied his test in the following manner:— 

'Preparation of ike Soap Test.—Sixteen grains of pure Iceland 
spar (carbonate of lime) are dissolved (taking care to avoid 
loss) in pure hydrochloric acid; the solution is evaporated to 
dryness in an air-bath, the residue is again redissolved in 
water, and again evaporated; and these operations are re
peated until the solution gives to test-paper neither an acid 
nor an alkaline reaction. The solution is made up by addi
tional distilled water to the bulk of precisely one gallon. It 
is then called the " standard solution of 16 degrees of hard
ness."1 Good London curd soap is dissolved in proof spirit, 

1 The ' standard solution of 16 degrees of hardness' may be obtained 
much more simply by dissolving in a gallon of water a quantity of selenite 
equivalent to 16 grains of carbonate of lime. As the formula of selenite 
is Ca 2S0 42H 20 = 172, and that of carbonate of lime Ca2CO3 = 100, the 
following proportion gives us the quantity of selenite required:— 
100 : 172 :: 16 : x; x = 27*52. The selenite should be reduced to fine 
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in the proportion of one ounce of avoirdupois for every gallon 
of spirit, and the solution is filtered into a well-stoppered 
phial, capable of holding 2,000 grains of distilled water; 100 
test measures, each measure equal to 10 water-grain measures 
of the standard solution of 16 degrees of hardness, are intro
duced. Into the water in this phial the soap solution is gra
dually poured from a graduated burette; the mixture being 
well shaken after each addition of the solution of soap, until 
a lather is formed of sufficient consistence to remain for five 
minutes all over the surface of the water, when the phial is 
placed on its side. The number of measures of soap solution 
is noticed, and the strength of the solution is altered, if neces
sary, by a further addition of either soap or spirit, until exactly 
32 measures of the liquid are required for 100 measures of the 
water of 16 degrees of hardness. The experiment is made a 
second and a third time, in order to leave no doubt as to the 
strength of the soap solution, and then a large quantity of the 
test may be prepared; for which purpose Dr. Clark recom
mends to scrape off the soap into shavings, by a straight sharp 
edge of glass, and to dissolve it by heat in part of the proof 
spirit, mixing the solution thus formed with the rest of the 
proof spirit. 

1 Process for ascertaining the Hardness of Water.—Previous 
to applying the soap test, it is necessary to expel from the 
water the excess of carbonic acid—that is, the excess over and 
above what is necessary to form alkaline or earthy bicarbon-
ates, this excess having the property of slowly decomposing a 
lather once formed. For this purpose, before measuring out 
the water for trial, it should be shaken briskly in a stoppered 
glass bottle half-filled with it, sucking out the air from the 
bottle at intervals by means of a glass tube, so as to change 
the atmosphere in the bottle; 100 measures of the water are 
then introduced into the stoppered phial, and treated with the 
soap test, the carbonic acid eliminated being sucked out from 
time to time from the upper part of the bottle. The hardness 
of the water is then inferred directly from the number of mea-

powder before it is weighed. . It dissolves without difficulty. I do not 
know who first proposed this method/—E. T. C. 
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sures of soap solution employed, by reference to the subjoined 
table. In trials of waters above 16 degrees of hardness, 100 
measures of distilled water should be added, and 60 measures 
of the soap test dropped into the mixture, provided a lather 
is not formed previously. If, at 60 test measures of soap test, or 
at any number of such measures between 32° and 60°, the proper 
lather be produced, then a final trial may be made in the foL-
lowing manner:—100 test measures of the water under trial 
are mixed with 100 measures of distilled water, well agitated, 
and the carbonic acid sucked out; to this mixture soap test is 
added until the lather is produced, the number of test mea
sures required is divided by 2, and the double of such degree 
will be the hardness of the water. For example, suppose half 
the soap test that has been required correspond to lOy^ths 
degrees of hardness, then the hardness of the water under trial 
will be 21. Suppose, however, that 60 measures of the soap 
test have failed to produce a lather, then another 100 measures 
of distilled water are added, and the preliminary trial made, 
until 90 test measures of soap solution have been added. 
Should a lather now be produced, a final trial is made by 
adding to 100 test measures of the water to be tried, 200 test 
measures of distilled water, and the quantity of soap test re
quired is divided by 3 ; and the degree of hardness corre
sponding with the third part being ascertained by comparison 
with the standard solutions, this degree multiplied by 3 will 
be the hardness of the water. Thus, suppose 85*5 measures 
of soap solution were required ^ = 285, and on referring 
to the table this number is found to correspond to 14°, which, 
multiplied by 3, gives 42° for the actual hardness of the 
water. 

* Table of soap test measures, corresponding to 100 test mea-
sures of each standard solution:— 

No. 112. 
~ M „ * ~ Differences as for 
Degree of Hardness Soap Teat Measure the next degree 

of Hardness 
0 . . . . 1-4 . . . . 1-8 
1 • • • • 3-2 . . . . 2*2 
2 . . . 5 * 4 . . . . 2 - 2 
3 * • • 7:6 . . . 2 0 
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Differences as for 
Degree of Hardness Soap Test Measure the next degree 

of Hardness 4 . . . . 9-6 . . . . 2 0 
5 . 
6 , 
7 . 
8 . 
9 

10 , 
11 . 
12 . 
13 . 
14 . 
15 . 
16 

11-6 , 
13*6 . 
15-6 . 
17*5 . 
19-4 , 
21-3 , 
231 . 
24-9 , 
26-7 , 

. 28-5 
30*3 

. 32-0 

2-0 
2 0 
1-9 
1*9 

, 19 
, 1-8 
, 1-8 
, 1-8 
, 1*8 
. 1-8 
. 1*7 
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3. Nitrogenous Compounds and Organic Matter. 

Nitrogen is the chief element which is believed to 
give impurity to water, since it is derived from animal 
and vegetable decayed or excreted matters, and is re
garded as preventible; and because some kinds are apt to 
excite the fermentation process both within and without 
the body and thus to engender certain important 
diseases. I t is, however, necessary to distinguish be
tween the different forms in which nitrogen appears, 
since the effect of each is different from the other. 
Nitrogen exists in water in four forms :— 

1. As free gas. 
2. In combination with oxygen, as nitrates and 

nitrites. 
3. In combination with hydrogen, as ammonia. 
4. In connection with carbon, oxygen, and hydrogen, 

in other organic forms of which albumen is taken as 
the type. 

There is no reason to believe that free nitrogen in 
water is abnormal in small, or injurious in large quan
tities, and it forms part of the atmospheric air, which 
in a peculiar form is present in water. I t is often very 
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abundant in mineral springs and gives freshness to the 
taste of water. 

Nitrates and nitrites, perhaps in every proportion, 
but certainly in any quantity beyond a trace, must be 
derived from animal and vegetable matters, and so far 
excite a suspicion of their injurious qualities. I t is, 
however, a noticeable fact, that many good and healthful 
drinking waters contain much of these substances, and 
hence, however harmful may be their origin, they are 
themselves harmless. This results from the oxidising 
process through which they have passed in their course 
through the strata of the earth, so that they have be
come medicines rather than poisons, or useless rather 
than noxious. Their presence is not, therefore, of great 
moment, although their absence might be more desir
able. Some remarkable examples are cited by the 
Rivers Pollution Commission. 

Ammonia in almost every quantity is to be deprecated, 
since it is the result of decomposition of animal and 
vegetable substances, and has qualities which are not 
beneficial as food. I t is usually found in very minute 
quantities in the best rain and lake waters, but not 
necessarily in the deep-well waters. 

I t was not found in the following sources at the time 
the examinations were made for the Rivers Pollution 
Commission. Worthing (old deep well), Bedford (Pillory 
pump), Newcastle-on-Tyne (supply from Whitt le Dean), 
Sunderland (deep wells in dolomite), Norwich (from 
<Broads' and artesian well), Colinton Water, Bassen-
thwaite, Ennerdale, Dublin (Custan's well), Deal (from 
deep well), Zug, Frome, Avon (above Longfords), and 
the water supply of Gloucester and part of Bath, and 
Windsor well, near Liverpool. 

As to the English lakes, it was only 0*001 in 100,000 
parts, in Grassmere and Derwent Water ; 0*002 in Rydal 
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Lake and Windermere; 0*004 in Buttermere, and 
0*007 in Crummock Water. 

There are, however, other sources, where the pro
portion is increased a hundred or a thousandfold, and 
such are exclusively those which are contaminated with 
sewage or manufacturers' refuse; so that the Medlock, 
just above its junction with the Irwell, had 1*116 lb. 
in 100,000 lbs. of water. 

Organic matter in other forms is most undesirable, 
since it has not been entirely decomposed into its final 
elements, and is in a state ready to do mischief. I ts 
presence in a very minute quantity is tolerably uniform 
in the best drinking waters, and is represented in the 
following table under the two heads of organic carbon 
and organic nitrogen, two of its component parts :— 

No. 113. 

Pounds in 100,000 Ids. of water. 

Buttermere . . . . 
Caterham 
Colinton Water 
Coniston Water 
Crawley Burn. 
Crummock 
Deal 
Derwent Water 
Grassmere lake 
Katrine . 
Manchester 
Northampton . 
Otter spring . 
Eivington Pike 
Eoyal Mint . 
Rydal . 
Swanston 
Thames at Hamptoi 
Trafalgar Square 
Tring, deep well 
Welsh waters. 
Windermere . 
Zug 
Zurich . 

l 

Organic Carbon 

0*127 
0020 
0*203 
0085 
0*187 
0*183 
0*032 
0*218 
0*235 
0*256 
0-183 
0*168 
0*026 
0-243 
0-195 
0*254 
0*378 
0*260 
0150 
0-036 
0*289 
0*299 
0*149 

! j 092 

Organic Nitrogen 

0*040 
0006 
0042 
0-017 
0031 
0*55 
0*022 
0*043 
0*050 
0008 
0*009 
0024 
0012 
0*031 
0*025 
0-043 
0*059 
0024 
0*012 
0*010 
0004 
0076 
0*026 
0009 
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From the preliminary observations of this chapter, it 
may be inferred that, in this proportion of organic 
matter no injurious influence is exerted, and indeed, it 
is rather to be regarded as a normal constituent of 
water. 

But there are sources of water in which the quantity 
is extremely great, and from the use of which the most 
important diseases have been known to follow. Such 
are referred to in the following table :— 

No. 114. 

Pounds in 100,000 lbs., or 10,000 gallons, of water. 
Organio Organic 
Carbon Nitrogen 

Cornbrook, before junction with Irwell . 4*129 0*383 
Darweer, below Blackburn . . . 2 * 1 2 7 0*295 
Irk, „ „ „ . 2*452 0*352 
Irwell, at Throsle-next-Weir . . . 2 * 1 0 4 0*248 
Eoch, above Bury 4*518 0*288 

On a review of this part of the subject, it appears that 
a knowledge of the quantity of free nitrogen and of 
the nitrates and nitrites is of far less consequence than 
that of the organic nitrogen and ammonia, and hence, 
that the determination of the total nitrogen is not so 
valuable as of that which represents ammonia and 
organic compounds. I t is desirable that in any complete 
analysis, each of these sources should be enquired into; 
but if any part may be omitted, it must be that of the 
free nitrogen and nitrates and nitrites. 

The importance of this part of the subject is so great, 
that it is desirable to refer to the methods of analysis, 
and so far as may be possible, to enable a non-profes
sional person to determine approximatively the character 
of the water which he drinks as food. 

The chemical world is now greatly divided in opinion 
as to the proper method of determining the purity of 
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water, and chemists are generally ranged on two sides 
—one agreeing with Frankland and Armstrong in the 
process which they have devised, and the other pre
ferring the process applied by Chapman and Wanklyn 
and Kreaus, or the ammonia process. In the recent 
discussions on this subject, it has appeared tha t many 
of the practical chemists of the day adopt the latter 
process, and also that they object to the mode adopted 
by Frankland, in expressing the quantity of nitrogenous 
elements in water by the phrase ' previous sewage con
tamination,' both as implying that the nitrogenous 
material was necessarily derived from sewage and that 
nitrogenous material originally derived from sewage 
may not have become harmless. 

I t is not our purpose to enter into these chemical 
questions further than is necessary to a work on Foods ; 
and we shall now content ourselves with describing 
the methods by which the quantity of the several 
elements may be ascertained. 

I t is not necessary to determine the quantity of free 
nitrogen. 

The quantity of nitrates and nitrites is ascertained 
by converting them into ammonia by means of metallic 
aluminium, acting upon them in the cold, and in a 
strongly alkaline solution, and estimating the nitrogen 
from the ammonia. The following is Chapman's modi
fication of Schulze's process :— 

* The process is carried out as follows:—100 c. c. of the 
water are introduced into a non-tubulated retort, and 50 to 70 
c. c. of a solution of caustic soda added. The caustic soda 
must be free from nitrates, and the strength of the solution 
should be such that 1 litre contains 100 grm. of caustic soda. 
The contents of the retort are to be distilled until they do 
not exceed 100 c. c, and until no more ammonia comes over; 
that is, until the Nessler test is incapable of detecting 
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ammonia in the distillate. The retort is now cooled, and a 
piece of aluminium introduced into it (foil will answer very 
well with dilute solutions, but we much prefer thin sheet 
aluminium in all cases). The neck of the retort is now in
clined a little upwards, and its mouth closed with a cork, 
through which passes the narrow. end of a small tube filled 
with broken-up tobacco-pipe, wet either with water, or, better, 
with very dilute hydrochloric acid free from ammonia. This 
tube need not be more than an inch and a-half long, nor larger 
than a goose quill. It is connected with a second tube con
taining pumice-stone moistened with strong sulphuric acid. 
This last tube serves to prevent any ammonia from the air 
entering the apparatus, which is allowed to stand in this way 
for a few hours or over night. The contents of the pipe-clay 
tube are now washed into the retort with a little distilled 
water, and the retort adapted to a condenser, the other end 
of which dips beneath the surface of a little distilled water 
free from ammonia (about 70 to 80 c. c.).1 The contents of 
the retort are now distilled to about half their original 
volume ; the distillate is made up to 150 c. c. ; 50 c. c. of 
this are taken out, and the Nessler test added to them. If the 
colour so produced is not too strong, the estimation may be 
made at once; if it is, the remainder of the distillate must be 
diluted with the requisite quantity of water.' 

Frankland and Armstrong adopt a different process, 
and destroy the ni t rates and ni t r i tes by sulphuric acid, 
in the following m a n n e r : — 

' Estimation of Nitrogen in the form of Nitrates and Nitrites.— 
The following is the mode in which this process is applied to 
the estimation of nitrogen existing as nitrates and nitrites in 
potable waters :—The solid residue from the half litre of water 
used for determination, No. 1 (estimation of total solid consti
tuents) is treated with a small quantity of distilled water ; a 

1 Condensers are very apt to contain a trace of ammonia if they have 
been standing all night, and must, therefore, be washed out with the utmost 
care. We prefer to distil a little water' through them until ammonia can 
be no longer detected in the distillate. 
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very slight excess of argentic sulphate is added to convert the 
chlorides present into sulphates, and the filtered liquid is 
then concentrated by evaporation in a small beaker, until i t 
is reduced in bulk to two or three cubic centimetres. The 
liquid must now be transferred to a glass tube, furnished a t 
its upper extremity with a cup and stopcock, previously filled 
with mercury a t the mercurial trough, the beaker being rinsed 
out once or twice with a very small volume of recently-boiled 
distilled water, and finally with a pure and concentrated sul
phuric acid, in somewhat greater volume than that of the 
concentrated solution and rinsings previously introduced into 
the tube. By a little dexterity it is easy to introduce suc
cessively the concentrated liquid, rinsings, and sulphuric acid 
into the tube by means of the cup and stopcock, without the 
admission of any trace of air. Should, however, air inad
vertently gain admittance, it is easily removed by depressing 
the tube in the mercury trough, and then momentarily opening 
the stopcock. If this be done within a minute or two after the 
introduction of the sulphuric acid, no fear need be entertained 
of the loss of nitric oxide, as the evolution of this gas does not 
begin until a minute or so after the violent agitation of the 
contents of the tube. 

' T h e acid mixture being thus introduced, the lower ex
tremity of the tube is to be firmly closed by the thumb, and 
the contents violently agitated by a simultaneous vertical and 
lateral movement, in such a manner tha t there is always an 
unbroken column of mercury, at least an inch long, between 
the acid liquid and the thumb. From the description, this 
manipulation may appear difficult, but in practice it is ex
tremely simple, the acid liquid never coming in contact with 
the thumb. In about a minute from the commencement of 
the agitation a strong pressure begins to be felt against tlm 
thumb of the operator, and the mercury spurts out in minute 
streams, as nitric oxide gas is evolved. The escape of the 
metal should be gently ' resisted, so as to maintain a con
siderable excess of pressure inside the tube, and thus prevent 
the possibility of air gaining access to the interior during the 
shaking. In from three to five minutes the reaction is com-

U 
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pleted, and the nitric oxide may then be transferred to a 
suitable measuring apparatus, where its volume is to be deter
mined over mercury. As half a litre of water is used for the 
determination, and as nitric oxide occupies exactly double the 
volume of the nitrogen which it contains, the volume of nitric 
oxide read off expresses the volume of nitrogen existing as 
nitrates and nitrites in one litre of water. From the number 
so obtained the weight of nitrogen in these forms in 100,000 
parts of water is easily calculated.' 

Ammonia is very readily and neatly determined by 
the use of a reagent invented by Nessler, and hence 
called Nessler's test, and the process Nesslerising. The 
reagent causes a yellow or brown colouration or deposit 
when ammonia is present. 

This reagent is prepared as follows :—Dissolve thirty-
five grammes of iodide of potassium in a small quantity 
of distilled water, and add to it a strong watery solution 
of bichloride of mercury (corrosive sublimate), which 
will cause a red precipitate that disappears on shak
ing up the mixture. Add the solution of bichloride 
of mercury, carefully shaking up as that liquid is added, 
so as to dissolve the precipitate as fast as it is formed. 
After continuing the addition of the bichloride of mer
cury for some time, a point will ultimately be reached 
at which the precipitate will cease to dissolve. 
When the precipitate begins to be insoluble in the 
liquid, stop the addition of the bichloride of mercury. 
Filter. Add to the filtrate 120 grammes of caustic 
soda in strong aqueous solution (or about 160 grammes 
of potash). 

After adding the solution of alkali as just described, 
dilute the liquid so as to make its volume equal one 
litre. Add to it about 5 c. c. of a saturated aqueous 
solution of bichloride of mercury, allow to subside, and 
decant the clear liquid. 
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As the subject is of great importance, and the use of 
the test not difficult, it seems desirable to extract the 
directions given in Wanklyn and Chapman's practical 
treatise on * Water Analysis.'— 

* Use of the Test.—When a small quantity of the reagent is 
added to a solution containing a trace of ammonia, a yellow 
or brown colouration is produced. If more ammonia is present, 
a precipitate is formed; and if ammonia be added to the re
agent, a precipitate is almost always obtained. 

In order to use the test quantitatively, the following things 
are required :— 

(1.) Distilled water, free from ammonia. 
(2.) Standard solution of ammonia. 
(3.) A burette to measure the standard ammonia. 
(4.) A pipette for the Nessler reagent. It should deliver 

about 1-J c. c. 
(5.) Glass cylinders that will contain about 160 c. c. ; 

they are graduated at 100 c. c. and at 150 c. c. 
(1.) Distilled water of sufficient purity is generally to 

be obtained when a considerable quantity of water is dis
tilled. The first portions of distilled water usually contain 
ammonia. After a while, on continuing the distillation, the 
water usually distils over in a state of tolerable purity, but 
towards the end the ammonia will again appear in the distil
late. By collecting the middle portion of the distillate apart 
from the rest, it will usually be easy to obtain distilled water 
of sufficient purity. In order to be available, the distilled 
water should not contain so much as yj^-th of a milligrm. of 
ammonia in 100 c. c. of water. If there is no opportunity 
of distilling a large quantity of water, and taking the middle 
fraction of the distillate, it may be necessary to re-distil 
distilled water of ordinary quality: the first part of the 
distillate will be ammoniacal; after that there will be water 
free from ammonia. 

(2.) The standard ammonia should contain -rJvth of a 
milligrm. of ammonia in one cubic centimetre of water. I t is 
made by dissolving 0*03882 grm. of sulphate of ammonia in 

u 2 
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a litre of water. If chloride of ammonium be taken, the 
quantity of the chloride to be dissolved in a litre of water is 
0-0315 grm. It will be found most convenient in practice 
to keep a solution of ten times this strength (0*3882 grm. 
sulphate of ammonia in a litre of water), and to dilute it 
when required for use. 

In order to estimate ammonia, fill one of the cylinders 
up to 100 c. c. with the solution to be examined, and add 1-jr 
•c. c. of Nessler reagent by means of the pipette. Observe 
the colour, and then run as much of the standard solution of 
ammonia as may be judged to correspond to it into another 
cylinder containing distilled water, fill up with water to 100 
c. c , and add 1J c. c. of Nessler test. Allow the liquids to 
stand for ten minutes. If the colouration is equal, the amount 
of standard ammonia used will represent the ammonia in the 
fluid under examination. If not, another cylinder must be 
filled, employing a different amount of the standard ammonia, 
and this must be repeated until the colours correspond. It 
is very seldom necessary to make more than two such com
parative experiments; and with a little practice, the operation 
of " Nesslerising " will become very easy and rapid. With 
regard to the limits of the readings, it is not difficult to 
recognise 475-oth of a milligrm. of ammonia in 100 c. c. of water, 
and the difference between - j^ ths and T

2
¥°^ths of a milligrnii 

should be visible. I t will be observed that -nbj-th of a milligrm. 
of ammonia will be more visible in 50 c. c. of water than in 
100 c. c. of water; so that when it is desirable to detect the 
very minutest quantities, concentration of ]STH3 in a small bulk 
of water is to be recommended. 

With regard to the superior limit. When the ammonia 
becomes too concentrated, precipitation occurs. Different 
samples of Nessler test will sustain different quantities of 
NH3 without precipitation. 

The presence of a great number of substances in aqueous 
solution containing ammonia will interfere with the indication 
of the Nessler reagent, and it is always desirable to have the 
ammonia in pure distilled water, if that be possible. In order 
to do so, the solution containing the ammonia should be dis-
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tilled with a little alkali, and the Nessler reagent applied to 
the distillate. 

If a water contains much carbonic acid, it is desirable to add 
a little potash to the water before adding the Nessler test. 
Thus, in estimating the ammonia in the distillate from soda 
water, too small a number will be obtained, if this precaution 
be neglected. 

When there is a necessity for the use of the Nessler test 
without previous distillation, a special device has to be 
resorted to in order to get rid of the disturbing influence on 
the Nessler test of the substances dissolved. Thus :— 

Take 500 c. c. of water, add a few drops of solution of 
chloride of calcium, then a slight excess of potash. Filter. 
Put it into a retort and distil until the distillate comes over, 
free from ammonia, then make up the contents of the retort 
with distilled water to their original volume, viz., 500 c. c. 
Now take 200 c. c. of the original water, treat it with chloride 
of calcium and potash, as before. Then filter, care being 
taken to have the filter-paper well washed before commencing 
the filtration. In this way two samples of water are obtained, 
the one with the ammonia, as in the original water, and the 
other without the ammonia, but in every other respect the 
same as the former. This second portion of water is to be 
used in the place of distilled water to make the Nessler com
parisons ; as both samples contain the same impurities, they 
will affect the tint of the Nessler test in the same manner. 
Thus the error arising from the presence of salts, &c, is 
avoided. 

The following table will be of use in converting observed 
amounts of ammonia into nitrogen or nitric acid :— 

Table showing the Amount of Nitrogen and Nitric Acid corre
sponding to different Amounts of Ammonia. 

No. 115. 

Ammonia NH3 Nitrogen Nitric Acid HNO, 
1 0*82 . . . 3*71 
2 . 1*65 . . . 7*41 
3 . 2-47 . . . 1112 
4 . 3*29 . . . H*82 
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Table showing the Amount of Nitrogen and Nitric Acid corre* 
sponding to different Amounts of Ammonia—(continued). 

Ammonia N H3 Nitrogen Nitric Acid HNO, 
5 412 . . . 18*53 
6 
7 . 
8 . 
9 . 

10 
11 
12 
13 . 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

4*94 
5*77 
659 
7*42 
8*23 
905 . 
9*88 

10*70 
11*53 . 
12*35 . 
1317 
1399 . 
14*82 
15*64 
16*47 . 

. 17*29 
18*12 

. 18*94 
19*77 

. 20-60 

» 

. 22*24 
25*94 
29*65 
33*35 
37*06 
40*76 
44*47 
48-18 
51-88 
55*59 
59-29 
6300 
66*71 
70*41 
74*12 
77*82 
81*53 
85*24 
88*94 

. 92*65 

The organic matter is now generally determined by 
the two rival methods. 

Frankland and Armstrong first destroy the nitrates 
by the aid of sulphate of soda, leaving ammonia and 
organic matter in solution. They then evaporate the 
water so treated to dryness in the water-bath, and after
wards burn the dry residue with oxide of copper and 
chromate of lead, and collect and estimate the carbonic 
acid and nitrogen. This is a somewhat laborious pro
cess, and it is alleged that there are two tendencies to 
error, one in not entirely destroying the nitrates and 
the other in destroying a part of the organic matter, 
and thus that the limit of error is often as large as the 
whole quantity of nitrogen in good drinking water. 

The ammonia process consists in at once converting 
the organic matter into awmofiia and estimating the 
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nitrogen contained in i t ; and it is asserted, that when 
the apparatus is ready the whole determination can be 
made in less than half an hour. 

The following are the details of the method :— 

' Half a litre of water is t aken and placed in a tabulated 
retort, and 15 c. c. of a saturated solution of carbonate of soda* 
added. The water is then distilled until the distillate begins 
to come over free from ammonia (i.e., until 50 c. c. of distillate 
contain less than x^ j th of a milligramme of N H 3 ) . A solution 
of potash and permanganate of potash is next added. This 
solution is made by dissolving 200 grammes of solid caustic 
potash and 8 grammes of crystallised permanganate of potash 
in a litre of water. The solution is boiled to expel any 
ammonia, and both it and the solution of carbonate of soda 
ought to be tested on a sample of pure water before being used 
in the examination of water. 

50 c. c. of this solution of potash and permanganate should 
be used with half a litre of the water to be tested. 

The distillation is continued until 50 c. c. of distillate con
tain less than yxro-th milligramme of ammonia. 

Both sets of distillate have the ammonia in them deter
mined by means of the Nessler test, as described above. 

No matter how good the water may be, it is desirable never 
to distil over less than 100 c. c. with carbonate of soda, and 
not less than 200 c. c. after the addition of the potash and per
manganate of potash. 

I t will easily be understood that the greatest cleanliness 
is requisite in carrying out this process. The Liebig's con
denser is especially liable to contain traces of ammonia, and 
should be cleaned out immediately before being used. The 
best way of effecting this is by distilling a little water through 
it. In boiling the contents of the retort it is well to use the 
naked flame placed quite close to the retort, so as not to heat 
one spot only. W e are in the habit of using a large Bunsen 
burner placed close to the bottom of the retort. Persons who 
are not in the habit of distilling with the naked flame will 
probably find an argand gas-lamp with a metallic chimney to 
be the more convenient source of heat. 

* Seldom needed except with very soft water. 
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With regard to the retort itself, it should be capable of 
holding about 1,500 c. c. when in position for distillation and 
filled up, so as to run over. The tubulure should be so situ
ated as to admit of the charge being poured in when the 
retort is in situ for distillation. The charge is to be intro
duced by means of a funnel, so as to avoid dirtyiDg or cracking 
the retort. 

Very bad specimens of water may be conveniently 
examined as follows :— 

About 600 c. c. of recently-distilled water are put into the 
retort, and distilled with 15 c. c. of saturated solution of car
bonate of soda, until the distillate comes over ammonia free. 
Then 100 c. c. of the very bad specimen of water are added, 
and the operation proceeded with, as has been described. Of 
course the values must be multiplied by 10, in order to obtain 
the quantities of ammonia yielded by a litre of the specimen. 

As has been already mentioned, the first portion of 
ammoniacal distillate contains both the free ammonia of the 
water and that obtained from the decomposition of any urea 
that may exist in the water. Usually it is quite unnecessary 
to make any separation of the free ammonia from the ammonia 
present as urea. In the case, however, of very foul water, as, 
for instance, in the Thames water taken at London Bridge, it 
is sometimes worth while to make this distinction. When 
this is desired, a determination of the free ammonia actually 
present in the water must be made. The difference between 
the amount of ammonia evolved by carbonate of soda and the 
ammonia, present as such, is equal to the ammonia obtained 
from the urea.' 

I t was formerly the practice to determine the organic 
matter by two other methods, which may be named. 
One was by taking the solid residue after evaporating 
the water to dryness, and after having weighed it, sub
jected it to great heat, and the loss of weight indicated 
the quantity of organic matter. The other was the use 
of a solution of permanganate of potash, which was 
decolorised in proportion to the quantity of organic 
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matter to which it was exposed. Both have been 
largely employed; but they are not so accurate as the 
methods above described. 

A careful consideration of this subject shows that the 
real difference in the methods rests upon the value 
which should be attached to the nitrates and nitrites, 
and thence of the whole nitrogen in drinking water, and 
if it will suffice for sanitary purposes and as a food to 
regard only the free ammonia and the combined nitrogen 
in organic or albuminoid compounds, which may also 
be readily converted into ammonia, the analysis is sim
plified and the range of the sanitary question lessened. 

There can be no doubt of the fact, that nitrogenous 
compounds may be rendered comparatively or entirely 
harmless, when oxidised and converted into nitrates, 
whether in the soil of the earth, in the tissues of plants, 
or in the laboratory, and that so far e previous sewage 
contamination ' need not be a cause of alarm, but they 
are valuable as indicating a source of contamination. 
Should they not be altogether oxidised, some portion 
will appear as organic albuminous compounds, which 
may be determined as already indicated, and to them 
should be attached nearly all the importance of the 
subject. 

Hence, regarding a given specimen of water, as fit or 
not fit for food, it will suffice to determine the presence 
or absence of ammonia and organic nitrogen; but if a 
complete description of the water be desired, it will be 
needful to carry the analysis much further. 

4. Chlorine. 

Chlorine is derived almost entirely from common salt 
or chloride of sodium, and therefore it exists in sea water 
and in all springs containing common salt. Hence, its 



298 LIQUID FOODS. 

presence is not necessarily abnormal; but if it be not 
due to either of those causes, it is probably derived from 
a contaminating source, as the urine and other excreta 
of animals, which contain common salt. 

Common salt (and therefore chlorine) is required by 
the body and taken largely as food, and hence the pre
sence of a proportion in drinking water is not neces
sarily injurious, although it may have been derived from 
an impure source. I ts presence is, in fact, important 
rather as indicating the probable presence of other 
animal matters already referred to, than any injury 
which it can cause, and if no such animal matters are 
found, the water may be drunk with impunity. 

The following shows the quantity of chlorine which 
is present in the more important sources of drinking 
water:— 

No. 116. 
In 100,000 lbs. lbs. 

Lake of Zurich . . . 0*17 
„ Zug . . . ' 0*27 

Bala lake 0*70 
The Ehine, above Schaff hausen 0*20 
Grassmere l a k e . . . . . . . . . 0*79 
Bydal lake and Olleswater 0*69 
Windermere . . . . . . . . . 0*99 
Buttermere, Colinton Water and Crummock Water . . 0 89 
Ennerdale and Lancaster gathering grounds . . . 0*99 
Derwent Water and Bassenthwaite 1*29 
Cocker, Derwent and Skiddaw 1*09 
Coniston Water 1*89 
Thames, at Kew 0*84 

„ „ London Bridge 1*83 
Bhine, at Basle 0*10 

„ „ Bonn l-oi 
Elbe, at Hamburg 2*75 
Bivington Pike 1-5.3 
Tring Deep well 1-39 

The next table indicates a few sources which must 
be regarded with great suspicion on several grounds. 
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No 117. 

Pounds in 100,000 lbs. of water. 

Liverpool—Bevington Bush well, 1868 
„ Soho well, 1868 
,, Water Street well . 

Congleton—Town pump . 
Bochdale—Spring near Churchyard 
Leyland . . . . . 
Kidderminster—Shallow well, 1870, 

,, Another „ 
Leamington—Mr. Jones' well, 1870 
Durham—Private well . 
Darlington—Blackwell pump . 
Kendal—Shallow well . 
Witney—Well in Wiggin's yard 

Nitrogen as 
Nitrates and 

Nitrites 
8678 
2195 
1*975 
1076 
1*813 
2*466 
3069 
5 322 
6086 
6*268 
6*724 
2*465 
4*432 

Total 
Nitrogen 

8721 
2220 
1*989 
1122 
1*860 
2*524 
3*222 
5-378 
6*111 
6*313 
6*757 
3*090 
4*880 

Chlorine 

12*61 
7*51 
7*94 
3*18 
2*98 

8*38 
8-20 

14*20 
9*75 
8*45 

17*00 
22*90 

The spring in All Saints' Yard, Bristol, already re
ferred to, is a most notable instance of pollution from 
sewage contamination, and the following number of 
pounds in 10,000 gallons cannot fail to arrest atten
tion when contrasted with those of the Buttermere 
water:— 

No. 118. 

Bristol 
Buttermere 

Total solids 127*28 
3*56 

Nitrogen 4*745 
0*043 

Chlorine T10 
0*89 

Having thus considered the subject in as much detail 
as is necessary for our purpose, it will be convenient to 
append a complete analysis of our best drinking waters, 
with a view to regard them as standards of composi
tion. 
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No. 119. 

Pounds in 100,000 gallons. 

1 

! 

Bassenthwaite Buttermere . 
Cocker. 
Crawley Burn 
Crummock "1 

Water . J 
Derwentwater 
Derwent 
Ennerdale . 
Grassmere . 
Kent . 
Rhine . 
Bivington "\ 

Pike . / 
Bydal . 
Severn, "1 

above > 
Newtown J 

Skiddaw 
Swanston "1 

Water . J 
Windermere. 
Zug . 
Zurich. 

T
ot

al
 S

ol
id

s 

4*64 
3-56 
4-62 

11*28 

4-06 

6-56 
6-0 
2*16 
4*18 
6*48 

15-80 

8*48 

4*44 

6-60 

4*34 

12*70 

5*78 
13-20 
14-30 

O
rg

an
ic

 C
ar

bo
n 

•154 
•127 
•069 
•187 

•183 

•218 
•219 
•042 
•235 
•149 
•108 

•243 

•254 

•123 

•132 

•378 

•299 
•149 
•092 

O
rg

an
ic

 N
it

ro
ge

n 

•037 
•040 
•022 
•031 

•055 

•043 
•041 
•017 
•05 
•020 
•012 

•031 

•043 

•016 

•024 

•059 

•076 
•026 
•009 

A
m

m
on

ia
 

•o 
•004 
•001 
•001 

•007 

•001 
•004 
•o 
•001 
•o 
•003 

•004 

•002 

•003 

•001 

N
it

ro
ge

n 
in

 N
it

ra
te

s 
an

d 
N

it
ri

te
s 

•o 
•o 
•o 
•o 
•o 
•0 
0 
•o 
•0 
•044 
•0 

•o 
•o 
•010 

0 

•ooi| -o 
•002 *018 
*0 trace 
•002 *0 

T
ot

al
 c

om
bi

ne
d 

N
it

ro
ge

n 

•037 
•043 
•023 
'032 

•061 

•044 
•044 
•017 
•051 
•064 
•015 

•034 

•045 

•028 

•025 

•060 

•096 
•026 
•011 

03 

u 
o 

o 

1*29 •89 
1-09 
1-04 

•89 

1-29 
1-09 
•99 
•79 
•90 
•20 

1-53 

•69 

1-35 

1-09 

1-39 

•99 
•27 
•17 

T
ot

al
 H

ar
dn

es
s 

283 
1*01 
2*15 
6*08 

1*30 

1-74 
3-37 
1*45 
2-70 
3-90 

10-76 hard water 

3*72 

3*10 

3*09 

3*37 

6*22 

4*04 
9*03 hard water 

10*61 hard water 

There are other very extensive sources of contamina
tion of drinking waters to which it is necessary to refer for 
a moment, viz., that resulting from throwing the refuse 
of manufactures into rivers, including such important 
metals as arsenic, and colouring matters to the extent of 
rendering the water such as might he used for writing 
purposes. I t is not requisite that we should enter into 
details; but it will be interesting to cite one, not an 
extreme, instance, as showing the difference of compo-



WATEB. 301 

sition in water above and below the source of impurity, 
and thereby the extent of the contamination :— 

* The river Irwell, at its source, held in 10,000 gallons 
7-80 lbs. of solid matter, 0187 lb. and 0"025 lb. of organic 
carbon and nitrogen, 0'049 lb. total nitrogen, 1*15 lb. of 
chlorine, and 3*72 degrees of hardness; whilst below Man
chester these numbers were increased to, solid matter, 
55"80 lbs.; organic carbon, 1*173 lb.; organic nitrogen, 
0-332 lb.; total nitrogen, 1*648 lb.; chlorine, 9'63 lbs.; and 
total hardness, 22"92 lbs.' 

The examination by the Rivers Pollution Commission 
of fifteen samples of waters contaminated by the cotton 
and woollen mills in Yorkshire showed the following 
quantities of material in 100,000 lbs. of water, which 
were thrown into the rivers :— 

No. 120. 

Total solid matters . 
Organic Carbon 
Organic Nitrogen 
Ammonia . 
Nitrogen as Nitrates 

Nitrites 

337 
. 64*783 
. 10-384 
. 11-647 

and 
. 0041 

Total combined Nitrogen . 20*015 
Metallic Arsenic . . 0*011 
Chlorine . . . . 2 1 * 9 4 
Mineral matters . . 474'84 

They also give a page in their Report of 1871, showing 
in facsimile a letter written with the water of the river 
Calder at Wakefield, which equals in depth of colour 
that from a watered ink, and similar examples might 
have been made from the river at Bradford. 

I t is, perhaps, scarcely necessary to add that a propor
tion of the solid contents of such waters, as well as of 
waters in their natural state, is not in solution but 
suspension ; and that , with perfect quietude of the mass 
of water, the latter portion will in due time subside, 
and may be removed. 

I t is, however, possible to aid the process of clarifi
cation of waters by the addition of a substance which 
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will cause the suspended particles to attach themselves 
to it. Thus the deliciously soft waters of the Missouri as 
they enter the Mississippi contain much sand in suspen
sion, and by the addition of raw eggs, well stirred in 
a hogshead of water, the whole will be deposited in 
the course of twelve hours, and the water become clear 
and bright. The addition of alum, chips of wood, 
bitter almonds, nuts of Strychnos potatorum, and various 
other substances, exert the same influence over certain 
kinds of water. 

Before taking leave of this part of our subject, it is 
desirable to quote the instructions which have been 
given for the examination of drinking-waters, by two 
very competent authorities. 

The Rivers Pollution Commission have laid down the 
following particulars for enquiry into the quality of 
potable waters, and have framed their Tables upon 
them:— 

' 1. Organic carbon 1 
2 nitrogen J t o o r g a m c substance. 
3. Ammonia. 
4. Nitrogen in combination with oxygen, as in nitric and 

nitrous acids. 
5. The total combined nitrogen. 
6. Chlorine. 
7. Hardening constituents/ 

The same Commission, in a review of the subject in 
1870, arrived at the following conclusions, and consider 
any liquid as unfit to enter a stream which has the 
following characteristics in 100,000 parts, or pounds in 
10,000 gallons: — 

* 1. Containing in suspension more than 3 parts by weight of 
dry mineral water, or 1 part by weight of dry organic 
matter. 
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2. Containing in solution more than 2 parts by weight of 
organic carbon, or 0*3 part by weight of organic 
nitrogen. 

3. Which shall exhibit by daylight a distinct colour, when 
a stratum of it one inch deep is placed in a white porce
lain or earthenware vessel. 

4. Containing in solution more than 2 parts by weight of 
any metal, except calcium, magnesium, potassium, 
and sodium. 

5. Containing, whether in solution or suspension, in chemical 
combination or otherwise, more than 0"05 part of 
metallic arsenic. 

6. Containing, after acidification with sulphuric acid, more 
than one part by weight of pure chlorine. 

7. Containing more than one part by weight of sulphur in 
the condition either of sulphuretted hydrogen or of a 
soluble sulphuret. 

8. Possessing an acidity greater than that which is produced 
by adding two parts by weight of real muriatic acid to 
1,000 parts of distilled water. 

9. Possessing an alkalinity greater than that produced by 
adding one part by weight of dry caustic soda to 1,000 
parts by weight of distilled water.' 

Messrs. W a n k l y n and Chapman in the i r work, 
already referred to , devote a chapter to this par t of the 
subject ; and, as t h e directions are short and clear, 
we shall, wi th thei r permission, quote i t entire :— 

* Examine the water as to clearness. This is best done by 
filling a good-sized flask, 1,200-1,500 c. c. capacity, with the 
water. The flask is now to be held in front of a dark-coloured 
or black wall, a strong light falling on the flask from one side 
or from above. Any small particles floating in the water will 
now become readily visible. Care must be taken not to con
found minute bubbles of air with suspended matter. 

The colour of the water should also be noted. It is best 
"Been by placing the flask containing the water on a sheet of 



30 I LIQUID FOODS. 

white paper, and placing by its side a similar flask filled with 
pure distilled water. The two flasks should stand in good 
diffused daylight. Very minute shades of colour can be seen 
in this way, and as the glass of which flasks are made is very 
thin, and but very slightly coloured, we are not liable to mis
take the colour of the vessel for that of the water. Dr. 
Letheby recommends the use of a long cylinder for the purpose 
of ascertaining the colour, and if such a cylinder of clear thin 
colourless glass can be obtained, it is a very good plan. 
Unfortunately, however, most cylinders are made of thick 
glass, with a decided purplish or green colour. Such vessels 
are very liable to mislead. 

Should the water contain much suspended matter, or be 
very dark in colour, it may, we think, be said to be unfit for 
drinking purposes in its then state, though filtration may 
render it quite good. 

Observe the smell of the water. This is best done by 
shaking up some of the water in a flask with a short and wide 
neck about one-third full, and then inhaling the air in the 
upper part of the flask. Should it smell disagreeable in any 
high degree, the water may be said to be unfit to drink. 

Now warm the water slightly and smell again. Warming 
will often bring out the smell of a water when none could be 
detected in the cold. 

ISTow add a little caustic potash to the warm water ; should 
this cause any unpleasant smell, we may be pret ty sure that 
the water contains organic matter in some quantity. Notice 
if a precipitate occurs on the addition of the po tash ; if so, 
whether much or little, whether coloured or white. The 
occurrence of a precipitate indicates hardness ; the colour may 
either be caused by organic colouring matter in the water, or 
by iron. 

Add Nessler test to about 100 c. c. of this water, either 
in a cylinder or small flask. Should this produce a yellow 
or brown colour, or a brown precipitate, the water contains 
arnmoniacal salts. This is a most suspicious circumstance, and 
is almost enough in itself to condemn the water for dr inking 
purposes. 

Add iodide of potassium, acetic acid, and starch paste to 
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100 c. c. of the water. A blue colour indicates nitrites; this 
also is a most suspicious circumstance, and should the colour 
be at all deep, the water can hardly be fit to drink. It is to 
be noted that inasmuch as iodide of potassium often contains 
iodate, the acetic acid, starch and iodide should be mixed 
before adding them to the water, so as to make sure that the 
colour is really produced by the water, and not by any iodate 
that the reagent may contain. 

Boil about 100 c. c. of this water in a flask with a few drops 
of sulphuric acid, remove from the source of heat, and add 
Bulphuretted hydrogen water. Should a brown or black 
colouration be produced, the presence of lead or copper may 
be inferred, and the water condemned (bismuth, mercury, and 
silver, would of course give the same reaction, but are hardly 
likely to be present). Should no colour be detected, add a 
little ammonia or potash. Should this produce a blackish 
precipitate, iron is almost sure to be present. 

Boil a little of the water for a few moments with red litmus. 
Should the litmus not turn blue, repeat the operation with 
blue litmus. We learn from this whether the water has an 
alkaline or an acid reaction. This observation is seldom of 
importance, except when the water comes from a manufacturing 
district; it is then often of the greatest value. 

The preliminary examination described above takes up a 
very short time, and gives ns much information. It does not 
require more than 500 c. c. of water, and may be conducted 
with less. The water used in the examination for clearness, 
colour, &c., is not reckoned, because it can be employed after
wards in other parts of the analysis. 

We may here remark, that if a water contains suspended 
matter, it should, in our opinion, be analysed with that sus
pended matter in it. If the nature and quantity of the 
suspended matter be required, the water should be examined 
both before and after filtration. The difference between the 
two results is the value for the suspended matter. This 
double examination extends only to the total solid residue and 
the organic matter. The nitric acid and chlorine will not be 
affected by the suspended matter. A slight difference will 

X 
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sometimes be found between the hardness before and after 
filtration, but it is not of sufficient moment to render a second 
determination requisite.' 

In selecting water, where selection is practicable, it 
is desirable that it should be clear and bright, without 
smell or disagreeable taste, cool and soft, and of smooth 
and soft flavour, but the latter quality will necessarily 
vary with the nature of the soil or rock from which 
the water is obtained. 

As a rule, there is an unpleasant smell and not un
frequently an unpleasant taste from water contaminated 
with animal matter, either when first drawn from the 
well or after having been set aside for a time, and such 
should never be drunk. I t is, moreover, not unfrequently 
turbid, or leaves a deposit more or less slight, after 
having been left at res t ; but sometimes water suf
ficiently impure to induce disease may have none of 
these characteristics. 

Turbid water, if from a brook may be harmless, since 
the turbidity may be due only to soil or sand with which 
it is mixed, and which may entirely subside; but all 
turbid water should be regarded as suspicious, either in 
reference to healthfulness or hardness. Turbid water 
from wells almost always implies contamination. 

Unfiltered water may also contain animalcules or the 
lower forms of -vegetable life, and particularly, if it have 
been derived from a watershed or allowed to remain 
without much motion in uncovered tanks. Such addi
tions are extremely rare in deep-well water, and very 
frequent in pools. I t must not be inferred that 
such is necessarily injurious, since it is a question 
of degree, and their importance is rather in indicating 
the other conditions of the water in which they were 
generated, or to which they were simply added. A state 
of water which could engender such organisms must 
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either be comparatively stagnant or fed by animal im
purities, and may therefore be hurtful, whilst water 
into which they have accidentally gained access may be 
otherwise pure. 

I t is, of course, desirable that all such impurities 
should be extracted by filtration, or rendered harmless 
by boiling, and it may be laid down as a general rule, 
that whilst no kind of water is injured by filtration 
through a clean filter, otherwise than by the absoption 
of the enclosed air, nearly all may possess substances 
which might advantageously be removed by that process. 

Wherever there is reasonable ground to believe that 
the water is impure from animal matters, and where 
the water has a disagreeable smell and taste, it is 
desirable that it should be boiled, and if possible 
filtered, before being used as drinking water. 

There are two objects to be attained in filtering water, 
viz., to remove any gases upon which a disagreeable 
smell may depend, and to arrest any particles of matter 
which may be suspended in the water, viz., to deodorise 
and clarify the water. A third object is attained by 
some filters, as for example that of Medlock and the 
Spongy Iron Company, in which it is sought to decom
pose the animal matter by the presence of iron. 

Filters of sand were formerly in common use, and 
are still employed when the filtering works are on a 
great scale, and such may aerate or clarify water and 
remove all organisms. Sand is not, however, a deodoriser 
or a bleacher, since it does not absorb gases, and there
fore the use of charcoal has been preferred on good 
grounds. Animal charcoal is to be preferred to vege
table charcoal, since it will absorb a very much larger 
Tolume of gas and destroy animal matter. 

The varieties of filters are very great, and many are 
nearly equal in value. I t is, however, necessary to 

x 2 
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restore the purifying power of filters from time to time, 
and this may be effected in the following manner:— 
Take two wine-glasses full of Condy's crimson fluid 
undiluted, with ten drops of sulphuric acid and a table-
spoonful of pure muriatic acid, and add them to from 
two to four gallons of water. Then place the whole 
in the filter for a few hours, after which pass three 
gallons of pure soft water through. Charcoal should 
be renewed. 

Foulness of tanks is a very common source of foul
ness of water both from materials thrown into them, 
particles of solid matter deposited from the atmosphere, 
and deposits from the water which may ultimately fer
ment. An instance was recorded by us many years 
ago, in which a very violent type of scarlet fever was 
associated with drinking water from a tank in which 
herrings in a state of decomposition were found. A 
disagreeable taste and smell in tank water is daily 
traced to the ordinary deposits in the tank. 

I t is essential that the tank be covered, and cleared 
out at intervals varying from three to twelve months, 
according to the character of the water supplied; but 
a better plan is to have direct continuous service without 
storage in the house at all. 

The practice of taking drinking water from a tank 
which supplies a watercloset is very reprehensible, since 
gases pass through the trap between the closet and the 
tank. Such water will soon give a disagreeable flavour 
or odour, and may induce typhoid fever or other serious 
disease. Steps should be taken by sanitary authorities 
to supply special tanks to the waterclosets. 

MINERAL WATERS. 

The subject of mineral waters scarcely falls within 
the scope of this work^ since they act rather as medi-
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cines than foods; but certain of them are refreshing 
and agreeable beverages. Among those which are most 
commonly associated with food are soda water, seltzer 
water, and Yichy water, all of which may be factitious, 
but the two latter may be natural. Of late years many 
other agreeable waters have been introduced, such as 
Apollinaris, Taunus, Belthal, Eosbach, &c. They are 
all highly charged with carbonic acid gas, and emit 
it more or less freely when the cork is removed from 
the bottle. 

The following table, extracted from Watts's 'Dic
tionary of Chemistry,' shows the chemical composition 
of the best-known springs, and may be useful both to 
the healthy and the invalid. 
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1 

Name of Spring • • 

Elevation above sea level. 

Temp. cent. . • 

Solid contents, parts in} 
one million parts . j 

Calcium . . 

Strontium . 

Magnesium . 
Sodium . . 

K. . 

Iron. . . 

COJt 

so* r 
Sulphurous Acid 
Fluorine . 

Chlorine . 
Bromine . . 

Iodine . . 

PO* . , . 

BOs . . . 

Arsenious Acid 

Carbonic Acid. 

Nitrogen • . 

Oxygen • 

Sulphuretted Hy
drogen . . 

. 

• • 
• • 
. 
• • 

• • 

• • 

• • 
. 
• • 
• • 
* • 

• • 

• • 

• • 

1 

, 

it 

3 & 

•s 

Pints 
Carre 

., 
43-75° 

6160 

117-1 

1-7 

64-2 
1814 

162'? 

2* 

trace 

2415 

196*8 

.. 
324-8 

.. 

.. 

16-7 

trace 

68 

1 

445 

•• 

•• 

1 
O 

Par 

# # 

81° 

943 

18*4 

,. 
4-

319-2 

trace 

• • 

.. 

368-4 

22* 

., 
85-2 

.. 
,, 

.. 

.. 

., 

.. 

.. 
•• 

•• 

.a 

Joseph's 
quelle 

m # 

,, 

5081 

159*7 

•5 

44*5 
1686*7 

101*4 

•7 

2030 

769-7 

., 
227-9 

.. 

.. 

3-8 

.. 
46-2 

.. 

305 

•• 

•• 

CO 

s 
Kessel-

brunnen 

.. 
46° 

1*0034 

2781 

59*4 

•6 

293 
1122*9 

34-7 
. . 

trace 

1-6 

•2 

952 

38-7 
•1 

487 

.. 

.. 

.. 
Al 
•2 
.. 

53-9 

.. 

98 

•4 

•• 

ra 

a 
S, 

1 
1 
•• 

. , 

.. 
, , 

3298 

130 

.. 
64*4 

1156*6 

.. 
,. 

•• 

5*5 

1573 

14*7 

.. 

.. 

., 
# 9 

.. 
Na 
•9 
.. 

11-3 

.. 

1348 

•• 

• 1 
•a ° 

H.9 

Stein-
bad 

.. 
44° 

1*00065 

626 

25*9 

., 
11* 

195-2 

•4 

.. 

«•• 

2-1 

262 

48-5 

.. 
33-5 

.. 

.. 

.. 
Na 
1-9 
.. 

41-9 
,, 

.. 

•• 

*> 
oS 

CQ 

Pon
toon 

1000 

., 

563 

51-3 

., 
41-7 

66* 

4-6 

1-1 

23-2 

3-2 

265 

9* 

35*5 

1-8 

.. 
60-5 

# m 

744 

• 

• • 

1100 

14° 

3977 

289-7 

6-4 
239-8 

954*5 

• • 

• I 

.. 

1667 

75-2 

621*6 

., 

#, 
122 

• • 

•• 

No. 
• 

i 
• 4 

2353 

8° 

915 

241*8 

• • 
7*4 

• • 
#-

•• 

31'9 

• • 
378*8 

39*6 

14-1 

• • 
.. 

72*1 

.. 

40* 

• • 

The Above was analysed by :—l Bouquet. a Chevalier. 
6 Berzelius. ' Struve. " Jung. e 

3 Struve. * Struve. • Bischof. 
Meissner. 
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122. 

e 

B 

• • 

2116 

45° 

1-0044 

252 

4S-4 

m f 

10-3 

24-

•3 

. . 

. . 

•3 

•• 

65-9 

24*1 

. . 

40*5 

. . 

. • 

. . 

• • 

.. 

18*2 

• • 
• • 
38 

. , 

•• 

trace 

T
op

U
tz
 "

 
Il

ly
ri

a
 

•• 

. . 

36° 

• • 

295 

57*3 

16*8 

10*5 

•• 

. . 

20*9 

•• 

•• 

96 9 

32*4 

. . 

29-4 

. . 

. . 

. . 

. . 

•• 

13* 

; ; 

. , 

35* 

13* 

•• 

C
ar

ls
b
ad

 •
• 

Sprudel 

1170 
74° 

1-00497 

5455 

125 

•5 

50*3 

1793 

•• 

. . 

trace 

1-7 

•4 

1028 

1749 

1-5 

630 

. . 

. . 

. . 

. . 

Al.Ca 
•4 

75*1 

9*1 

1100 

. . 

•• 

•• 

a 

3 

•• 

. . 

. . 

•• 

32771 

139*6 

. , 

3319 

5222 

344* 

. . 

. . 

•• 

•• 

656-2 

21154 

. . 

1913 

. . 

• . 

. . 

• • 

Ca 
•3 

22*9 

69 

. . 

•• 

•• 

S
ai

ds
ch

U
tz
 "
 

•• 

. . 

. . 

•• 

23285 

385*8 

9 i 

2813 

1974 

239*6 

. . 

. . 

Mn) 
Fe ^24*9 
Co3) 

• • 

463*7 

14273 

. . 

211*1 

trace 

4*3 

. . 

2746 

•• 

4*7 

200 

. . 

•• 

•• 

10 

N 

•J 
is 
CQ 

•* 

. . 

. . 

•• 

16406 

722*9 

2918 

. . 

•• 

. . 

. . 

•• 

•• 

904 

11568 

. . 

292 

P
y

rm
o

n
t1

8
 

•• 

16° 

•• 

2685 

588*3 

1*2 

119*1 

90*4 

1*9 

•2 

. . 

trace 

30*2 

2-9 

534*7 

1138 

108*4 

. . 

. . 

. . 

Al 
1*8 

65*5 

" 

1680 

. . 

•• 

•• 

03 

n 
King's 

bath 

. . 

. . 

«• 

2062 

386*7 

" 

53*9 

160 

29-8 

. . 

. , 

7-4 

• • 

86-9 

1029 

. . 

265*3 

. . 

. . 

. . 

. . 

•• 

42-6 

91-6 

•• 

•• 

C
h

el
te

n
h

am
,s

 

Royal 
well 

. . 

14° 

1-0064 

8174 

179-5 

8*1 

2701 

•• 

. . 

. . 

.4*1 

• • 

639*5 

2259 

. . 

2066 

23-2 

. . 

. . 

. . 

Pe 
2*6 

14-5 

240-7 

125 

. . 

•• 

•• 

1 

W
ie

sb
ad

en
 *

• 
* 

Kessel-
brunnen 

. . 

68° 

. . 

8262 

363*2 

54*8 

2687 

79-4 

5-6 

trace 

2-6 

•3 

261-5 

63*7 

. . 

4687 

3* 

. . 

. . 

Ca 
•4 

•• 

60*4 

197 

. . 

•• 

•• 

8 
£ 
OJ 

•2 

•• 

800 

15° 

. . 

3658 

1139 

•1 

1-4 

51-2 

1233 

47*8 

trace 

. . 

trace 

trace 

trace 

753*8 

28-4 

1*5 

1388 

. . 

. . 

. . 

. . 

Ca. Al 
•4 

39*2 

1087 

. . 

•• 

•• 

Kaiser 
quelle 

, , 

9 m 

.. 

4101 

63*4 

14-7 

1419 

69*5 

. , 

. . 

4*5 

. . 

503*2 

276*1 

. . 

1601 

2*7 

•4 

3*9 

. . 

66* 

75-1 

75-2 

168 

•• 

1*2 

cS 
bo o 
u 
03 

Old sul
phur 
well 

% 9 

9° 

1-01113 

15478 

493*6 

198*7 

4940 

479*7 

. . 

. , 

•• 

. . 

104*8 

18*2 

. . 

9187 

. . 

. . 

87*7 

. . 

3-4 

; ; 

80*3 

10*6 

C H 4 

21*3 

19*6 

10 Pagenstecher. X1 Graf. " Berzelius. 13 Struve. ** Berzelius. " Nauman. 16 Stmre. 
•» Merck and Galloway. ,8 Abel aud Rowney. , s Fresenius. 20 Struve. " Liebig. " Hofmann. 
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OHAPTEE XXXIV. 

MILK, CREAM, BUTTER-MILK, AND WHEY. 

MlLZ. 

THIS is one of the most important foods which nature 
has supplied for the use of man, since it contains all 
the elements of nutrition within itself, and in the 
most digestible form, and it is so widely provided that 
wherever the mammalia are propagated it may be 
obtained by their young if not by man. 

Whilst there are certain variations in the composition 
and character of milk, according to the animal and its 
food, they are limited in degree, and it is scarcely 
incorrect when speaking in a general manner to say 
that milk has always the same qualities. Thus, what
ever may be the source, milk contains in its natural 
state a nitrogenous element, as casein, carbonaceous 
elements as fat and sugar, acids and salts. 

Cow's milk, whether the ordinary cow of Europe 
or the buffalo of India, is that best known to the 
world, inasmuch as the cow can be kept and propagated 
more readily and economically than any other animal 
in relation to its meat and milk-producing qualities; 
and hence it is taken as a standard of comparison, but 
it differs from human, goat's and asses' milk, as well as 
from the milk of other animals, in the proportion of its 
casein, fat, sugar, salts and water. 

The milk of the cow is not, however, of uniform 
quality. Certain kinds, as the Alderney, give a very 
large proportion of butter and but little milk, whilst 
some yield much milk, others a large proportion of 
casein or cheese, and others still, an unusual proportion of 
water. Moreover, soon after calving the milk is un-
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usually rich in colostrum, whilst when the cow is again 
in calf the milk becomes poorer in casein as in all its 
solid constituents. The kind and quantity of food also 
greatly influence the quality of milk, so that with good 
dry food the milk is relatively richer in solids, whilst 
with good grass it abounds in fat. Artificial feeding 
is also important, for oil cake will cause a yield of far 
more solids then when grains from wort are supplied, 
and a penalty is inflicted in Boston for the sale of 
milk of cows fed on the latter. 

The test of quality is commonly the proportion of 
cream, since butter is the product most appreciated by 
consumers. As cream is lighter than water the more 
cream the less is the specific gravity of the milk, other 
constituents being the same, and it is estimated by a 
specific gravity bulb. But in truth the other consti
tuents are equally valuable as food, and the advantage 
of the test is not in reference to milk in its natural 
state, but to show whether a given specimen of milk has 
been robbed of a part of its cream. I t is rather a test 
as to a particular fraud, than of natural quality. 

The average proportion of cream is 10 to 12 per cent., 
and it is the practice with very large consumers to agree 
with the milk-dealers as to the standard to be adopted. 
At the Liverpool Workhouse they adopt a standard of 10 
per cent, and pay %d, per gallon for each degree in excess, 
and deduct the like amount for each degree in defect. 

As the composition of cow's milk cannot be always 
the same, the recorded analyses dili'er greatly, and 
it is not possible to do more here than give the ana
lysis of an average specimen, as follows, in 100 parts 
(Letheby):— 
V J No. 123. 
New milk. . Water 86 Nitrogenous 4*1 Sugar 5-2 Fat 3*9 Salt 0*80 
Skimmed milk „ 38 „ 4 0 „ 5*4 „ 1*8 „ 0*8 
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The real difference between skimmed milk and new 
milk is in the removal of nearly all the cream from the 
former, and it is needless refinement to give any other 
variation in the analysis than such as results from that 
condition. But a further change takes place with time, 
for chemical actions proceed rapidly in milk, and a por
tion of the sugar becoming transformed into lactic and 
other acids so far lessens its nutritive value. There 
is, however, a practical error in the usually-received 
opinion, as to the value of skimmed milk, for many deem 
it of little value even to the poor, much less for use in 
their own houses. When, however, it is considered 
that the addition of £ oz. or •£ oz. of fat, as suet, to a 
pint of skimmed milk renders it equal in nutritive, value 
to new milk, such an opinion cannot be sustained. I t is 
a mistake on the part of the housewife to decline to use 
it with such an addition in her puddings, whilst for the 
poor, to whom economy is important, and the remain
ing constituents of the milk of the utmost value to 
their children, every encouragement to its use should 
be offered, and particularly when new milk cannot be 
obtained. 

There are in good new milk 640 grains of carbon and 
57 grains of nitrogen in the imperial pint, whilst in 
good skimmed milk the quantities are 516 and 55 
grains. 

The effect in my experiments (No. 124) of eating one 
pint of good cow's new milk was to give a maximum 
increase of 2*26 grains of carbonic acid per minute 
in the exposed air, with a maximum increase of °" 
cubic inches in the volume of air inspired. The rate VL 
pulsation was also increased. 

The maximum effect of the same quantity of skimmed 
milk was an increase of *84 grain of carbonic acid in 
the expired air, and 21 cubic inches in the inspired air. 
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Hence the effect within three hours of new milk is 
much greater, and of skim milk equal to, that of flesh. 

The lactic acid in milk is not by any means without 
importance, for it is readily converted into carbonic 
acid, and the effect upon me of taking the proportion 
which is found in one pint of skim milk, was to increase 
the carbonic acid evolved by *42, and on another person 
to *8 grain per minute. (No. 124.) 

The effect of 250 grains of milk-sugar dissolved in 
10 oz. of hot water was to give a maximum increase of 
1*62 grain of carbonic acid per minute, whilst the 
volume of the air inspired was increased by 24 cubic 
inches per minute. (No. 124.) 

There is no milk which is so agreeable and so little 
disagreeable to the taste as cow's milk, for it has a fuller 
flavour than human milk, or that of the mare or ass, 
whilst it lacks the strong flavour of the milk of the buf
falo or goat, and is not so surfeiting as that of the sheep. 
Some of these peculiarities in other kinds of milk depend 
upon the quantity of a nutritive material which may be 
readily determined; but others, as the flavour of goat's 
and buffalo's milk, depend upon an acid which is not so 
easily measured and is not nutritious. 

The following is the chemical composition of several 
kinds of milk (according to Vernois and Becquerel) :— 

No. 125. 

Goat , 
Sheep . • 
Buffalo. 
Mare . 
Ass . • • 
Woman . • 
Cow 

Sp. Gr. 
+ 1,000 

33*53 
40*98 

3374 
34-57 
32*67 
33*38 

Water 

84-49 
83-23 

90*43 
89 
88*9 
86*4 

Solids 

15-51 
16*77 

9-57 
10*99 
10*92 
13*59 

Casein 
and 

Nitro
genous 
com

pounds 

3'51 
6*97 

333 
3-56 
3*92 
5*52 

Sugar 

3*69 
394 

3*27 
505 
4-36 
3-8 

Fat 

5*68 
513 

2*43 
1*85 
2*66 
3*61 

Salts 

0*61 
0*71 

0-52 
0*54 
0*13 
0*66 
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The salts in milk are as follows, per cent,:— 

No. 126. 

Phosphate of lime • .0*8 Chloride of potassium. . 0'17 
„ „ magnesium . 0*06 „ sodium . . 0*03 
„ „ iron . . 0007 Free soda . . . . 0*04 

As milk is so essential a food for infants, and particu
larly when the mother's milk cannot be obtained, it is 
desirable to prepare a kind which may resemble the 
latter in composition. 

Cow's milk differs from human milk chiefly in having 
a larger proportion of fat and casein and a less propor
tion of sugar. If therefore a mixture be made of two-
thirds of cow's milk and one-third of warm water, to 
which half an ounce of sugar of milk be added to the 
pint, we shall obtain a composition very similar to 
that of the mother's milk. If sugar of milk be not 
obtainable, it may be substituted by somewhat more 
than half the quantity of refined cane sugar. 

Asses' milk differs from human milk chiefly in having 
more sugar and less fat, so that whilst it is not equal to 
human milk as a nutrient it is the best natural substi
tute for it, but its use is recommended rather in cases 
of disease than of health, when it is desirable to modify 
the composition of the mother's milk. Equal parts of 
asses' milk and cow's milk approach closely in composi
tion to human milk. 

The effect of insufficient food on the quantity and 
constituents of milk is shown in a very interesting en
quiry which Dr. De Caisne, made on 43 nursing women 
during the late siege of Paris, and communicated to 
the Academie des Sciences. He divided the women 
into three classes, according to the quantity and quality 
of milk, and its effect upon the children is detailed in 
the following table:— 



1. 

2. 

3. 

Much milk, Children ) 
thrive J 

"Women get thin 

Little and bad milk 
Children had diarrhoea 

Scarcely any milk 
Children died 

No. 

Fasting 

Well fed 

Fasting 
WeU fed 

Fasting 
Well fed 

127. 
Butter 

310 

4-16 

2*90 
542 

2*95 
4*10 

Casein 

0-24 

1-05 

0-18 
115 

0*31 
1-90 

Albumen 

2*20 

115 

1-95 
0*95 

2*35 
1-75 

Salts 

0*20 

0*30 

016 
0-25 

0-31 
0 3 1 
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Sugar 

6*24 

7-12 

7-05 
7'05 

5*90 
5*95 

Cow's milk is especially rich in salts, as compared with 
human milk, so that it may be interesting to state the 
composition of these salts. 

Thus in 100 parts of the salts from cow's milk, there 
are:— 

No. 128. 
Potash • . 23*46 Chloride of potassium. . , 14*18 
Soda . . . 6*96 „ „ sodium . , , 474 
Lime. . . 17"34 Phosphoric acid . * . 28*40 
Magnesia . . 2*20 

The absence of ordinary cow's milk is a great depriva
tion to Englishmen and Englishwomen (particularly to 
those who are not in good health) when travelling in 
Egypt, and in many parts of India, and Africa, for the 
milk of the buffalo is much stronger, and even repulsive 
until the palate has become accustomed to its use. In like 
manner, there are many persons who cannot take goat's 
milk, which can alone be obtained in some parts of 
Switzerland; but as a taste for it may be acquired, and 
the use of it would be very economical and beneficial to 
the poor in this country, the keeping of goats should be 
recommended. 

10 grains of new milk when consumed in the body 
produces sufficient heat to raise 1*64 lb. of water 1° F., 
which is equal to lifting 1,266 lbs. one foot high. 

The milk of all animals is more easily digested 
when eaten hot, and particularly by those who have the 
impression, not to say conviction, that it does not agree 
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with them, and by invalids. This is not, however, 
due to any marked chemical change effected in the 
milk by heat, for the only effect is to coagulate the 
albumen and to raise it as a scum upon the surface, 
but to the stimulating effect of heat, both on the palate 
and stomach. I t may, however, be added that the 
peculiar flavours of goat's and buffalo's milk are lessened 
by boiling the milk, and may be readily disguised by 
the addition of other foods or condiments. 

Although the quantity of milk consumed in this 
country is considerable in the whole, it is small when 
computed on the basis of the population, and even 
milk-eating people, as those of Cheshire, take little, as 
compared^with the inhabitants of many other countries. 
The peasantry of Sweden and Norway, of Switzerland 
and the Tyrol, the Bedouin of Arabia, the people of 
Kurdistan, and other mountainous countries in the East, 
live in great part on milk, and are said to take from 
four to seven pints a day per man, whilst the same is 
true of the wandering people found on pasture-lands 
bordering the Great Sahara. The inhabitants of the 
Western States of America, as of all newly-peopled 
countries take it largely, whilst, in my enquiries into the 
dietary of the labouring classes in this country, I 
found that the weekly consumption amounted to only 
32 oz. in England, 85 oz. in Wales, 125 oz. in Scotland, 
and 135 oz. in Ireland, or from one-quarter to about one 
pint per head per day. 

Camel's milk is in common use amongst the Arabs, 
and is often mixed with flour into a paste, and boiled, 
when it is called ayesh. I t is also drunk largely by 
those living on the Thull, a sandy unproductive district 
at Lera, in India, and is stated to have a brackish 
flavour and but little fat. 

Mare's milk is used more commonly than cow's milk 
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in Tartary, but is inferior as a nutrient in nearly all its 
elements. I t is, however, very generally used in the 
preparation of a nutritious fermented and intoxicating 
beverage as thick as pea-soup, called Icoumiss. The 
curds and whey are separated by adding a little old and 
sour Icoumiss to the milk, but they are again mixed by 
vigorous shaking. 

ADULTERATION OF MILK. 

Fraudulent changes in milk are no doubt frequent, 
but have been exaggerated, and are now probably less 
than they ever were. They consist in the addition of 
water, the subtraction of cream, and the addition of 
mineral substances to deepen its opacity, and of animal 
substances to impart a richness of flavour. 

The addition of water, and the subtraction of a part 
of the cream, are to be reprehended, since they lower 
the nutritive value of the food without lowering the 
cost. Injurious substances are added; but it is desir
able that tests of specific gravity and the amount of 
cream should be regularly applied by a purchaser. The 
lactometer shows the specific gravity, and a glass vessel 
graduated to 100 parts shows the amount of cream. 
This should not be less than Tf^ths to yVV^s ^°J m e a _ 

sure. Specific gravity alone is valueless, because removal 
of cream increases the weight, and addition of water 
diminishes i t ; so that a skilful manipulator can easily 
cheat the consumer in two directions, viz. in loss of 
cream, and by dilution of the milk. 

I t is, however, certain that even in London it is 
possible to obtain milk as good as could be procured in 
the country; for in an experience of many years at the 
West-end we have been supplied with milk of excellent 
quality. This is, however, the case chiefly when the 
milkman is himself a cow-keeper in the country, or 
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obtains milk in a large quantity from the country, whilst 
the smaller dealers who supply the poor are less to be 
relied upon. Hence, it is desirable to aid the esta
blishment of milk companies, who may obtain large 
supplies, and be managed by respectable and honourable 
persons. 

The addition of foul water to milk, and the use of 
such water in the cleansing of the vessels which con
tain milk, has been known to communicate infectious 
disease. 

I t is worthy of remark, that the milk of diseased 
animals does not appear to contain any known germs of 
disease, and that it differs from that of healthy animals 
only in the lessened proportion of all the nutritive ele
ments. 

PRESERVED MILK. 

The preservation of milk so that it may be trans
ported from the producing ground to distant localities 
has recently become an important branch of trade, in 
America, Switzerland, and our own country. I t is 
not pretended that this is effected on the ground of 
economy, and it can be approved only on that of 
necessity or convenience, for not only is the cost 
greater, but the product is neither so agreeable nor 
so nutritious as fresh milk. In many districts of 
England, it is not easy to obtain fresh milk and in 
some the difficulty is practically insuperable, so that 
any reasonably good substitute for it must be wel
come; but on the lines of railway and in towns 
as well as in by far the greater part of England, such 
a substitute if useful at all is simply as a convenience. 

I t is prepared by the addition of refined sugar and an 
alkali, and by gentle evaporation in vacuum pans, until 
it has a very thick semi-fluid consistence, when it is 
placed in tins, which are sealed by solder, and may be 



MILK, CREAM, BUTTER-MILK, AND WHEY. 321 

transported and kept for many months. When such a 
tin is allowed to remain open for some weeks, the 
substance becomes drier and nearly solid on its surface, 
but its character does not change. 

Mr. A. Willard, lecturer in the Maine State Agricul
tural College, has published a very instructive paper on 
this subject in the ' Journal of the Royal Agricultural 
Society of England,' Vol. 15, which merits careful 
perusal. 

I t appears that this process has long been carried on 
in America in two forms : the one producing plain con
densed milk, which will keep good for from one to foui 
weeks; and the other the ordinary preserved milk, which 
is said to be good for any period. The former is simply 
milk evaporated, so that four pints become one pint, 
without the addition of any preserving substance ; whilst 
the other is evaporated in the same degree, and receives 
a preparation of fine refined sugar for every gallon of 
milk. 

The following is the process at Dr. Crane's factory :— 
* The milk as it comes to the factory is carefully ex

amined, and if all right it is received and weighed. 
The cans are then placed upon the car, which runs on 
rails to the cooling vat. Here the milk is drawn into 
large tin pails, eight inches in diameter and eighteen 
inches long, holding twenty quarts each. About 
eighteen quarts are put in each pail, which is then 
placed in the vat containing cold spring water. After 
the milk has been cooled to 60°, the pails are immedi
ately plunged into the water of the heating vat, which 
has a temperature of from 185° to 190° F. 

' The best refined sugar is then added at the rate of 
four pounds for each pail. The pails are kept in the 
vat of heated water about thirty minutes, when the 
milk is drawn into the large condensing pan. This pan 

Y 
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has fifty corrugations, and is set over water and upon a 
furnace in the adjoining room. Directly over the pan 
are arranged two large fans, which are kept in motion 
by machinery. The temperature of the milk while 
evaporation is going on is uniform at 160° F. 

6 The fans carry off the water, forcing it through ven
tilators out of the building as fast as it is formed into 
vapour. Under this process it takes about seven hours 
to condense the milk, seventy-five per cent, of its original 
bulk in water being driven off. 

' The faucets at each end of the pan are opened, and 
the condensed fluid passes through fine wire-strainers, 
or sieves, into large cans. These cans, when filled, are 
rolled away to the tables at the back of the room, where 
their contents are drawn off into small tin cans holding 
one pound each, and these are immediately sealed up to 
exclude the air.' 

The process at the Elgin factory, which is noted for 
its product, is very similar. 

' After the milk is received it passes through a strainer 
to the receiving vat ; from this it is conducted off, 
going through another strainer into the heating-cans, 
each holding about twenty gallons. These cans are set 
in hot water, and the milk is held in them till it reaches 
a temperature of 150° to 175° F. I t then goes through 
another strainer into a large vat, at the bottom of 
which is a coil of copper pipe, through which steam is 
conducted, and here the milk is heated up to the boiling 
point. Then the best quality of granulated sugar is 
added, in the proportion of one and a quarter pound to 
the gallon of milk, when it is drawn into the vacuum-
pan, having a capacity of condensing 3,000 quarts- or 
more at a time. The milk remains in the vacuum-pan, 
subjected to steam for about three hours, during which 
time about 75 per cent, of the bulk of water is removed, 
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when it is drawn off into cans holding 40 quarts each. 
The cans are only partially filled, and are then set in a 
large vat containing cold water, the water being of a 
height equal to that of the milk in the cans. Here it 
is stirred until the temperature of the condensed fluid 
is reduced to a little below 70°; it is then turned into 
large drawing cans with faucets, in order to facilitate 
the filling of the small cans. The milk is drawn from 
the faucets into the small cans, holding a pound each, 
when they go to the tables, and are immediately soldered 
to exclude the air.' 

The business is becoming very extensive in America, 
and the greatest care is taken, by extreme caution and 
cleanliness, to prevent the development of fungi or 
vegetable organisms of any kind, so that the milk may 
keep perfectly good. 

Preserved milk thus prepared, whether in America, 
England, or on the Continent of Europe, contains about 
one-third of its weight of sugar. 

This preparation has been recommended as a food 
for infants, and it is much liked by them ; but it is 
an error to assume that a given quantity when dis
solved in water will yield new milk or be as useful as 
new milk in feeding infants and young children, and 
it should never be used as a substitute in such cases 
whenever new milk can be obtained. 

Dr. Daly has raised a very important question in the 
columns of the ' Lancet,' of November 2nd, 1872, and 
asserts that such milk causes an undue development of 
fat, leads infants to refuse food of a more simple flavour, 
and renders them less able to resist disease. His re
marks are sufficiently important to merit quotation. 

' Children like the condensed milk far better tliau cow's 
milk ; I suppose from its sweetness. Its general effect is 'that 

T 2 
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infants thrive remarkably, and get much fatter as a rule on it 
than even on the breast. To look at, children brought up on 
condensed milk are extremely healthy. 

Now arises the question, which has induced me to trespass 
upon you with this letter, viz., are all the children really 
strong and well nourished, or are they only strong-looking ? 
That they are well fattened is manifest, but is the fatness only 
the result of a sort of converse Bantingism ? The continued 
use of the so-called Banting regimen will, no doubt, soon 
reduce a man's adipose tissue and weight, but it will do so at 
the expense of deteriorating the whole system, of dangerously 
lowering the vitality, and therefore the power of resisting the 
disease. So likewise I have observed in a number of cases, 
carefully watched during the past eighteen months, that while 
condensed milk fattens, and while children apparently thrive 
upon it, the vitality of the child is below par to a very danger
ous degree. 

I found that during the summers of 1871 and 1872 children 
taking condensed milk sank rapidly of diarrhoea, which was 
not at all severe or such as to cause alarm, and that the pros
tration was out of all proportion to the severity of the disease, 
and came on almost immediately. Indeed, as far as my ex
perience goes, it has been invariably the case that children fed 
on condensed milk and attacked with diarrhoea at all severely, 
almost immediately get into a semi-collapsed state, and if 
brandy be not at once given, they die. I have observed the 
same with regard to other diseases, as for instance measles, 
whooping-cough, and bronchitis. The resisting power of the 
child has been bad, and those children brought up on the im
pure London fed cows' milk will resist an attack of acute 
disease better than children fed on condensed milk. I can 
give no explanation of this. Whether my observations be 
correct, or only the result of a strange series of coincidences, 
it is a matter well worthy of more extended investigation. 

I have now before me notes of a number of cases confirming 
the above views. In one child that I saw fed entirely upon 
condensed milk from a month old, collapse set in from a few 
hours' diarrhoea, which was not at all severe, and the child 
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only recovered by the free use ot brandy. This child was in 
perfect health, to look at, before the attack. Another child, 
taking condensed milk, and who was on the brink of the 
grave from one day's slight diarrhoea, by my advice was after
wards fed on goat's milk, and while taking goat's milk it had 
another attack of diarrhoea, more severe than the first, but the 
alarming symptoms of exhaustion did not come on, and the 
child was soon well. I could relate many such cases. I have 
seen several children sink of slight diarrhoea in a' few hours 
who were being brought up on the condensed milk, the chil
dren being healthy to look at, and the diarrhoea such as 
generally gets well. I do not wish to draw any positive con
clusions from these cases; I only state what I have observed. 
Again, I have invariably found that children brought up on 
this milk are most backward in walking, no doubt due to the 
inferior muscular nutrition, and also that the anterior fonta-
nelle is very late in closing, arising from the osseous system 
not being properly nourished. The children generally, too, 
have the abdomen rather large. I may mention also that it is 
most difficult to get children using condensed milk to take 
other kinds of food, and as they grow old enough to eat 
farinaceous puddings they will not touch them unless they 
are saturated with sugar.' 

Such is a medical pract i t ioner 's view of this mat te r , 
and it deserves the at tent ion of mothers and of all who 
have the care of infants and young children. Wi thout 
explaining t h e medical aspect of t he question (which 
would be out of place here), I remark t ha t as a food the 
addition of nearly two ounces of sugar to the pint of 
cow's milk greatly lessens its nutri t ive value, and induces 
a tendency to starvation of muscle-forming element. 
Then, whilst in na tura l cow's milk the proportion of 
nitrogen (flesh forming) to carbon (fat forming) is 1 to 12, 
in the preserved milk i t is not much more t han one half 
or about 1 to 20. I f the object were to feed an animal 
for the marke t it would be a t ta ined by this method, 
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but if to make infants into strong muscular men and 
women, the proportion- which Nature has provided 
must be supplied. 

For office use, or when travelling it is not convenient 
to obtain milk at the required moment, or for family use 
when milk cannot be obtained at all, it is a valuable 
food. 

ARTIFICIAL MILK. 

Many attempts have been made to prepare milk arti
ficially, and thus to supply a want which is often 
experienced, but they have not been successful so far as 
to please the appetite of those who consume it. 

As the composition of cow's milk is well known, 
there is no difficulty in combining the same elements 
artificially, so that the compound may be as nutritious 
as natural milk. Thus M. Dubrunfant has suggested 
the following recipe :— 

Half a pint of water, 1£ ounce of cane or grape 
sugar, ^ an ounce of dry white of egg, and 15 grains 
of crystals of carbonate of soda, to be made into an 
emulsion whilst warm with If to 2 ounces of the finest 
olive oil or some other pure fat. This compound will 
be as thick as cream, and another half pint of water 
must be added to make it of the consistency of milk. 
The addition of a little gelatin, say 30 grains to the 
pint, will increase the resemblance of the compound to 
cream, and will allow more water to be added when 
artificial milk is to be produced. 

I t is, however, needless to say that such a compound 
could not for a moment compete with natural milk if 
both could be obtained; and it may be of interest to add, 
that when natural milk is divided into its component 
parts, the effect of all is less than that of the combina
tion in the milk. 
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CREAM. 

Cream consists of minute globules of oil which are 
distributed throughout the mass of milk and give 
opacity to it, but after the milk has been kept at rest 
for a time the globules, by reason of their less specific 
gravity, rise to the surface and accumulate as a layer of 
cream. A considerable time is requisite to cause all 
the globules to rise, and thus leave the milk free from 
them; but it is shortened, and the operation rendered 
"more complete by the application of a gentle heat, as in 
the preparation of clotted cream in Devonshire, and in 
that of shor or malai in Bengal. 

The cream thus separated may be removed by skim
ming, but a portion of milk is also taken away in 
the operation. The quantity and purity of the cream 
depend upon all the causes already mentioned, as 
affecting the quality of the milk, as also on the duration 
and completeness of the repose of the milk, and the 
care exercised in skimming it, and practically they 
vary much. 

When thus separated, it consists of fatty matter with 
a proportion of milk, and as the cream is often allowed 
to accumulate for some days before it is converted into 
butter, the milk becomes sour. When the cream has 
been churned, the butter collects in masses, and the 
watery-looking residue is butter-milk; but a proportion 
of butter-milk is retained bv the butter in the inverse 
ratio of the washing and pressing of the butter. Hence, 
as butter is scarcely ever entirely free from butter-milk, 
it cannot be absolutely free from a trace of nitrogenous 
matter. 

The usual chemical composition of cream in 100 parts 
is water 66, nitrogenous 2*7, sugar 2-8, fat 26-7, salts 
1*8. Thus, about one quarter of the weight is butter, 
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but in that respect the composition varies from 22 to 
33 per cent. 

The effect upon myself of taking 2 ounces of good 
fresh cream was to cause a maximum increase of *48 
grain and an average increase of *24 grain of car
bonic acid per minute by the respiration, and a maxi
mum increase in the quantity of air inspired of 33 
cubic inches per minute. (No. 124.) 

BUTTER-MILK. 

Butter-milk is the residue of cream after the butter 
has been made, and is about two-thirds of the whole 
weight of the cream. In general chemical characters 
it is analogous to .skim milk, for it retains all the 
elements of milk except the fat, but it may have 
acquired free acid in addition. 

The following is the chemical composition of butter
milk in 100 parts :— 

No. 129. 

Water 88 Nitrogenous 4*1 Sugar 6*4 Fat 0*7 Salts 0*8 

I t is evident that the causes of variation in the 
composition of milk apply to butter-milk, and the 
composition cannot be reduced to a fixed standard. 
Moreover, it frequently happens, and particularly in 
those countries where milk is abundant and labour 
scarce, that small lumps of butter are allowed to remain 
in butter-milk, by which the proportionate quantity of 
fat will be increased and the total nutritive value 
exceed that of well-skimmed milk. This, therefore, is 
a very valuable article of food, and as it is usual to 
regard it ' as even inferior to skim milk,' it is clear that 
there is not a just appreciation of it in the dietary 
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of the poor. I t enters largely into the dietary of the 
labourers in Ireland, Scotland, and South Wales, whilst 
it is commonly used in Cheshire, and is of the greatest 
value where there is a deficiency of other nitrogenous 
food. The Irish labourer obtains about four pints a day, 
which alone offers a large quantity of nutriment, whilst 
its flavour is a most agreeable addition to that of 
boiled potato or Indian meal stirabout. I ts use is 
universal in India; and as a food it is regarded as so 
important by the pastoral tribes of Meerut that they 
say * a man may live without bread; but without 
butter-milk he dies.' I t should be everywhere distri
buted to the poor where milk cannot be obtained by 
them in sufficient quantity. 

There are 490 grains of carbon and 55 grains of 
nitrogen in each pint of butter-milk. 

When butter-milk is added to boiling whey and the 
two are well mixed, a soft curd is thrown down. This 
mixture is called fleetings in Wales, and is eaten when 
either hot or cold with the addition of bread. 

W H E T . 

Whey is the residuum of milk after the manufacture 
of cheese, and is therefore nearly destitute of casein 
and fat, whilst it contains the sugar, acids, and salts 
of milk. If the cheese be made from new milk there 
will be a small proportion of fat left in the whey, and 
probably the whole of the curd will not have been re
moved whether the milk be new or skimmed. 

Hence whey as an article of food is valuable, chiefly 
from its salts and free acids, and is often an agreeable 
addition to other foods in the dietary of the sick. 
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According to Professor Yoelcker, it yields 193*2 grains 
of carbon and 14*5 grains of nitrogen per pint. 

The use of curd and whey was well known to our 
Saxon and Norman ancestors, and the fritters made with 
milk was by no means to be despised. The following 
is the recipe :—c Take of crud'd and psse out the wheyse. 
do ' thto su whyte of ayreu (eggs) fry he, do ' thto and 
lay on su (sugar) and messe forth.' 

CHAPTER XXXV. 

TEA, COFFEE, CHICORY, COCOA, AND CHOCOLATE. 

TEA. 

W E have on several occasions, in the course of this 
work, referred to the marked changes in the food of 
so fixed and stable a population as that of this country, 
all of which have been associated with a gradual refine
ment of taste, increased pecuniary means, and diminu
tion in the price of products, as the results of improved 
modes of manufacture. The most striking change 
hitherto mentioned has been the substitution of fine 
wheaten flour for coarse wheaten flour, barley-meal, 
rye-meal, and even for oatmeal, and the cause is due to, 
or at least essentially connected with, the reduced cost 
of wheat. But it is probable that, of all changes of 
diet, none can compare with the extension of the use 
of tea. From the sixteenth century, when it was 
sold at ten guineas a pound, to our day, when we have 
it of excellent quality at 2s. a pound, its use has been 
extended from a hundred people to the millions of Great 
Britain and the English-speaking race, wherever they 
can obtain it. Other races have also adopted it, but 
much more tardily, because of their lack of maritime 
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commerce, the difficulty and expense of obtaining it, or 
their more limited pecuniary means; and, even at this 
day, the difference in the use of this article by the 
Latin races and the Anglo-Saxon and allied races is 
extremely marked. If to be an Englishman is to eat 
beef, to be an Englishwoman is to drink tea ; and, 
although the excessive drinking of beer has been 
regarded as a characteristic opprobrium of our race, 
the badge seems now to be transferred, or to be in 
course of transfer, to the great Teutonic race—a race, 
allied to us in many mental and bodily qualities, as 
well as in social habits. 

No one who has lived for half a century can have 
failed to note the wonderful extension of the tea-drinking 
habits in England, from the time when tea was a 
coveted and almost unattainable luxury to the labourer's 
wife, to its use morning, noon, and night by all classes. 
The caricature of Hogarth, in which a lady and gentle
man approach in a very dainty manner, each holding 
an Oriental tea-cup of infantine size, implies more 
than, a satire upon the porcelain-purchasing habits of 
the day, and shows that the use of tea was not only 
the fashion of a select few, but the quantity of the 
beverage consumed was as small as the tea-cups. 

So also as to the strength of the infusion which is 
drank, whilst it is very weak in the tea-shops of China 
and Japan, it is so weak in the cup of the professional 
tea-taster, when pursuing his calling, that only the 
weight of a sixpence is used at a t ime; and whilst it is 
still necessarily weak in the cup of the poverty-stricken 
wife, it is the fashion among the wealthy classes to make 
it so strong that a tea-cup of dry tea is thrown into 
the tea-pot, which is to produce, perhaps, half-a-dozen 
cups of the beverage. This change can be without 
effect, only on the presumption that the action of tea is 
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slight and unimportant, within the limits of toleration, 
inherent to our nature. 

Such changes—so wide and so great—must have 
left their mark upon the physical, mental, and social 
habits of our day, whether they are regarded positively 
or negatively. Whether, in spite of them, or in conse
quence of them, the changes of the day have been 
towards health of body, activity of mind, cultivation of 
taste, and refinement of personal habits—that is to say, 
towards the subjugation of th^ body to the mind and 
conscience. 

The cultivation of the tea plant and the preparation 
of tea have been surrounded by some mystery, from the 
distance at which they occur, and the few who have 
transmitted descriptions to us. There is still an air of 
romance about the Flowery Land, which is the fruit of 
our ignorance as much as of our veneration for the 
antiquity of that race and government, and we are apt 
to extend it to all its productions and associations. 

The affair is, however, a very simple one in all that 
does not relate to minute mechanical details, many 
of which may not be really essential to the pro
cess. There is but one kind of plant from which tea is 
made wherever it is found, although by cultivation it 
may have produced varieties; and the whole principle 
involved in the process of manufacture is not that of 
any important chemical change, but simply the drying 
of the leaf for preservation and for future use with the 
least possible injury. 

The tea plant, Thea sinensis, is closely allied to 
the camellias, with which we are familiar in this 
country. The leaf is, however, more pointed, and is 
lance-shaped, and not so thick and hard as that of the 
camellia. The same plant produces in one place green 
and in another black tea, and is called Thea viridis or 
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Thea Bohea, as though green tea were made from the 
one and black from the other, but in certain districts the 
Thea viridis is grown for the production of black tea. 
The Indian tea is produced from the Thea Assamensis, 
but it is t he same plant as t ha t obtained from China. 

Efforts are made to introduce the tea plant into 
various other countries, as, for example, into Ceylon, 
Australia, Brazil, t he Carolinas, and California. I t is 
usually raised from seed, and the following account 
of the process, extracted from the ( South Austra l ian 
Register, ' may be as useful as in t e res t ing :— 

'The plants are usually placed at five feet distance from 
each other, which takes about six pounds of seed to the acre. 
If the seed be fresh the general practice is to plant it out at once 
in the spots where it is intended to permanently remain. This 
is done by digging a hole with a pickaxe or mattock one foot 
deep, filling it with the loosened earth, and sticking the seed 
about three inches below the surface. In cases of experiment 
with inferior seed or upon untried land, it is most advisable to 
plant in nursery beds about six feet in width, into which the 
seeds are dibbled or drilled at two or three inches apart from 
each other. The most suitable season for this operation is the 
commencement of the winter rains, as the moisture materially 
assists their germination. Some will germinate in four or six 
weeks, but many will lie dormant for four months, and in most 
cases none will grow until the advent of the rains. 

Young small seedling plants stand extreme cold badly ; if, 
therefore, they germinate at such a time they ought in a new 
climate to have a top dressing of manure, and to be protected 
by branches or grass, which, when the sun shines, should be 
removed to give them the advantage of hira beams. In this 
manner small plants may become fit for removal in two 
months. 

As soon as the young plants are three inches high they 
ought to be weeded, for if weeds are allowed to remain they 
draw them up, and then make the plants thin and weakly. It 
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matters not though the weeder in removing weeds disturbs 
seed germinating, as they can easily be put in the ground 
again. Moreover, the advantage given to the young plant by 
opening up the soil around them is great, and more than com
pensates for the injury done. 

Plants are sometimes raised from layers and cuttings. The 
most favourable season for these operations is when the sap is 
beginning to rise and iu full action, as during the rains. Seed
ling plants ought not to be transplanted until eight inches 
high, and in planting them on the slopes of steep hills care 
should be taken to place them horizontal to the dip of the 
land, as the earth is not so liable to be washed away from the 
roots by the heavy rains. 

Tea leaves should not be gathered until the third year, and 
then during the rains, in order to allow the bushes to attain a 
considerable size. If the plants send out long leading shoots 
in the second year, these ought to be nipped off in order to 
induce the plant to throw out lateral shoots and become of a 
thick and bushy form, yielding an abundance of leaves. 

The leaves are gathered during the rains, the number of 
pluckings of each plant being four, and in every wet season 
five, with an interval of from four to six weeks between each. 
Each plant will yield in the third season about half a pound of 
raw leaves or two ounces of manufactured tea of a superior 
quality, giving an average of about 80 lbs. to the acre. Two 
years more will increase the yield tenfold, being 1 | lb. of 
manufactured tea to the plant. 

The process of gathering the leaves is extremely simple, and 
is chiefly performed by women and children. All old and 
fibrous leaves are left upon the tree. The young leaves are 
stripped off with the hand, an inch or so of the soft and suc
culent stalk being taken with them. The finest kind of black 
tea is prepared from the tender buds at the extremity of the 
twigs, and is kept from the rest. A woman accustomed to 
the work will gather in a day from 16 lbs. to 20 lbs. of raw 
leaves. 

The proper time for sowing the seed in South Australia is 
June to August.' 
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The tea plant is cultivated in China on the hill sides, 
at an elevation extending to 4,000 feet where the soil is 
rich and deep, the drainage good, and sunlight abun
dant, through about 11 degrees of latitude. I t will 
grow in almost any temperate climate, and therefore 
further north and south than the 24° or 35°, but it is 
not then so valuable for the preparation of tea. I t 
requires also good manuring and cultivation; and when 
the leaves become hard and tough the old wood must be 
cut out and new shoots produced, and thus the tree will 
remain useful for the period of a generation. The plant 
would grow to the height of thirty or forty feet and 
have a stem more than a foot in diameter, but by proper 
pruning it is kept down to a height of from three to 
five feet. The leaves when full grown measure from 
five to nine inches in length. About 320 lbs. of dried 
tea are produced on an acre, and 1 lb. of dried tea is 
prepared from 4 lbs. of green leaves. In some respects 
the cultivation reminds us of the grape on the sides of 
the Rhine; and in another particular the two products 
are similar, namely, that as the produce of adjoining 
vineyards may materially differ in the flavour and 
quality of the wine produced, although the soil, climate 
and cultivation may seem to be the same, each tea 
plantation obtains its own character for produce. 

Other things being equal, the qualities of teas vary 
with the time of picking, and therefore with the develop
ment of the leaf. The earliest pickings of the buds or 
youngest leaves in April yield fine young Hyson, with 
its thin leaf, which may be closely rolled together, its 
greenish colour and delicate flavour—that is to say, 
with a large proportion of juices in relation to the 
solid substance of the leaf, and with the substance in 
the most pliable form. This is, however, a kind of 
tea which is prepared with difficulty, that it may 
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remain without change of colour, and be preserved 
perfectly; and as it is very apt to set up the process 
of fermentation, it is rarely conveyed in large masses, 
as in our great tea ships, but in small quantities on 
horses' backs, or by caravans to Russia; and no in
considerable part of the crop is reserved for the use of 
the wealthy Chinese. At this early stage the petiole of 
the leaf and even the delicate stalk is sometimes broken 
off and prepared with the leaf. 

The later pickings, extending through April to May, 
are not more valuable in nutrition because the leaf is 
more matured, for the value consists not in the structure 
of the leaf (which is much the same as that of other 
leaves), but in the juices, and they are as perfect after 
the first rise of the sap as at the middle of the season. 
Hence the finer and more delicate the texture of the 
leaf, or, in other words, the less it is developed and aged, 
the better is the quality of the tea. This value is con
nected not only with the positive advantage of the juices 
referred to, but with the amount of tannin which is 
present in the leaf, and which gives an astringent and 
bitter taste to the infusion. There is a proportion of 
tannin in all tea leaves of whatever age, and it is pro
bable that the quality of the tea is improved by thus 
gaining in what is called body; but when it is in large 
quantity, as in the older leaves, its flavour masks that 
of the tea in the infusion, and with greater depth of 
colour and fulness there is much less delicacy of flavour. 

Having thus obtained leaves either at various times or 
of various sizes (both of which circumstances may in
dicate difference in quality) the next step is that of drying 
and preserving them. The details of the process are 
very minute, so that the accounts vary, or they them
selves may vary, without affecting the product, but 
the principles involved are, first, to dry them ; second, 
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to render them supple for the further process of rolling; 
third, to preserve the colour if intended for green tea, or 
to allow the colour to change if intended for black tea. 

The leaves are dried in pans, which are heated to the 
proper degree with straw or charcoal without the least 
smoke, and the quantity in the pan is such as that the 
heat may be equally applied to all with only such move
ment of the leaves as may be effected by the hands or 
by shaking the vessel. The expos ure to heat is regulated 
not only by the heat of the pan, but by the removal of 
the leaves and the re-application of the heat at different 
stages of the process. 

The physical character of the leaf as to suppleness 
is modified by manipulation and the regulation of the 
heat. 

The colour of green tea is retained by the rapidity 
of the drying process, whilst to produce black tea the 
leaf is exposed to atmospheric changes for a longer 
time, so as to set up the process of fermentation. A 
face is put upon such green tea as may be desired, by 
heating and manipulating it with a very small quantity 
of Prussian blue mixed with gypsum and indigo, but 
it is less frequently performed than formerly on the 
higher class of green teas. 

During this process of preparation the teas are 
sorted according to the size of the leaf: a classification 
which also indicates quality, so that the term Su-chong, 
with which we are now familiar, indicates one of such 
classes. The smallest, however, are called Pha-ho, 
the second size Pow-chong, and the fourth or largest 
Toy-chong. 

The leaves thus prepared for the market have 
acquired a new appearance and flavour, and have ex
perienced a change quite as great as that between 
roasted meat and raw meat, or old dried hay and grass, 

z 
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but the principle involved is much the same in all the 
cases. 

I t is evident from the foregoing that the product of 
different farms, and even of the same farm in different 
seasons, may vary with more or less care of cultivation 
and age of the plants. The whole produce is called a 
chop of tea, and consists of some or all the varieties just 
indicated; but green tea and black tea are not usually 
produced on the same farm or even in the same locality. 

I t is also clear that, as great skill is required in the 
manufacture of the tea, the quality will vary much 
as the care and skill varies; and it is in this respect 
that the production of tea in other countries, as in Japan, 
Java, India, the Brazils, North America, and Australia, 
is difficult, and excellence is attained only after great 
delay. Just as there are good and bad farmers in 
every country, so will it be in China and India; but 
the long continuance of the tea cultivation in China 
by the same families tends to maintain a degree of 
uniformity which would not be found in our changing 
country. 

The Government of India have for nearly forty 
years made great efforts to extend the growth of the 
indigenous Tea plant and the production of tea in 
various parts of that great empire, and have succeeded 
in Upper and Lower Assam, Kumaon, Cachar, Arracan, 
Dehra Doon, Darjeeling, Sunderbund, Chittagong, 
and other districts, and great expectations are formed 
as to the fitness of the Himalayas. The tea produced 
has a more penetrating flavour, and contains a larger 
proportion of chemical elements than much of the 
China tea, so that when used alone it is not agreeable, 
but as a mixing tea it has a high value. I t is therefore 
probable that, so far as the plant and its cultivation 
ii concerned, they have the requisite knowledge and 
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art, and the comparative failure lies rather in the picking 
and manufacture of the leaves. 

The flavouring of tea is a well-known process, and 
is carried on with the middle and inferior qualities of 
teas exclusively. I t is easily effected by placing the 
tea leaves in process of manufacture with the aromatic 
flowers of plants ; as, for example, the Olea fragrans, 
in preparing the varieties of scented Pekoe. Such odours 
are very evanescent, but delicate and agreeable, and give 
a pleasing variety to the flavour of the inferior tea with 
which they are usually associated. They do not, how
ever, add to the chemical or dietetic value of the tea. 

Hence tea is divided into three great classes, green, 
black, and scented, and each is subdivided according 
to the size of the leaf; but the names vary somewhat 
from year to year. 

Of green teas there are : 
Gunpowder, Hyson, young Hyson, Imperial, Twankay, 

Japan and Java, coloured and uncoloured. 
Of black teas there are : 
Congou, Moning and Kaisou ; Souchong ; Oolong; 

Orange Pekoe, Canton and Foo Choo ; and Caper, plain 
and scented. 

With regard to Indian teas, it has been recommended 
to classify them under eight heads, viz.:— 

1. Fine Pekoe, or all flowery leaf. 
2. Pekoe, little flowery, with small leaf. 
3. Pekoe Souchong, large leaf, few ends. 
4. Souchong, larger leaf, without ends. 
5. Congou, all coarse, dark, leafy sorts. 
6. Broken Pekoe, sittings of fine Pekoe Pekoe. 
7. Broken black sittings of Pekoe Souchong Sou

chong. 
8. Fannin gs, siftings of Congou, old leaf. 

z 2 
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There are also inferior kinds of tea in which the 
quality is infinitely deteriorated. - Thus, the dust of the 
leaf is mixed with clay and manipulated into the form of 
the ordinary leaf and sold as lie tea. Tea leaves which 
have been already used are again manipulated and 
rolled into shape and sold as genuine tea. The leaves 
of other plants are added to those of the tea plant, and 
thus the quality of the whole is deteriorated, or an 
undue proportion of stalk is added to the leaf, and the 
weight thereby increased disproportionally to the 
chemical value. 

I t is stated in the Planter's Price Current that one 
sample of tea proved to be wholly composed of the 
following substances:— 

' Iron, plumbago, chalk, China clay, sand, Prussian 
blue, turmeric, indigo, starch, gypsum, catechu, gum, 
the leaves of the camellia, sarangua, Chloranthus offi
cinalis, elm, oak, willow, poplar, elder, beech, hawthorn, 
and sloe.' 

The following list of trees from which leaves are 
obtained for this purpose in North America, Abyssinia, 
Tasmania, the Mauritius, the Isle of Bourbon, and 
other countries, has been compiled by Prof. Johnston, 
and is worthy of perusal, since it must not be assumed 
that the Chinese tea plant alone possesses agreeable, 
stimulating, and yet not intoxicating properties. 
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No. 130. 
LIST OF SUBSTITUTES FOR CHINESE TEA AND MAT& 

Name of tbe P lan t 

thun-Hydrangea 
bergii . . . j 

Sageretia theezans . 
Ocymum album 
Catha edulis . . . 

Glaphyria nitida . 

Correa alba . . . 
Acaena sanguis 

orba . . . 
Leptospermum sco-' 

parium, and L. 
thea . . . . 

Melaleuca scoparia, 
and M. genisti-
folia . . . . 

Myrtus Ugni 
Psoralea glandulosa 
Alstonia theaformis 
Capraria bif olia. . 
Lantana pseudothea 
Chenopodium am-1 

brosioides . . j 
Viburnum cassi- i 

noides . . . j 
Prinos glaber . . 
Ceanothus Ameri- ] 

canus. . . . I 
Oaultheria 

cumbens 
Ledum palus t re . ) 
Ledum latifolium J 
Monarda didyma ) 
H. purpurea . . j 
Angraecum frag- ) 

rans . . . . ] " 
Micromeria thea- ) 

sinensis . . . J 
Stachytarpheta ja- 1 

maicensis . . j 
Prunus spinosa, \ 

J mixed with § I 
Fragaria collina, T 
or F. vesca . . ) 

Salvia officinalis 

pro-

Natural order 

Hydrangeaceae. 

Rhamnaceae. 
Labiatae. 

Celastraceae. 

Myrtaceae. 

Rutaceae. 

Sanguisorbiaceae. 

Myrtaceae. 

Myrtaceae. 

Myrtaceae. 
Leguminosae. 
Styracaceae. 

Scrophulariaceae. 
Verbenaceae. 

Chenopodiaceae. 

Caprifoliacese. 

Aquifoliaceae. 

Rhamnaceae. 

Ericaceae. 

Ericaceae. 

Labiatae. 

Orchidiaceas. 

Labiatae. 

Verbenaceae. 

Drupaceae. 
Rosaceae. 

Labiatae. 

Where collected 
and used 

Japan. 

China. 
India. 

Abyssinia. 
f Bencoolen. 
t (flowers used). 

New Holland. 

Do. 

Do. 

Do. 

Chili. 
Do. 

New Granada. 
Central America. 

Brazil. 
f Mexico and ) 
\ Columbia. j 

North America 

Do. 

Do. 

ica. ) 

Do. 

Do. 

Do. 

Mauritius. 

France. 

Austria. 

Northern 
Europe. 

Do. 

Name given to i t 

("Ama tsja or Tea 
\ of Heaven. 

? 
Toolsie tea. 

Khat or chaat. 
Tea plant and Tree 

of Long Life. 

Tea plants, and 
Tasmanian tea. 

f Substitutes for 
I Paraguay tea. 

Santa Fe tea. 
? 

Capitad da matto. 

Mexican tea. 

Appalachian tea. 

f New Jersey tea 
\ (medicinal). 

Mountain tea. 

f Labrador tea, or 
t James ' tea. 

Oswego tea. 

f Bourbon or Fa-
( ham tea. 

? 

Brazilian tea. 

Sloe and Strawberry 
tea, one of our best 

substitutes for 
Chinese tea. 

Sage tea. 

Many of these plants are believed to possess the 
narcotic properties already referred to in mate and 
coffee leaves, and have more the character of medicine 
than food ; whilst aromatic leaves, as mint and heather, 
have been used in this and other countries, to prepare 
beverages with an agreeable flavour or odour without 
other properties. The general use of China tea, and 
the low price at which it may be obtained, have almost 
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entirely displaced such substances, except with a medi-
cinalobject, andno further reference to ttiem is necessary. 

Tea, of whatever quality, being thus prepared, it 
is desirable to put it into the market at the earliest 
moment and in the best possible condition, for although 
it is said that the Chinese do not drink it until it is 
a year old, the value of new tea is superior to that 
of old; and the longer the duration of a voyage in 
which a great mass of tea is packed up in a closed 
hold, the greater the probability that the process of 
fermentation will be set up. Hence has arisen the 
great strife to bring the first cargo of the season 
to England, and the fastest and most skilfully com
manded ships are engaged in the trade both for the 
profit and honour of success. Such clippers have 
made the trip in ninety days, and the whole cargo 
has been dispersed and in the retailers' hands within 
a week of their arrival. Hence, those who desire it 
may now obtain tea of the highest quality and in 
the best condition in which it can be obtained in 
England. Many years ago, in Papers at the Society 
of Arts, we showed that the value of tea is deter
mined in the market by its flavour and body—that 
is to say, by the aromatic qualities of its essential 
oil and the chemical elements of the leaf, rather than 
by the chemical composition of its juices, and but 
little estimate is made of the quantity of the peculiar 
chemical principle which the juices possess. Delicacy 
and fulness of flavour, with a certain body, are the 
required characteristics of the market, and the former 
is due chiefly to the volatile oil which is present to the 
extent of 1 per cent., but the quantity of theine—the 
active principle of tea—is the character required by the 
chemist and physiologist. Hence the two methods of 
estimation are not necessarily identical, but there is a 
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general agreement between fulness of flavour and 
the dietetic quality of a genuine tea. 

The tea-taster prepares his samples from a uniform 
and very small quantity, viz., the weight of a new six
pence, and infuses it for five minutes with about four 
ounces of water in a covered pottery vessel, and in order 
to prevent injury to his health by repeated tasting, 
does not swallow the fluid. He must have naturally a 
sensitive and refined taste, and should be always in 
good health, and able to estimate flavour with the same 
minuteness at all times. He regulates the value of the 
sample simply by the rules already mentioned. 

In selecting tea it must be borne in mind that 
nearly all genuine teas possess approximately the same 
amount of theine, and for dietetic purposes, all, what
ever their price, are practically equal. This is the hard 
utilitarian view of the matter, and one which would lead 
the thrifty housewife to select the cheaper teas, provided 
they are genuine. But nearly all persons go further 
than mere utility, and seek for luxury in the flavour of 
the tea, and in that direction may proceed from 2s. a 
pound for a genuine Congou to two guineas a pound 
for Eussian Caravan tea, but practically they are 
limited to prices which should not be wider apart 
than 2s. and 6s. per pound. Fortunately, the lowest 
priced genuine tea is of good flavour—good enough to 
satisfy the desires of ordinary consumers; whilst more 
refined tastes and larger means may enjoy a wider range 
of selection. 

I t is desirable to determine first whether to purchase 
a green or a black tea, and to bear in mind that the 
finest green tea is the purest tea obtainable in this coun
try. Of green teas it matters not which variety is selected, 
provided the quality of Hyson be of the highest. Ordinary 
faced green teas are but little met with now in the 
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market. Of black teas Congou should be preferred for 
economy, and also as a foundation for a mixed tea. A 
higher class of tea for ordinary use may be composed of 
three parts of Congou and one part of Assam or Oolong; 
whilst for the best kinds a mixture may be made of one 
part of Kaisow and three of fine Souchong, or of two parts 
of Kaisow, three of Souchong, and one of Oolong 
orange-flavoured Pekoe, or fine Assam; or equal parts of 
Souchong, Kaisow, and flowery Pekoe may be taken. 
I t is possible that one kind of tea, as Souchong, may 
be so fine as to give fulness of both flavour and 
body, but these qualities are more certainly obtained 
by an admixture of several kinds of tea. The leading 
idea in this selection is that ordinary Congou is prepared 
from the lower and older leaves, and has therefore a 
rougher and more earthy although a stronger flavour 
than the Souchong or Kaisow, whilst the Souchong does 
not always possess the depth of colour and strength of 
body which many deem to be desirable. 

Oolong is a black tea, but yields a very light-coloured 
infusion, with a penetrating flavour, so that it is rather 
a green tea in quality, and is more adapted to use as a 
mixing tea than to be used alone. In many respects it 
is practically similar to some of the Indian teas, as, 
for example, those of Darjeeling. 

Pekoe is a fine tea as respects its flavour, but is not of 
full body, and is therefore rarely used alone. Flowery 
Pekoe contains a proportion of the flower of the plant, 
and is said to have the most delicate flavour, and is 
well fitted for use as a mixing tea. 

Scented teas are never used alone, but are mixed 
with stronger teas. A tea drinker who appreciates the 
natural flavour of tea would not select them, but if he 
did drink them he would not mix them with a ^ood 
common tea; whilst others may prefer to hide the 
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quality of a fine tea by mixing it with a flavour which 
does not belong to tea. If mixed with fine teas, they 
should be used very sparingly. 

But whatever may be the kind of tea selected it is 
desirable that the leaf should be closely rolled, and that 
there should be little or no stalk with it. There is no 
disadvantage in using broken leaves provided they are 
of fine quality and can be obtained economically. 

The use of tea should be regulated by weight, for it 
is well known that bulk and weight are not convertible 
terms. Thus a finely rolled Gunpowder will give a 
far greater weight to bulk than a loosely rolled Oolong 
or Congou; and equal bulks, even if the qualities were 
equal, would give very different infusions. In 1861, 
when discussing the subject at length at the Society of 
Arts, I prepared the following table to show the rela
tion of bulk to weight:— 

Kind of Tea 

Oolong 
Congou, inferior 
Flowery Pekoe. 
Souchong 
Congou, fine 

Hyson skin 
Twankay . 
Hyson 
Fine Imperial 
Scented Caper 
Fine Gunpowder 

No. 131. 

Black Teas. 
Weight of a 

moderate sized 
caddy spoonful 

Grains 
. 39 . 

52 
62 
70 
87 

Green Teas. 
53 
70 
66 
90 

103 
123 

Number of such 
spoonsful to the 

pound 

179 
138 
113 
100 
80 

120 
100 
106 
77 
68 
57 

Hence a given bulk of Gunpowder will be more than 
three times heavier than the same of Oolong, and twice 
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as heavy as of Flowery Pekoe. I t is not probable that 
for ordinary use tea will be taken by weight, yet even 
then it is desirable to remember the simple rule that 
closely rolled are much heavier than loosely rolled 
teas ; but when tea is made in very large quantities it 
is more convenient to use it by weight. 

The chemical composition of tea consists, in 100 parts, 
of a crystallisable salt, called theine, 2 to 3, casein 15, 
gum 18, sugar 3, tannin 26'25, starch, aromatic oil 
0*75, fat 4, vegetable fibre 20, mineral substances 5, 
and water 5. The quantity of theine is not usually so 
great as 3 per cent., yet it is stated that it has been 
found so high as even 6 per cent, in some green teas. 
I t has the following formula :— 

No. 132. 

C. 8. H. 10. N. 4. O. 2 + H 2 0 . 

The nutritive value of tea is therefore small if we use 
it simply as an infusion, for if we take a fairly good 
tea, and carry out the rule of a spoonful for each 
person and one for the pot, we shall have only, say, 100 
grains of tea ; and as the active principle or theine is 
only 3 per cent., and is composed of 28*83 per cent, of 
nitrogen, it follows that we should obtain less than one 
grain of nitrogen, which is a quantity quite inappre
ciable as nutritive matter. If the leaves be eaten, as in 
Tartary, they would still jield less than a quarter of an 
ounce of matter, of which the vegetable fibre to the 
amount of one-fifth would be indigestible. 

We must not therefore regard tea as a nutrient in the 
sense of supplying material to maintain structure or 
generate heat by its own decomposition; but tea is 
nevertheless a very valuable article of diet, as all infer 
from experience, and as has been proved by direct ex
periments on the vital functions. 
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I performed a very extended series of experiments 
on myself and others, which proved that tea excites 
vital actions, and is particularly a respiratory stimulant. 
These were published in the ' Philosophical Trans
actions ' of 1859; and as the subject is an important 
one, I propose to cite the chief results with the illus
trations, in the form of Diagram, No. 133. 

1. As to the Carbonic Acid evolved in respiration. 

1. One hundred grains of the finest black tea gave a 
maximum increase of 0*87 grain and 1*72 grain per 
minute in 50 and 71 minutes on two persons. 

2. Fifty grains gave to four persons maxima of in
crease of 1-08, 1-38, 2-58, 1*6, 2-0, and 0*69 grains per 
minute, under different experiments. 

3. One hundred grains of the finest green tea, drunk 
when cold, gave maxima of increase of 0*9, 2*58, and 
0*64 grains per minute on three persons. 

4. Twenty-five grains of green tea, drunk when 
cold, and after having been infused several hours, and 
repeated every quarter of an hour, for five doses, gave 
an average increase of 1*2 and a maximum increase of 
1*8 grain per minute. The total increase, as shown 
by ten observations, was no less than 193 grains; and 
at the close of the experiment the increase continued at 
the rate of 54 grains per hour. 

5. When 150 grains of black tea, infused in one pint 
of water, were taken, and the whole carbonic acid was 
collected for 65 minutes, it was shown that there had 
been an excess of 51*35 grains evolved, which was not 
more than one-fourth of the total increase when the tea 
had been divided into repeated doses. 

6. WTien we took 100 grains of black tea, and the 
whole carbonic acid was collected during 1 hour and 
50 minutes, the total increase was 70-40 grains. 
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2. As to the Volume of Air inspired. 

There was an average increase in the quantity of air 
inspired in every experiment but one. Thus pursuing 
the order of the above-mentioned experiments, 
In No. 1, the quantity was increased by 71 and 68 cubic 

inches per minute. 
„ 2, the increase was 34, 39, 50, 72, 95, and 26 

cubic inches per minute. 
„ 3, the average increase was 120 and 50 cubic 

inches. 
„ 4, the average increase was 66 cubic inches. 
„ 5, the maximum increase was 92 cubic inches. 
,, 6, the average increase was 47*5 cubic inches. 

3. As to the Depth of Inspiration. 

The rate of respiration either did not increase or was 
lessened; and as the volume of air inspired was in
creased, the depth of inspiration was greater so that 
the increased volume of air inspired at each inspiration 
varied from 3 to 10*6 cubic inches. With this increased 
depth, there was also a sense of greater freedom of 
respiration. 

4. As to the Rate of Pulsation. 

The rate of pulsation followed that of respiration, 
but in a less degree, and was either not increased or 
was slightly decreased. 

Hence, it was proved beyond all doubt that tea is a 
most powerful respiratory excitant. As it causes an 
evolution of carbon greatly beyond that which it sup
plies, it follows that it must powerfully promote those 
vital changes in food which ultimately produce the car
bonic acid to be evolved. Instead, therefore, of supply
ing nutritive matter, it causes the assimilation and 
transformation of other foods. 
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The effect was not proportionate to the quantity of 
tea taken, and in this respect it is analogous to the 
action of a ferment. The effect of repeated small doses 
was much greater than that of one large one, and yet 
even in that class of experiment the greatest increase 
in both the quantity of air inspired and carbonic acid 
evolved occurred in the earlier half of the enquiry. 

The sense of ease in respiration and increase of 
general comfort after taking tea is well known, as is 
also the fact that tea tends to induce perspiration, and 
thereby to cool the body. 

Hence, in reference to nutrition, we may say that tea 
increases waste, since it promotes the transformation of 
food without supplying nutriment, and increases the 
loss of heat without supplying fuel, and it is therefore 
especially adapted to the wants of those who usually 
eat too much, and after a full meal, when the process 
of assimilation should be quickened, but is less adapted 
to the poor and ill fed, and during fasting. 

To take tea before a meal is as absurd as not to take 
it after a meal, unless the system be at all times replete 
with nutritive material; and the fashion of the day of 
taking tea at about five o'clock can only be defended 
when there has been a hearty lunch at one or two o'clock, 
and an anticipated dinner or supper at seven or eight 
o'clock. For those to take tea before dinner who eat 
little or no lunch, must be so far injurious and tend to 
promote irritability of the stomach. 

As a matter of comfort, however, it is to be observed 
that a cup of tea is in health always refreshing, and, to 
those accustomed to its use, always welcome. 

I t may, also, be added that, whilst tea promotes 
assimilation, there is no ground for believing that it 
promotes the digestion of food in healthy persons, and 
therefore it is not usual to take it with, but after, a 
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principal meal. Indeed, but few persons could tolerate 
a tea-dinner as a daily habit, however agreeable it may 
be as a change of diet; and by the universal consent of 
mankind, tea is less fitted to accompany meat than 
starch and fat. 

I have not referred to the effect of tea on the mind, 
because it is not capable of proof by weight and mea
sure ; but it is an action which is universally admitted, 
and is quite in keeping with the action of tea upon 
the respiratory tract as a respiratory excitant. There 
can be no doubt that under certain circumstances it 
quickens the intellect, both in thought and imagination, 
and takes away the tendency to sleep, so that in expe
riments which we made hourly through three days and 
nights, tea taken twice during the night prevented any 
desire for sleep. This is not always the same on any 
person, neither is it uniform on different persons, nor 
does it accurately correspond with the quantity of tea 
taken. Moreover, it appears to be measured by the 
mode of cooking the tea, so that a strong infusion 
which has been poured off the leaves and kept hot for 
a considerable period has greater effect. 

The Chinese say that it tends to c clear away impu
rities, to drive off drowsiness, and to remove or prevent 
headache;' and it is familiarly known all over the world 
as c the cup which cheers and not inebriates.' 

I t also appears as if muscular, activity were increased 
at the same time, for there is a greater readiness for 
and ease in making exertion after taking tea ; but if it 
be indulged, a greater sense of exhaustion follows. 

I t has been affirmed that tea causes waste of mus
cular tissue, because in certain experiments its use 
appeared to be followed by a diminished excretion of 
urea, but such is not a correct inference. 

Another action of tea, which is of great im-
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portance, is that upon the skin and mucous mem
branes, which we pointed out in 1858. To have a dry 
state of the mouth or a dry skin as the result of 
taking tea would be a great anomaly, and quite op
posed to experience; whilst a moist skin and a moist 
state of the mouth are exceedingly common. The pro
duction of perspiration by a cup of hot tea is a fami
liar fact, and the relief to the sense of heat in hot 
weather is well known. This may be attributed to the 
hot water with which the tea is taken; but however 
true that may be in particular instances, it is equally 
true when cold tea is taken, and the effect is attributable 
to the tea as well as to the fluid. The increased action 
of the skin, by causing an increase in the sensible or 
insensible perspiration, renders a large quantity of heat 
near the surface latent, by converting fluid into vapour, 
and thus powerfully cools the skin. 

This action varies with the state and requirements 
of the system in relation to atmospheric conditions, and 
will be beneficial or otherwise as it is desirable to lessen 
the heat of the body and to increase the sensibility 
of the skin; but it will clearly be the least useful to 
those who have thin, active and sensitive skins, to the 
ill fed and feeble, and in cold weather. The problem is 
not, however, a simple one, for it involves the questions 
of the amount and kind of other foods taken, in addi
tion to those of constitution, clothing, occupation, and 
temperature and moisture of the atmosphere. 

There is a growing belief that strong infusions of tea 
may act as a narcotico-irritant poison, and Dr. Arlidge 
has very recently affirmed that the quantity of tea 
which is consumed by women of the working-classes 
has an influence which is injurious in that direction. 
This lends importance to the subject, and demands some 
consideration. 
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The perceptible effects of full doses of tea which are 
generally, if not universally, admitted are :— 

1. A sense of wakefulness. 
2. Clearness of mind and activity of thought and 

imagination. 
3. Increased disposition to make muscular exertion. 
4. Reaction, with a sense of exhaustion in the morn

ing following the preceding efforts and in pro
portion to them. 

The first may be due to direct action upon the cere
bral system, which can be measured only by the inability 
to sleep; but it is associated with, if not due to in
creased respiratory action, and it should be borne in 
mind that subsidence of respiration is necessary to health
ful sleep. The fourth naturally results from the three 
preceding, for if there have been increased nervous action 
and loss of sleep, a sense of exhaustion must follow. 
But it has not been shown that these are evidences, 
or that there are any other evidences, of a poison in the 
action of tea, and we should therefore pause before 
we admit the truth of the assertion. 

There never was a period when strong tea was used 
so generally by the middle and higher classes as at pre
sent, and therefore we should find abundant illustra
tions of the evil tendency in those classes if it exists. 

I t is assumed that the poison, so called, is the theine, 
or the peculiar alkaloid of tea; but experiments have 
not shown that it acts as a poison in even larger pro
portions than can be obtained from the ordinary use of 
the infusion. If we assume that there is three per cent, 
of theine in tea, and that half an ounce of tea is used 
for the preparation of a single cup, as is now sometimes 
the ease, there will be two and a quarter grains of theine 
taken by the rich man with comparative impunity; but 
the labourer's wife uses one small tea-spoonful, or, say, 
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sixty grains, for a whole meal, and if she drank that 
quantity thrice a day, she would take less than that 
which is consumed by her wealthier neighbour in one 
strong cup after dinner. 

I t is now, moreover, the practice to allow the infu
sion to draw for a longer time than formerly, so that 
there is time to extract both the theine and the essential 
oil, and it does not appear that in this respect there is 
now much difference in the practice of the different 
classes of society. At the same time, we have often 
noticed that taking tea at certain Societies, where it 
was prepared of good strength and kept hot for half an 
hour or longer, the effect in maintaining wakefulness 
seemed to be greater than when home-made tea was 
drunk, and it might thence be inferred that with longer 
brewing there was more theine extracted, and with more 
theine there was more wakefulness. This is, however, 
mere theory; but the matter merits attention, with a 
view to a complete exhibition of the effect of tea, yet 
for practical purposes it suffices to adopt the usual 
procedure. 

The question as it is associated with poverty is a very 
complex one, involving, first, the quantity of fluid taken 
at a meal and per diem; second, the heat of the fluid; 
third, the insufficiency of good solid food in relation 
both to the wants of the body and the quantity of fluid 
drank, besides the anxieties and the thousand causes 
tending towards ill health in the wives of our poorest 
classes. 

Our experiments have sufficed to show how tea may 
be injurious if taken with deficient food, and thereby 
exaggerate the evils of the poor; but they have not 
shown that tea is a poison even to the rich, much less 
to the poor. That tea is frequently associated with in
digestion is well known; but this is not attributable to 

A A 
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the theine, and the indigestion more commonly originates 
in other causes, and may be maintained by the use of 
tea. I t is not evidence of a poison. 

The conclusions at which we arrived after our re
searches in 1858 were that tea should not be taken with
out food, unless after a full meal; or with insufficient 
food; or by the young or very feeble, and that its es
sential action is to waste the system or consume food, 
by promoting vital action which it does not support, 
and they have not been disproved by any subsequent 
scientific researches. 

The foregoing experiments refer to tea when taken 
alone, as it is in China and some other tea-producing 
countries; but it is customary in all other countries to 
add something to the infusion. Thus in England we 
add sugar and milk or cream, all of which tend to 
increase the respiratory action of the tea, whilst they 
offer nourishment to the body. Hence whilst tea alone 
may not offer any appreciable quantity of nutritive 
material, the addition of sugar and milk may make a 
cup of tea into a true food. 

The effect of taking 50 grains of black tea with milk 
and sugar was to give us a maximum increase of 2*96 
and 2*56 grains of carbonic acid in the exposed air, and 
78 cubic inches of air per minute, and thus to produce 
a greater effect than tea alone. 

I t is the practice in Russia to use lemon juice instead 
of milk or cream, and to do so does not injure the 
tea. Thus in a series of twenty-five experiments with 
100 grains of black tea and 30 grains of citric acid the 
maximum increase of carbonic acid varied from 0*88 to 
1*86 grain per minute; but there was greater variation 
in the quantity of air inspired. Opposed as sugar and 
vegetable acids are in taste, their effect is the same, for 
they are both ultimately changed into carbonic acid. 
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The addition of a caustic alkali destroyed the respi
ratory action of tea and made it worthless, so that 40 
minims of liquor potassse added to 100 grains of tea 
infused in 7 ounces of water gave no increase in the 
carbonic acid evolved. I t is, moreover, a familiar fact, 
that the addition of a large quantity of soda ' spoils 
the tea,' both as to flavour and effect. 

The mode of preparation of tea for the table has 
always elicited discussion, and particularly as the drinker 
prefers body to flavour, or vice versa. The aim should 
be to extract all the aroma and the dried juices con
taining theine with only so much of the substance of 
the leaf as may give fulness, or, as it is called, body to 
the infusion. If the former be defective, the respiratory 
action of the tea and the agreeableness of the flavour 
will be lessened, whilst if the latter be in excess there 
will be a degree of bitterness which will mask the 
aromatic flavour. As the theine is without flavour, its 
presence or absence cannot be determined by the taste 
of the tea. 

All agree, therefore, that the tea should be cooked in 
water, and that the water should be at the boiling point 
when used; but there is not an agreement as to the 
duration of the infusing process. If the tea be scented 
or artificially flavoured, the aroma may be extracted 
in two minutes, but the proper aromatic oil of the tea 
requires at least five minutes for its removal. Up to 
this point all agree that the temperature of the water 
should be kept near to the boiling point, and that if 
the water be allowed to cool materially, the infusion will 
be weak in all its constituents, but it has not been held 
desirable to boil the tea even for five minutes lest the 
aromas should be dissipated. 

A further prolongation of the process of infusion with 
water at a high temperature will extract a larger prc-

A A 2 
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portion of the theine, on which its respiratory action 
depends, and of the tannin which gives bitterness, and 
hence the effect will be different according to the class 
of tea. If very fine young leaves be infused, the pro
longed action will have the good effect of extracting a 
large quantity of theine and not much tannin, and is 
therefore very desirable, and indeed essential, in obtain
ing the best infusion; but if older leaves be taken, the 
tannin will be increased, and spoil the flavour of the 
tea. If flavour is to be considered, it is clear that an 
inferior tea should not be infused so long as a fine tea. 

The rule should be to procure the fine thin leaf, 
whether green or black, and infuse it from ten to fifteen 
minutes; but if common tea be selected the infusion 
should not stand more than five to ten minutes. In all 
cases the pot should be kept quite warm and covered 
with a cosy. 

In some experiments which we have made it appears 
that tea of the best quality, in both aromatic oil and 
theine, is obtained by putting the leaves into ordinary 
cold water, in a covered vessel, and allowing it to 
remain until the water boils, when it is ready for use. 
The effect will vary with the duration of the heating 
process before the boiling point is gained, and the 
period should not be less than ten minutes. This is a 
very convenient method when the water is boiled by gas 
or a spirit lamp on the table. When the tea is ready it 
should be passed through a strainer, such as is usually 
suspended from the spout of the tea-pot in Germany, if 
it is desired to separate it entirely from the leaves. 

The kind of water is believed to have great influence 
over the process, and soft water is preferred. The term 
soft is not intended to imply the presence of an alkali, as 
soda softens water, but the absence, or moderation in 
quantity, of that which hardens water, viz., salts of 
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lime. So far the best would be distilled water, but 
it is not found in practice that it makes agreeable tea, 
because of the absence of air and minerals. The 
Chinese direction is ' take it from a running stream, 
that from hill springs is the best, river water is the 
next, and well water is the worst '—that is to say, take 
water well mixed with air. Hence avoid hard water, 
but prefer tap water, or running water, to well water. 
I t is the practice of a good housewife in the country to 
send to the brook for water to make tea, whilst she will 
use the well water for drinking. 

Tea-tasters use only water which has been newly 
boiled, and this agrees with the practice of the Chinese, 
for they say c the fire must be lively and clear, but the 
water must not be boiled too hastily. At first it begins 
to sparkle like crabs' eyes, then somewhat like fishes' 
eyes, and lastly it boils up like pearls innumerable, 
springing and waving about.' 

Do not therefore keep the kettle boiling long before 
the tea is made, but have fresh water put into the 
kettle, and use it directly it is boiled. 

The addition of a little carbonate of soda to the 
water is a very general practice, and is doubtless useful 
with hard water, since the hardness retards the ex
traction of tannin and colouring matter, and the infu
sion appears weak. If the water be sufficiently soft and 
boiling, and the tea be kept hot for ten to fifteen 
minutes, this addition is not necessary, unless the 
drinker wishes to have a bitter and black infusion—or, 
in other words, to spoil the tea—and when used, it 
should never exceed uve grains in quantity. 

OTHER KINDS OF TEA. 

Numerous beverages are used under the name of tea, 
besides that which we have now discussed, and although 
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they are not in use in England, or in any English-
speaking country, it is desirable to briefly refer to them. 

That which is the most generally used is known as 
Mate, or Paraguay tea, and is prepared from the Brazilian 
holly (Ilex Paraguayensis). I t grows wild, and is not 
cultivated for the production of this article of food, but 
is regarded as valuable, and the right to take the leaves 
is sold by the proprietors. 

I t is found in three qualities according to the age 
and size of the leaf. The first is the choicest, and con
sists of the unexpanded buds; the second of the full-
grown leaf, with the exception of the woody fibre in the 
vascular system ; and the third of the whole leaf roughly 
roasted, by placing the branches over a fire until the 
leaves become brittle, and may be readily beaten off the 
branches. I t has not the delicacy of flavour, whilst it 
has more bitterness and astringency than the China tea, 
but it possesses an aromatic oil, gluten, tannin, and a 
proportion of theine. 

I t is prepared for the table as an infusion, and is 
flavoured by lemon juice and burnt sugar, and, as it 
is cheap and is drunk at every meal, about as much is 
consumed by a working man or woman in a day as 
the same class of persons would drink of China tea in 
a week. As with many other fluids in hot climates, it is 
commonly sucked through a reed, straw, or tube. 

The true action of this substance has not been ex
perimentally determined, but it appears to be more nar
cotic than Chinese tea, and to resemble coffee leaves. 

Coffee leaves are used for the preparation of a 
beverage in Sumatra and other countries, and have been 
imported into this country for the same purpose. They 
are rapidly dried, and being then brittle, easily break. 
They contain a proportion of caffein, which is a sub
stance identical with theine. 
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By the favour of Mr. Hanbury, I was enabled to de
termine the action of the leaves upon the respiratory 
function, but the results were opposed to those of tea 
and coffee, and showed that coffee leaves are not respi
ratory excitants. 

I infused half an ounce of the dried leaves in 10 ounces 
of boiling water, and found that there was a maximum 
decrease of 0*84 and 0*89 grain of carbonic acid in the 
expired air, and 25 and 51 cubic inches of air inspired 
in myself and friend. The rate of pulsation and re
spiration fell. Hence there is no probability of their 
supplanting either coffee or tea in the duty which these 
substances perform in the animal economy, but they may 
have valuable medicinal qualities in lowering the respi
ratory action, and be of service in climates hotter than 
our own (No. 133). 

COFFEE. 

Having entered at length into the uses of tea, I do 
not deem it needful to occupy a similar amount of space 
on the subject of coffee, for in their chief actions they 
are analogous foods. 

The coffee plant (Coffosa Arabica) was originally a 
native of Arabia and Abyssinia, but has been natural
ised over a large part of the tropics, including Bourbon, 
Berbice, Demerara, Sumatra, Java, the West Indies, 
Martinique, Ceylon, Batavia,the Brazils, Saint Domingo, 
and Natal, and grows well in the hothouses of this 
country. 

I t requires a deep good soil, with plenty of moisture, 
and a temperature not lower than 65°, and is usually 
grown on the hill sides, very much after the manner of 
the tea plant. I t belongs to the Cinchonacese, or the 
order of plants which produce the Peruvian bark, and 
although it has several congeners, it is the only species 
from which good coffee beans can be obtained. 
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The plant is very prolific, for i t remains in flower 
during eight months of the year, and produces a suc
cession of crops of fruit, so t h a t there are usually three 
harvests annually, but a t the same t ime the fruit is in 
all stages of development, and the picking of i t requires 
care. I t is pruned so as to remain about six feet h igh, 
by which process it throws out a large quant i ty of 
branches at its lower part , and produces more fruit. 

The fruit is called a bean or berry, but the former is 
the more correct expression, and is a corruption of t he 
Arabic word, ' bunn. ' The beans are in pairs, which are 
placed face to face, and enclosed in a ha rd coriaceous 
membrane, and surrounded by a pulpy pericarp. The 
seed itself is hard and tough, so t h a t i t requires the 
use of machinery in breaking the pericarp and freeing 
it from the coriaceous covering, and is a t length cleaned 
by the process of winnowing. 

The following graphic description of coffee p lant ing 
in Ceylon is extracted from the ' I l lustrated London 
N e w s ' of June 22, 1872 :— 

Coffee planting is a tedious and expensive branch of agri
culture to invest in at first. From the day the planter claims his 
first bit of jungle for the reception of the coffee seeds which are 
to form the plants for his plantations, until the first account of 
sales from England reach him, a period of five years will have 
elapsed. The first operation is to cut down the heavy forest. 
About 100 acres is usually the extent undertaken in the first 
year. After the fallen trees have lain for three months, and 
have been thoroughly dried by the scorching sun, a match is 
applied, and terrific is the conflagration that follows. When 
the ground is well cleared, the operation of lining is begun. A 
long rope, with tags of white cloth at every sixth foot, is 
stretched as close to the ground as the blackened trunks of the 
old forest trees will permit. A peg is placed at each tag, and 
when the first line is pegged off a coolie at each end of the 
rope moves off to the right or left, and measures a distance of 
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6 feet with a wand. Pegs are again laid so as to have a peg 
in every 6 feet square, and the whole field is thus lined off. 
Men are now set to dig a small pit, about 18 inches diameter, 
and the same in depth, at each peg. When the rains set in, 
these pits are filled with the fine surface soil, and the young 
coffee plants are then dibbled in and firmly trodden down by 
the coolies' bare feet. The operation of planting is now com
plete, and the planter has to wait patiently many months 
without seeing much symptom of growth in his plants. The 
work of tracing roads and erecting permanent buildings may 
occupy his time and help to break the monotony of a jungle life, 
far away from home and friends. 

In the third year the plants (or trees, as they are now 
called) are fit for topping—that is to say, the plant is cut down 
to a height of from 3 to 4^ feet, according to the elevation, 
whether exposed to wind, or sheltered. This is a convenient 
height for the coolies to have fall command of the plants in 
gathering the fruit, and in pruning the bushes after the crop. 
In the height of the crop the fruit is taken to the pulping 
house at midday and again in the evening. The task given to 
the coolie is to bring a bushel of berries at each collection. 
Off good-bearing coffee trees some quick hands will gather as 
much as four bushels a day, for which they of course get extra 
pay. The cherries are very much like our own cherries in 
England, and it would puzzle most people to distinguish a 
heap of coffee cherries from the edible fruit. Instead of the 
stone, however, as in our cherry, the coffee fruit contains two 
seeds. These coffee beans are enveloped in a thick leathery 
skin, which gets the name of parchment. After the thick 
pulp has been removed, the seeds are left in a cistern till such 
time as fermentation sets in; the mucilage is easily washed off, 
and the coffee is then in a fit state to be carried to the drying-
ground. 

The drying of the coffee is a most important process. A 
shower of rain will discolour the bean, and depreciate its value 
much. A constant watch must therefore be kept for the signs 
of rain clouds, and dreadful is the noise and hurry when such 
appear and threaten in a few minutes to break over the 
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precious parchment coffee on the barbacues. When thoroughly 
dried the "parchment" is put into the bushel bags and de
spatched to Colombo. I t there undergoes another drying pre
paratory to being relieved of the husk, which is done by being 
placed in circular troughs, where heavy rollers touch the 
coffee sufficiently to break the skin without injuring the bean. 
The coffee is then sized—that is, the large beans, medium-
sized beans, and small are separated. This is done for the 
sake of having an equable roasting. A small bean would be 
burnt into charcoal by the time a large one was sufficiently 
roasted. This is a very important point, and much care is 
given to it by the Colombo merchant, who undertakes this 
part of the preparation for market. 

The quality of the coffee depends very much on the district 
and the elevation at which it has been grown. The greater the 
elevation the finer the quality. Matu ra has long been famous 
for the superior quality of its coffee, and the plantations are 
all upwards of 4,000 feet above sea level. The climate is 
delightful, and most of our home flowers and vegetables grow 
remarkably well.' 

Ceylon sends us annually more t han a hundred million 
pounds of coffee, but of this quant i ty one-half finds i ts 
way to the Continent. The consumption in this country 
is about 1 lb. per head, whilst in Denmark , Belgium, 
Holland, and Germany i t is from 7 to 14 lbs. 

The finest coffee is t ha t obtained from Mysore in 
Ind ia and from Arabia Felix, known as Mocha. The 
bean is smaller and yellower, and when properly prepared 
has a finer and fuller aroma than other kinds. A good 
quality is also produced in Java and Bourbon, whilst the 
Ceylon and Saint Domingo product is less esteemed. 

I t is common in certain places to make an infusion of 
the raw coffee, bu t i t is almost universally roasted, and, 
unlike tea, has its aromatic qualities generated in the 
process. The object of roast ing is, therefore, not only 
to render i t friable, so t h a t it may be readily ground, 
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but to create or develope this aromatic volatile oil, and 
care is required to limit the operation so that the good 
effect of the latter may not be destroyed by burning 
the substance of the bean. I t is effected by placing a 
quantity of it in an iron cylinder, which is slowly turned 
round over a fire so that all the beans may in turn be 
exposed to the same heat. The natural colour is a dull 
pale green, but it acquires three colours in roasting 
according to the degree, namely, yellowish-brown, 
chestnut-brown, and black. The first is not considered 
sufficient, and induces a loss of 1 2 \ per cent, in their 
weight, but the loss is increased with the chestnut-brown 
to 20 per cent., and when black to about 23 per cent. 
112 lbs. of raw when fairly roasted yield 92 lbs. of 
roasted coffee. 

Hence the proportion of the chemical elements vary 
as the drying, but that of raw coffee is stable and as 
follows, per cent.:— 

No. 134. 

Caffeine . 
Casein or Legumin . 
Gum and Sugar 
Fat and Volatile oil . 
Mineral matter. . 

. 0*8 

. 13-0 

. 155 

. 130 

. 6*7 

50 Caffeo-tannic and Caffeic*! 
acids . . . J 

Woody fibre . . . 34'0 
Water . . . . 12-0 

Roasted coffee contains 1 per cent, of caffeine and a small 
proportion of volatile oil and tannin, and if it be roasted 
with butter as is common on the European continent, 
some portion of fat will remain. Schroeder found in 
highly roasted coffee 12£ per cent, of extract possessing 
much of the properties of raw coffee, 5*7 per cent, of 
an oxygenated extract, 2 of a fatty matter and resin, 
10*4 of blackish brown gum, and 69 of burnt vegetable 
fibre. When roasted coffee is distilled in water the 
aromatic principle is obtained. 

The proper degree of roasting is that of a chestnut-
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brown, and when the colour approaches to black it gives 
a burnt dry flavour to the infusion. The colour varies, 
however, a little with the original colour of the bean, 
which itself varies from a whitish or pale yellow in the 
Bourbon coffee to the yellow colour of East Indian, and 
the greenish colour of Mocha and Jamaica. 

The largest beans are those from Surinam, and the 
smallest are obtained from Yemen in Arabia Felix. 

In preparing it for the table it is requisite to have it 
freshly roasted and finely ground, and to pour boiling 
water over it. There is some difference of opinion as 
to the advantage of boiling it, and there can be no 
doubt that when mixed with chicory, as on the Con
tinent, boiling for a short time improves its flavour, 
and produces a better infusion. Such, however, is not 
the practice here, except so far as to boil the infusion 
immediately before it is drawn, but it is well understood 
that the water should be kept as near the boiling-point 
as possible. 

The proper period of maceration is not fixed with 
absolute precision, but varies from five to fifteen minutes 
in England, and is longer on the Continent. 

The modes of preparation are almost infinite, but all 
combine two principles, namely, to extract the greatest 
amount of aroma and body, and to render the fluid 
quite clear and separate from the grounds. 

I have seen exceedingly good coffee prepared simply 
in a jug which is covered and placed near the fire for 
ten or fifteen minutes, but care is required to prevent 
grounds from passing over with the last portions of the 
infusion. This was the rude, but not altogether unsatis
factory, method adopted by our grandmothers, and is 
very common in many new countries. 

A modification of this is the common tin coffee-pot 
without a strainer, which is placed upon the fire and 
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out of which the coffee is poured, but I do not think it 
equal to the older procedure. 

The French cafetiere has its special advantage 
almost exclusively in its power to produce a very clear 
infusion, whilst Ash's Kaffee-kanne by the use of a jacket, 
which is first filled with boiling water, keeps the water 
hot and produces a strong infusion, and at the same 
time it can be placed upon the fire to boil the coffee for 
a minute before it is served. The infusion produced by 
it is strong and clear. 

Various hydraulic coffee-pots have been invented with 
a view to draw the hot water through th^ ground coffee, 
and thus to expose the whole of the latter to its influ
ences, whilst a clean infusion is obtained. Such as that 
patented and largely sold by Mr. Beard. 

Others, as the Vesuvian and the Yenetian, add to this 
the application of heat, so that the water is drawn 
through the coffee at a boiling temperature and excellent 
coffee is produced, but the method is not economical. 

I have regularly used Ash's Kaffee-kanne for some 
years, and have found it a most effectual and economi
cal apparatus. 

Coffee, like tea, is a powerful respiratory excitant, and 
has a crystallised nitrogenous element called caffeine, 
quite identical with theine, upon which this action 
chiefly depends. 

A large series of experiments on the respiratory 
functions were made by me on this substance, as on tea. 
Of twenty-three experiments on myself and others there 
was from half an ounce of coffee an increase in the 
quantity of carbonic acid evolved of 0*98, 1*02, 0*9, 0*4, 
1*L6 and 2*54 grains per minute at different times, 
whilst the quantity of air inspired was increased 40, 34, 
35 and 84 cubic inches per minute with the same 
experiments. Three-quarters of an ounce of coffee did 
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not give a greater increase, but the actual increase was 
0*68 and 1*68 grain of carbonic acid and 28 and 54 
cubic inches of air per minute. (No. 133.) 

There was, however, this difference in the effect of 
coffee and tea, that the former caused an increased rate 
of respiration, so that the depth of inspiration was but 
slightly increased, and there was an increase in the 
rate of pulsation. 

There is also another difference in the action of these 
allied substances, viz., that coffee does not increase 
the vapourising action of the skin, but decreases it, and 
therefore dries that organ. I pointed out long ago 
that whilst both tea and coffee agree in increasing the 
respiratory changes, tea by increasing the action of the 
skin lessens the force of the circulation, cools the body, 
and does not cause congestion of any of the mucous 
membranes, and particularly that of the bowels; whilst 
coffee, by diminishing the action of the skin, lessens also 
the loss of heat of the body, but increases the vis a tergo, 
and therefore the heart's action and the fulness of the 
pulse, and excites the mucous membranes. In one of 
our experiments, after having taken an infusion made 
from two ounces of coffee, we fell to the floor and 
remained unconscious for some minutes, the result, as 
was subsequently shown, of a very large quantity of 
fluid having been thrown into the intestines by which 
the volume of the blood in circulation was suddenly 
reduced. 

The conditions, therefore, under which coffee may be 
taken are very different from those suited to tea. I t 
is more fitted than tea for the poor and feeble. I t is 
also more fitted for breakfast, inasmuch as the skin is 
then active and the heart's action feeble; whilst in good 
health and with sufficient food it is not needful after 
dinner, but if then drank should be taken soon after the 
meal. Hence in certain respects tea and coffee are 
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antidotes of each other, and we know that they are not 
taken indiscriminately, although in a chief action they 
are interchangeable. 

Coffee has also been said to lessen metamorphosis of 
animal tissues, because the emission of urea was sup
posed (doubtfully) to be lessened, but this implies that 
urea is a measure of tissue change, which cannot now 
be supported by facts. This introduces one of the most 
interesting discoveries of the day, in which my own re
searches have led the way by showing that the emission 
of carbonic acid by the lungs is the true measure of 
muscular exertion. I proved in my paper in the * Phil. 
Trans.' for 1859, that even the movement of the hand 
could be measured by that standard ; whilst in my paper 
in the 'Phi l . Trans.'for 1862, I showed that the violent 
exertion of the treadwheel caused scarcely an appre
ciable increase in the emission of urea, and supported 
the results simultaneously obtained by Bischoff and Yoit 
in experiments on dogs. 

The discussion of this subject will be more fittingly 
pursued in the work on Dietaries; and I shall here be 
content with simply indicating the change of basis on 
which the estimation of muscular waste must now be 
made. 

Coffee is an excitant of the nervous system, but not 
in the same degree as tea. I t produces sleeplessness in 
many persons when it is taken at night, probably by 
exciting the heart's action, and preventing that fall 
which is natural at night, and requisite to permit sound 
sleep. I do not think that there is the same degree of 
reaction after taking strong coffee as follows strong tea. 
I t is needless to add, that none of these effects may 
be marked if the infusion be very weak, as is common 
among the poor, and in this respect it resembles very 
weak tea. 

Strong coffee is a valuable antidote in poisoning by 
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opium; and may be used as a corrective of the action 
of tea in persons whose skin is very active. 

The addition of milk, which is so universal, forms a 
more perfect food with coffee than with tea; for both the 
former have the same kind of action on the skin and 
respiration, and therefore aid each other, whilst milk 
counteracts, in a degree, the action of tea upon the skin. 

The addition of chicory to coffee does not increase 
its action upon any part of the system, but rather 
lessens it, and can be approved only as modifying the 
flavour of the coffee. 

The adulterations of unground coffee are not nu
merous. 

CHICORY. 

Chicory (Cichoriummtybus), with which coffee is, and 
has long been, mixed, both in this country and on the 
Continent, is the product of a composite plant growing 
in all European countries, and now cultivated largely 
for this purpose. I t is said to have little property in 
common with coffee, and to be useful only by giving 
colour and a certain body to the infusion of coffee; but 
there can be no doubt that it possesses an aromatic oil, 
starch, sugar, nitrogenous substances, and salts; and, 
however inferior to coffee, the direction of the action of 
both is the same (No. 133). 

We found in our experiments that half an ounce of 
chicory with 8 oz. of boiling water gave a maximum 
increase of 1*17 and 0*66 grain of carbonic acid, and 
27 and 42 cubic inches of air inspired per minute, in 
ourself and friend, whilst the depth of inspiration was 
increased almost as much as from tea. Hence, it can
not be regarded as valueless, and indeed the price at 
which it is sold shows that it is appreciated as a food. 

The root from which the powder is prepared is long 
and tapering, and, after having been cut into pieces, 



TEA, COFFEE, CHICORY, ETC. 369 

is roasted with fat, precisely as coffee beans are roasted, 
until it is of a brown colour and sufficiently dry to be 
ground into powder. 

I t is said to be much adulterated with roasted rye, and 
with substances whioh sometimes yield a disagreeable 
smell and flavour. 

COCOA AND CHOCOLATE. 

These well-known substances are valuable foods, since 
they are not only allied to tea and coffee as respiratory 
excitants, but possess a large quantity of fat and other 
food materials. 

Chocolate is produced from the seed of the cocoa tree 
(Cacao Theobroma). A spurious substance is also made 
from the pods of the ground-nut (Arachis hypogoea), and 
from other sources. 

The seeds of the cacao are enclosed in a fruit some
what like a cucumber in size, and are extracted by 
burying the fruit in the earth until the pulpy matter 
becomes rotten, or by first fermenting the fruit and 
then extracting the seeds by hand and drying them in 
the sun. They are about the size of an almond, and 
when, broken into small pieces are subjected to great 
pressure until thev are reduced to a rough powder, after 
which they are mixed with sugar and rolled into a very 
thick paste, or into a very fine powder, called Chocolate. 

Cocoa nibs are the nuts roughly broken, and may be 
boiled in that state, but the mass is not so soluble as 
that which results from a more perfect system of pre
paration. 

The peculiar active principle of cocoa and chocolate 
is the same, viz.. theobromine, which resembles theine 
and caffeine, and has for its formula C7 H 8 N 4 0 s. 
There is also a very large proportion of oil or fat, which 
is the chief nutritive element. 

B B 
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The following is the analysis of the cacao bean from 
various localities by Tuchen (per cent.):— 

No. 135. 

Theobromine . 
Cacao, red . . • 
Cacao, butter . « 
Gluten. 
Starch . . . , 
Gum . 
Extractive matter 
Humic acid . 
Cellulose 
Salts . 
Water . 

Surinam 
. 0*56 
. 6*61 
. 36*97 
. 3*20 
. 0-55 
. 0*69 
. 4-18 
. 725 
. 30-00 
. 3-00 
. 601 

Caraccas 
0*55 
6*18 

35-08 
321 
0-62 
1-19 
622 
9*28 

28*66 
2*91 
5*58 

Para 
0*66 
6*18 

34*48 
2*99 
0*28 
0*78 
6*02 
8*63 

30*21 
3-00 
5*55 

Trinidafl 
0*48 
6*22 

36-42 
3*16 
0'61 
0*61 
5-48 
9*25 

29*86 
2-98 
4-88 

The fleshy part of the fruit is not used for the pre
paration of cocoa or chocolate, but is fermented and a 
vinous liquor made from it. 

This substance in its action is less exciting to the 
nervous system than tea or coffee, and at the same time 
it contains a much larger proportion of nutritive mate
rial. Moreover, its flavour is not lessened by the 
addition of milk, so that it may be boiled in milk only, 
and thus produce a most agreeable and nutritious food. 
There are therefore many persons, states of system 
and circumstances, in which its use is to be preferred to 
either tea or coffee. 

I t is essential when using cocoa nibs to boil them for 
many hours in water, but the prepared cocoa or choco
late is soluble in boiling water. 

So valuable a substance is liable to adulteration, and 
one of the most harmless is the admixture of starch or 
flour, but this may be readily detected by the form and 
figure of the starch (page 147). 

We have already referred to the admixture of sugar 
with prepared cocoas, and with sugar at S^d. per lb., and 
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cocoa at more than twice that sum, the admixture far 
more than repays the cost of manufacture. 

There are 3,934 grains of carbon and 140 grains of 
nitrogen in 1 lb. of unsweetened cocoa or chocolate. 

CHAPTEE XXXYI. 

ALCOHOLS. 

W E now approach the consideration of a class of sub
stances usually regarded as foods, of perhaps greater 
importance in their effects upon a community than any 
other, and whilst they afford pleasure and health to 
some, give pleasure and disease to many, and both on 
the question of their right to be called foods and upon 
moral grounds, are driving civilised nations into two 
hostile camps. 

I t is impossible on any occasion, when these agents 
are considered, to omit all reference to moral effects, 
and scarcely possible to doubt that the abuse of them 
by so many does not more than overbalance the good 
produced on many more; but our space does not allow 
us to enter upon this branch of the subject, and, whilst 
entertaining strong views that a further limitation in 
their use would be a great advantage, we shall restrict 
our observations solely to the scientific and dietetic 
aspects of the subject. 

I t is first necessary to insist upon the facts, that 
alcohol does not represent alcohols, and that alcohols 
cannot be regarded as a homogeneous class of fluids 
because they have one element in common. 

I t seems strange that it should be necessary to insist 
upon the first statement, for with one element among 
many it is irrational to assume that it should give 
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identical, nay even similar, characters to all, and 
more particularly when the experience of mankind in 
the use of that one element alone is almost absolutely 
nil. 

Alcohol alone is perhaps altogether out of the reach 
of the consumers of alcohols, since in the distillation of 
spirits of wine other products besides alcohol pass over; 
but admitting that spirits of wine is sufficiently pure 
for our argument, it is not used by alcohol drinkers. 

The forms in which alcohol is prepared as food are 
almost infinite, but they differ in flavour, strength, and 
composition, and each preparation might be reasonably 
expected to have its own special properties. Yet whilst 
all this is reasonable, and is admitted when asserted, it 
was not adverted to by scientific men- until my experi
ments on the action of alcohols over the respiratory 
functions, in 1856-9, and is not now so generally 
allowed as it ought to be. I t is true that a few acute 
observers, as Hogarth, had drawn a distinction between 
the inhabitants of Gin Lane and Beer Street, by which 
they had made it appear that the state of health and 
the appearance of the two classes were different. I t 
had also been known that a brandy drinker in rum-pro
ducing countries found an earlier grave than the rum 
drinker. Bum had been selected as the spirit to be 
given to sailors, but the reason for it was perhaps not 
known. Was it cheaper or more readily attainable 
than gin ? N o ; for gin costs scarcely more than half 
the price of rum, and is of home manufacture, whilst 
rum must be imported. Was it that the flavour was 
preferred to that of gin? If so the tastes of sailors 
differed from those of the spirit drinkers of large towns. 
Was it that rum had been proved to produce effects 
different from gin, or to be less inj urious than gin ? 
None of these had bee** proved, and yet the selection 
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was a right one, and based upon sound principles. The 
effects of gin differ from those of rum, and rum is far" 
the less injurious agent of the two. 

In pursuing the subject, we shall adopt the usual 
classification of these substances, and consider in their 
order spirits, wine, ale, and other fermented drinks. 

ARDENT SPIRITS. 

The chemical composition of anhydrous alcohol is : 
carbon 52*2, hydrogen 13*0, and oxygen 34*8 per cent., 
and is represented by the formula C2 H6 0 . 

The proportion in which it exists in various spirits 
differs extremely. In its strongest distilled form it con
tains 10 per cent, of water; but there is a legal standard 
of strength of spirits which is called proof, and consists 
of more water than alcohol, viz., 50*76 parts by weight 
of water to 49*24 parts by weight of alcohol, in 100 
parts. The specific gravity of spirits of proof strength 
is 0*919, and as the spirit increases, the specific gravity 
declines. Thus tables have been constructed by which 
the quantity of alcohol in any spirit may be ascer
tained from its specific gravity. A spirit having 
a specific gravity of 0*838 is said to be 54 to 58 
over proof, because it would require that number of 
volumes of water to reduce it to proof strength and 
specific gravity, 0*919. By suspending the strongest 
alcohol in a bladder in a warm place, the water will 
exude whilst the spirit is retained, and thus make the 
alcohol stronger, as was adopted in the good old smug
gling t imes; or by heating alcohol with salts which 
have the strongest affinity for water, as fused chloride 
of calcium, or carbonate of potash, or quicklime, the 
water may be abstracted and ' absolute alcohol' pro-
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cured. Such alcohol has a specific gravity of 0*793 at 
•60°, and cannot be frozen by any known degree of cold. 
Even at a temperature so low as 130° below zero it 
appears as an oily liquid, and at 146° as if it were 
melted wax, and at 166° it does not congeal. 

By the Food and Drugs Adulteration Amendment 
Act of 1879, it is directed that whiskey, brandy, and 
rum shall be sold not weaker than 25° under proof, and 
gin not weaker than 35° under proof; the former, 
therefore, must contain a minimum of 39*4 per cent, of 
alcohol by weight, and the last 36*5. 

Alcohol does not exist ready formed in nature, but is 
always the product of art. Two sets of processes are 
required, by one of which the component parts of vege
tables are converted into alcoho], and by the other 
the alcohol is separated from other compounds. The 
former is known as fermentation, and the latter as dis
tillation. The essential compound out of which alcohol 
is made is sugar, and all saccharine substances may 
yield it. Sugar is a natural product, and is found in 
nearly all vegetables, but it is also readily produced by 
chemical action from starch, which is much more 
abundant in nature than sugar, by the process of fermen
tation. 

When sugar is fermented it breaks up, and is re
formed into two compounds, viz., carbonic acid and 
alcohol in nearly equal weights, so that 1 lb. of sugar 
yields somewhat more than a £ lb. of * proof spirit, or 
more than a £ lb. of absolute alcohol. The carbonic 
acid escapes as a gas, whilst the alcohol remains in the 
Tater. This change is set in motion by adding a 
ferment as yeast (Torula cerevisiw), to a solution of 
sugar, or of substances containing sugar, in water, and 
maintaining a temperature of about 80° F. 

The substances which contain sugar with the least 
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admixture of starch are, besides sugar and treacle, the 
juices of plants, as for example the sugar-cane, the 
sugar-grass, beet root and parsnip, the sugar maple, the 
palm, and fruits of all kinds, including the grape, from 
which alcohol was very early obtained, and in these the 
fermentation of sugar and the production of alcohol are 
the most readily effected. 

But large as these sources are, they are quite insuffi
cient to meet the wants of the market, and we are 
therefore thrown a step backward, and must select those 
substances which contain starch largely and afford it 
cheaply, such as grain of all kinds, including barley, 
wheat, oats, rye, rice, millet, and various fresh vege
tables as potato and beet. 

The grains are ground and steeped in water, or 
mashed, at a temperature of 160°, in order to convert 
the starch into sugar, but a ferment must be added (if 
it does not already exist) to set it in motion. This is 
known as diastase or glycogen, which is itself a com
pound containing nitrogen, but of undetermined compo
sition ; it exists in malt, so that when the operation is 
conducted on other grains, it is usual to add a propor
tion of barley in order to supply it. The operation is so 
very rapid, that in a very few hours the starch will 
have been converted into sugar. The rapidity varies, 
however, with the proportion of the diastase and the 
temperature employed, and at a temperature of 140° to 
150° it is most remarkable. Thus 100 parts of starch 
made into a paste with 39 times its weight of water, and 
mixed with 6*13 parts of diastase in 40 parts of water, 
produced 86*9 parts of sugar in one hour. The in
fusion is called wort, and when ready is drawn off from 
the grain and cooled. I t is then prepared for the 
introduction of yeast, to set on foot the process of fer
mentation of the sugar, and the production of alcohol. 
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Tables showing the proportion of starch in various 
vegetables, have been given in this volume (page 147), 
and it has been found by experiment that 100 lbs. of 
corn yield 3*47, or very nearly 3£ gallons of proof spirit. 
As a rule one bushel of malt produces two gallons of 
spirit, but as the composition of barley as well as other 
grain varies with the season or climate, the production 
of alcohol from it cannot be uniform, but it is not known 
that more than 1\ gallons are ever produced from one 
bushel of malt. 

Undried barley contains 58*4 of starch, and 4*9 per 
cent, of sugar; but the proportions are greatly changed 
in malted barley. 

One hundred lbs. of starch are equal to about 70 lbs. 
of sugar, and yield nearly 8 gallons of proof spirit. 

I t must not be inferred that the spirit thus distilled 
is pure and fit for every purpose. The first portions 
which pass over are the purest, whilst those succeeding 
contain an increased quantity of fusel-oil, but a pro
portion of various essential oils is formed during the 
process and gives flavour to even the best qualities 
of spirits. The finest spirit is obtained by redistillation, 
and is employed in the production of aromatic essences, 
as Eau de Cologne. 

Fusel-oil is regarded as deleterious, and the lowest 
kinds of spirits which contain it largely are used in the 
preparation of varnish, and should not be drunk ; but 
the use of them in adulteration, whether in this country 
or in America, is by no means unknown. 

Spirits of wine has a neutral taste, and is not sold 
at taverns as an ardent spirit. I t is unknown to spirit 
drinkers; but it may be obtained from chemists, and it 
is said that the sale of it to ladies for drinking, whilst 
somewhat secret, is on the increase. As it forms the 
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basis of all ardent spirits, it is desirable to show its 
effect upon the system. 

The effect in my experiments on its action upon the 
respiratory process was to show that alcohol differed 
from alcohols, that one member of the class differed 
from another in its effect, and that each member must 
be considered apart from any other. This is a funda
mental question, and I propose to place it as the 
ground-work of the following observations. The original 
observations are recorded in the Phil. Trans. 1859, and 
the diagram No. 136 is extracted from those well-known 
records. 

Nearly 1-J- oz. of spirits of wine, containing 76 per 
cent, of pure alcohol, with 6 oz. of cold water, taken at 
one dose, in the absence of food, caused an average in
crease in the carbonic acid exhaled by the lungs of 0*18 
and 0*8 grain, and a maximum increase of 0*46 and 1*64 
grain per minute. The quantity of air inspired was in
creased by 47, 53, and 26 cubic inches per minute in dif
ferent persons. The rate of respiration varied (No. 136). 

Half an ounce of the same spirit, with 2 oz. of cold 
water, taken every quarter of an hour for three hours, 
caused an increase of 0*74 grain of carbonic acid and 
37 cubic inches of air per minute. The rate of pulsa
tion rose, but the whole direct effect was exhausted in 
70 minutes. The quantity of vapour exhaled by the 
lungs was increased from 3*12 to' 3*76 grains per 
minute; perhaps in proportion to the increase in the 
amount of air expired (No. 136). 

Hence, pure alcohol in this moderate dose, acted 
as a general stimulant, and small doses, frequently re
peated, produced greater effect than a large one; but 
the effect was not so uniform as that of an ordinary 
food. The dose taken, although small for a spirit drinker, 
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was a fair one for myself, and as it was taken on an empty 
stomach, it caused considerable oppression of the senses. 

I t was desirable to ascertain if the inhalation of the 
alcohol and of the volatile properties of other alcohols 
had the same effect as the drinking of them. The effect 
of inhaling spirits of wine for 15 minutes was to lessen 
the expiration of carbonic acid by 0*34 grain, and the 
air inspired by 11 cubic inches per minute, whilst the 
vapour exhaled was increased from 0*755 grain to 0*973 
grain in one, and from 0*78 grain to 0*91 grain in 
another experiment, per 100 cubic inches. Hence, the 
effect on the emission of vapour by the lungs was the 
same from both methods, whilst the elimination of car
bonic acid was opposed in the two sets of experiments. 
As the inhalation of so strong a vapour as that of alcohol 
is not usual, the results are open to the explanation that 
the effect was local, and may not indicate a general action. 

Whiskey is so named from the Gaelic word uisge, or 
water. I t is prepared in a manner very similar to that 
of spirits of wine, and is indeed imported largely for re
distillation, and the preparation of alcohol, gin, and 
brandy. I t is made from any kind of grain and starch-
bearing vegetables, as potatoes and turnips, which may 
grow in the neighbourhood, and for ages has been a 
chief source of the smuggler's profit. I t is divided in 
Scotland and Ireland into small-still and large-still 
whiskey; the former being chiefly produced in an illicit 
manner by the peasantry of the country; and the 
latter in the distilleries under the supervision of the 
Government. The former has always been regarded as 
the better kind, in reference to flavour, and as having 
less of the acrid essential oils which cause so much irri
tation in the throat and stomach when the spirit is 
drunk without or with very little water. 

The flavour of whiskey differs from that of spirits of 
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wine by reason of the volatile oils which fall over in 
distillation, and not unfrequently by the admixture of 
substances of a special character, as pine-apple flavour. 
The peaty flavour which is found in certain kinds is 
said to be due to the peaty water which is obtained in 
the mountains for the use of the still, or to the smoke 
of the fuel which is used. Especial attention has been 
given of late years by the large manufacturers to pro
duce whiskey of an approved flavour and colour, and to 
render it more mellow and less acrid, and the quality 
of the large-stiH has been brought much nearer to that 
of the best small-still whiskey of a quarter of a century 
ago; whilst it is far superior to the kinds which were 
then ordinarily sold. 

I t is, however, most desirable that whiskey should 
be kept some years before use, so that it may generate 
volatile oils, and obtain mellowness of flavour. The 
most approved course is to fill a sherry cask with it and 
to leave it quiescent, by which it will acquire colour 
and mellowness of flavour. The greatest quantity is 
made in the United States of America, where the 
peach whiskey, the Monongahela whiskey of Penn
sylvania and that from Bourbon County, Kentucky, 
are accounted the best. I t is made in every State, but 
particularly in Ohio, Illinois, Indiana, Kentucky, Penn
sylvania, and New York, and at so cheap a rate that when 
I travelled on the Mississippi more than twenty years 
ago, it could be obtained at eightpence to tenpence a 
gallon. Such spirit is rough and fiery, and tastes much 
like turpentine, and not only quickly intoxicates, but 
produces disease of the mucous membrane of the 
stomach, as well as of the liver, spleen and kidneys. I t 
caused furious drunkenness among the Red Indians, 
when it was first given to them, and has been the chief 
cause of their degradation and extermination. 
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The quality of the spirit which is generally obtained 
in the British Islands is certainly far superior to that 
generally drank in the Western States of America, and 
the injurious effects are in the same degree less. No 
one can have travelled in the hills of Scotland or Ireland 
without being sensible that he could drink whiskey with 
an impunity which would be perfectly impossible in the 
lowlands or in England ; and even ladies, who turn from 
it with disgust at home, relish the whiskey-and-water 
which is handed to them several times a day after a 
long walk in Scotland, or after exposure to the drench
ing rains of Ireland. 

I t is, however, very difficult to nx upon a standaid of 
quality which shall represent the kinds of whiskey in 
general use, for the varieties are infinite, both in the 
quantity and kind of essential oils, and in the quantity 
of alcohol; and hence, uniformity of action from dif
ferent specimens of the fluid, cannot be expected. 

The effect of whiskey in my experiments was less uni
form than that of spirits of wine, and varied somewhat 
with the age of the liquor. One and a half ounce of 
whiskey, containing only 45 per cent, of alcohol in 6 oz. 
of cold water, caused an average decrease in the car
bonic acid evolved of 0*33, and a maximum decrease of 
0*7 grain per minute; whilst the rate of respiration 
was stationary, and that of pulsation fell. Two ounces 
of the same whiskey caused an average decrease of 
0*57, and a maximum decrease of 1 grain per minute 
on myself; whilst there was an average increase of 
0*29, and a maximum increase of 0*66 grain per 
minute in my friend. The rate of respiration generally 
declined (No. 136). 

Two ounces of the finest whiskey, containing 69 per 
cent, of pure alcohol, and bottled more than twenty 
years, when taken with water, gave me an average in-
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crease of 0*29 grain of carbonic acid, and my friend of 
0*22 grain per minute; but there was considerable 
variation in the effect during the course of the experi
ment. The rate of respiration fell, and that of pulsa
tion rose (No. 136). 

Hence, the result was rather that of disturbance of 
the vital functions than of a steady influence in either 
direction. 

Brandy is or should be the choicest and most agree
able member of the class of ardent spirits. I t should 
be prepared by distillation from wine; and 1,000 gal
lons of wine yield from 100 to 150 gallons of brandy, con
sisting of about 50 to 54 per cent, of absolute alcohol. I t 
is said that a stronger spirit is obtained from red than 
from white wines, but the flavour depends essentially on 
the quality of the wine, so that the finest is obtained 
from the best white wines in the Cognac and Armagnac 
districts of France. I t would, however, be readily 
assumed, that strong inferior wines would be substi
tuted in this process for delicate and high flavoured 
wines; and in Spain and Portugal the substitution 
descends yet lower, and consists of the refuse wine lees, 
grape skins, and remains of wine in bottles. 

A very large proportion of the brandy consumed all 
over the world is, however, made with little or no wine, 
and is simply alcohol distilled as in the preparation of 
whiskey, and coloured and flavoured with oil of Cognac. 
A very large quantity of common fiery potato spirit is 
sent to France from Germany to be redistilled and 
forwarded to us as French brandy, whilst various 
qualities of spirits are made in this country into British 
brandy. 

Brandy is as colourless on distillation from wine as 
alcohol distilled from malt, and can readily be coloured 
by adding burnt sugar. Its flavour is due to volatile oils 
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and oenanthic, acetic, and numerous other ethers, some 
of which are derived from the distillate, whilst others 
are produced in the process of distillation and by age. 
These vary very widely with the wine from which the 
brandy is made, and it is said that a dealer should be 
able to determine by the taste the district of its manu
facture. 

I t is therefore evident that brandy differs from 
whiskey, and other moderately good spirits, only in the 
flavours which it possesses, and the inferior kinds are 
in no degree superior to them ; but when prepared from 
fine flavoured wines and kept for several years it has a 
delicacy and richness of bouquet, which are both agree
able and peculiar to it. I t is usually distilled at a 
lower degree of proof with a specific gravity of about 
0*930, containing half its weight of water, and when 
redistilled loses much of its fine aromas from oenanthic 
and acetic ethers. 

The effects of brandy will, therefore, be very much 
those of the spirit of which it is made, and the purer 
the spirit the nearer will the effect approach that of 
alcohol. The ethers are, however, regarded as of much 
value in medicine, and their action does not appear to 
be in the same direction as that of the spirit, but the 
quantity of them may vary greatly and descend to 
almost nil in the common kinds. Perhaps there is 
no preparation used as food or medicine in which there 
is so great a variation in quality, whilst at the same 
time the changes are due to subtile substances, but 
little known to the wisest, and inappreciable by the 
unrefined and untutored taste. 

In my experiments, 1£ oz. of excellent brandy 
diluted with 6 oz. of water caused an average decrease 
of 0*2 grain, and a maximum decrease of 0*38 grain 
in the carbonic acid expired per minute. In another 
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series the average decrease was 0*38, and the maximum 
decrease 0*71 grain per minute in myself and of 0*02 
and 0*62 grain respectively in my friend. The quantity 
of air inspired fell 42, 37 and 34 cubic inches per minute, 
in different experiments. My rate of pulsation and re
spiration fell in all the experiments (No. 136). 

Gin differs from all the other ardent spirits in being 
entirely an artificial compound, and prepared from 
recipes adopted by ĉ ach distiller with the unknown 
additions of the retailer. 

I t consists of any spirit distilled in the ordinary 
manner (but usually of an inferior spirit and containing 
much fusel-oil), of which, about 80 gallons of proof 
strength is distilled with 10 gallons of water, 3 J lbs. of 
common salt, and 5 fluid ounces of turpentine, with or 
without essence of juniper berries and creosote. There 
is reason to believe that the properties of gin do not 
depend upon ethers, or any volatile compounds created 
in the manufacture, but simply upon the substances 
used in its composition. 

For ordinary use it is desirable that the compound 
should have a soft flavour; but for the gin drinker of 
the lowest classes a strong acrid fiery spirit is prepared, 
and hence the manufacturer may make an agreeable 
and perhaps not injurious mixture, but the retailer in 
the lower class of gin shops increases its apparent 
strength by adding various aromatic essences, as 
coriander, carraway, capsicum, cardamoms and lemon, 
or creosote, sulphuric acid and salts of tartar. I t is 
certainly very desirable to obtain this spirit as it leaves 
the producer, and to select that distillery which pro
duces gin of approved flavour. 

< Hollands ' is not necessarily a purer spirit than 
home-made gin, but it is made from unmalted rye, and 
malted bigg, and is more highly flavoured with juniper 
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berries and less mixed with turpentine. The production 
of it is very large, but the proportionate consumption 
in this country is diminishing in favour of ordinary gin. 

The effect of gin in my experiments was to produce 
the greatest decrease in vital action of any spirit under 
enquiry. Witn 2 oz. of fine old gin in 6 oz. of water, 
the fall was so great as 1*52 grain of carbonic acid per 
minute as a maximum, and 0*65 grain per minute on 
the average of 86 minutes. On another occasion with a 
newer gin the maximum decrease was 0*46 grain of 
carbonic acid per minute. The diminution in the air 
respired was no less than 56 and 43 cubic inches per 
minute (No. 136). 

There was, moreover, a diminution in the quantity of 
vapour exhaled by the lungs of from 3*12 to 2*7 grains 
per minute, but the proportion was very nearly that of 
the diminution in the quantity of air inspired since the 
proportion in 100 cubic inches was 0*667 against 0*699 
grain. The rate of respiration fell in myself, but 
varied in my friend (No. 136). 

We have now arrived at the consideration of a spirit 
whose effect is in direct opposition to that of gin, one 
which is very generally popular, is regarded as healthful, 
and is prepared without intermixture. 

Rum is almost exclusively a West Indian product, 
and is made from fresh cane-juice and the scum which 
rises in the manufacture of sugar, and contains vola
tile and essential oils, which are produced both by the 
sugar-cane and the process of manufacture. I t is also 
made from a mixture of the scummings and the un-
crystallisable residue of saccharine juice, or molasses, 
and even from molasses alone; and although there is 
this unity in its several sources, the two latter are by no 
means equal to the first in volatile oils and ethers, 
and therefore in the flavour of the rum. The wort is 
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prepared from old and new lees with new sweets added, 
and has a strength of about 12 per cent, of sugar. 
After 10 to 15 days' fermentation and distillation it 
yields about 10 per cent, of rum, or 1 gallon from 
10 gallons of wort, and care is taken to neutralise the 
acid due to the acetous fermentation. Every planta
tion produces sugar, molasses, and rum, the proportions 
of which vary according to the market price of each, but 
usually it is 1 gallon of rum to 6 cwt. of sugar. The rum 
thus distilled is colourless, and is sometimes sold as white 
rum, in which state it is a very agreeable and delicately 
flavoured cordial. I t is, however, generally coloured 
for the market by the addition of caramel or slightly 
burnt sugar, which has lost much of its sweetening pro
perties, but is not in any respect improved by the 
addition. By the addition of pine-apple in the process 
of fermentation a new flavour is obtained, and the pro
duct is sold as pine-apple rum. 

This spirit improves by age as much or more than 
any other spirit or spirituous liquor both in what it 
loses and in what it gains. New rum is generally 
strong, and readily produces intoxication, and is said to 
be injurious to health by inducing a tendency to fever 
in hot and to disease of the liver in cold climates; 
whilst old rum has lost spirit and gained oenanthic 
ether, and has been greatly improved in softness and 
flavour. Rum of moderate age may properly be esteemed 
the purest, and most healthful, member of this class, and 
is, I believe, the most perfect cordial with which we 
are acquainted. 

In our experiments 1J oz. of Navy rum containing 
58 per cent, of alcohol when taken with water in the 
afternoon gave a maximum increase of 0*78 and 0*7 grain 
of carbonic acid per minute in two persons, and an 
average increase of 0*26 grain per minute in myself. 

c c 
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When the experiment was repeated in the morning the 
maximum increase was 1*24 and 2*14 grains per minute 
in two persons. Two oz. of very fine old rum containing 
69 per cent, of alcohol gave a maximum increase of 
0*1 and 1*5 grain of carbonic acid per minute in two 
persons (No. 136). 

Half an ounce of moderately good rum containing 
only 37^ per cent, of alcohol with 2 ounces of cold water 
taken every quarter of an hour gave an average increase 
on the whole of each quarter of an hour of 0*14, 0*43, 
0*2, and 0*66 grain of carbonic acid per minute with 
an increase of 49 cubic inches of air per minute after the 
last dose. There was a progressive decrease of vapour 
in each 100 cubic inches of air expired in each quarter 
of an hour of 0*7, 0*67, 0*65, and 0*67 grain (No. 136). 

Thus, on a review of the experiments with moderate 
or small doses of these strong alcohols properly di
luted and taken on an empty stomach, it is shown that 
the vital actions are generally increased with pure 
spirits of wine and rum, whilst they are lessened with 
brandy, and greatly lessened with gin. Whiskey varied 
more than the other alcohols, but generally its tendency 
was to lessen vital actions. But it is needful to repeat 
the observation, that there is much greater disturbing 
influence excited by these agents than by ordinary foods, 
and there was not that regular progression of increase or 
decrease usually observed with other agents. This ex
tended even to the rate of pulsation and respiration. 

When rum was added to milk as in a well-known 
compound, the effect on the respiratory functions was 
that of a true food both in degree and persistency, 
but it was not greater than that of milk alone. Thus 
1J ounce of Navy rum added to 1 pint of good new 
milk produced an average increase of 0*73 and 0*65 
grain, and maxima of 0*& and 1*38 grain of carbonic 
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acid per minute in myself and friend. The quantity 
of air respired was increased by 25 and 18 cubic inches 
per minute and the depth of respiration was increased. 
The rate of respiration declined whilst that of pulsation 
increased (No. 136). 

I t has been frequently remarked in this chapter that 
our knowledge of the essential oils which give flavour 
to spirits is very limited, but I have proved by my ex
periments that they are powerful agents, and I may add 
another illustration in the fact that only a few drops of 
a disagreeable essential oil which is distilled from the 
mure of the grape would suffice to destroy the flavour of 
a whole pipe of choice brandy if not carefully excluded. 

The inhalation of the volatile vapours of such spirits 
as when taken by the stomach caused an increase in 
the quantity of carbonic acid evolved by expiration did 
not cause an increase but a decrease. 

The proportion of the vapour exhaled by the expired 
air was not materially changed. 

There are many other preparations of ardent spirits 
in use in those parts of the world where our kinds of 
spirits are not used, to which reference may be made. 

Marwa is a raw spirit prepared from rice in Assam. 
Hurreah is a spirit used at Chyebana, in the district 

of Barrackpore. 
Arrack is produced from rice, but it is also a generic 

name, which is sometimes used in India to describe all 
kinds of ardent spirits. 

Mead and metheglin are spirituous liquors made from 
honey in Saxon and even to our own times, but their 
use is now nearly limited to Sussex. 

W I N E . 

Wines have been known in all ages and by all civilised 
nations, but they have been made from a great variety 

c c 2 
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of fruit according to the productions of each country 
and the means of importation. They were well known 
to our forefathers at a very distant period, and were 
either prepared in this country from elderberry, cowslip, 
coltsfoot, honey or sugar, or were imported from France 
and Southern Europe. The use of wine in the prepara
tion of food for the wealthy classes in the 14th century 
was very frequent, since it enters into a very large pro
portion of the domestic recipes of that period, but it was 
commonly Greek or Cyprus, and not home-made wine. 

Claret is also frequently mentioned at an early period, 
but as the meaning of the word was probably clear cup, 
it must not be inferred that it was necessarily the wine 
of Bordeaux. 

These beverages usually consist of the fermented 
juice of the grape, and should therefore have the 
elements which are found in grape juice, subject to the 
changes of fermentation and the effect of age and treat
ment. There are always alcohol, grape sugar, or 
glucose, bitartrate and malate of potash, tartrate of 
lime, chloride of sodium, and tannin, besides various 
essential oils, which give flavour, and oenanthic ethers, 
which give bouquet or aroma to the wine. According to 
Franck the salts consist of bitartrate of potash, tartrate 
of lime, tartrate of aluminium, tartrate of iron, chloride 
of sodium, chloride of potassium, sulphate of potash and 
phosphate of aluminium. 

In the preparation of wine in France and Germany 
the grapes which are gathered during the day are usually 
pressed at night, and the juice is immediately set aside 
for fermentation. Such as are particularly fine and ripe 
are selected to make the choicest quality, or Auslese 
wine, and the remainder are used for the ordinary 
quality. When making sparkling wines from black 
grapes the grapes are at first pressed gently, so as not to 
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squeeze out the colouring matter of the skin, but after
wards they are pressed more sharply for the inferior 
white wines, or added to the red grape in making red 
wines. The proportion of Auslese wine which can be 
made varies with the season, but it is small in comparison 
with the whole, and consequently obtains a much higher 
price. 

The juice having been placed in a vat produces a froth 
upon the surface in the course of the night, which, after 
attaining a certain degree of thickness, is skimmed off 
and the process is renewed with a second or third layer 
of froth. At length all the remaining scum rises to the 
surface after the process of fermentation has fully set 
in, and is rapidly and completely skimmed away, when 
the clear liquor is transferred to barrels to complete the 
process and to ripen. The fermented juice is allowed 
to remain until about the middle of winter, viz., until 
February, when it is racked off from the lees and 
renewed fermentation with the return of the warmer 
weather is thus prevented or greatly lessened. 

When making the ordinary wines, whether white or 
red, the grapes after having been macerated in water 
are trodden in layers of more than a foot in thickness, 
and left to ferment, while the vat is usually covered 
over. When the violence of the fermentation has sub
sided and the liquor is becoming clear and no longer 
sweet, it is racked off and run into tuns for perfect fer
mentation and ripening. The mure, or remains of the 
bruised grape and foot stalks, is then pressed, and the 
clear wine is distributed through the vats, whilst the 
thicker residue after complete pressing is made into 
inferior wine. 

Wines thus produced vary in every constituent ac
cording to the locality, season, and age, but generally 
the produce of each vineyard retains its own leading 
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characteristics. They are not usually drunk until they 
have undergone important chemical changes, some of 
which take place rapidly in cask, and others much more 
quickly in bottle. 

The quantity of alcohol in wines varies with the nature 
of the grape, the season, and the vineyard. The French 
wines in the department of the Gironde vary from 7 to 
15 per cent., but the majority have 9 per cent, and 
upwards, and the white wines are the stronger. The 
strongest wines are grown at Sauternes, Barsac, Poden-
sac, Carbonnieux, Bommes, Preignac, Castlenau, and 
Queyries, all of which have over 11 per cent., whilst the 
well-known wines of Ch.-Lafite and Ch.-Margaux have 
less than 9, and Larose, St.-Estephe, and St.-Emilion 
have between 9 and 10 per cent. 

The proportion of alcohol in the stronger wines has 
been determined by Brande, as follows :— 

No. 137. 

Wine 
Port—mean 
Madeira ,, 
Sherry „ 

. 
. 
. 

Bordeaux Claret—mean 
Lisbon 
Bucellas . 
Marsala—mean. 
Champagne „ . 
Burgundy „ . 
Hermitage—"white 

red 
Hock 

» • • 
Vin de Grave . 
C6te-Rotie. 
Boussillon. 
Constantia. « 
Tinto 
Tokay 
Lachrymae Christi 

. 

. 
. 
. 
• 
. 
. 
. 
. 
. 
. 
. 

. 

. 
. 

Sp. Or. 
. -97460 
. -97571 
. -97806 
. -97251 
. -97846 
. -97890 
. -98095 
. -98529 
. -98420 
. -97990 
. -98495 
. -98290 
. -98873 
. -98450 
. -98495 
. -98005 
. -97770 
. -98399 
. -98760 
. 

Alcohol, per cent. 
Sp. Gr. 0-825 

23*49 
20*38 
19*04 
14*61 
18*94 
18*49 
16*26 
12*05 
13*24 
1743 
1232 
14*37 
8-88 

12-80 
12-27 
17*24 
19*75 
13-30 
9*88 

19*70 

Absolute 
21-75 
20-31 
17*63 
13-53 
1745 
1722 
1514 
11-65 
12*20 
16*14 
11-40 
13-31 

8-
11*84 
11-36 
15-96 
18*29 
12*32 
915 

18*24 
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When the quantity of sugar which is formed during 
the process of ripening wine is not very large, all of it 
may be transformed into alcohol, but in larger amount 
a portion produces about 20 per cent, of alcohol, which 
is sufficient to retard or prevent the transformation of the 
remainder, and the result is a sweet wine. This will 
be further referred to when describing the process of 
manufacture of the wines of the Peninsula; and when it 
is desirable to fortify the wine with a view to prevent 
further fermentation additional alcohol is added. 

The acid or sub-acid flavour is due to the malates 
and tartrates already mentioned, and not necessarily to 
the presence of acetic acid; neither are the acid eruc
tations which sometimes follow the use of imperfectly 
fermented or sweetened wine due to that acid in the 
wine, but to the transformation in the stomach of the 
sugar which had been added. When wine has been 
exposed to a limited quantity of air a substance is pro
duced which having one atom more oxygen than alcohol 
is intermediate between alcohol and acetic acid, viz., 
aldehyde—-one of the forms in which alcohol is subse
quently emitted from the body. If it is desired to 
remove the natural sub-acid flavour, the practice is to 
add Paris plaster or sulphate of baryta, by which the 
natural vegetable acid salts are thrown down, and cer
tain proportions of sulphates substituted for them. 
Such a course, however, robs the wine of one of its 
agreeable and useful elements, and substitutes that 
which ip less agreeable. This practice seems to be of 
old date, for Falstaff discovered lime in the sack, and 
although he did not regard it as the worst of evils, it is 
clear that he did not approve it when he added that, 
(Yet a coward is worse than a cup of sack with lime in 
it.' (1 Hen. IV. 11. iv.) Sherry which has been thus 
treated is apt to be bitter. 
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When a large quantity of wine is distilled certain 
essential oils and oenanthic and other ethers come over 
at the last. The former are of the nature of fatty acids, 
and when pure are of the consistence of butter at 60°, 
whilst the latter are oily substances, and are said to 

form TO-O-O-O^
 o f t h e w i n e ' 

The following quantities of those ethers are found in 
500 grammes of the wines of the Gironde, the quantities 
being given in grammes and centigrammes:— 

Mo. 138. 
Ch.-Margaux 1'25 
Cb.-Lafite 1-20 
Cos-d'Estournel 1-15 
Ch.-Latour 
Ch.-Haut-Brion 
Leoville 
Barsac 
Sauternes 1*06 
Gruaud-Larose . . . . . . *90 
St.-Estephe-Phelan -85 

•50 
•70 

1-10 

St.-lWion ('l 
ix 

France, Germany, Spain, and Portugal have hitherto 
been the chief sources whence our markets have been 
supplied with wine. In France the principal districts, 
or centres around which the different classes of wines 
are grouped, are Bordeaux, Burgundy, Bhone, Cham
pagne, and the South of France ; whilst in Germany 
the districts are the Rhine, Moselle, and Main. 

The Bordeaux districts, including the wine of the 
Medoc and the department of the Gironde, supply the 
greater proportion of the light red wines which we 
receive. The wines are very complete in their fermen
tation, and show less acidity than most other French 
wines. Their alcoholic strength is moderate and quite 
natural, and they are pure and light and pleasant to 
the taste. They have also good body, colour, and bou-
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quet, with a little roughness on the palate. The red 
wines of Burgundy have fuller body and aroma, with 
less roughness, and more delicacy of flavour, but they 
retain a larger proportion of saccharine elements, and 
are more liable to a second fermentation. The same class 
of wines on the Rh6ne have not so marked a character, 
but they are very agreeable having much of the body 
and colour of Burgundy, with the lightness of the Bor
deaux wine. The white wines of both the Bordeaux 
and the Burgundy districts are generally stronger in 
alcohol than the red wines, and are full of flavour, as 
the Graves, Barsac, Sauternes, and Chablis, and few 
excel the Chateau Yquem in lusciousness and aroma, 
and we may add in price. 

Champagne is chiefly produced in the district of that 
name on the two sides of the river Marne, where are the 
well-known vineyards of Ay, Bouzy, Yerzenay, Epernay, 
and Avize ; but it is made in many other departments, 
as those of the Jura and Loire, and is prepared from 
both black and white grapes, either mixed or separate 
as body and aroma or lightness may be required. I t is 
classed as still, sparkling, and demi-sparkling, and is 
either sweet or dry according to the completeness of 
the fermentation, and has a greater alcoholic strength 
than the wines of the Bordeaux district. Other spark
ling French wines are less known, but are of delicious 
flavour, as sparkling Hermitage, and red and white 
Burgundy and St.-Peray. 

The wines from the South of France more resemble 
the Spanish and Portuguese wines than those of France, 
as they are fortified by the addition of alcohol, so that 
Roussillon and Masdeu are more like a Port than a 
Claret, and not so good as either. 

The wines of Germany are generally of a higher class, 
drier and fuller of aroma, so that they are amongst 
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the most enjoyable wines which are placed on the 
table. Their fermentation is perfect, and they are 
therefore not termed acid wines, yet they have a 
slightly acid flavour, which renders them fresh and 
cooling. The Hock and still Moselle may be re
garded as perfect wines, but their quality necessarily 
varies with the season as well as the vineyard. Hoch-
heim, Rudesheim, Marcobrunn, Rauenthal, Johannis-
berg, and Steinberg well represent the several classes. 
They are prepared with great care, and require to be 
kept in cask for some years before they are bottled, 
and even then they are rarely perfectly clear. The firm, 
B. J. Mayer, of Mayence, are growers and shippers of 
high repute. 

Sparkling Hock is lighter than Champagne, and is 
preferred by many. I t has a cleaner taste, with a deli
cate flavour; and it more rarely disagrees with the 
stomach than the sweeter kinds of sparkling Cham
pagne. 

The wines of Spain and Portugal are very numerous, 
and, as in other countries, embrace both white and red, 
but all that are sent to this country are fortified with 
alcohol. Their flavour is in part due to the vintage 
of the year, but it is much more commonly varied by 
the addition of the wine of other years, which may 
have an aroma and quality preferred in the market. 
Hence wines of any quality, flavour, and strength can 
be prepared to order. The chief wine exported from 
Spain is Sherry, which is the product of many districts; 
but sweet wines, as the Rota Tent and Malaga, are also 
made, and are luscious and full of body. 

There are, however, wines of a light character pro
duced in Spain, some of which are not largely exported, 
and of such Montilla should perhaps be placed first. 
A fine quality of Montilla has a fulness and delicacy 
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of bouquet which is unsurpassed by any wine, but 
it must be drunk in the country of its production, 
and in vineyards where it is carefully prepared. The 
red wines, known as Catalonia, Tarragona, and Valen
cia are coming into the market, and will find their 
own position, but they cannot displace either the Ger
man or the Bordeaux wines, whilst they may largely 
aid in cheapening Port wine. 

Port wine is a mixed, and not a natural production of 
the grape, and is in fact more of a cordial than a 
wine. The best vineyards are on the Upper and Lower 
Douro, in the neighbourhood of Lisbon, and their pro
ducts are shipped from Oporto. After the juice has 
been pressed in the usual manner of all countries, whilst 
the fermentation is going on, a certain quantity of grape 
or other spirit is added so as to impede the process and 
to retain some of the saccharine matter as well as the 
flavour of the grape, and by that means a wine of 
a sweeter character and of fuller body than French 
wines is obtained. Hence a wine is prepared, which 
is sweet and strong and only partially fermented, whilst 
its alcoholic strength is raised from 35 to 42 per cent. 
of proof spirit, and it requires to be first kept in cask 
for some years and then in bottle to throw down a 
crust, and to become clear and fit for use. Wine thus 
prepared varies very much in quality and colour ac
cording to the year. 

The qualities of Port wine are especially body and 
aroma, with moderate fruitiness and strength, but it 
should neither be sweet nor rough. I ts colour should 
be full and rich, but if kept too long in cask it loses its 
colour, body, and alcoholic strength, and becomes a 
light, tawny, aromatic, and yet agreeable wine. The 
Port-wine drinker demands body as well as flavour and 
bouquet, but the wine which is old in wood, if of fine 
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quality, suits other persons better. As, however, certain 
flavouring ethers are produced only in bottle or more 
rapidly in bottle than in wood, and are both agreeable 
and useful, it is necessary that Port should have been 
bottled and have thrown a crust before it is used, and 
within limits the longer it has been in bottle the more 
it is improved in fulness and delicacy of flavour. 

The white wines of Portugal are most agreeable and 
delicate, and it is doubtful whether a, fine Bucellas may 
not hold its own against the French wines—certainly a 
white wine fuller of body and aroma can scarcely be 
obtained when it is fine and old. Of other wines it 
will suffice to mention sweet Lisbon, which is not 
largely imported, and white Port, which was formerly 
consumed more abundantly than at present, and which 
was so highly esteemed, that fine old samples were sold 
at a guinea a bottle. 

Whilst the consumption of Port wine is decreasing, 
and that of Claret increasing, competitors are arising 
which bid fair to force their way into the market and 
may ultimately gain a place amongst us. Of these, the 
wines of Hungary and Greece seem to occupy the first 
rank, and in point of quality, will hold their own against 
the wines of other parts of Europe. 

The red wines of Hungary are not unlike the Rhone 
wines of France, since they are as full of body and 
flavour, and yet light and agreeable; but as now manu
factured have somewhat more astringency, whilst the 
white wines are full of aroma, with a soft and mellow 
flavour. The whole country may be said to be a wine-
producing country, and has been so for ages, and with 
proper cultivation and patronage might even rival 
France. The following are the best known districts:— 

Red Wine: Buda, Egri, Visonta Vittarry, Karlovitz, 
Menes, and Magyarat. 
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White Wine: St. Gyorgy, S'Oprony, Somlo, Tokay, 
Tetney, Bosing, Badasconyer, Pees, Kobanya, and Nesz-
mely. 

None, until lately, have been so well known in Eng
land as Tokay; but since the Great Exhibition in 1851, 
Hungarian wines have been kept before the public, and 
it may be predicted that many will have established their 
name and fame before the end of the present century. 

Th3 alcoholic strength of some of the best known 
Hungarian wines is as follows :— 

No. 139. 
Proof Spirit 

Somlauer 23*60 
Erlauer 23*10 
Menes 22*20 
Bakator 21*03 
Karlovitz 2100 
Ofner • 20*60 
Szegszard 20*20 

Sweet. 
Tokay 1804 

The Greek wines successfully introduced by Mr. 
Denman of Piccadilly are less known than the merits 
of Greece deserve; but until a powerful government 
is established, and there is safety to person and pro
perty, the great resources of the country in this direction 
cannot be developed. No country in reference to soil, 
elevation, sun and climate, can excel it, and with capital 
and intelligence, the wines may equal, if not surpass, 
those of Central Europe. 

These, like all other natural wines, have a character 
of their own, so that they can only in a very general 
manner be compared with wines in ordinary use, but all 
have this characteristic, viz., that when new they more 
or less resemble the white and red wines of France or 
Portugal drunk at dinner, and when ten years old in 
bottle have acquired qualities which make them re-
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semble dessert wines, and in flavour are not inferior 
to many liqueurs. This contrast in quality of the 
same wine and rapidity of maturation is most re
markable. 

They are produced from grapes which abound in 
saccharine matter, and in all the elements of grape juice, 
and being perfectly fermented are probably the strongest 
natural wines in the market, and when drunk at dinner, 
will allow a dilution of one third to lower them to the 
strength of the French and Rhine wines. Hence, 
whatever may be the value of wine, they possess it 
intrinsically in the highest degree, and in point of 
economy cannot be surpassed. 

The following table shows the natural alcoholic 
strength of the Greek as compared with French wines :— 

No. 140. 

Greek. 

Thera . 
St. EKe . 
Santorins 
White Patras . 
White Kephisia 
White Mont Hymet 
Como 
Bed Patras 

Hermitage . 
Pouilly . 
Chambertin "1 
Clos-Vouge6t/ 
St. George . , 
Chablis . 

Proof Spirit 
. 
. 
» . 
, . 
> 

. 

. 

• 

. 
• • 

» • 

• 
• 

26*70 
26*00 
25*92 
25*84 
25*63 
25-14 
24*54 
24-00 

Fre 
2203 
21*00 

20*80 

18*30 
1802 

Cyprus . 
Bed Mont Hymet . 
Bed Kephisia . . 

Sweet. 

Lachrymae Christi . 
Vinsanto . . 

nch. 

Sauternes . . 
Graves . 
St.-Estephe *1 
St.-Emilion/ * 
Medoc ^ 
Ch.-LafiteJ ' 

Proof Spirit 
. 23*66 
. 23-40 
. 23-03 

. 1713 

. 15*61 

. 1706 

. 16-10 

. 16*0(V 

. 15*70 

The new red wines are somewhat astringent, and 
should be drunk with water, but the white of the same 
age have a milder flavour, and being without acidity, 
may be enjoyed equally with or without dilution. 
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Of all wines with which I am familiar none excel 
old bottled Thera in the delicacy, fulness and luscious-
ness of its aroma and flavour, and being a completely 
fermented wine made from the fresh grape, it is worthy 
to be regarded as a perfect wine, and the represent
ative of the Nectar of ancient Greece. I t is scarcely 
possible to make a selection of these wines, which when 
young, would be equally appreciated by all persons, yet 
perhaps the White Kephisia, St. Elie, Mont Hymet, 
Patras and Thera would be the most generally approved. 
The St. Elie developes an Amontillado character, whilst 
the Patras more nearly resembles Hock, and the 
Kephisia Chablis, but with a much greater fulness of 
body and flavour. Of the red wines, the Noussa, 
Patras, and Kephisia may be mentioned, all of which 
resemble the unfortified Rhone or Burgundy wines, and 
become less astringent when they have deposited a 
portion of their tartar and tannin by age. These full-
bodied wines, whether in wood or bottle, develope 
various ethers, and this is particularly observable in the 
St. Elie. The White Kephisia is a very fine full-bodied 
dry dinner wine. 

On the whole, I am of opinion that if these wines 
should continue to be prepared by perfect fermentation, 
without being fortified, and with the body and aroma 
which they now possess, they must occupy a very high 
place—perhaps the highest place among natural un
fortified wines, and if the price should be wisely kept 
down, they must be admitted to general use to the 
yet further exclusion of fortified wines. 

There is yet another class to which reference must 
be made, viz., the sweet wines prepared from the dried 
grape, of which the Lachrymse Christi, a red, and 
Vinsanto, a white Santorin, from the island of that 
name, are delicious dessert wines. 
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M. About, in *La Grece contemporaine,' page 114, 
writes thus of the wines of the Isle of Santorin :— 

• Le vin de Santorin se conserve longtemps, il resiste aux plus 
longues traversers. H flatte les yeux par une belle couleur 
topaze, et satisfait le gout par une saveur tranche. II porte 
l'eau a merveille ; je n'ai pas bu d'autre vin a mes repas pen
dant deux ans. II se sent de son origine. Ne sur un volcan 
mal eteint, il est le lacryma-Christi de la Grece. 

Les Russes sont tres-friands du vin de Santorin, ils en 
achetent tous les ans pour cinquante mille drachmes, mais ils 
preTereraient l'avoir pour rien et boire sur place.' 

In c Le Roi des Montagnes,5 page 13, the same author 
writes of ' un petit vin de Santorin ' :— 

' Je crois pouvoir affirmer que ce vin-la serait apprecie* a la 
table d'un roi; il est jaune comme For, transparent comme la 
topaze, eclatant comme le soleil, joyeux comme le sourire 
d'un enfant.' 

The wines of Sicily are represented by Marsala, 
grown at Catania and fortified, which has estab
lished a reputation, and when fine and old is much 
esteemed. The characteristics of Sicily correspond with 
those of Greece as a wine-growing country, and on the 
slopes of Etna is a soil and climate particularly adapted 
to the vine. The sale of Marsala has never been so 
large as its quality and price might have warranted. 
I t is not equal to a light Sherry in flavour, nor to a 
Rhine wine in bouquet and refreshing qualities; but 
other and choicer Italian wines will, no doubt, make 
a name in our market now that the country is so 
largely adding to its resources and wealth. 

The wines of Madeira were known in this country 
before those of Spain. They have held their own in 
public estimation at the head of all white fortified 
wines, and in fulness of flavour, aroma, and bouquet, 
combined with a degree of sweetness and body, have 
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nev&r been surpassed. The flavour is the peculiar 
characteristic of the wine, and is obtained from the 
special quality of the grape growing in the island, so 
that with the loss of the grape a few years ago the 
supply of the wine ceased; but wine eight years old is 
again in the market, and before the stores of the old 
wine have entirely disappeared a new supply equal in 
quality to the old will be ready for use. 

The saccharine quality of the wine shows that its 
preparation is very like that of the Portuguese wines, 
and that the fermentation is not complete. The aro
matic quality increases with age, and may out-live the 
saccharine, so that very old Madeira is priceless for 
the mixer, and gives a bouquet and quality to newer 
wine, which enables the dealer to sell it as old. For 
the connoisseur in sweet wines, as well as for the in
valid, there is none of the class to be preferred to old 
Madeira. 

Of our own colonies, Australia is the first in the 
race in the production of wines, although second in 
time to the Cape of Good Hope, and has had a choice 
variety of grapes, and a good method of cultivation 
and of manufacture. There were 272 specimens of 
full-bodied and light, white, and red wines exhibited 
at the International Exhibition at Sydney in 1872, in
cluding thirty-five from New South Wales, sixty from 
South Australia, and thirty-seven from Victoria, de
rived from well-known grapes, and having much of 
the character and quality of their European congeners. 
Thus there were Hermitage and Tokay, as well as Rous-
sette, Mataro, Gamai, Reisling, Chasselas, and Ver-
deilho. One grower in South Australia has, on a small 
farm of about 140 acres, a dozen kinds of vines, and 
produces excellent wines, but of a quality not to be 
exactly compared with the known vintage wines of 

D D 
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France, Germany, and Portugal. I t is probable that 
ere long it will be a great wine and brandy producing 
country, and give wines which, with a character of 
their own, will obtain a fixed place in our markets. 

The wines of the Cape of Good Hope have been 
known for some years by the Pontac, which is a forti
fied red wine, manufactured somewhat after the manner 
of Port, but differing from that wine in flavour. I t 
differs also from Port, inasmuch as it is perfectly 
fermented before being fortified with alcohol. Con-
stantia is also well known as a full-bodied and fine-
flavoured white wine; and others have been added 
of late years from Paarl, Drakenstein, Stellenbosch, 
and other wine-growing districts. In general char
acter they are generous and moderately strong; but 
the Sherry which has been imported into England 
for some years past has not been able to compete suc
cessfully in flavour and variety with that of Spain. 
Improvement both in the quality and cultivation of the 
grape, as well as in the manufacture of the wine, is 
required, and will doubtless be attained ; but the com
mercial condition of the colony has for many years 
been unfavourable to the development of any branch of 
trade. With renewed attention it may be expected 
that the class of wines to be produced will rather 
resemble those of Spain and Portugal than of France 
or Germany. 

The Americans have for some years been celebrated 
for the Catawba wine, which is produced on the banks of 
the Ohio and in Illinois, Indiana, Missouri and other 
Western States. The best known varieties of the grape 
growing there are the Iowa, Delaware, Diana, Catawba 
and Isabella. The sparkling wines which were exhibited 
at the International Exhibition were very good, and 
sustained the high reputati n which they have in their 
own country. 
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I t is, however, necessary to go further west in that 
great continent, and to reach the elevated and rocky 
districts of California in order to find a soil and climate 
perfectly adapted to the growth of the vine, and already 
there are large farms devoted to this product, one of which 
yielded 126,000 gallons and 40,000 bottles in one year. 
Over six millions of gallons of wine, and half a million 
of gallons of brandy, besides a great quantity of dried 
raisins, are produced annually. The production and 
profit per acre are enormous, and must attract capital 
and attention to that branch of industry. 

I t may, however, be a long time before the confidence 
of Europeans in the quality and purity of the American 
wine is obtained, but in the meantime there is an 
almost unlimited market in the United States itself. 

Wines are produced from a great variety of substances 
besides the fresh grape juice. 

One of the most recherche wines of the day, Tokay, 
is produced from raisins, as is also the Muscatel, and 
wines known as raisin wines. They are sweet and 
strong wines, and perhaps not adapted to daily use. 

The home-made wines of this country, such as the 
elderberry, ginger, orange, cowslip, and coltsfoot, need 
only to be mentioned, but it may be added that they are, 
with the exception of the first perhaps, weak wines, 
and require the addition of brandy. Palm wine is ob
tained in Central Africa by tapping the palm tree, and 
fermenting the exuded juices. The illustration on page 
405 represents an Indian palm so used. 

The factitious wines of Hamburg and the South of 
France have lately attracted much attention, and the 
more so that by the addition of a portion of genuine 
wine or the admixture of an inferior with a superior 
wine, or the manufacture of various ethers and colour
ing matters, it becomes more and more difficult to 

D D 2 
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detect their unreal character. The trade in them is 
very large whilst the variety which they manufacture is 
increasing yearly. 

Our space will not permit us to cite general obser
vations on the value of wine, but it may be interesting 
to extract a sentence from a curious jeu a"esprit published 
by John Groue ' at Furnival's Inn Gate in Holborne, 
1629,' in the form of a dialogue, entitled ' Wine, Beere, 
and Ale, together by the E a r e s : ' — 

• I, Wine, comfort and preserue; let that be my character. 
I am cosen-german to the blood; not so like in my appear
ance as I am in nature. I repaire the debilities of age, and 
reuiue the refrigerated spirits, exhilarate the heart, and Steele 
the brow with confidence.' 

Again:— 

' I am a companion for princes. I am sent for by the citizens, 
visited by the gallants, kist by the gentlewomen. I am their 
life, their genius^ the poeticall Fury, the Helicon of the Muses.' 

The action of wine upon any great vital function 
must depend upon the quantity consumed, and when 
only a glass is taken, which may contain from one 
quarter to half an ounce of alcohol the effect cannot be 
very marked. I t was, therefore, difficult in my experi
ments to determine the dose which would accord with 
the habits of the community, but it was at length de
termined to select three fluid ounces or a glassful and 
a half as a moderate dose to be taken on an empty 
stomach. (Phil. Trans., 1859, and No. 136.) 

In a great number of experiments three ounces of 
tolerably good Sherry taken alone caused an average 
increase of 0*19 and 0*3 grain of carbonic acid expired 
per minute in myself and of 0*926 and 0*21 grain per 
minute in my friend, with maxima of 0*36, 0*44, 1*44, 
and 0*82 grain per minute. On some occasions, how-
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No. 141. 

The Palmyra Palm (Boranus /iabelliformis), yielding Talm Wine. 



406 LIQUID FOODS. 

ever, there was a decrease in both of us which amounted 
to an average of 0*32 and 0*32 grain and maxima of 
0*52 and 0*9 grain. The quantity of air inspired at 
each inspiration, and the rate of respiration always fell, 
whilst the rate of pulsation was either increased or 
unchanged (No. 136). 

Whilst, therefore, the results were neither great nor 
uniform, the general tendency of such a dose was to in
crease the vital actions. 

The aromas of wines, which are attributed to volatile 
ethers of imperfectly known chemical nature, are 
greatly valued by wine drinkers, and developed by age. 
These, like the aroma of tea, may be a good guide 
when fixing the price in the market, but have little or 
no influence in wine drunk as a food, so that it became 
necessary to determine their effect apart from that of 
the other elements. This seemed possible only by in
halation, but that process caused an uneasy sensation 
in the lungs, and could not with propriety be continued 
beyond ten minutes at a time. Four ounces of the wine 
were placed in a Woolfe's bottle and frequently shook, 
so that the air which was drawn through the bottle 
might be charged with i t . 

The vapour of very fine old Port wine inspired during 
ten minutes at a time on five occasions within seventy 
minutes gave an average decrease in the quantity of 
carbonic acid evolved of 0*53 and 0*42 grain, and 
maxima of decrease of 0*87 and 0*58 grain per minute. 
The quantity of air inspired was decreased by 56 and 36 
cubic inches per minute. The rate of respiration was 
decreased in myself. A moderately pungent sensation 
was perceived in the larynx, and particularly when the 
wine was shaken. The wine in the bottle lost 40 grains 
weight and the sp. gr. was increased. Good Sherry 
wine with a bouquet, which was not persistent, and 
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which did not produce any irritation in the larynx, caused 
an average decrease in the quantity of carbonic acid 
evolved of 0*12 grain, and in the quantity of air of 
eight cubic inches per minute. The vapour exhaled was 
increased from 0*707 to 0*88 grain per 100 cubic inches 
of air (No. 136). 

The general result of a long course of experiments 
showed that Port and Sherry wines of good qualities 
somewhat increased the vital actions when taken by the 
stomach, whilst their aromas, when inhaled, lessened 
those actions. 

BEER AND PORTER. 

These fluids have been known in all nations, and 
in all times, and that which is like our own was 
appropriately called wine of barley by Theophrastus. 
They are usually prepared from a decoction of barley, 
to which "a proportion of hops is added, and by subse
quent fermentation and fining; but it is believed that 
hops were not used prior to the time of Henry VIII . 
The trade in beer has increased so marvellously within 
the last thirty years that it is now one of the largest in 
this country, and occupies a prominent position in the 
manufactured products of other countries, and while 
other nations eat their meat the English are said to 
drink it. Neither the process nor the product is iden
tically the same everywhere, but the following descrip
tion may suffice to give a sufficiently clear idea. 

The finest barley is grown in England, and particu
larly in Norfolk and Suffolk, where the weight of a 
bushel is 51 lbs. 100 volumes of such barley have been 
known to swell to 180 volumes after immersion in 
water; but this is greatly above the average, and the 
weight of 100 lbs. of dry barley becomes 147 lbs. after 
steeping. 
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Besides the component parts of barley already given, 
viz., starch, gluten, vegetable fibre, coagulated albu
men, sugar, gum, phosphate of lime, and water, there 
is a peculiar volatile oil which is produced on distilla
tion, and gives aroma to the beer. The female flowers 
of the hop have a yellow powder, which, on distillation, 
yields about 2 per cent, of another volatile oil, on which 
the flavour of the hop depends. I t also yields the 
bitter principle termed lupuline, to the extent of from 
8 to 12 per cent. Upon these two principles the chief 
value of the hop depends, and they are the most abun
dant in the hops of Kent. New hops, like new teas, 
have a larger proportion of volatile oil than old hops, 
and there is a strife amongst the growers to bring the 
earliest supply to the market. 

From these two substances, almost exclusively, beers 
are produced; but, before they are both used, it is 
necessary that the barley should be malted. This pro
cess is effected in the following manner. 

The barley is steeped from forty to sixty hours in a 
large cistern, in which the water is allowed to stand a 
few inches above the surface of the malt. The heavy and 
good barley sinks, whilst the light seeds remain at the 
surface and are skimmed away. During this period the 
grain imbibes about half its weight of water, and in
creases in volume by about one-fifth, whilst the skin 
becomes paler and the water yellower, and some car
bonic acid gas escapes. When the grain will shed its 
flour on pressure between the thumb and finger, it has 
been steeped sufficiently long to cause the process of 
germination to commence. The water is then drawn 
off, and the grain, having been washed, is laid in heaps 
on the couch-floor for twenty-four hours. Gradually, 
the grain becomes dry, and then warmer by 10°, whilst 
it gives out an agreeable odour. The sweating stage, 
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which induces germination, has now commenced, and 
the radicle sprouts, followed by the plumule. The 
greatest heat occurs in about ninety-six hours after 
removal from the bath, and the barley is now spread on 
the floor and turned over twice a day, to prevent too 
rapid germination. The grain loses about 5 per cent, in 
weight, whilst it absorbs oxygen and emits carbonic acid. 
The gluten and mucilage within the seed disappear, and 
the mass becomes friable and whiter, and the germi
nating process is completed within fourteen days, if the 
temperature be about 60°. The technical mode of 
determining this point is by the acrospire, or the 
growing-point, having reached the opposite end of the 
grain to that whence it sprang. The starch has become 
converted into sugar, precisely as when treated with 
diastase. 

The grain is then removed to the kiln, after having 
perceptibly lost its moisture, and is rapidly dried, which 
arrests germination, and enables the barley to be kept 
for future use. 

Hence, the whole process of malting consists in 
inducing germination in the seed, and in at length 
arresting it at the period when much of the starch has 
been converted into sugar. During the process the 
grain has lost 20 per cent, in weight, including the 
water in the natural seed, but the bulk has been 
increased by about 8 per cent. 

The dried grain is then crushed or very roughly 
ground in a mill, and is ready for use. 

The further process of mashing is partly physical and 
partly chemical. Thus it dissolves the sugar, and other 
soluble parts of the malt, whilst, by the aid of the 
diastase and gluten, it converts the remaining starch 
into sugar, gum, and dextrine, and by a temperature 
increasing from 157° to 160°, all the gum and dextrine 
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are transformed into sugar. 13 quarters of malt with 
2,400 gallons of water make 1,500 gallons of beer 
besides the mashed grains, which contain a large 
quantity of water, and are left after the liquor has been 
drawn off. Whilst the malt is thus macerated with the 
hot water, it should be constantly stirred. A portion 
of the water is first withdrawn, and then the malt, and 
after the wort has been drawn off in a clear state, a 
further quantity of hot water is added, and the operation 
of adding and withdrawing is performed thrice. The 
first quantity will be the best, and contains the largest 
amount of extract, whilst the second has usually half of 
the first, and the third half of the second. 

The weight of the first will be about 84 lbs. 
in a barrel over that of water; but the wort, when 
drawn off, is about 1*112, 1*091, and 1*031 specific 
gravity at the three drawings. The hops are added 
when the wort which has been drawn is put into the 
copper, and is at or near the boiling-point. For ordinary 
beer J lb. of hops to a bushel of malt is used, but for 
strong ale the quantity may be increased to -J lb. or 
even to 1 lb. per bushel. The effect of the hop is to 
coagulate the albuminous matter into the wort, and to 
convert the starch and hordeine into dextrine, whilst 
the tannin of the hop renders the gluten insoluble. 
By both means the beer is rendered fit for keeping, but 
the boiling must be continued for several hours, and 
the liquid will be concentrated by the loss of about one-
seventh of its weight. 

The boiling liquor is at length run into coolers 
through the hop-back, which strains out the hops, and 
the wort is cooled to 54° or 64° as rapidly as possible, 
whilst the liquid is thus further concentrated. 

I t is desirable that starch should not remain in the 
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wort, and if there be any it may be detected by adding a 
solution of iodine to it. The hotter it was when mashed, 
the less the hop, and the less time it was boiled, the 
more starch will remain. 

The next process is that of fermentation by the addi
tion of 1 gallon of yeast to 100 gallons of wort, during 
which a portion of the saccharine matter is converted 
into alcohol, but only a portion, for some must remain 
to prevent the acetous fermentation, and even the con
version of the alcohol into acid. The chemical change 
which occurs when sugar is entirely decomposed may 
be readily shown. Sugar is composed of C6 H14 07 , 
and those elements will produce 2 atoms of alcohol 
(C2 H 6 0 ) , 4 atoms of carbonic acid (C 02), and 2 atoms 
of water (H^ 0 ) . Some of the sugar is, however, not 
entirely decomposed, but is degraded by the removal 
of 4 atoms of oxygen and 4 of hydrogen to grape sugar 
and dextrine, which have the composition of starch. 
The temperature is kept at about 64° in winter and 55u 

in summer. The fermentation is active in six or eight 
hours, and carbonic acid gas is largely disengaged, and 
rises with the scum to the surface. The temperature 
at the highest point varies from 10° to 15°. During 
the process the beer is drawn off and cleansed. The 
quantity of yeast varies with the kind of ale, and is 
less as the temperature is high. 

Table beer contains about five per cent, of malt 
extract, and has a specific gravity of 1*025. Medium ales 
have a density of about 1*040, and seven per cent, of 
extract, whilst strong ales have a specific gravity of 1*050 
to 1*060. 

The colour of the beer depends upon the colour or 
drying of the malt and the duration of the boiling. 

The fining of the beer is a mechanical process, and is 
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best effected by means of isinglass, which being dissolved 
in water and added to the beer, combines with the tannin 
of the hops, and both together carry down the muddy 
particles. 

The following table, by Allen, shows the quantity of 
saccharine matter remaining in beers according to the 
specific gravity:— 

No. 142. 
Sp. Gr. of Sa 
the worts 

1-0700 . 
1-0780 . 
1*0829 . 
1-0862 . 
1*0918 . 
1*0950 . 
1*1002 . 
1*1025 . 
1*1030 . 
1-1092 . 
1*1130 . 

iccharine matter 
per barrel 

lbs. 
. 65*00 

73*75 
78*125 
80*625 
85*62 
88*75 
93*75 
95*93 
96*40 

. 102*187 
105*82 

Sp. Or. of 
the ale 

1-0285 . 
1-0280 . 
1-0205 . 
10236 . 
10420 . 
1*0500 . 
1-0400 
10420 . 
1-0271 . 
1-0302 
1*0352 . 

Saccharine matter 
per barrel 

lbs. 
. 25*00 
. 24*25 
. 16*87 
. 20*00 
. 38*42 
. 40-25 
. 36-25 
. 38*42 
. 23-42 
. 26*75 
. 31*87 

The quantity of alcohol which is present in beer dif
fers extremely, but it bears a relation to the amount of 
saccharine matter which was fermented in the brewing. 
Brande in his day found 4*20 per cent, of alcohol (specific 
gravity 0*825), in porter; 8*88 per cent, in ale; and 6*80 
per cent, in brown stout. At the present day there 
may be 7 to 10 per cent, in the strong East India pale 
ale, and 15 or 20 per cent, in many old home-brewed 
ales stored for private use ; but usually the amount 
varies from 5 to 7 per cent, in good ales, and may be 
only 1 to 3 per cent, in small beer. Hence, one pint 
of strong home-brewed ale may contain as much alcohol 
as is found in two bottles of good claret wine; but, as 
a general expression, a pint of strong ale is equal in 
that respect to a bottle of fairly good claret. 
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I t is well known that the quality of beer depends in 
some degree upon the water which is used in its pre
paration. That used by the Messrs. Allsopp contains 
29 grains of lime and magnesian sulphate and 17 grains 
of earthy constituents, whilst that at Messrs. Bass & 
Co.'s has no less than 54^ grains of sulphate of lime 
per gallon. 

The adulteration of beer is a subject too technical, 
and perhaps too large, to be discussed at length here. 
I t occurs almost exclusively at the retailer's, and has 
one of the following objects:—1. To increase the quan
t i ty ; 2. To give intoxicating power; 3. To increase 
the colour and flavour; 4. To create pungency and 
thirs t ; and 5. To revive old beer. The first is effected 
simply by adding water or a weaker beer, and has the 
effect of lowering the proportion of all the constituents 
and of lessening the flavour. The second is effected 
by adding tobacco or the seeds of the Cocculus indicus ; 
the third, by adding burnt sugar, liquorice or treacle, 
quassia instead of hops, coriander and carraway seeds ; 
the fourth, by the addition of cayenne pepper or com
mon salt; and the fifth, by shaking stale ale with green 
vitriol or alum and common salt. 

The effect of beers will necessarily vary both with 
their composition and the quantity which may be 
taken; but for experiment it is needful to select good 
standard qualities and a moderate dose, and in our 
experiments it was as follows :— 

Ten ounces, or half an imperial pint of good Dublin 
stout, gave an average increase of 0*85 and 0*81 grain, 
and maxima of increase of 1*56 and 1*02 grain of car
bonic acid per minute in the expired air. The quantity 
of air inspired was increased by 41 and 46 cubic inches 
per minute, whilst the rate of respiration varied some-
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what. The rate of pulsation was increased by 4 and 7 
beats per minute, and the depth of inspiration was in
creased by 1*6 cubic inch (No. 136). 

On other occasions the maximum increase in the quan
tity of carbonic acid evolved was 1*16 and 0*98 grain 
per minute. 

The same quantity of fine old Hertfordshire ale, which 
had become a little acid, gave an average increase of 
0*6 and 0*27 grain and maxima of 1*4 and 0*36 grain 
of carbonic acid per minute in the expired air. The 
volume of air inspired was increased by 60 cubic inches 
per minute. The rate of pulsation and respiration was 
scarcely changed (No. 136). 

Hence, we have in beer substances which in their 
action are very like good foods, although the amount of 
action is not equal to that produced from bread or milk. 

Various light beers had a less degree of influence, 
but the effect was in the same direction, and for a time 
they increased the vital actions. 

In the jeu oV'esprit, already referred to on p. 404, there 
are two stanzas of a song, in which are described cer
tain qualities of ale and beer as compared with wine. 

* Wine. I, iouiall Wine, exhilarate the heart. 
Beere. Marche-Beere is drinke for a king. 
Ale. But Ale, bonny Ale, with spice and a tost, 

In the morning's a daintie thing. 
Chorus. Then let vs be merry, wash sorrow away, 

Wine, Beere, and Ale shall be drunke to-day. 

Wine. I, generous Wine, am for the Court. 
Beere. The Citie calles for Beere. 
Ale. But Ale, bonny Ale, like a lord of the soyle, 

In the Countrey shall domineere. 
Chorus. Then let vs be merry, wash sorrow away, 

Wine, Beere, and Ale shall be drunke to-day.' 
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CIDER AND P E R R Y . 

These refreshing fluids, the ordinary drink of our 
forefathers, are prepared from the fermented juice of 
the apple and pear, and in their composition and in 
many of their properties are not unlike wines from the 
grape. They contain alcohol in proportions varying 
from 5 to 10 per cent., saccharine matter, lactic acid, 
and other products. 

The manufacture is very simple, and consists in crush
ing the apples with a roller, and straining the juice and 
pulp through sieves, which, after a short delay, is put 
into barrels for fermentation. 

They are drank very largely in the counties where 
they are made, as in Worcestershire, Gloucestershire, 
and Devonshire; and although new cider may be drunk 
in quantities of several pints without intoxication, older 
and better qualities are as intoxicating as good ale. 
WTien in prime condition they are sparkling, highly 
agreeable, and refreshing, but, without the tonic property 
of ale, and constitute, perhaps, no inconsiderable por
tion of the so-called champagne. Indeed, fine sparkling 
perry is a delicious beverage. 

I t is said that natural cider or perry will not keep 
if it be removed in cask after it has been prepared, 
and in order to fortify it to bear a journey in cask, 
it is common to add sugar. This so far injures it 
that it may renew the acetous fermentation, but it 
temporarily masks the acid flavour, and makes the fluid 
more agreeable to the palate of those not accustomed 
to its use. 

I t is the practice to give the labourers in the cider 
districts the large quantity of half a gallon or a gallon 
of cider daily, as a part of their wages ; but it cannot 
be recommended on the ground either of economy or 
morals. I t is said that rheumatism prevails where these 
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lactic acid beverages abound, and, on the other hand, 
that cases of calculi in the bladder are almost unknown. 

In my experiments on good bottled cider there was 
an increase in the carbonic acid evolved in respiration, 
as well as in the quantity of air inspired, very similar to 
that from a moderately good beer, but the effect was 
neither so great nor so enduring. The sense of 
warmth and comfort which followed the use of cider 
was not so great as from ale; but the results of the 
enquiry proved that the effect of good cider and perry 
is clearly that of a food, and nearly equal to that of 
beer. 

GINGER-BEER—TREACLE-BEER. 

These familiar refreshing beverages are agreeable, 
and so far useful; but they are food only in a very 
limited sense. They, however, contain about one per 
cent, of alcohol, a proportion sufficient to bring them 
under the rule of the Excise, if it were strictly en
forced. 

Other Fermented Liquors. 

Numerous preparations are made in various parts of 
the world which correspond in character with our 
spirits and beer. 

Quass is a beer made in Eussia from rye instead of 
barley. 

Chica is a beer used from time immemorial in South 
America, and is prepared chiefly from maize, but also 
from barley, rice, manioc, pine-apples, or grapes. 

Weissbier is made in Germany from a mixture of 
wheat and rye. 

Bouza is a fermented drink, which is prepared by 
the Arabians and Abyssinians from teff, the seeds of 
the Poa Abyssinica, and fr.om the seeds of some of the 
Sorghums or millets. 
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Marwa is a fermented liquor in use at Darjeeling 
and on the southern slopes of the Himalayas in India, 
of which 1 or 1J pint is drunk at a time. 

Honey wine is in constant use in Abyssinia. 
Fermented drinks are frequently made from milk, as 

Koumiss in Tartary, Leban in Arabia, Yaoust in Turkey, 
and sour milk in many parts of America, Ireland, 
Scotland, and the Northern Isles. 

Ava is prepared in the South Sea Islands, from the 
rhizome of Macropiper methysticum. 

A sweet beer is made from maize or millet in South 
Africa. 

In the preparation of some of these, the ferment used 
is the saliva, which, however disgusting to us, is very 
efficient. 

From the statement of the chemical effects of the 
various members of the class of alcohols, it has been 
shown that as foods, beers occupy the first place, then 
cider and perry, and then wines, and as they sustain 
and increase vital action, they must be allowed to be 
true foods. Of ardent spirits, rum alone exhibits, the 
action of a food, while gin, brandy, and whiskey, act 
as medicines by lessening vital action. But the whole 
class disturb the vital actions, and prevent a uniform 
course of change, and have much more the character 
of a medicine than a food, as was stated in my com
munication to the Royal Society already referred to. 

They however seem to exert actions other than 
chemical, and although not those of food alone, they 
are frequently associated with and go in aid of the 
influence of food. 

Thus, the tendency of all the class, but particularly 
of those members which abound in alcohol, is to lessen 
the action of, or, in other words, to dry the skin—a 

E E 
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tendency which is as marked as the effect of the spirit 
upon the sensorium and vital actions. Thus, the hands 
and feet, and the skin generally, become hot and dry, 
and an intoxicated man in a state of perspiration would 
be a lusus naturo?. 

With such an action (which, however, is universal 
in reference to the elimination of water from the body), 
other results must follow. The cooling of the body is 
lessened by the diminution in the quantity of fluid 
emitted by the skin, which is converted into vapour, 
with an enormous absorption of latent heat. The blood 
is diverted from the circumference towards the centres, 
so that the pulse becomes fuller and harder, and the 
liver and other large circulation-centres receive more 
blood. The tendency of both these effects is to increase 
vital processes, and therefore may be of the greatest 
service in a state of body in which such is needed, or of 
injury when not needed. 

The internal secretions are diminished, so that the 
larynx, mouth, and throat are dry, and the bowels con
stipated, and thus the tendency to congestion of the 
circulation-centres is increased, with beneficial or inju
rious tendencies according to the requirements of the 
system. 

The relation of these actions to food is such, that 
when they are required they cause a necessity for 
increased food, but when not required they lessen the 
necessity for food. The tendency of all food, but par
ticularly of animal food, is in the same direction, so 
that the skin is drier after than before dinner, other 
things being equal. 

The action upon the sensorium and nervous centres 
clearly depends upon the quantity of alcohol which 
is taken in a given time, other things being equal. 
When there is a perceptible effect, or an approach to it, 
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there is relaxation of the animal tissues, and particu
larly the muscles, so that contraction is less easily 
and fully effected. Where there are flat thin muscles, 
which act upon the skin, as of the forehead and face, 
their relaxation is shown by the falling of the features. 
The capability to continue exertion is also lessened, at 
least in the degree in which the readiness to make 
it is lessened. The direct tendency of alcohol is to 
diminish muscular power in a state of health, but 
indirectly it may have the contrary effect by im
proving the tone of the system through the appetite 
and digestion of food. In the state of body in which 
alcohol has reduced muscular contractility, all the 
vital actions temporarily languish; and so far the 
action of alcohol is opposed to foods, and it is not a 
food. The tendency to congestion of the blood centres 
is shown by the post-mortem state of such as are internal, 
and by the fulness of the vessels of the face and head, 
which gives the man's face an unusual redness, and the 
cock's comb a remarkable brightness, fulness, and 
redness. 

Whilst the food-action of beer and wine may be 
accounted for by their known nutritive elements, other 
than alcohol, which they contain, much difference of 
opinion exists as to the true action of alcohol itself, 
and the problem to be solved is whether it acts phy
sically or chemically. I t is presumed that the actions 
just described are physical in their character, as are 
also those upon food immersed in alcohol, or alcohol 
and water, when it is hardened and the process of 
digestion retarded; and if it be shown that alcohol, 
whilst in the system, is not transformed, and does 
not enter into new combinations, but leaves the body 
as it entered it, its action cannot be that of a food. 
Hence, the proof is diligently sought as to the trans-

E E 2 
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formation or non-transformation of alcohol in the 
system. Up to a comparatively recent period it was 
assumed that the alcohol was transformed within the 
system, and was therefore a food, yet it had been shown 
by Dr. Percy and others, that after alcohol had been 
given to rabbits, it was found unchanged in the brain 
and other internal organs after twenty-four or thirty-six 
hours—a fact opposed to the idea of change. 

MM. Lallemand, Perrin, and Duroy instituted 
special experiments, from which they showed that after 
alcohol had been administered it passed off by every 
outlet of the body for many hours, giving the reaction 
of alcohol or of aldehyde, and thence they thought 
that they had proved that it did not suffer any chemical 
change within the system. 

I repeated and enlarged these experiments, and found 
alcohol in the transpiration from the skin and lungs, 
and in the urine and faeces for more than twenty-four 
hours after taking 2 oz. of brandy in water ; all of 
which supported the conclusions of M. Lallemand. 

But it had not been proved by actual collection of 
the whole of the alcohol that none had been transformed, 
and the argument went only to the length of showing 
that some alcohol was eliminated by every outlet, and so 
continued for thirty-six hours, whilst after that period 
unchanged alcohol had been found by Dr. Percy in 
the brain and other organs. To collect all the products 
of respiration and perspiration for so long a period as 
thirty-six or forty-eight hours was a Herculean if not 
impossible task, and if collected it would be most dif
ficult so to isolate it as to measure and weigh it. Still 
it may not be impossible to effect this object by a suffi
ciently complete apparatus which should enclose the 
body and take account of the expired air. 

These experiments have been repeated by several 
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chemists, and some of them, as Dr. Dupre, have denied 
the inference drawn by M. Lallemand, because only a 
portion of the alcohol could be recovered; whilst others^ 
as M. Subbotin, whilst admitting the fact, denied tha t 
it proved that the remaining portion must be transformed 
and act as food. M. Subbotin experimented upon 
rabbits enclosed in a proper apparatus, and found that 
during the first five hours only about 2 per cent, was 
eliminated by the kidneys and 4 per cent, by the lungs 
and skin, whilst during twenty-four hours only 16 per 
cent, could be recovered. He, however, regarded it as 
essential that a food must aid in the transformation of 
living material, and he denied this power to alcohol. 

The determination of the question may in some part, 
at least, depend upon the meaning of words, and par
ticularly as to what is a food. I have given my 
definition of a food at the commencement of this work; 
but M. Yoit, to whom physiological chemistry owes 
so much, has given another, and one with which I 
cannot concur. He writes as follows :— 

' I do not agree entirely with Dr. Subbotin in his views on 
the importance of alcohol as a nutriment. I define a nutri
ment as a substance which is capable of furnishing to the 
body any of its necessary constituents or of preventing the 
removal of such constituents from the body. To the first 
class belong such substances as albumen (since it can be de
posited as such in the body), or fat or water or the mineral 
constituents of the body; to the second class belong such sub
stances as starch, which hinders the loss of fat from the body. 
If a nutriment is defined as a substance which by decom
position furnishes living force to the body, the definition 
would not be exhaustive, for it would exclude water and 
the mineral constituents of the body. Alcohol must, there
fore, to a certain extent, be regarded as a nutriment, since 
under its influence, fewer substances are decomposed in the 
body. It plays in this respect a similar (though quantita-
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tively very different) part to that of starch, which also pro
tects fat from decomposition and, when taken in excess, causes 
deposition of fat in the organs or fatty degeneration. If a 
part of the alcohol is decomposed in the body into lower forms 
of chemical combination it must give rise to living force, 
which either benefits the body in the form of heat or may 
perhaps be used for the performance of mechanical work; 
the same is true of acetic acid, which is also not to be con
sidered as an ultimate excretory product, and from which, 
therefore, in decomposition potential force passes into living 
force. 

It is another question, however, when we ask what import
ance alcohol has for us as a nutriment, and whether we take 
it in order to save fat from decomposition and furnish us with 
living force, in other words, to introduce a nutriment into the 
body. Since alcohol, when taken in considerable amount, 
causes disturbances in the processes of the animal economy, 
we cannot introduce it in quantities sufficient for nourishment 
as we do other nutriments, and in the amount which we can 
take without injury its importance as a nutriment is too 
small to be considered. In this point, then, I agree entirely 
with Dr. Subbotin; we use alcohol not on account of its im
portance as a nutriment, but on account of its effects as a 
stimulant or relish.' 

I t is quite t rue t h a t the definition given by M. Sub
botin is too restricted, and t h a t water is t ruly a food, 
but we cannot admit t h a t the claim of s tarch to be a 
food rests solely, or indeed in any considerable degree, 
on its power to restrain the consumption of fat, for 
surely the changes th rough which starch passes are 
accompanied a t every step by the production of heat 
whether i t forms sugar, which is directly emit ted as 
carbonic acid, or first produces fat. Moreover, a sub
stance which prevents the removal of the necessary 
constituents acts as a medicine—for in so preventing it 
developes no force—and not as a food. 
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The state of the argument is still very much as I 
put it in my communication to the Society of Arts, in 
1857, viz.: that whilst it is desirable to complete the proof 
by collecting all, or nearly all, the alcohol which was 
administered, the task is a Herculean if not an impos
sible one; for if it were practicable to collect all that 
was emitted within thirty-six hours—the largest period 
at which it has as yet been determined—and to deter
mine its nature in the smallest quantities, there would 
remain an amount within the body which, according to 
Dr. Percy, can be proved to be unchanged. To ask for 
so much proof is scarcely reasonable; and may we not 
add, from the analogy of other foods, that any large 
portion passing off unchanged is a strong argument that 
all is unchanged, and particularly when, after so long a 
period as nearly two days, some remains in the body 
unchanged ? If we enter on the consideration of the 
subject with the belief that it is a food, we may still 
think it possible that a portion may be transformed 
and act as a food when another portion was proved to 
be not transformed, but the probability is on the other 
side if we regard alcohol as a medicine. One of the 
deductions which Dr. Parkes has drawn from his expe
riments, is tha t the capillary circulation is increased by 
alcohol, because the vessels were fuller, and the tissues 
appeared more vascular; but, in my opinion, it was 
precisely the reverse, and whilst there was more blood 
in the capillaries there was less circulation. This is 
quite in accord with experiments which have shown 
that division of the sympathetic nerve caused congestion 
of the capillaries—that is to say, fulness of the vessels 
with little circulation; and it cannot be doubted that 
this action of alcohol is chiefly upon the sympathetic 
system, and lessens its influence. There is for a time 
increased fulness of the pulse, because it is due to 
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increase of the vis a tergo, t h a t is to say, to lessened 
capillary circulation, whilst, a t the same t ime, the action 
of the hear t itself is irritable and unsteady. 

I t has been popularly believed t h a t the dr inking of 
alcohols was peculiar to man, but there is every reason 
to believe t ha t the brute may descend to t he level 
of man and acquire a taste for them. Thus the horse 
enjoys ale with oatmeal and water , dr inking it to the 
last d r o p ; and experiments recently made show t h a t 
the common fowl soon acquires a tas te for it, which is 
followed by congestion of the comb, deterioration of the 
vital processes, and death within about two months . 

Other examples of this kind are cited by Dr . B . W. 
Richardson, in a very agreeably wri t ten article in t h e 
' P o p u l a r Science Review' for April , 1872 ; and as I 
concur in much tha t he has therein s tated, I will 
transcribe his conclusions :— 

* 1. In the first place we gather from the physiological read
ing of the action of alcohol that the agent is a narcotic. I 
have compared it throughout to chloroform, and the compa
rison is good in all respects save one, viz., that alcohol is less 
fatal than chloroform as an immediate destroyer. I t kills 
certainly in its own way to the extent, according to Dr. De 
Marmond, of fifty thousand persons a year in England, and 
ten thousand a year in Russia, but its method of killing is 
slow, indirect, and by painful disease. 

2. The well-proven fact that alcohol, when it is taken into 
the body, reduces the animal temperature, is full of the most 
important suggestions. The fact shows that alcohol does not 
in any sense act as a supplier of vital heat, as is so commonly 
supposed, and that it does not prevent the loss of heat as 
those imagine " who take just a drop to keep out the cold." 
It shows, on the contrary, that cold and alcohol in their effects 
on the body ran closely together, an opinion more fully con
firmed by the experience of those who live or travel in cold 
regions of the earth. The experiences of the Arctic voyagers, 
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of the leaders of the great Napoleonic campaign in Russia, 
of the good monks of St. Bernard, all testify that death from 
cold is accelerated by its ally alcohol. Experiments with alcohol 
in extreme cold tell the like story, while the chilliness of body 
which succeeds upon even a moderate excess of alcoholic 
indulgence leads direct to the same indication of truth. 

3. The conclusive evidence now in our possession that 
alcohol taken into the animal body sets free the heart, so as 
to cause the excess of motion of which the record has been 
given above, is proof that the heart, under the frequent in
fluence of alcohol, must undergo deleterious change of struc
ture. It may, indeed, be admitted in proper fairness, that 
when the heart is passing through this rapid movement it is 
working under less pressure than when its movements are 
slow and natural; and this allowance must needs be made, or 
the inference would be that the organ ought to stop at once 
in function by the excess of strain put upon it. At the same 
time the excess of motion is unquestionably injurious to the 
heart and to the body at large: it subjects the body in all its 
parts to irregularity of supply of blood; it subjects the heart 
to the same injurious influence; it weakens and, as a necessary 
sequence, degrades both the body and the heart. 

4. Speaking honestly, I cannot, by any argument yet pre
sented to me, admit the alcohols by any sign that should 
distinguish them from other chemical substances of the ex
citing and depressing narcotic class. When it is physiologi
cally understood that what is called stimulation or excitement 
is, in absolute fact, a relaxation, I had nearly said a paralysis, 
of one of the most important mechanisms in the animal body 
—the minute, resisting, compensating circulation—we grasp 
quickly the error in respect to the action of stimulants in 
which we have been educated, and obtain a clear solution of 
the well-known experience that all excitement, all passion, 
leaves, after its departure, lowness of heart, depression of mind, 
sadness of spirit. We learn, then, in respect to alcohol, that 
the temporary excitement it produces is at the expense of the 
animal force, and that the ideas of its being necessary to resort 
to it, that it may lift up the forces of the animal body into 
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true and firm and even activity, or that it may add something 
useful to the living tissues, are errors as solemn as they are 
widely disseminated. In the scientific education of the people 
no fact is more deserving of special comment than this fact, 
that excitement is wasted force, the running down of the 
animal mechanism before it has served out its time of 
motion. 

5. I t will be said that alcohol cheers the weary, and that to 
take a little wine for the stomach's sake is one of those lessons 
that comes from the deep recesses of human nature. I am 
not so obstinate as to deny this argument. There are times 
in the life of man when the heart is oppressed, when the re
sistance to its motion is excessive, and when blood flows 
languidly to the centres of life, nervous and muscular. In 
these moments alcohol cheers. I t lets loose the heart from its 
oppression, it lets flow a brisker current of blood into the 
failing organs ; it aids nutritive changes, and altogether is of 
temporary service to man. So far alcohol is good, and if its 
use could be limited to this one action, this one purpose, it 
would be amongst the most excellent gifts of nature to man
kind. Unhappily, the border line between this use and the 
abuse of it, the temptation to extend beyond the use, the 
habit to apply the use when it is not wanted as readily as 
when it is wanted, overbalance, in the multitude of men, the 
temporary value that attaches truly to alcohol as a physiologi
cal agent. Hence alcohol becomes a dangerous instrument 
even in the hands of the strong and wise, a murderous instru
ment in the hands of the foolish and weak. Used too frequently, 
used too excessively, the agent that in moderation cheers the 
failing body, relaxes its parts too extremely; spoils vital organs; 
makes the course of the circulation slow, imperfect, irregular; 
suggests the call for more stimulation; tempts to renewal 
of the evil, and ruins the mechanism of the healthy animal 
before its hour for ruin, by natural decay, should be at all 
near. 

6. I t is assumed by most persons that alcohol gives strength, 
and we hear feeble persons saying daily that they are being 
kept up by stimulants, This means actually that they aro 
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being kept down, but the sensation they derive from the im
mediate action of the stimulant deceives them and leads them 
to attribute lasting good to what, in the large majority of cases, 
is persistent evil. The evidence is all-perfect that alcohol gives 
no potential power to brain or muscle. During the first stage 
of its action it may enable a wearied or feeble organism to do 
brisk work for a short time; it may make the mind briefly 
brilliant; it may excite muscle to quick action, but it does 
nothing at its own cost, fills up nothing it has destroyed as 
it leads to destruction. A fire makes a brilliant sight, but it 
leaves a desolation; and thus with alcohol. 

On the muscular force the very slightest excess of alcoholic 
influence is injurious. I find by measuring the power of 
muscle for contraction in the natural state and under alcohol, 
that so soon as there is a distinct indication of muscular dis
turbance, there is also indication of muscular failure, and if I 
wished, by scientific experiment, to spoil for work the most 
perfect specimen of a working animal, say a horse, without 
inflicting mechanical injury, I could choose no better agent 
for the purpose of the experiment than alcohol. But alas ! 
the readiness with which strong well-built men slip into 
general paralysis under the continued influence of this false 
support, attests how unnecessary it were to put a lower animal 
to the proof of an experiment. The experiment is a custom, 
and man is the subject. 

7. I t may be urged that men take alcohol, nevertheless, 
take it freely and yet live; that the adult Swede drinks his 
average cup of twenty-five gallons of alcohol per year and yet 
remains on the face of the earth. I admit force even in this 
argument, for I know that under the persistent use of alcohol 
there is a secondary provision for the continuance of life. In 
the confirmed alcoholic the alcohol is in a certain sense so 
disposed of that it fits, as it were, the body for a long season, 
nay, becomes part of i t ; and yet it is silently doing its fatal 
work: aU the organs of the body are slowly being brought 
into a state of adaptation to receive it and to dispose of i t ; 
but in that very preparation they are themselves undergoing 
physical changes tending to the destruction of their function 
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and to perversion of their structure. Thus, the origin of 
alcoholic phthisis, of cirrhosis of the liver, of degeneration of 
the kidney, of disease of the membranes of the brain, of disease 
of the substance of the brain and spinal cord, of degeneration 
of the heart, and of all those varied modifications of organic 
parts which the dissector of the human subject so soon learns 
to observe—almost without concern, and certainly without 
anything more than commonplace curiosity—as the devasta
tions incident to alcoholic indulgence. Thus, the origin of 
such a Report as that of Mr. Everrett on the Census of America 
in 1860, related by Dr. De Marmon in the * New York Medical 
Journal' for December 1870:— 

" For the last ten years the use of spirits has—1. Imposed 
on the nation a direct expense of 600,000,000 dollars. 2. Has 
caused an indirect expense of 600,000,000 dollars. 3. Has 
destroyed 300,000 lives. 4. Has sent 100,000 children to the 
poorhouses. 5. Has committed at least 150,000 people into 
prisons and workhouses. 6. Has made at least 1,000 insane. 
7. Has determined at least 2,000 suicides. 8. Has caused the 
loss, by fire or violence, of at least 10,000,000 dollars' worth 
of property. 9. Has made 200,000 widows and 1,000,000 
orphans."' 

I t seems desirable before concluding our observations 
on this subject, to refer for a moment to t h e contras t in 
the action of alcohol, and alcohols on the one hand and 
of tea and coffee on the other. The leading action of 
alcohol is as a narcotic upon the sympathet ic nervous 
system, whilst t h a t of tea and coffee is as an excitant 
upon the cerebro-spinal and part icularly the respiratory 
system, whilst the action upon the cerebrum of the one 
is directly opposed to t h a t of the other. As this ques
t ion has remained unchanged since the period of my 
experiments in 1858, I will quote the conclusions at 
which I arrived, from the ' Philosophical Transactions' 
for 1859:— 
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{Abstract of the Effects of Alcohols. 
11. That the presence of alcohol, being one amongst many 

elements, and that one varying greatly in quantity, is an in
sufficient ground for classification, and does not give a common 
action to the members of this class. 

2. The direct action of pure alcohol was much more to 
increase than to lessen the respiratory changes, and sometimes 
the former effect was well pronounced. Small doses repeated 
had a more uniform and persistent effect than would have 
followed the administration of the whole at once. The indirect 
action, as, for example, in lessening the appetite for food, and 
the mode of its action, I have not investigated. 

3. Brandy, whiskey, and gin, and particularly the latter, 
almost always lessened the respiratory changes recorded, whilst 
rum as commonly increased them. Rum and milk had a very 
pronounced and persistent action, and there was no effect upon 
the sensorium. Ale and porter always increased them, whilst 
sherry wine lessened the quantity of air inspired, but slightly 
increased the carbonic acid evolved. 

4. The volatile elements of alcohol, gin, rum, and sherry 
and port wine, when inhaled, lessened the quantity of carbonic 
acid exhaled, and usually lessened the quantity of air inhaled. 
The effect of fine old port wine was very decided and uniform ; 
and it is known that wines and spirits improve in aroma and 
become weaker in alcohol by age. The excito-respiratory 
action of rum is probably not due to its volatile elements. 

5. The quantity of vapour exhaled from the lungs was 
increased during the inhalation of the volatile elements of 
wines and spirits, without the quantity of air having increased. 
When gin was drunk, the quantity of vapour in the expired 
air was lessened, whilst it wa3 increased under the influence 
of alcohol, in about the same degree as during the inhalation 
of that substance. Hence the exhalation of vapour and car
bonic acid are not parallel acts. 

6. The rate of respiration was in almost all instances lessened 
in both of us, whilst that of pulsation was as constantly in
creased in myself, but not in Mr. Moul. 
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7. The relation between the quantity of carbonic acid ex
pired and the volume of air inspired was usually increased at 
the period of maximum influence. 

8. The variation in the results was greater than the statement 
of the average and maximum effects indicates, as may be seen 
in the Tables and Plates. 

The general effects upon the system of these substances may 
be thus epitomised :— 

1. There is not an exact correspondence in time and intensity 
of the effects upon consciousness, sensibility, and respiration, 
and their principal influence is not upon the respiratory function. 
They disturb the vital actions. 

2. There were two sets of effects in each of the enquiries on 
spirits. 

A. The early effects, consisting of— 
Lessened consciousness, with cloudiness, swimming or 

giddiness, beginning in less than 10 minutes, and 
increasing during about 30 minutes. 

Lessened sensibility to light, sound, and touch. 
Wavy or buzzing sensation passing through the whole 

body; and a semi-cataleptic state, in which there 
was indisposition to move any part of the body from 
the then existing position. 

These occurred at the same period as : 
Lessened voluntary muscular power and control, with 

sensation of stiffness and hanging of the upper lip, 
and stiffness of the face and forehead, beginning in 
8 minutes, and continuing about 45 minutes. The 
dartos was relaxed, and the erector penis and the 
sphincter of the bladder were rendered less effective. 
The action of the heart and arteries was increased, as 
was that of the muscles of inspiration, with a sen
sation of sudden and forcible action, to a greater 
degree than the quantity of air inspired accounted 
for. There was certainly a difference in the effect 
upon the muscles subject to, and not subject to, 
volition. 

Lessened transpiration of vapour from the lungs 
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during -J to 1 hour, with dryness of the skin (as if 
it had been induced by an east wind), and particu
larly with rum. Increased arterial action near to 
the surface in 8 minutes, with heat, tingling and 
swelling of the skin, and a dry state of the whole 
mouth, with whiskey; and dryness, redness, and 
soreness of the tip of the tongue with rum. 

Pleasant dreaminess and talkativeness, particularly 
with rum, in 13 to 15 minutes. 

B. The later effects. 
Taciturnity in from 18 to 80 minutes, followed by de

pression and a miserable feeling in from 60 to 90 
minutes. 

Sensation of cold often occurred suddenly and apart 
from the temperature of the air in about 50 minutes. 

The principal influence over consciousness and sensi
bility was often lessened suddenly, and the effects of 
the alcohol nearly disappeared at the following 
periods : 71 to 73 minutes with alcohol; 43 to 120 
minutes with rum; 66 to 84 minutes with whiskey; 
46 to 80 minutes with brandy, and 68 minutes with 
gin. 

1. That tea, coffee, chicory and cocoa are respiratory exci
tants, whilst coffee leaves depress the respiratory function. 

2. The uniformity in the direction of the results is exceed
ingly striking, whilst the degree of influence is to a certain 
extent variable. 

3. Tea is the most powerful, then coffee and cocoa, and 
lastly, chicory. 

4. The rate of respiration was sometimes a little increased 
and at others a little decreased, but the depth of inspiration 
was always largely increased. The rate of pulsation was 
usually slightly increased. 

5. With the addition of an acid the effect was somewhat 
lessened, and the rate of both functions was increased to a 
greater degree than with tea alone. 

6. The addition of an alkali also lessened the effect of tea, 
and a fixed alkali totally destroyed its influence. 
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7. The action of acids and alkalies varies with the state of 
the system and in different persons. 

8. The addition of sugar and milk in the ordinary way in
creased the effect. 

9. Small doses of tea, frequently repeated, have much 
greater effect than the total quantity taken at once. 

10. Cold tea, and tea infused and kept 24 hours, has as 
much effect as when hot and recently made. 

11. Green tea has somewhat more influence than black tea, 
and particularly in lessening the rate and increasing the depth 
of respiration. 

12. The proportion of the carbonic acid to the quantity of 
air inspired was always increased at the period of maximum 
influence. 

13. Mr. Moul experienced much greater effect from tea than 
myself. He is exceedingly fond of tea, is not fond of coffee, 
and dislikes acids, and in the above experiments the results 
corresponded. 

14. The influence of both tea and coffee is exerted almost 
immediately, viz., in 5 minutes, and the maximum is attained in 
from 25 to 60 minutes. The duration varies from 1 to 2 hours. 
In all these particulars there is a variation in different persons. 

15. With tea we frequently found nausea in 10 minutes, 
and sometimes to a very unpleasant degree, but it left in 10 or 
15 minutes. There was also a soothing or narcotic effect at 
first on several occasions, and when it had been taken with an 
alkali this effect was continued to the end; whilst on the other 
hand the influence was more stimulating with the acid. There 
was great freedom of inspiration, and sometimes of expiration 
also, in about 40 to 70 minutes, and with this there was a 
feeling of lightness and clearness. The pulse was always soft, 
and the skin moist or soft. 

16. With coffee there was no nausea or soothing; the pulse 
was sometimes feeble, and the pulsation in the head and hands 
more perceptible. There was often an uncomfortable sensation 
in the small intestines and forcing at the rectum, and not un
frequently a sense of constriction about the diaphragm in from 
16 to 40 minutes. There was more action upon the kidneys 
than with tea. The skin was often hot and dry.' 
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I cannot, perhaps, close this account of the action 
of alcohol, and the popular belief in the antidotal effect 
of tea, better than by the following amusing incident 
which occurred at Worship Street, one of the Metro
politan Police Courts :— 

WORSHIP STREET. 

1 Henry Bass, a middle-aged country gentleman, who bore 
most unequivocal marks of having been off his perpendicular, 
was charged before Mr. Knox with drunkenness, but not dis
orderly conduct. 

The police having proved the offence, 
Mr. Knox asked : Well, Mr. Bass, are you sober now ? 
Defendant: Thank you, sir, very. 
Constable : The gentleman was very bad ; but I think that 

he is pretty right now. 
Defendant: What you say is very correct. I was bad, but 

I am right now—quite r ight; in fact, all right. (Oscillating 
slightly.) 

Mr. Knox : Indeed, I doubt it. 
Defendant: Oh, I assure you I am perfectly compo. The 

fact is, I travelled 100 miles yesterday by train, and after
wards took some ale—pale ale; it had an undue and corrupt 
influence on my system for a time certainly, but what you 
object to now is not proceeding from that. No, it's the roll of 
the carriage in me, not the ale. 

Mr. Knox: I hope not. 
Defendant: Thank you, sir. 
Mr. Knox: But I fear that to part with you at present 

would be subjecting you to robbery; therefore the constable 
will take 

Defendant (imploringly) : No, no, don't lock me up ; let 
me go home—pray do. 

Mr. Knox: I don't purpose locking you up. I wish to save 
you from being robbed, and to restore you to your friends. 

Defendant: Thank you; yes, save me from my—no, send 
me to my friends. 

F F 



434 LIQUID FOODS 

Mr. Knox: The constable will see that you have some 
strong tea and 

Defendant (approvingly) : That's it—that's i t ; tea is the 
thing—better than ale, ain't it, eh ? 

Mr. Knox: With a little rest afterwards, and then—let me 
see, I presume I may give a despotic order in this instance— 
then, constable, have a cab, and see him safe to the train. 

Defendant (highly pleased) : That's it—that's it—tea, rest, 
and train. That's it—just the thing. 

Mr. Knox: In fact, constable, take care of the gentleman 
till he's safely off. 

Constable: I will, sir. 
Defendant: Yes, he shall. I'll make him. 
Mr. Knox: I dare say he has plenty of money, and will 

defray expenses. 
Defendant: Yes, yes; I'll defray anything, only don't con

fine me—because I want to get home—come along. Saying 
which Mr. Bass moved off, but quickly returning, addressed 
the magistrate in a grandiloquent manner: Allow me to re
turn you my thanks, sir, for the sympathy you have shown in 
my most painful position, and to—to—wish you good day ; 
after which this quaint individual left the office as steadily 
as the influence occasioned by the roll of the carriage would 
permit.' 



PART III. 

GASEOUS FOODS. 

CHAPTER X X X V n . 

ATMOSPHERIC AIR. 

W E have now arrived at the concluding subject of our 
work, and although some of those which have preceded 
have not been devoid of difficulty or controversy, perhaps 
this exceeds them all in one or both of those particulars. 

There is an analogy between air and water as to their 
relative composition, for both may be produced from 
the combination of only two gases, and yet such pro
ducts are not found in nature. Both, in like manner, 
have other component parts, which some call impurities, 
but which are so far essential to their constitution that 
they cannot be obtained for the use of man without 
them; and in both the quantity of these additional 
matters, and not their presence or absence, is the pre
sent test of pure and impure air aud water; or, as it 
would be much less unsatisfactory to say, of normal and 
abnormal air and water. 

We are commonly in the habit of thinking and 
speaking of the air that we breathe, as if it were always 

F F 2 
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the same, and could be described by a set phrase, 
whereas it varies with every hour of the day, every 
change of temperature and atmospheric pressure, every 
change of the wind and season, every degree of latitude 
and longitude, and with a hundred other circumstances. 
I t is as unexact to imagine a gallon of air or a gallon of 
water to have a fixed composition, as to describe the 
characteristics of men and women, or of nations, by a 
phrase. We can obtain in that manner only a general 
and not a. particular idea. 

As a general expression, it may be stated that the at
mosphere is mainly composed of two gases, with watery 
vapour, whilst there are other gases, and some solid 
particles; but for particular ideas we must know the state 
in which the two principal components are found at a 
given moment, and the quantity of the vapour, under 
exact conditions of elevation, temperature, and baro
metric pressure, as well as the quantity of additional 
gaseous and solid matters in a given locality, besides 
various electrical and magnetical conditions. As, how
ever, this is not a work on Physics or Chemistry, it 
would be out of our province to attempt to write a 
complete description of the atmosphere, and we must 
limit our observations to such questions as bear upon 
the use of air as a food. 

Atmospheric air, at a temperature of 60°, and with the 
barometer at 30 inches^ contains in every 100 parts by 
volume about 21 of oxygen and nearly 89 of nitrogen. 
Those gases are not combined as oxygen and hydrogen 
combine to form water, but are simply mixed together; 
and although various influences tend to mix them so 
perfectly that the proportion in a given volume at 
different places is nearly the same, it is not absolutely 
so, and one of the gases may, with the greatest ease, be 
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abstracted from the other. I t will, therefore, be 
inferred that the proportions will be the least uniform 
where the causes which abstract one of them are the 
most operative, and where such modified air is the least 
mixed by the aid of the winds with air of a more normal 
type. 

But where shall we look for such conditions? In 
towns there is the process of respiration in man and 
animals, by which oxygen is absorbed from the air, and 
carbonic acid, (or carbon and oxygen combined) given to 
the air, and the production of light and heat from every 
kind of fuel, by which oxygen is abstracted and various 
gases, containing or not containing oxygen, added to it, 
besides a thousand operations in manufactures, all of 
which have the same general action. Thus, in towns 
we look for a diminished proportion of oxygen. 

In the country, vegetables have the property of 
absorbing nitrogen, and thus leave the oxygen relatively 
in excess, whilst, at the same time, they eat or drink 
the carbonic acid, and convert both it and nitrogen 
into their own substance. Moreover, the proportion of 
oxygen is further increased by the decomposition of a 
part of the carbonic acid, under the influence of sun
light. Hence, in reference to country localities, so far as 
there is a difference between them and towns in the 
abstraction of oxygen will there be an excess of oxygen; 
and, moreover, the country removes some of the useless 
or injurious gases which were supplied by towns. 

This description is, however, apt to give a wider 
difference to the characters of the atmosphere in town 
and country than actually exists, for the country is not 
devoid of animals which respire, or of fuel which con
sumes oxygen; and the spaces between towns in our 
little island are generally so small that it is not easy to 
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say where country begins, and town or village ends. 
But when we have in our view the great expanse of 
the ocean, covering two-thirds of the whole globe, great 
tracts of sandy desert, immense ranges of mountains, 
bearing practically neither animals nor vegetables, and 
certain great moorland tracts, where the proportion of 
animal to vegetable life is a mere vanishing-point, we 
observe that there are great masses of air, where the 
conditions which abstract oxygen and nitrogen are 
insignificant, and to utilise which it is only requisite 
to mix the smaller quantity of changed air with it to 
reduce the change to a minimum. 

Hence, arises the desirability of man seeking locali
ties where the change is small, and the absolute necessity 
of those agencies which carry the deteriorated air of 
towns to the country, and the whole to the sea, and of 
bringing back the unchanged air from the great stores 
to supply its place. 

I t is clear, that if a given composition of the atmo
sphere be essential to the health of man, the necessity 
for a great store of normal air, on the one hand, and 
the replacement of abnormal by normal air, on the 
other, are equally essential. Sea and mountain air must 
be brought to the homes of men, and the air of towns 
carried far out to sea. 

The necessity for oxygen as a food is absolute and 
unintermittent. When the mixed gases of the atmo
sphere are received into the lungs, a portion is absorbed 
by the blood, and the oxygen combines with the carbon, 
nitrogen, and hydrogen of food, and in all the vital 
processes, to form compounds, which may be called 
generally carbonates, nitrates, and hydrates. Some of 
the compounds remain for a time in the body, and form 
a part of its substance, but a far greater proportion, after 
producing heat, leave the body as water and carbonic 
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acid, or other compounds, and are called excreta. The 
body is a great oxidising apparatus, by which it sustains 
its bulk, produces heat, and modifies the composition of 
the atmosphere; and when it has cast off that which, 
having been used, is no longer useful to it, it not only 
deteriorates the atmosphere, but renders it impure. I t 
is not too general an expression to say that every 
thought and act of man, as well as every action 
within his body, is accompanied by the consumption of 
oxygen and deterioration of the surrounding air. 

Nitrogen is believed to play the part of a diluent 
only, and not to sustain or enter into any chemical com
binations within the body, and is, in fact, the water in 
the glass of toddy. WTien it has conveyed the oxygen 
into the blood, and has removed the carbonic acid and 
other gases and vapours which are no longer needed, 
it is itself excluded, and must be discharged from 
further duty until it has detached itself from the new 
materials with which it has become associated. 

But as the normal dilution of the oxygen is desirable, 
lest the action of the latter should be too violent, it is 
necessary that the abstraction of nitrogen, when the air is 
purified, should not be carried too far, and hence, in its 
negative character, it plays an important role, and must 
not be too much undervalued. At the same time there 
is a tolerating power in the body, by which variations, 
in the proportion of the diluent, do not cause immediate 
mischief. Nay, for a time, pure oxygen may be in
spired, and although, by so doing, the amount of vital 
action is unduly increased, it is not increased at the 
five-fold rate in which it is supplied. 

Experiments in the inhalation of pure oxygen by 
animals, and even by man, have been very numerous, 
and in me the effect was to increase the vital changes 
by about 10 per cent. When the air was mixed with 
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a larger proportion of oxygen than is natural to it, it 
increased the carbonic acid expired in proportion to the 
quantity of oxygen inspired. 

I t is also possible to replace nitrogen by another gas, 
and thereby to retain the normal proportion of oxygen, 
but this could be tolerated for only a very short period. 
Thus, in my experiments, when hydrogen and oxygen 
were mixed together in the normal proportion of 
nitrogen and oxygen, the effect was very similar to that 
of common air. 

I t is needful to add, that such an experiment is not 
unattended with danger, for if the combined gases were 
ignited, an explosion, followed by fatal consequences, 
would result. 

The important question then arises at what point is 
the oxygen of the air so reduced in quantity as to im
pede vital changes, and thereby diminish nutrition. 

This has not been satisfactorily ascertained. There 
can be no doubt that when the proportion by weight 
is reduced to 20*7, air-privation has made much pro
gress. 

If we then take as our maximum standard of healthy 
air-feeding that the proportion of oxygen in 100 cubic 
inches of air shall be 21, we may proceed to consider 
the effect of those agencies which vary the bulk of 
the air, and thereby the quantity of each element 
viz., temperature and barometric pressure. 

1. As to Temperature. 

I t is established that temperature increases the vo
lume of a gas in the proportion of -^T of its bulk at 
32° for every degree of temperature. 

The proportion of oxygen and nitrogen at 60° is that 
which is, perhaps, the most commonly respired within 



ATMOSPHERIC AIR. 441 

doors, as the temperature indicated is that which we 
endeavour to maintain there. In summer weather, how
ever, the temperature is often 80°, when 100 volumes at 
60° become 104*07 volumes; or, to put the subject in 
the more practical light, 100 volumes at 80° contain an 
amount of oxygen equal only to 20*16 per cent., as 
compared with 21*0 per cent, at 60°. In India, and 
other Eastern climes, the temperature is frequently 90°, 
and sometimes 95° in the shade, when 100 cubic inches 
of air at 60° would increase to 106*11 and 107*13 cubic 
inches, and the proportion of oxygen would be lessened, 
so that it would be 19*79 and 19*60 per cent., as com
pared with 21*0 at 60°. 

Hence it follows, that if the standard quantity be 
necessary at 60°, the body with the higher temperature 
would require less, or vital actions which are required 
must languish, or the amount of air inspired must be 
greater. Experiments have shown that the two former 
propositions are correct, and that, under these circum
stances, less heat is required, and less exertion is made, 
so that less oxygen is consumed, whilst there is, at the 
same time, a sense of languor, which implies that the 
body is not so vigorous, or the vital actions performed 
so fully as is desirable. 

This was well shown by an experiment, which has 
been already referred to at page 11, by which it was 
proved that with sudden increase of heat, as well as 
with the slower increase with the seasons of the year, 
the quantity of carbonic acid, or the product, and there
fore a measure of vital changes was greatly reduced. 

On the other hand, with the temperature reduced to 
the freezing point (32° F.), 100 volumes of air at 60° 
become only 94*3, and the oxygen at 32° is increased to 
an amount equal to 22*27 per cent, instead of 21 per 
cent, at 60°. But in North America, and the Arctic and 
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Antarctic regions, a temperature of 50° below zero is 
not uncommon in the winter season, and then the 100 
cubic inches at 60° become only 77*6 cubic inches, and 
the oxygen is increased to an amount equal to 27*06 per 
cent., as compared with 21* per cent, at 60°. 

With such a temperature, the contrary expectations 
will be realised: for there is greater necessity for heat, 
greater activity of vital functions and muscular organs, 
and a greater consumption of oxygen. In this extreme, 
also, we find the body tending to defective vital action, 
as is shown by the torpidity which is experienced 
when the temperature is reduced to so low a degree. 

2. As to Pressure. 

The effect of the pressure of the atmosphere is such, 
that the air expands in a geometrical ratio as the height 
increases in arithmetical ratio, so that 100 volumes of 
air at the sea level become by expansion 200 at an 
elevation of 3 to 4 miles. The height of the column of 
mercury in the barometer may be said to be 30 inches 
a t the sea level in this latitude, and the variations 
rarely exceed 1 inch each way, viz., 2 inches from 29 to 
31 inches. 100 cubic inches of air under a pressure of 
30 inches of mercury became 96*8 cubic inches at 31 
inches, and 103*45cubic inches at 29 inches; so that, as 
a general expression, it may be stated, that there is an 
increase or decrease of 0*345 cubic inch for every 10th 
of a degree. 

With the barometer at 31 inches the amount of 
oxygen in 100 cubic inches will be equal per cent, to 
21*7, as compared with 21 per cent, at 30 inches, whilst 
it will be 20*3 at 29 inches, with the same basis of 
comparison. 
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This action may intensify or oppose the corresponding 
action from temperature, so that with a falling barometer 
and increasing temperature the quantity of oxygen 
diminishes more than when there is increasing tempe
rature and increasing pressure, and when this occurs at 
a very hot season, and particularly in hot climates, when 
sudden and violent storms are accompanied or imme
diately preceded by a great fall of the barometer with 
high temperature, and the limits of endurance by the 
body are nearly attained, the conjunction of both 
influences may induce absolute air-starvation. 

There is also a physical action from atmospheric 
pressure by which the fluids of the body are unduly 
retained or rapidly emitted, which has an indirect 
bearing upon the food required. 

Such are the ever-acting causes which influence the 
quantity of oxygen in a given volume of air, and which 
vary its food-power. The quantity is increased as the 
necessity for the consumption of food with which it 
combines increases, as in cold weather and cold climates, 
and vice versa. This proceeds, as already intimated, on 
the assumption that the total amount is not materially 
varied by the quantity of air which is inspired, whether 
by the increased fulness of each inspiration, or by 
increased frequency of respiration; but this is not 
strictly correct, for there can be no doubt that on the 
sea level there is a parallel action as to quantity of 
air, so that in conditions where the air is expanded and 
the proportion of oxygen lessened, the quantity of air 
inspired is lessened also, and vice versa. Hence by both 
means the food-power of oxygen is increased or de
creased. 

How far this applies to the state of persons living at 
high elevations is not accurately known. I t is said that 
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the natives of those altitudes have more capacious 
chests than those on the sea level; but it has not been 
proved. 

In my experiments at different elevations in Switzer
land up to the summit of the Brevent, at a height 
of about 9,000 feet, the quantity of air inspired at an 
inspiration and by the minute differed but little from 
that on the sea level. As, however, the expansion of 
the air increases with elevation, so that at 3*4 miles 
it is doubled, and thereby the quantity of oxygen in 
100 cubic inches is reduced by one half, it will be readily 
understood that at great elevations the respiration must 
be seriously impeded, and that the languor, stupor, and 
blueness of the skin, which occurred in Mr. Glaisher's 
ascents, to about 23,000 feet, were natural results. 
Whether, however, this obtains simply because the 
usual depth and frequency of inspiration are insufficient 
to supply air, or that the fatigue of deeper and more 
frequent inspirations is so great as to induce exhaus
tion and thereby insufficient respiration, does not 
appear. 

We cannot forget, that whilst the lungs usually 
receive about 30 cubic inches of air at each inspiration, 
they are capable of inhaling at one inspiration more 
than 200 cubic inches, but with greater effort and at 
longer intervals. An increase of double the usual 
amount per minute is far less than that which accom
panies gentle exertion, such as walking one mile per 
hour, and might be borne without great fatigue. The 
probable explanation is, that the person rising suddenly 
to so great an altitude does not with sufficient readiness 
increase the depth of respiration, and also that the 
smaller per-centage of oxygen in the air admitted into 
the blood is insufficient to carry on the vital changes 
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with proper rapidity, although the rapidity of the cir
culation might be materially accelerated. I t is possible 
that at the highest inhabited parts of the Himalayas 
there may be a greater volume of air inspired per 
minute and at each respiration, than at the sea level, 
and that the normal rate of pulsation may be also in
creased; but it must not be forgotten that at such 
altitudes the effect of temperature moderates that of 
elevation, for the air is much colder during at least the 
greater part of the day and night, and by so much is 
the proportionate quantity of oxygen increased. 

There is, however, we venture to think, a very gene
ral misapprehension as to the degree in which this 
occurs, for it is very probable that the diminution in 
the temperature at high altitudes causes the air to be 
richer in oxygen than at the average temperature on 
the sea level. On this supposition alone, can we ac
count for the robust health and great vigour of those 
who occupy high mountain ranges, and who are capable 
of making and sustaining exertion beyond those 
living at the sea level. At the same time, it is clear 
that with great rarefaction of the air by both elevation 
and heat, an increased quantity of air must be inspired 
per minute to maintain the vital processes in their 
integrity. 

We will now proceed to show what is the actual 
quantity of oxygen which exists in the atmosphere as 
stated by different observers and under different con
ditions, citing first those which were made on air 
obtained from out-door and good, or tolerably good, 
sources, and for some of which, as for other extracts, 
we are indebted to Dr. Angus Smith's excellent 
work:— 
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No. 143. 

Oxygen. 

Gay-Lussac and Humboldt, from many experiments, found 
that it varied from 20*9 to 21*2 per cent. 

Gay-Lussac, in the air from mountains and from fens 
De Saussure, in the air from Chambeisy, found variations 

from 20-98 to 21*15 
Berthollet 
Thom. Thomson . . . . 
Davy 
Vogel, on the Baltic . . . . 
Hermbstadt, on the Baltic. . . 
Dalton, at Manchester, variation from 20*7 
Regnault, in the air of Paris . . 

to 21 

20-918 
20*908 
20*916 
20*909 
20*912 
20*918 

20-949 
average 20-924 

„ „ Lyons and around 
,, „ Berlin 
„ „ Madrid . 
„ „ Geneva and Switzerland 
„ „ Toulon and Mediterranean 
„ „ Atlantic Ocean. . 
„ „ Ecuador . 
„ „ Higher than Mont Blanc 

Bunsen, at Heidelberg . . . . 
Graham 
Liebig 
Dr. Angus Smith, sea-shore, Scotland 

„ tops of hills, „ 
„ suburbs of Manchester . 
„ St. John's, Antigua 
„ London, open places, summer 

Frankland, air from Chamounix 
„ „ top of Mont Blanc 
,i „ Grands Mulets . 

Brunner—Faulhorn 
Berger—Jura and other mountains . 
Miller, from balloon ascent, 1,800 feet high 

i» „ near the earth 
Dr. Angus Smith—London, N., N.E. and N.W. districts 

S. andS.W. 
E. andE.C. 

„ W.C. andW. 
N.W., S., S.W. and W., Park, &c. . 

„ Mountains of Scotland, top . . . mean 

15 

mean 

Oxygen 
per cent. 

21-0 
21-49 

2105 
21-05 
21*0 
21*0 
21-59 
21-59 
20-87 
20-96 

20-913 to 20-999 

mean 

20*966 
20-998 
20*982 
20-993 
20*982 
20-965 
20*960 
20-981 
20-840 

. 20*9 

. 20*9 

. 20*9990 

. 20-9800 
20-9470 and 20-9800 

. 20*9500 

. 20*9500 
, 20*804 
. 20-963 
. 20-802 
. 20-91 

. 20*3 to 21*63 
. 20*88 
. 20*92 

average 20-857 
„ 20*883 

20*86 
20*925 
20-95 
20*98 
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Oxygen 
per cent. 

Dr. Angus Smith—Mountains of Scotland, bottom . . mean 20*94 
„ Many parts of Scotland . . . t> 20-96 
„ "Worst parts of Perth . . . . „ 20*935 
„ Workhouse wards, London . . 20*88 to 20*93 
,, „ four best wards . day average 20*92 

midnight „ 20*881 
morning „ 20*880 

The following analyses show conditions of the atmo
sphere varying from starvation point to a state simply 
unfavourable to health :— 

No. 144. Oxygen 
per cent, 
volume 

Dr. Angus Smith—Air very difficult to remain in many minutes . 17*2000 
„ In mines: the worst specimen yet examined 18*2700 
,t „ when candles go out . . . 18*5000 
,, „ in sumps or pits . . . 20*1400 
„ „ under-shaft of metalliferous 

mines . . . average 20-4240 
„ Court of Queen's Bench, Feb. 2, 1866 . 20*6500 
„ Mines, large cavities in . . average 20*7700 
„ About backs of houses and closets in 

London 20*7000 
„ Pi t of theatre, 11.30 p.m 20*7400 
„ Gallery „ 10.30 p.m 20*8600 
„ Sitting-room which felt close, but not ex

cessively so 20*8900 
„ Tunnel on Metropolitan Railway. . . 20*60 

Frankland—Air in laboratory of Owens College, Nov. and Dec. mean 20*873 
Regnault—Air at Toulon harbour 20*85 

„ Algiers . 20*42 
„ Bengal Bay 20-46 

Leblanc—Close stable, Ecole Militaire 20-39 
Salle d'Asyle, with 116 children 20*53 
Salle d'Ecole Primaire 20*65 

„ Sleeping-room at the SalpStriere 20*36 
Another 20*44 

„ Chemical theatre at the Sorbonne . . . . 20*28 
„ Bed-room in the new wing 20*74 

Da Luna—Air of Madrid, outside the walls . . average 20*75 
„ ,, inside the walls . . . <» 20*74 
„ In hospitals . 2 0 - 5 5 



448 GASEOUS FOODS. 

OZONE. 

An interesting question has attracted attention of late 
years as to the nature and properties of Ozone, to 
which we must refer, for if the commonly accepted 
views be correct that substance has greater food-pro
perties than oxygen itself. 

I t is not necessary to name those who have been so 
active in our day in their investigations into the sub
ject further than to quote the well-known name of 
Schonbein, to whom all subsequent enquirers owe ob
ligation. 

We are all familiar with a peculiar odour in the air 
surrounding an electrical machine which has been in 
motion, and when the sparks have passed through the 
air even for a minute. The same is noticed, on a wider 
scale, under certain electrical conditions of the atmo
sphere, accompanied by a sense of closeness. The like 
also occurs after the electrolysis of acidulated water or 
after electrical sparks have been passed through oxygen, 
or a stick of phosphorus has been left for half an hour 
in a jar of oxygen. In all these instances the odour is 
the same, and although it cannot be described, its 
identity under different conditions is not doubted by 
those who have perceived it. This is Ozone, which 
is said to ozonise the air, and as it decomposes 
iodide of potassium, and sets free the iodine to act 
upon starch, many have set themselves to determine its 
existence in time and place, and its relative amount, 
with test-papers. 

The properties of this substance are marked and 
important. Thus it oxidises many moistened metals, 
including mercury, copper and iron, and is decomposed 
to an unlimited extent, by dry silver leaf or silver filings. 
I t corrodes organic matters, bleaches vegetable colours, 
oxidises black sulphide of lead into white, makes red 
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ferro-cyanide of potassium out of yellow, renders moist 
sulphide of manganese brown, converts moist silver into 
the peroxide, and decomposes the peroxides of hydrogen 
and barium with evolution of oxygen. I t is insoluble 
in water and acid solutions, whilst it is freely absorbed 
by pyrogallic acid and iodide of potassium, is destroyed 
at a temperature at or above 250°, and is naturally 
associated with moisture. 

Its presence in the atmosphere is believed to be very 
general, but its quantity very variable: I t is said to be 
produced by the action of the sun on the leaves of 
plants, and on the juices of plants and their products, 
and to exist in all forms of fermentation, putrefaction, 
or decay. 

What, then, is the nature of this new and powerful 
agent? Williamson says it is a tri-oxide of hydrogen, 
but nearly all other investigators affirm it to be oxygen 
in an allotropic state—an oxide of oxygen—which may 
be removed from oxygen without alteration of bulk. 
Schonbein affirmed it to be a negative oxygen, because 
it is evolved at the negative pole of a battery, and he 
termed another form which appears at the positive 
pole Antozone, but this has since been proved to be 
peroxide of hydrogen, H202 . 

Li reference to its action upon man, it is assumed 
that air is the better food when ozonised, and ozonised 
oils have been introduced in the belief that they 
are more effective agents, but for this there is not, 
as yet, any sufficient proof. I t is not the fresh and in
vigorating air which contains ozone in abundance, but 
the oppressive and electrical atmosphere, in which vital 
changes are rather diminished than increased. I t is, 
however, said that ozone is more readily absorbed and 
given out by the blood corpuscles than ordinary oxygen, 
and so far facilitates vital action. 

a a 



450 GASEOUS FOODS. 

So far we have referred to abnormal states of the at
mosphere leading to air-starvation from one manifest 
cause, viz., the absence of a sufficient supply of oxygen, 
and we will now proceed to consider the carbonic acid 
and other components of atmospheric air. 

CARBONIC ACID. 

Carbonic acid is found in all known specimens of air, 
and is therefore a normal constituent of the atmosphere; 
but it may nevertheless be in a quantity which shall in
directly tend to starvation or directly induce poisoning. 
The normal quantity is very small, and scarcely exceeds 
three parts in a thousand, but it is believed to be in 
greater proportion at high elevations. 

Dr. Angus Smith found as follows :— 

No. 145. 

On hills in Scotland, from 1,000 to 4,000 feet high 
At the bottom of those hills . . . . 
On hills of various elevations, from 1,000 to 3,000 feet 
Frankland found on the Grands Mulets 

„ „ Summit of Mont Blanc 
„ „ Chamounix . 

De Saussure found on Lake of Geneva 
„ „ at Chambeisy 

Da Luna found at Madrid . . . . 
Pettenkofer found in the air in and around Munich 

Carbonic Acid 
Volume 
per cent. 

. -0332 

. -0341 
0332 to -0337 

. - I l l 

. *061 
. -063 

mean -0439 
„ *0460 
„ -0501 

. -05 

The quantity of this gas is sometimes very greatly 
increased. Thus, according to Angus Smith:— 

No. 146. 

In Manchester streets -0403 
„ during fog -0679 

About middens -0774 
In workshops, down to. . . . . . . . . -3000 
In theatres, worst part of *3200 
In mines, average of 339 analyses "7850 

„ extreme amount found in worst 2*5000 
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The presence of carbonic acid is very readily deter
mined by shaking the air with lime water or bar}rta 
water, when the solution becomes cloudy, and the quan
tity may also be readily ascertained by weighing; but a 
yet more simple plan has been arranged by Dr. Angus 
Smith, after Pettenkofer, on the volumetric system. 

Thus he finds that by taking a fixed quantity of lime 
water and varying the capacity of the bottle in which 
it is placed, and therefore the quantity of air used, he 
can very closely determine the proportion of carbonic 
acid in the contained air. The bottle used by him is of 
sufficient size at the top to admit the hand for the pur
pose of cleansing, and he draws air through the bottle 
with a flexible bellows pump until the contained air 
represents that which is to be analysed. Taking half 
an ounce of lime water as the standard quantity, he 
has constructed the following table :— 

No. 147. 

C a r i ° ^ C i d Size of bottle 
per cent. 

•03 without precipitate in 20*63 oz. avoirdupois 04 
05 
06 
07 
08 
09 
10 
15 
20 
25 
30 
50 
00 

15*60 
12-58 
10*57 

9*13 
8*05 
7*21 
6*54 
4-53 
3*52 
2*92 
2-51 
1*71 
110 

The air must be well shaken with the water, and no 
precipitate will occur unless the quantity of carbonic 
acid be greater than that which is placed opposite to 
the capacity of the bottle. 

G G 2 



452 GASEOUS FOODS. 

The question now occurs : Does the presence of car
bonic acid gas add to or take from the food-qualities of 
air? I t is quite clear that its presence in large quan
tity cannot be beneficial, for it does not support animal 
vital action, and if we take the least important view of 
its action it must be indirectly hurtful, for in propor
tion as it is present, so will free oxygen be absent, and 
we have seen that any gas which diminishes the quan
tity of oxygen by 0*1 per cent, interferes with the vital 
processes, and is injurious to health. But there is little 
doubt that carbonic acid cannot be used as a mere 
diluent and be substituted for nitrogen in the air, or 
that respiration can be maintained with 79 per cent, of 
carbonic acid and 21 per cent, of oxygen, and therefore 
that its action is not negative simply, but according to 
the amount of it poisonous. There is no known vital 
process in animals by which carbonic acid becomes 
fixed in the body after the manner of vegetables, or 
that if introduced it undergoes any transformation 
during which it could produce heat or otherwise act as 
a food. I t is the product of vital changes, and is cast 
out of the body at least as useless if not positively in
jurious. 

The late Sir James Simpson of Edinburgh adminis
tered it as a medicine by allowing a patient to inhale it 
from a flask in which it was produced, but great care 
was taken that an almost unlimited admixture of atmo
spheric air should take place during inspiration. 

SOLID PARTICLES. 

I t is most usual to find solid particles or dust in the 
air when a considerable quantity is washed in clean 
distilled water, and this is made strikingly evident by 
looking at a sunbeam passing through the air of a 
darkened room. This necessarily varies much with the 
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locality, and will be greater where there is smoke from 
mineral fuel, manufactories, dusty roads, or large tracts 
of sand moved by strong winds, and is sometimes so great 
as to excite coughing. In the same way the pollen of 
plants and other minute particles of matter travel along 
the atmosphere and cause hay fever. Minute living 
organisms, and even animalcules, are also found in the 
air, and it is very probable that this kind of impurity is 
a far more frequent cause of Malaise, and even of dis
ease, than is at present known, but there is no evidence 
to show that such additions to the atmosphere act as foods. 

An interesting discussion occurred some time ago on 
Professor TyndalFs assertion that not only particles of 
dust, but organic germs may be arrested by passing the 
air through cotton-wool, so that an apparatus may 
readily be prepared to be worn over the mouth by those 
who are specially exposed to either, or in conducting 
various trades, or in presence of infection. 

NITROGENOUS COMPOUNDS. 

There is another class of substances to which reference 
must be made, although in their nature they are rather 
poisons than foods, viz., the organic matters which are 
emitted by the lungs and skin of animals, and from 
animal and vegetable decomposition. The sense of 
foulness in the atmosphere which is due to this cause 
is well known, and the degree increases with the number 
of persons and the duration of their stay in an enclosed 
space, but the exact estimate of its quantity and import
ance has not been made. I t is, however, quite clear 
that the deterioration of the air is not even in great part 
due to this emanation, but to the consumption of oxygen 
when the quantity of air is limited. Also that the foul
ness of the smell is not sufficient evidence of the degree 
of deterioration of the air, for there are certain emana-
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tions from the body in the bed-room resulting from the 
absence of due ablution which are very penetrating 
and offensive, whilst the atmosphere may not be other
wise unduly deteriorated. 

There are, however, the same grounds for believing 
that a portion of this matter in the air is as injurious 
to health as the organic nitrogenous matters in water, 
and that it acts as a ferment by which diseases of the 
nature of fever are engendered. 

In reference to the presence of organisms, Dr. Angus 
Smith writes:—' I mentioned some time ago that I had 
got a quantity of organic matter from the windows of 
a crowded room, and I have since frequently repeated 
the experiment. This matter condenses on the glass 
and walls in cold weather, and may be taken up by 
means of a pipette. If allowed to stand some time it 
forms a thick, apparently glutinous mass ; but when this 
is examined by a microscope it is seen to be a clearly 
marked confervoid growth.' 

The same observer has done more than any other 
chemist to enable us to ascertain the presence of organic 
matter quantitatively by the use of a graduated solution 
of permanganate of potash which is decolourised by 
nitrogenous matter, and although it does not profess to 
indicate absolute quantities, its comparative indications 
are very valuable. He has recently improved the 
method, and has given the following results of experi
ments in his work (p. 417) :— 

No. 148. 

York place 
Front of laboratory 

it » 

Yard behind i 

Jan. 21 . 
„ 24 . 
„ 27 . 
„ 20 . 

27 

Oxygen required 
instantly 

Grains per million 
cu. ft. of air 

. 70*23 

. 277*51 

. 227*05 
. 22436 
. 655*92 

Oxygen required 
in a few minutes 

with acid 
Grains per million 

cu. ft. of air 
735*62 
479-31 

484-37 
527*58 
908*20 



ATMOSPHERIC AIR. 455 

Ammonia is present in the air almost universal^, 
and particularly where there are decomposing animal 
and vegetable matters, as manure. I t is recognised in 
two forms, viz., as ammonia, and as organic or albu
minoid ammonia, in precisely the same manner as in 
water. The process of Nessler for free ammonia and 
that of Wanklyn, as already described in the chapter on 
water for albuminoid ammonia, are required for the 
examination of air. 

The following results of experiments are extracted 
from the tables published by Dr. Angus Smith :— 

No. 149. 

Manchester. 

laboratory and yard, j l g 6 9 a n d w o 

and street adjoining 
Bed-room 
Midden , 

Ammonia free 
or with acids 

Grains per 
million cu. ft. 

of air 

. average 53*582 

. „ 44*305 

. ... 146*911 

11 

London. 
Chelsea Nov. 4 . 
Hyde Park „ 5 . 
Woburn-square a n d ! 

off Regent-street / 
Islington, Hoxton, Dalstonl -̂ j « 

and Hackney . . / No7' 8 ' " 
Bethnal Green and Stepney , , 9 „ 
London Bridge „ 10 . „ 
Embankment of Parliament houses Nov. 13 „ 
Back street near Lambeth workhouse Nov. 10 „ 
Near Vauxhall bridge Nov. 6 . * . „ 
Average of many places in and about London . 
Underground railway, Nov. • . . average 

19-936 
12-655 

16-614 

26-701 

Organic or 
Albuminoid 

Ammonia 
Grains per 

million cu. ft. 
of air 

116*544 

104*118 
181-524 

48-180 
37*965 

58-148 

65-286 

41-534 
27*419 
21-119 
88-700 
16-614 
26*780 
31-561 

34-169 
22*845 

83*086 
61-166 
71*805 
105*595 
66-455 
65*947 
163-167 

Glasgow, Feb. and Mar , 
Shore—Innellan, Frith of Clyde, Mar. . „ 

There are also various mineral acids which are ob
tained by washing air in pure distilled water, the 
amount of which is commonly small, but it varies 
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extremely, as shown by Angus Smith's Keports. The 
following are a few examples in absolute quantities :— 

No. 150. 

Manchester. 

Grosvenor-square, March 
Oct. 7 

Greenhay's-fields „ 12 
St. Helen's, open space, Oct. 15 
Hill near Poole's Cavern, 1 ^ , ^q 

south of Buxton . J 

The cliffs near Blackpool, Dec. 1 

The following comparative tables by the same observer 
are full of interest:— 

No. 151. 

Blackpool, taken as 100. 

Hydrochloric Acid 

Grains in 1 
million cu. ft. 

of air 
. 49*43 
. 155-50 
. 79-5 
. 170-3 

. 31-78 

. 37*36 

Sulphuric Acid 
Anhydrous 
Grains in 1 

million cu. ft. 
of air 

682*80 
75* 

978*2 

1236-3 

971-0 

259-45 

Blackpool 
Didsbury 
Buxton 
London . 
St. Helen's . . . . 
Manchester . 
Metropolitan Underground Railway 

No . 

Innellan, on the C 

London . . . . . 
A bed-room . . . . 

Inside and outside of office . 
Metropolitan Underground Railway 
A midden 

Total 
acid 

. 100 
282 

327 
348 
488 
498 

1483 

152. 

Hydrochloric 
Acid 
100 

277 
415 
320 

516 
396 
974 

Hyde, taken as 100. 
Total 

Ammonia 

. 112 

. 179 

. 205 

. 234 

. 395 

Ammonia 

100 

117 
194 
150 

235 
138 

643 

Sulphuric Acid 
Anhydrous 

100 
282 

315 
352 
484 
513 

1554 

Albumenous 
Ammonia 

100 
109 

173 
221 
193 

271 
301 

WATERY VAPOUR. 

Besides the foregoing, there is one other compound of 
the atmosphere which is never absent in nature, but the 
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quantity varies with all the conditions which influence 
the amount of oxygen, viz., watery vapour. I t adds to 
the volume of the air, and it may usually be added to, 
and may always be removed from, the air by artificial 
means. 

There is a capacity in air to receive and retain 
moisture which is inherent to its nature, but it has 
limits, so that air which under given circumstances 
cannot receive a further increment of moisture is said 
to be saturated, and the point of saturation is indicated 
by the deposition of the vapour as water. This power 
is directly associated with the temperature of the air, 
in such a manner that the higher the temperature the 
greater is the capacity of the air to receive and retain 
vapour. Air at a given temperature which is not satu
rated becomes so on lowering the temperature to 
a given point. This is seen familiarly in a glass holding 
water at the ordinary temperature on a warm day by 
its remaining clear on the outside, but on the intro
duction of ice into the water, by which the temperature 
of the water and surrounding air is lessened, there 
comes a deposition of moisture upon the outside, 
because the surrounding air at the lower temperature is 
saturated with vapour. 

Hence it follows that while warm air may not show 
any signs of the presence of vapour, it may have a much 
greater amount than air at a lower temperature which 
is saturated. The point of saturation at different tem
peratures may therefore be an indication of the quantity 
of water which the air then contains, and thus become 
a ready mode of admeasurement. 

Taking this as a guide, tables have been constructed 
which show the weight of water in a cubic feet of air 
at the dew-point, a point of saturation of which the 
following is one. 



458 GASEOUS FOODS. 

No. 153. 

Weight in grains of a cubic foot of watery vapour 
under a uniform pressure of 30 inches of mercury, in 
every degree of temperature from the freezing point to 
100° F. The temperature is the dew-point, and the 
weight of vapour is the weight which can be sustained 
at that temperature without being visible—that is to 
say, without being deposited. 

I Temperature, 
' Fahrenheit. 

o 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
59 
60 
61 
62 
63 
64 
65 
66 

Weight in grains of a 
cubic foot of vapour. 

grs . 
2 1 3 
2*21 
2*30 
2*48 
2*48 
2*57 
2*66 
2-76 
2-86 
2-97 
3-08 
3-20 
3*32 
3*44 
3-56 
3-69 
3-82 
3-96 
4-10 
4-24 
4-39 
4-55 
4-71 
4*87 
5 0 4 
5*21 
5*39 
5*58 
5 7 7 
5*97 
6 1 7 
6*38 
6*59 
6*81 
7 0 4 

Temperature, 
Fahrenheit. 

o 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

Weight in grains of a 
cubic foot of vapour. 

grs . 
7*27 
7-51 
7-76 
8*01 
8*27 
8*54 
8*82 
9-10 
9-39 
9*69 
9*99 

10*31 
10*64 
10*98 
11*32 
11*67 
1 2 0 3 
12*40 
12-78 
13-17 
13*57 
13*98 
14-41 
14*85 
15*29 
15*74 
16*21 
16*69 
17-18 
17-68 
1820 
18*73 
19*28 
19*84 



ATMOSPHERIC AIR. 459 

The importance of this in its bearing upon our 
subject, is the effect which it has on the removal of 
water from the body, whether that water be produced 
by chemical action within the body, or has been intro
duced as a food. 

I t is evident that if the temperature of the inspired 
air be that of the body, and when inspired the air is 
saturated with moisture, it cannot receive any water 
from the body; but if it be saturated at a lower tempera
ture, it will be capable of absorbing more when inspired 
and raised to the temperature of the body, and may then 
remove some superfluous water. The degree of dryness 
of the air is manifestly of the utmost importance, 
fer if the air be very dry it will remove an undue 
amount of water, and locally or generally induce water-
starvation, whilst if it be too moist it cannot perform 
one of its most necessary functions, viz., the removal of 
water. The same actions take place upon the skin as 
in the lungs, for in proportion as the air is dry per
spiration is promoted, and the perspired fluid removed, 
whilst when it is saturated at the temperature of the 
body it almost arrests that action. In both alike it 
influences the necessity for and use of food, whilst the 
vapour which is introduced into the lungs, may, in a 
certain sense, be regarded as food. 

CHAPTEE XXXYin. 

VENTILATION. 

IT has become evident in the course of the preceding 
chapter that the atmosphere surrounding a living man 
must be so deteriorated and vitiated, that it is ren
dered less fitted for food, and more like a poison; but 
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the degree depends not only on the man, but upon the 
removal of any or all of the expired air from his imme
diate vicinity. Hence, it will be greater in an enclosed 
than in an open space, and without than with much 
wind. I t ordinarily is at a minimum in an open space, 
either because the man moves from the expired air, or 
the expired air is removed from h im; but when the air 
is stagnant or without perceptible motion, the removal 
of the expired air is so slow as to be almost prevented 
in a limited t ime; a sense of oppression occurs, and 
air-privation is at hand. That which is the rare ex
ception in an open space is the rule in an enclosed one, 
unless means are taken to bring the conditions of the 
latter nearer to those of the former. Air-privation in 
an open space may seem a paradox, yet it is neverthe
less possible, and occurs with crowds of people closely 
packed together, or with a few, under certain atmo
spheric conditions; but in an enclosed space it is an 
occurrence of every night, if not of every day. 

The conditions of the atmosphere to which we now 
refer are as follows:— 

1. Deterioration of the air by the consumption of a 
portion of its oxygen. 

2. Vitiation of the air by the addition of ammoniacal 
and other nitrogenous products. 

3. A nearer approach to saturation of the air by 
aqueous vapour. 

4. Increased heat of the air. 
I t is true that all this will occur with one single 

expiration in temperate climates; but in hot climates 
the heat of the atmosphere at the moment may be 
greater than that of the body, and cannot therefore be 
increased by respiration. The degree of vitiation then 
produced would be inappreciable, and the moment when 
the degree is worthy of notice must depend upon the 
conditions as to enclosure and space and number 
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persons. There will, however, be a point at which mea
sures should be taken to remedy the evil, as well as a 
period antecedent in which the evil is unimportant; and 
hence some agreement should be arrived at as to the 
state of the atmosphere which marks the proper period 
of sanitary action. Let us now endeavour to show the 
conditions of the atmosphere at that moment. 

1. As to Deterioration.—The normal amount of oxygen 
has already been stated to be 21 per cent, by volume, 
and as that applies to the best sources, it may be ad
mitted as the maximum requirement; but there are a 
thousand places where the proportion actually consumed 
by multitudes of men living in open spaces is much 
less. Thus at Manchester, Dalton found the mean to 
be 20*87, and the ordinary minimum 20*7 per cent. In 
Paris, according to Regnault, the mean is 20*96, and 
the ordinary minimum 20*913 per cent. In Berlin the 
ordinary minimum is 20*908, and even at Heidelberg it 
is 20*924 per cent. Dr. Angus Smith found in the 
ordinary atmosphere around and within London that 
the average was so low as 20*857 to 20*95 per cent, in 
different districts. 

There can, therefore, be no question that a pro
portion of 21 per cent, is high enough. But Regnault 
found the oxygen at Toulon harbour to be only 20*85, 
at Bengal Bay 20*46, and at Algiers 20*42 per cent, 
under the ordinary conditions of the atmosphere. 
Even in the largest and purest sources, viz., the sea and 
mountain air, the proportion is below the standard 
of 21 per cent.; so that, according to Frankland, 
it was only 20*802 a,t the Grands Mulets, and 20*804 
per cent, at Chamounix, which is situated at an 
elevation of upwards of 4,000 feet. Nay, Berger states 
that on the Jura and other mountains it was sometimes 
so low as 20*3 per cent. Miller found in air at more 
<-han three miles above the level of the sea, a pro-
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portion of only 20*88; and on the Atlantic Ocean 
Eegnault found only 20*918 per cent. Wi th such vari
ations, where shall we draw the line, and say that this 
degree is healthful, and that is not ? 

Then let us cite another fact. Those living in the 
same locality are subject to the varying pressure of the 
atmosphere, so that the weight of oxygen in any given 
volume of air will increase as the barometer rises and 
decrease as it falls. 

In the application of these facts it is to be first allowed 
that we cannot draw the line above the proportion ex
isting in any locality in question—at any rate, so far as 
refers to present supply, for no better could be obtained; 
secondly, that the usual allowances which may be due 
to atmospheric causes in the same place must be ad
mitted ; and thirdly, that when we attempt to indicate 
a point below, we must bear in mind the lower pro
portion in which such great masses of people in whole 
towns or counties live. I t is clear, therefore, tha t in 
London we cannot take 21 per cent, as the standard, 
and certainly not more than 20*95, whilst it is probable 
that 20*9 would be nearer the mark. From this deduct 
a proportion for varying pressure and temperature, and 
bear in mind that the average in the N., N.E., and N.W. 
districts is 20*857, and we infer that the standard 
may be reduced to 20*8 per cent, in the free open air. 
Let us then fix upon 20*8 per cent, as the minimum of 
pure London air, and then arises the question, Is every 
lower proportion injurious to health? If the answer 
rested upon the quantity of oxygen alone, we should 
answer, No ; for the power of adaptation which exists 
in the body could, by a very slight increase in the re
spiration and circulation, prevent evil results; but what
ever may he deficient in oxygen is supplied, not by 
nitrogen, which is powerless, but by other gases which 
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may be injurious. Still there is manifestly a space 
below the line of health in which air-privation does not 
occur injuriously, and it is mere theoretical refinement 
to insist that every degree below the normal standard 
must inflict an injury upon health. 

With the facts now known, we think it should be the 
aim of all persons to breathe air which contains the 
highest proportion of oxygen in their several localities, 
and* not to allow it to fall below 20*8 in the enclosed 
spaces in which they may live, and it is desirable 
that it should not fall below 20*9. Yet Angus Smith 
found it below 20*8 in the Court of Queen's Bench and 
in many other parts of London, whilst in and about 
Madrid it was 20*74; and Leblanc found it in certain 
schools and bed-rooms in hospitals in Paris 20*74, 20*65, 
20*53, 20*44, 20*39, and even 20*36 per cent. As 
in the last-mentioned facts the proportion was far below 
the average of the external air in Paris, it showed an 
unnecessary privation of air ; but it also shows that the 
dividing line between sufficiency and insufficiency of air 
is a tolerably broad one. 

As to Vitiated Air.—The normal amount of carbonic 
acid in the open air varies from 0*02 to *07 per cent., 
and it is by common consent represented at from *03 to 
•04 per cent. Yet can we fix upon that as a hard 
and fast dividing line, when in Manchester it has been 
proved to be *0679 in a fog, and at Munich and 
Chamounix *05 and *063 per cent, ordinarily ? Angus 
Smith found it to be nearly ten times the normal 
standard, viz., *3 and *32 per cent., in various work
shops and in the worst part of theatres occupied by 
men and women, so that we may fairly extend our range 
to some point between *06 and *3 per cent. This is a 
very long range; and if we adopt the mean, it would 
still be very much above the standard of *04 per cent. 
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There is no reason to fear evil results from air which, 
otherwise proper, supplies 20*9 per cent, of oxygen, and 
0*1 per cent, of carbonic acid, provided this be not the 
result of respiration, and facts show that it would be 
within the actual limits of health if the proportion of 
the latter were *15, or even more, in places (such as 
soda-water factories) where the persons respiring it were 
not entirely restricted to it at any time, or for more 
than the usual intervals between meals, and where 
organic respiratory impurity is absent. 

When, however, carbonic acid is produced by the 
respiration of animals it is attended by the nitrogenous 
principles already mentioned, and they are usually pro
portionate to each other. Hence, a material increase 
in the carbonic acid means also increase in the most 
injurious elements of vitiated air, as well as decrease 
in the vital component of air. Such air has a close, if 
not foul odour, which is peculiar to over-crowded places; 
but which nevertheless is variable as other elements are 
present or absent, such as the smell from unwashed 
skin and feet, and the strong odours which many per
sons emit. The smell therefore should not necessarily be 
taken as the absolute measure of the active substances 
which we are now considering; but it has nevertheless 
much importance. I t has, for instance, furnished a 
basis for calculating the amount of air required for 
good ventilation, by observing the composition of air 
which does not differ sensibly from the outside air.* I t 
is, however, to be noted that the sense of smell is very 
quickly dulled, and that by remaining even a short time 
in a foul atmosphere we become more or less insensible 
to its character, so far as smell is concerned. To judge 
of it in this way we must come into it from a purer 

* See 4 The Theory of Ventilation,' by F. de Chaumont, Proc. R. S., 
1875. 
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atmosphere, the outer air if possible. Diminution in 
-the quantity of oxygen, and even the addition of car
bonic acid, are unattended with any odour, and cannot 
be detected by the sense of smell. I t is, therefore, pos
sible that they mpy occur without man being aware of 
it, as in the snow huts of the Polar regions; but when 
produced by combustion there is usually some smell, as 
that of sulphur, and when by respiration the odour re
ferred to, which shows, at least, that the vitiated air 
has not been sufficiently renewed, and that the two 
former conditions probably exist. This is, therefore, 
the tell-tale or indicator of air-privation, and referring 
only to the state of the atmosphere which is due to 
respiration, we may be assured, on the other hand, that 
if this smell be absent there is not a degree of deterio
ration which need cause alarm. The sense of the 
presence of these substances is much more oppressive 
in hot than in cold weather, both because they are less 
potential in the latter, and the necessity for maintain
ing warmth overrides other considerations. 

There is no fixed limit as to the quantity of these 
substances which may be permitted to remain, since 
their nature and effects are so various; but the use of 
the permanganate of potash test is a general guide, if 
the sense of smell be not already sufficient for that 
purpose. 

3. As to the Vapour.—The air which is emitted by the 
lungs is saturated with vapour, and being at a high 
temperature gives out a portion to the neighbouring 
and cooler air. Hence, the tendency of the air in an 
enclosed space is towards saturation, and thereby to 
diminish greatly the value of the air for the use of 
man. 

I t may be affirmed that the air in an enclosed space 
should not be nearer saturation than the free surrounding 

E H 
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air outside, and since the air within is for the most part 
of higher temperature than that without it is relatively 
drier. I t may therefore be drier than the outside air, 
and yet too nearly approach saturation. 

This, however, varies much with the period of the 
year, and the temperature of the house. When the 
temperature of air is high, say 80°, the higher tempe
rature of the body allows only a very slight increase in 
the absorbing power of the inspired air, therefore very 
little moisture can escape with i t ; but when it is at 40°, 
if it be then saturated, the increased temperature 
acquired in the lungs gives it a great absorbing power. 

4. As to the Heat.—This is a very varying quantity 
according to the number of persons respiring, the space 
occupied, the closeness of the enclosure, and the external 
temperature. Experience has shown that a temperature 
of from 56° to 65°, is the most agreeable and healthful, 
and we therefore strive to maintain it in our houses; 
but the difficulty of doing so varies with the season,, 
and the duration of our exposure to it. Moreover,, 
the sensation with the same degree of temperature 
is very different at different seasons and by persons of 
different ages. The young and old need warmth, as do 
also the sick and those who are unable to take much 
exercise, and the poor and ill fed, and to them warmth 
is life—almost more necessary than pure air. As to 
season, the sensation of the air at 56° in winter is that 
of warmth, and equal to that of 65° to 70° in summer. 
The greatest sensation of cold which we ever experienced 
was in the morning, at 5 o'clock, with the thermometer 
at 56°, in Texas, where we were accustomed to ride under 
a sun-heat of 150° during the day. 

I t is quite clear, that whilst the well-known regulation 
is the most correct and general expression, it is of very 
indefinite character in its effects. 
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Such is an outline of the effects of respired air 
on the atmosphere, and in seeking remedies we must 
not attempt too much refinement, or be guided by any 
fancy of the fitness of things; but take a sober and 
practical view, and recognise the fact that millions of 
men live under conditions which are theoretically 
wrong, and yet continue to live, and to live as well and 
as long as others more favourably placed. On the 
other hand, it is no evidence of wisdom to be content 
with things as they are, if there be means of amend
ment; but it is wise, in seeking as high a standard 
as can be practically attained, to proceed cautiously 
and slowly, so that the prejudices of men may not be 
needlessly assailed. I t may be doubted whether this 
subject has not more to fear from its friends than 
its foes, by placing assumptions in place of proof, re
garding only one aspect of the question, ignoring the 
actual experience of men, and exciting hostility by 
dogmatism based chiefly on theory. 

The remedies cannot be solely artificial, for it would 
be impossible for man to purify or restore the air which 
he has contaminated. As in the case of water, the 
subject is too huge for any action short of that of 
nature, and we must turn to natural agencies to effect 
our purpose. The essential action is the removal of 
the used air, and as it leaves, its place will necessarily 
be supplied by the air immediately surrounding. Hence 
the problem of ventilation is to remove the used air and 
supply new air with the least inconvenience to those 
who require it. 

It is very remarkable that scarcely any house which 
was built ten years ago (and indeed we may apply the 
observation to our. own day) has any special means for 
ventilation, and persons sit in rooms for hours and pass 
whole nights in bed-rooms with a minimum change of 

H H 2 
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air. There are doors for entrance and exit, windows 
for light, and chimney-flues for smoke, all of which may 
be ventilators; but the doors and windows may be 
shut, as in winter, and the chimney-flue closed, as in 
summer, and then the inhabitant of the room is in a 
closed box. To show yet more strongly the absurdity 
of the present state of things, the bed-room door and 
window will probably be open during the day, when no 
one occupies the room, but at night they will be care
fully shut and fastened, the register of the stove will 
be lowered, and the curtains of the bed will be extended 
as if it were intended to suffocate the incomer rather 
than to afford him healthful and refreshing food during 
eight hours of sleep. 

Even in public buildings, as in some of our great 
hospitals, the same defect exists, and it was seriously 
charged by a renowned surgeon against workhouses, 
that they must be ill ventilated because the nurses were 
not sufficiently intelligent to have the opening and 
closing of the windows confided to them. I t is scarcely 
credible that the ventilation of a sick ward should in 
his opinion be dependent upon the opening and closing 
of windows. 

I t must, however, be allowed that in the erection of 
good houses and large public buildings at this moment, 
special means of ventilation are adopted, and during the 
next generation it may be nearly as healthful to sit 
in a handsome room as in the open air ; but whether 
it will generally descend so low in the social scale as 
the workman's room remains to be seen. Up to this 
period the better the house has been built the more 
nearly it has represented a series of closed boxes, and 
the heavier the drapery of the bed-room the less re
freshed was the sleeper, and the only improvement 
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which has in any way modified this result has been the 
greater capacity of the rooms. 

I t will not be expected that we shall here do more 
than sketch an outline of the more ready modes of 
obtaining fresh air, as this is not a work on Yentilation, 
and although it is a subject with which we have long 
been connected, we must be content to limit ourselves 
to a few directions. 

The golden rule in reference to this, as to many other 
evils, is to prevent rather than to remedy. Let there be 
means of ventilation in every inhabited room, and such 
as shall prevent the contamination of the air beyond 
the limit already agreed upon. This implies the inces
sant removal of the used air from the place immediately 
occupied by the consumer, and from the surrounding 
space, until we arrive at the outer air. With stagnant 
air and an immovable person, this is impossible, for the 
only mode by which it can then be removed is that of 
diffusion of gases—a process of immense importance, 
but slow in operation. Hence movement of the air is 
essential, whether by mechanical means, as fans or 
punkahs, or by the influence of heat, or by the move
ment of the external air. 

Mechanical means of the kind named are too cumbrous 
for general use, and are limited in the space within 
which they act, and moreover they so disturb the mass 
of air that they are apt to mix both the good and the 
bad air together, and are not perfect ventilators. When 
a system is devised by the aid of proper channels and 
pumps, it is possible to direct the current of the air at 
pleasure, whether from or toward the consumer, and 
such a system well devised may be very efficacious, pro
vided all other inlets and outlets of air be closed, as, for 
example, in prison cells and in bed-rooms, but as the 



470 GASEOUS FOODS. 

doors of rooms occupied by day are frequently opened, 
the system is not of general application. The best 
example with which we are acquainted is the Lunatic 
Asylum at Michelover, near Derby, which was erected 
by Mr. Dewsbury, and is a model of efficiency. 

The influence of temperature is unceasing, for when
ever there is a difference between two bodies of air the 
hotter will ascend and the cooler descend or fill up the 
void laterally. The only question is the degree of in
fluence, for it may be so small as to be practically in
operative, or so great as to excite a hurricane. As to 
natural heat, we may observe that it is a rare occurrence 
for the air within a room to be of the same temperature 
as that without, and whichever may be the hotter will 
cause movement in the other. Hence there is a con
stant tendency to an exchange of air within and without 
a room in all directions where there are communica
tions between them. So also within a room, if there 
be an artificial source of heat it will cause the ascent of 
the air in its neighbourhood, and if there be no exit the 
warmer air will accumulate above, but if there be an 
exit a current will be established which will draw into 
it portions of cooler air adjoining; but such a current 
may not have much lateral extension. 

When a system of channels has been devised, such as 
that referred to in the action of pumps, a fire may be 
the most convenient mode of setting a current in motion 
and of maintaining it. Such is the system adopted in 
the Houses of Parliament^ and there the fire is placed 
in an air chamber, towards which all the existing chan
nels converge, and from which one common exit is 
made. 

But with this admitted influence of heat, there are 
many who overlook the fact that one or two occupants 
of a room cannot generate heat sufficient to cause the 
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removal of the vitiated air by that means alone, and in 
fact that such an action is at the most only subsidiary 
to others. One person may vitiate the air of a room, 
whilst the heat generated by ten would not suffice to 
cause its removal. 

The movement of the external air is the chief agent 
in a system of natural ventilation whether in open 
spaces or closed rooms, and without it all other means 
would be ineffectual. I t is said that man cannot live 
on the wind; he certainly cannot live without the winds. 

The admission within any space of the air as moved 
by the winds, is therefore the essence of air-purification 
or air-renewal, and as the winds blow from every quarter 
hi turn, and not from one at all times, there must be 
means of admission in more than one direction. 

Such, then, are the objects and agencies, and the 
whole art of ventilation consists in so applying the latter 
that their action shall be unintermittent, gentle, effec
tual. The mechanical system aims to act alone, and 
the tendency of its defects is to create currents which 
may be felt, and to rarefy the air. The natural system 
embraces the two latter agencies, and makes use of 
mechanical means for controlling and directing them. 
The greatest difficulty to be overcome is not the removal 
o* vitiated air or the admission of bad air, but to do so 
without so lowering the temperature as to induce a 
sensation of cold, or if artificial heat alone be used, to 
prevent great variations of temperature in the same 
room and an undue dryness of the air. 

We will now add a few general directions :— 
1. Inhabited rooms should, if possible, have external 

walls on two sides, so that air may be admitted through 
both. 

2. The openings should be small and many, rather 
than few and large, defended by perforated zinc, and 
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placed as distant as possible from those who inhabit the 
room. Hence the cornice above and the skirting below 
are convenient positions, but rooms of less than ten feet 
in height are not easily ventilated without draughts. 
The connection between the inside and the outside of 
the room should not be direct, but at an angle, so that 
a direct current may not be produced. 

8. Such ventilators as direct the current to the ceiling 
are useful in a degree, but the cold air thus admitted 
will descend before the air is warmed. 

4. Channels which are divided by a perpendicular 
diaphragm on the theory that there will be an ascending 
current in one and a descending current in the other, 
are for the most part based on a fallacy, and when the 
heat of the air is very great there will be an upward and 
a downward current in both. 

5. An air-flue by the side of the chimney-flue, into 
which the exit tubes lead, will act in some degree so 
long as there is fire in the chimney to rarefy the air, 
but if an extracting cowl be placed at the top of such 
a flue it will induce an upward current when there is 
no fire. 

6. The use of the chimney-flue as an exit for the air 
is liable to allow the smoke to enter the room through 
it when there is a down draught, notwithstanding the 
excellent contrivances which have been devised to pre
vent the return current. 

7. Whenever it is proposed to remove air, means for 
supplying a larger quantity of air should be provided, 
or the attempt at ventilation will be ineffectual. 

8. I t is often desirable to warm as much of the air 
which is admitted as possible, and for that purpose 
stoves have been designed with an exit from a special 
channel into the room. When the same object is 
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effected by allowing cold air to enter by an opening 
through the wall, and then to direct it over heated 
pipes, the distribution is less satisfactory; but such 
pipes should be heated with water, and not with steam 
of an uncertain temperature. 

9. Stoves which are placed in the middle of a room 
should be fed with wood and enclosed in an outer skin 
of metal or pottery. With coal and a furious fire, the 
air is not only dried to an injurious extent but burnt. 

10. I t is more than doubtful whether in our climate, 
or in any moist climate, the ordinary open fire-grate 
can be supplanted with advantage. I t is otherwise in 
countries where the air is very cold and dry. 

I t is now pretty generally admitted that the amount 
of respiratory impurity, measured by the excess of car
bonic acid in a room over that of the outer air, should 
not be more than 0*02 per cent. As each individual gives 
off on an average about 0*6 of a cubic foot of carbonic 
acid per hour, it follows that 3,000 cubic feet of fresh 
air per hour ought to be supplied if possible. This is 
what ought to be aimed at, although it may not be 
often attained. 

But whatever may be the quantity of air required per 
hour, it is most difficult to determine the quantity 
actually allowed, for men do not live in boxes with one 
inlet and one outlet, or with any number of inlets and 
outlets under perfect control, but partly in the open air, 
where the quantity is unlimited, and partly in rooms 
which have doors opened without regulation, windows 
opened occasionally, and an ascent of air in the chimney-
flue varying with the fire which is in the grate, and all 
these are influenced by the direction and force of the 
wind and variation of the temperature. I t is not possible 
to estimate with complete accuracy the quantity of air 
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which is allotted to a man under such circumstances, 
and useless to pretend that it can be at all times the 
same. If, however, we take closed rooms, such as 
prison cells, and bed-rooms in actual use, and quite 
close every door, window, and chimney, whilst the whole 
ventilation is arranged by mechanical means, it will be 
possible to effect this object. 

I t is important to remember that the same amount 
of fresh air must be supplied whatever be the size of 
the room; but there are of course limits to size in both 
directions. Too large a space is difficult to warm, 
whilst too small a space is difficult to ventilate. 

Dr. Angus Smith, in his examination of the sick 
wards of London workhouses, where 500 cubic feet of 
air-space were allowed to each inmate in well-ventilated 
wards, found as follows:— 

No. 155. 

Day . 
Midnight . 
5 A.M. 

Oxygen 
per cent. 

, 20*893 
. 20*875 
. 20*869 

Carbonic Acid 
per cent. 
00568 
00780 
0*0802 

On selecting the four best-ventilated wards, the pro
portions were more favourable, viz.— 

No. 156. 

Day . 
Midnight . 
Morning . 

Oxygen 
per cent. 

. 20*92 
. 20*886 
. 20*884 

Carbonic Acid 
per cent. 
0*0463 
00677 
0*0694 

These results show that it is sometimes possible with 
small spaces to have fair ventilation, and it is always to 
be remembered that it is less the size of the space than 
the renewal of air that is required. The shape of the 
room is also important, because the floor space must 
bear a certain proportion to the total cubic space—not 
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less than one-twelfth. Thus a space of 1,000 cubic feet 
ought not to have less than 84 square feet of floor 
space, for ordinary dwellings. 

The object of this is to prevent crowding laterally, as 
mere height can never take the space of lateral or floor 
space. 
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ABOUT, M., on Greek wine, 400 
Acetic acid, 232 

— ethers, 232 
Adulterations: 
— beer, 413 
— milk, 319 
— sugar, 256 
— tea, 340 
— wheat flour, 176 
Albumen, 91 
— composition of animal and vege

table, 91 
Alcohols, 371 
— in wines, 390 
Allsopp's ale, 413 
Almen, Prof., on Liebig's extract, 

89 
Almond, 227 
— milk, 163 
America, butter-making, 129 
American wine, 402 
Ammonia in water, 284 
— in air, 455 
Amidon, 146 
Anderson's analysis of cabbage, 207 
Angus Smith, Dr., on air and water, 

273, 474 
Animals storing up flesh, 59 
Antelope, 72 
Antiseptic gases, 27 
Ants, 86 
Apple, 218 
— Alligator, 219 
— Custard, 218 
— Elephant, 223 
— Mammee, 219 
Apricot, 222 
— Dingaan's, 223 
Arabs: Frumenty, 177 

BED 
Ardent spirits, 373 
Arlidge, Dr., on tea, 35 
Aroma of wines, 406 
Arrack, 387 
Arrowroot, 239 
Artichoke, 202 
Artificial milk, 326 
Ass as food, 72 
Assam tea, 338, 344 
Atmospheric air, 435 

in water, 275 
acids in, 455 

Auslese wine, 389 
Australian wines, 401 
Ava, 417 

BACON, 64 
— composition of, 67 

— curing, 65 
— use to poor, 65 
Ballyshannon eels, 110 
Bananas, 219 
Baobab, 236, 239 
Bareilly: Barley and wheat flour, 

195 
Bargout, 169 
Barley, 193, 407 
— malting, 408 
— sugar, 263 
Bass, Mr., before Mr. Knox, 433 
Bass's ale, 413 
Bates on turtle, 118 
Bats, 86 
— prohibited, 86 
Beans, 153 
Beaumont's experiments on diges

tion. See each food 
Bedouins, 206 
— eat locusts, 86 
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BEE 
Beef, 46 
— composition of, 47 
— cooked, composition of, 49 
— offal, 47 
— proportion of lean and fat, 47 
Beer, 407 
Beer Street, 372 
Bermuda arrowroot, 242 
Beetroot, 204 
— sugar, 257 
Betel pepper, 237 
Bhat, 165 
Bilberries, 217 
Birds, graminivorous and carnivo

rous, 101 
— kinds used as food, 104 
Birds' nests, 94 
Biscuits, 188 
Bison, 71 
Bisulphite of lime, 28 
Blackberries, 217 
Black puddings, 83 
Black Sea wheat, 172 
Blood, 18 
— as food, 83 
— composition of, 84 
— diseased, 85 
— of fowl, 103 
— prohibition of, 84 
Boar's head, carol on, 68 

recipe, 15th century, 68 
Boaz, 194 
Bone, 38 
— composition ofr 39 
— in carcass, 48 
— nutritive value, 40 
Bordeaux wines, 3*92 
Boston milk, 313 
Bouza, 162, 416 
Bran, 174 
Brande on alcohol, 390 
Brandy, 381 
Braxy mutton, 54 
Brazilian nuts, 228 
— tea, 338 
Bread, 181 
— weight and price of, in 1775, 192 
Breadfruit, 205 
Brine, composition of, 35, 36 
Broccoli, 207 
Broth, composition of, 49, 53, 61 
Brown bread, 176 
— flour, 175 

CHE 

Brwchan, 169 
Buckland, F., on fish, 108 
Budram, 169 
Burckhardt, 206 
Burgoul, 178 
Burgundy wine, 393 
Burton, Capt.: Cassava, 245 
Butter, 127 

— factories, 129 
— in workhouses, 134 
Buttermilk, 328 
Butter-nut, 220 
Buzzard, 101 

CABBAGE, 207 
Californian wine, 403 

Calvert, Prof., analysis of wheats 
181 

Calves killed, 51 
in Boston, 51 

Camel's flesh, 58 
— milk, 318 
Canterbury gurnets, 109 
Cape of Good Hope wine, 401 
Capelin, 108 
Capitone, 111 
Carbonic acid in air, 450 
Cardamoms, 235 
Carissa, 223 
Carolina rice, 163 
Carrion birds, 101 
Carrots, 203 
Cartilage, 40 
Casein, 94, 121 
Cassareep, 239 
Cassava, 244 
Cassia, 236 
Castes of India eating dead animals, 

55 
Caviare, 113 
Cayenne pepper, 235 
Cellulose, 151 
Ceylon: Cassia, 236 
Champagne wine, 393 
Chapman's process, 287 
Charlock, 208 
Charqui, 35 
Chaucer and Wiclif, 233 
Chavica, 237 
Cheese, 120 
— known to ancients, 120 
Cherries, 217 
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Chestnut, 228 
Chica, 416 
Chick pea, 153 
Chicory, 368 
Chili potato, 198, 203 
Chinese sugar grass, 256 
Chlorine in water, 297 
Chocolate, 369 
Christison, Sir K., on salmon, 108 
Chych, 153 
Cider, 415 
Cinnamon, 236 
Claret, 388 
Clark's process, 280 
Classification, 1-3, 15 
Climate on vital functions, 11 
Cloves, 236 
Cocoa, 369 
Cocoa nut, 227 
Coffee, 359, 362 
— leaves, 358 
— planting, 360 
— pots, 364 
Cognac, 381 
Cold to preserve meat, 25 
Composition of structures of the 

body,7 
Condiments, 229 
Congou tea, 345, &c. 
Connection of animals and vege

tables, 3, 4, 8 
Cooked meat, composition of beef, 

49,54 
Cooking egg, 96 
— fish, 111 
— flesh, 19 
— starch, 148 
— loss of weight, beef, 49 

mutton, 53 
pork, 61 

Cotgrave on amydon, 146 
Cotton-seed oil, 248 
Couscousou, 246 
Crab. See Shell fish 
Craig's prepared fat, 29 
— pea-meal food, 156 
Crane, 102 
Crane's, Dr., factory, 321 
Cream, 327 
— cheese, 126 
Cubebs, 234 
Cucumbers, 209 
— oil of, 248 

EXT 

Cumberland bacon, 66 
Curlew, 102 
Currants, 216, 222 
Curry powder, 238 
Custard apple, 218 
Cyprus wine, 163 

BALY, Dr., on preserved milk, 

Darby's fluid meat, 89 
Darjeelingtea, 344 
Dates, 217 
Dauglish, Dr., bread making, 183 
Day and night on vital actions, 11 
Dead animals eaten, 54, 55 
De Caisne, milk of suckling women, 

316 
Denman, Mr., on Greek wines, 397 
Derbyshire oatmeal, 168 
Dhal, 153 
Dhye, 136 
Dried meat, 23 
Dripping, 141 
Dumplings, Somersetshire, 189 
Dupre on wine, 421 
Dynamic force, 6. See also each 

food 

EAKTH-NUT, 228 
Economy in joints, 44 

Edward IV. regulating sale of 
bread, 192 

Eels, 110 
Effect of foods on respiration : Beef, 

49 
casein, 94 
eggs, 92 
isinglass, 93 

Eggs, 92, 95 
— composition of, 99 
— cooked, 96 
— importation of, 98 
Eland, 72 
Elgin factory, 322 
English lakes, 284, &c. 
Exertion on vital functions, 12 
Extract of meat, 86 

composition of, 87 
Liebig on, 88 
small nutritive value, 89 
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FAL 

FALSTAFF on wine, 391 
Fat cells, 138 

Fat, composition of, 45 
— in animals, 137 
— liked by consumptives, 129 
.—refined, 29 
— to preserve meat, 28 
— vegetable, 246 
Fattening animals, 59 
Feet, 80, 81 
Fennel, 208 
Fermentation of malt, 411 
Factitious wine, 403 
Figs, 217 
Filberts, 228 
Filters, 308 
Fish, 105 
— composition of, 107 
— white and red blooded, 107 
Fleetings, 329 
Flesh, anatomical composition of, 

m 16, 17 
— juice, 18 
— tender, 18 
— effect of cooking, 19 
Fowl, blood of, 103 
— composition of, 103 
Frankland's experiments. See each 

food 
on water, 288, 294 

French wines, 392 
Fresenius : Analyses. See each food 
Frijoles, 153 
Frogs, 86 
Fruits, succulent, 213 
— albuminous, 225 
Frumenty, 177 

GAME, 100 
— kinds of, 100 

Garlic, 238 
Gas used in making bread, 184 
Gaseous foods, 435 
Gelatin, 92, 197 
German wines, 393 
Ghee, 136 
Gin, 383 
Gin Lane, 372 
Ginger, 224, 237 
— beer, 416 
Gironde wines, 390 
Gluten, 179, 197 

ICE 
Goatsbeard, 208 
Goat's flesh, 57 
Golden syrup, 261 
Gooroo nut, 229 
Gooseberries, 222 
Grains of Paradise, 235 
Gram, 249 
Graminivorous birds, 101 
Granadilla, 220 
Grape juice, 216, 388 
Greek wines, 397 
Green vegetables, 207 
Groats, 169 
Gruyeres cheese, 122 
Guava, 219 • 
Gulliver, Prof., on Canterbury gur

nets, 109 
Gunpowder tea, 345 

HAGGIS, 78 
Hamburg beef, 24 

— wine, 403 
Hard water, 279 
Hare, 104 
Hart's brown meal, 180 
Hassall's dried meat, 23 
Hazel nuts, 228 
Heat to preserve meat, 30 

defects of method, 33 
Henley's method of preserving meat, 

38 
Herbs, 207 
Herepath: Potatoes, 200 
Heron, 102 
Herring, 110 
Hertfordshire ale, 414 
Hog and hominy, 59 
Holland, 383 
Home-made wine, 403 
Hominy, 159 
Honey, 263 
— wine, 417 
Hops, 408 
Horse-flesh, 72 

dinner of, at Langham Hotel, 
74 

Hungarian wines, 396 
Hurreah, 387 

TCE-FIELDS, 26 
JL Ice-making, 26 
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ICE 
Iceland moss, 213 
Iguana, 85 
Impurities in water, 272 
Indian corn, 156 
— tea, 338 
Infants' milk, 316 
— preserved milk, 323 
Irish buttermilk, 329 
Isinglass, 93 
— effect of, 93 

JAPAN TEA, 339 
Jatropha, 244 

Joints of meat, 42, 48 
Jonathan,161, 171 
Jones's method of preserving meat, 

28, 31 
Jowaree, 162 
Juice of flesh, 18 

extracted by cooking, 21 
Julpaun, 165 

KAFFIES: Umbila, 160 
Kangaroo, 72 

Kean on selection of meat, 52 
Kemmaye, 206 
Ketchup, 239 
Kola-nut, 229 
Kopf's pea-soup, 156 
Koumiss, 319, 417 

LALLEMAND, M., on wine, 421 
Lamb, 57 

Lamb, C, on sucking pig, 64 
Lamprey, 110 
Langham Hotel, dinner at, of horse

flesh, 74 
Lard, 139 
Laurus, 236 
Laver, 213 
Lawes and Gilbert. See various 

foods 
on carcass, 47 
on milk, 314 

Lean, composition of, 47 • 
— and fat meat, proportion of, 43 

properties of, 45 
Leban, 417 
Legs and shins of beef, 48 
Leipsic soup-kitchen, 49, 53, 61 
Lentils, 153 

MEX 
Leveret, 104 
Levitical prohibition of food, 55, 58, 

84, 85, 86, 103, 104, 111 
Lichens, 212 
Liebig's extract of meat, 86 
Lignine, 151 
Lime in wine, 391 
Linseed, 248 
Liver, 78 
— composition of, 79 
Liverpool workhouse milk, 313 
Lizards, 85 
— prohibited, 86 
Llymru, 167 
Lobster, 117 
Locusts, 86 
Loquat, 220 
Loss of weight in cooking beef, 48 
Lungs, 79 
Lupuline, 408 

MACCAEONI, 190 
McDougall's Phosphatic flour, 

180, 185 
Mace, 234 
Madeira wine, 400 
Maize, 156 
Malai, 327 
Malting, 408 
Mammee apple, 219 
Mango, 223 
Mangosteen. 219 
Mangrove swamps, 249 
Manihot, 245 
Manioc, 244 
Manna, 266 
Maple sugar, 256 
Marwa, 387, 417 
Maslin, 196 
Mate tea, 358 
Mead, 387 
Measly pork, 62 
Meat, extract, 86 
— fluid, 89 
— lean and fat, 41, 43 
— preserved. 22 
Medlock and Bailey's method of 

preserving meat, 28 
Medoc wine, 392 
Melon, 219 
Metheglin, 387 
Mexico : Beans and frijoles, 153 

I I 
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MEX 
Mexico: tortilla, 159 
MijE-not's machine, 26 
Milk, 312 
— sugar, 259 
Miller, Prof.: Water, 275 
Millet, 152, 161, 246 
Mineral waters, 310 
Minerals in water, 276 
Mint, 236 
Mocha coffee, 362 
Molasses, 261, 384 
Monkey, 86 
Montilla wine, 394 
Morgan's method of preserving 

meat, 35 
fluid, 36 

Mulberries, 217 
Muscle of fly, 17 
Mushrooms, 210 
Mussels. Sec Shell fish 
Mustard, 235 
Mutton, 52 
— composition of, 54 

NAPLES maccaroni, 190 
Nessler's reagent, 290 

Nettle, 208 
Neufchatel cheese, 127 
Nicaragua tasajo, 153 
^Nitrates and nitrites in water, 287, 

297 
Nitrogenous compounds in air, 453 
— foods, animal, 15 

vegetable, 143 
Nutmegs, 223, 234 
Nutsr 226 

OATS, 166 
Offal, proportion of, 47 

— various kinds, 75 
— composition of, 76 
Oils, animal, 142 
— olive, 247 
— from seeds, 248 
Omentum, 79 
Oolong tea, 314 
Organic matter in water, 282 
Organic matter in air, 454 
Oxen storing up flesh, 59 
Ox-head, 27 
Oxygen in atmospheric air, 446 

P0R 

Oyster beds, 115, 116 
Oysters, 115 
— in India and Ceylon, 115 
Ozone, 448 

PADDY rice, 164 
Palaver sauce, 239 

Pale ale, 412 
Palm wine, 403 
Pancreas, 79 
Paraguay tea, 358 
Parched rice, 165 
— corn, 194 
Parmesan cheese, 122 
Parsnips, 203 
Passover cake, 170 
Payen's analysts. See different 

foods 
Peach palm, 220 
Peacock, 102 
Pea meal, 156, 173 
Pearl barley, 195 
Pekoe tea, 339, 344 
Pemmican, 29 
Pepper, 233 
Perry, 415 
' Philosophical Transactions/ papers 

in, 49 
Phosphates added to flour, 180 
Pie at Haddon Hall, 102 
' Pieces,' sugar, 254 
Pig storing up fat, 59 
— wild, 67 
Pigeon pears, 220 
Pig's head, 77 
Pilchards, 113 
Plantain, 206 
Plaster of Paris, 173 
Plums, 222 
Poached eggs, 97 
Pohl: Analysis of potato, 199 
Polenta, 159, 246 
Pollard, 179 
Pomegranate, 219 
Pork, 58 
— composition of, 60 
— collared, 81 
— diseased, 62 
— pickled, 63 
— wild, 67 
Porpoise, 177 
Porter, 407 
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POR 

Portuguese wines, 394 
Potato, 198 
— diseased, 201 
Potted meat, 29 
Poultry, 100 
Preserved meat, 22 

by coating, 28 
by cold, 25 
by drying, 23 
by gases, 27 
by heat, 30 
by pressure, 38 
by salt, 34 

— milk, 320 
Pressure of the atmosphere, 442 
— to preserve meat, 38 
Prickly pear, 219 
Prince of Wales at Haddon Hall, 

102 
Privy Council Reports, 175 
Prussian pea sausages, 156 
Puddings and pastry, 189 
Pulsation and respiration, daily, 9 

season, 11 
Pumpkin, 209 

Q 
UASS, 416 

Quince, 223 

RABBIT, 104 
Racoon, 105 

Raisins, 216 
Rapeseed oil, 248 
Raspberries, 221 
Recipes, 14th century: 

apple-tart, 218 
beans, 154 
blane mange, 163 
collared pork, 81 
fish soup, 112 
frumenty, 177 
jelly offish, 113 
macaroni, 191 
rice, 162 
salad, 207 
venison, 71 
wild pig, 68 

Redwood, Prof.: Preserving meat, 
28 

Respiration, hourly, 11 

SCH 
Respiration, with exertion, 12 
Respiratory foods, 259 
Rhubarb, 210 
Rice, 162 
Richardson, Dr. B. "W., on alcohols, 

424 
Rivers Pollution Commission, 284. 

301 
Roe offish, 113 
Royal Society papers. See various 

foods and 428 
Rum, 384 
Ruth, 1-94 
Hye, 196 

SAGO, 240 
— palm, 241 

Salmon, composition of, 107, 10S 
— dried, 112 
— roe, 113 
Salmonidge, 108 
Salsify, 208 
Salt, 229 
— in water, 298 
Salted meat, 34 

effect of salt, 3S 
Salts of blood, 8-5 
Santorin wines, 399 
Sausages, 80, 82 
— Majorca, 83 
— Prussian, 83 
Scented teas, 334 
Schlossberger: Analysis of mush

rooms, 211 
Schonbein, 449 
Seagull, 101 
Seakale, 209 
Season on vital aetions, 11 
Seaweed, 212 
Seeale, 196 
Seed oil, 248 
Seeds, 145 
Semolina, 245 
Shakspeare on cheese, 123 
Shea butter, 247 
Sheep, breed of, on mutton, 53 
— storing up flesh, 59 
Sheep's head, 77 
Shellfish, 114 
Shepis talon, 81 
Shor, 327 
Schulze's process, 287 
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Sicilian wines, 400 
Siliceous cuticle, 150 
Simpson, Dr.: Fish in Dacca, 105 
Skin, 76 
Slugs in China, 85 
Smelts, 110 
Smith, Dr. Angus, on air and water, 

447, &c. 
Snails, 85 
— prohibited, 85 
Snakes, 86 
Soap test, 280 
Society of Arts, Papers at, 175, 345, 

423 
Solid particles in air, 452 
Soup, ox-head, 78 
Sources of food, 3 
Sowans, 167 
Spanish wines, 394 
Sparkling hock, 394 
Specific gravity of potatoes, 199 

beers, 412 
Spices, 232 
Squirrels, 105 
Starch, 239 
— cells, 147 
Stevens's bread-making-machine, 185 
Stewed flesh, 20 
Stirabout, 159 
Strawberries, 214, 221 
Structures of body, 7 
Subbotin, M., on wine, 421 
Sue can, 167 
Sucking pig, 63 
Suet, 139 
Sugar, 249 
— cane, 252 
— candy, 262 
— grass, 256 
— making, 252 
Sulphurous acid to preserve meat, 

27 
Swan, 101 
Sweet potato, 202 
Sweetbread of calf, 51, 79 

rpAPIOCA, 240 
X Tartary bouza, 162 
Tasajo, 153 
Tea, 330 
— plant, 332 
—- classification, 339 

Tea picking, 336 
— preparation, 337 
— substitutes for, 341 
Teff, 416 
Tellier, M., method of preserving 

meat, 24, 26 
Temperature of atmospheric air, 440 
Thames water, 275 
Thermometric force, 5. See also 

each food 
Tinned meat, 32 
Tobacco, 237 
Tokay wine, 397 
Tomatos, 209 
Tongue, 76 
Tortilla, 159 
Treacle, 261 
— beer, 416 
Trichina spiralis, 62 
Tripe, 80 
— composition of, 80 
Tucker's analysis of cocoa, 370 
Turkey, wild, 103 
Turmeric, 238 
Turnip, prairie, 203 
— Swede, 203 
Turtle, 118 
Tyndall, Prof., on air, 453 

TTMBILA, 160 
U Ure's analyses, 262 

Uses, 4 

VAPOUR in air, 458 
Veal, 50 

— composition of, 51 
Vegetable foods, 143 

succulent, 197 
— jelly, 94 
— marrows, 209 
Venison, 70 
Ventilation, 459 
Vetches, 153 
Vinegar, 230 
Voelcker, Prof., on cheese, 124 

whey, 330 
Voit, M., on wine, 421 

WANKLYN, 287, 291, 303 
Water, 269 
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Water in butter, 134 
Watts' Dictionary, 309 
Weiss-bier, 195, 416 
Wheat, 179 
Wheaten flour, 171 

grinding of, 178 
Whey, 329 
Whiskey, 378 
White's butter casks, 131 
Whitebait, 108 
"Wild animals as food, 72 
- pig, 67 
WiUard, Prof., on butter factories, 

129 
milk, 321 

ZEB 

Wine, 387 
— manufacture, 389 
Wynkin de Worde, carol on boar's 

head, 68 

YAM, 202 
Yaoust, 417 

Yelk of egg used in oil colours, 96 
Yucca. 202 

ZANZIBAR lizards, 85 
— wild pig, 67 

Zebra, 72 
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Testaments of the Collects for the Sundays after Trinity. By the 
Author of " A Commentary on the Epistles and Gospels." Edited 
by the Rev. JOSEPH JACKSON. Crown 8vo, $s. 

COLLINS, Mortimer.—-The S e c r e t of L o n g L i f e . Small crown 8vo, 
3-y. 6d. 

CONNELL, A. ^ — D i s c o n t e n t a n d D a n g e r i n I n d i a . Small 
crown 8vo, 3s. 6d. 
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COOKE, Prof. J. P.—Scientific C u l t u r e . Crown 8vo, is. 
COOPER, H. y— T h e A r t of F u r n i s h i n g on R a t i o n a l a n d 

E s t h e t i c Pr inc ip les . New and Cheaper Edition. Fcap. 
8vo, is. 6d. 

CORFIELD, Prof., M.D.—Health. Crown 8vo, 6*. 
CORY, William.—A Gu ide to M o d e r n E n g l i s h His to ry . Part I. 

—MDCCCXV.-MDCCCXXX. Demy 8vo, 9*. Part IL— 
MDCCCXXX.-MDCCCXXXV., 15*. 

CORY, Col. Arthur.—The E a s t e r n Menace . Crown 8vo, ys. 6d. 
COTTERILL, H. B.—An I n t r o d u c t i o n to t h e S t u d y of Poe t ry . 

Crown 8vo, ys. 6d. 
COURTNEY, W. L.—The M e t a p h y s i c s of J o h n S t u a r t Mil l . 

Crown 8vo, 5-y. 6d. 
COX, Rev. Sir George W., M.A., Bart.—A H i s t o r y of Greece from 

the Ear l i e s t Pe r iod to t h e end of t h e Pe r s i an W a r . 
New Edition. 2 vols. Demy 8vo, 36 .̂ 

T h e M y t h o l o g y of t h e A r y a n Na t ions . New Edition. 
Demy 8vo, i6.y. 

A Genera l H i s t o r y of Greece f rom t h e Ear l i es t Per iod 
to t h e D e a t h of A l e x a n d e r t h e Great, with a sketch of 
the subsequent History to the present time. New Edition. 
Crown 8vo, ys. 6d. 

Tales of A n c i e n t Greece. New Edition. Small crown 8vo, 6s. 
School H i s t o r y of Greece. New Edition. With Maps. Fcap. 

8vo, 3s. 6d. 
T h e Great Pe r s i an W a r f rom t h e H i s t o r y of A e r o d o t u s . 

New Edition. Fcap. 8vo, 3^. 6d. 
A M a n u a l of M y t h o l o g y in the form of Quest ion a n d 

A n s w e r . New Edition. Fcap. 8vo, 3s. 
A n I n t r o d u c t i o n to t h e Science of C o m p a r a t i v e M y t h 

ology a n d F o l k - L o r e . Crown 8vo, ax. 
COX, Rev. Sir G. W., M.A., Bart., and yONES, Eustace Hinton.— 

P o p u l a r R o m a n c e s of t h e M i d d l e Ages. Second 
Edition, in 1 vol. Crown 8vo, 6s. 

COX, Rev. Samuel— Sa lva to r M u n d i ; or, Is Christ the Saviour of all 
Men ? Seventh Edition. Crown 8vo, 5*. 

The Genesis of E v i l , and o the r Sermons , mainly expository. 
Second Edition. Crown 8vo, 6s. 

A C o m m e n t a r y on the Book of Job. With a Translation. 
Demy 8vo, 15^. 

CRA UFURD, A. ^.—Seeking for L i g h t : Sermons. Crown 8vo, 5*. 
CRAVEN, Mrs.—A Year's Meditations. Crown 8vo, 6s. 
CRAWFURD, Oswald.— P o r t u g a l , Old a n d N e w . With Illustra

tions and Maps. New and Cheaper Edition. Crown 8vo, 6s. 
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CROZIER, yohn Beaitie, M.B.—The R e l i g i o n of t h e F u t u r e . 
Crown 8vo, 6s. 

C y c l o p a e d i a of C o m m o n t h i n g s . Edited by the Rev. Sir GEORGE 
W. Cox, Bart., M.A. With 500 Illustrations. Third Edition. 
Large post 8vo, ys. 6d. 

DALTON, Rev. yohn Neale, M.A., R.N.— S e r m o n s to N a v a l 
C a d e t s . Preached on board H.M.S. "Britannia." Second 
Edition. Small crown 8vo, 3s. 6d. 

DAVIDSON, Rev. Samuel, D.D., LL.D.—The N e w T e s t a m e n t , 
t r a n s l a t e d f r o m t h e L a t e s t G r e e k T e x t of T i s c h e n -
dorf . A New and thoroughly revised Edition. Post 8vo, 10s. 6d. 

C a n o n of t h e B i b l e : Its Formation, History, and Fluctuations. 
Third and revised Edition. Small crown 8vo, $s. 

T h e D o c t r i n e of L a s t T h i n g s contained in the New Testa
ment compared with the Notions of the Jews and the Statements 
of Church Creeds. Crown 8vo. 

DAVIDSON, Thomas.—The P a r t h e n o n F r i e z e , and other Essays. 
Crown 8vo, 6s. 

DA VIES, Rev. J. L., M.A.— T h e o l o g y a n d M o r a l i t y . Essays on 
Questions of Belief and Practice. Crown 8vo, ys. 6d. 

DAWSON, Geo., M.A.—Prayers, w i t h a D i s c o u r s e o n P r a y e r . 
Edited by his Wife. Eighth Edition. Crown 8vo, 6s. 

S e r m o n s o n D i s p u t e d P o i n t s a n d S p e c i a l O c c a s i o n s . 
Edited by his Wife. Third Edition. Crown 8vo, 6s. 

S e r m o n s o n D a i l y L i f e a n d D u t y . Edited by his Wife. 
Third Edition. Crown 8vo, 6s. 

T h e A u t h e n t i c Gospe l . A New Volume of Sermons. Edited 
by GEORGE S T . CLAIR. Second Edition. Crown 8vo, 6s. 

DE REDCLIFFE, Viscount Stratford.—-Why a m I a C h r i s t i a n ? 
Fifth Edition. Crown 8vo, 3^. 

DESPREZ, Phillip S., B.D.—Daniel a n d J o h n ; or, the Apocalypse 
of the Old and that of the New Testament. Demy 8vo, 12s. 

DIDON, Rev. Father. — S c i e n c e w i t h o u t G o d . Conferences by. 
Translated from the French by ROSA CORDER. Crown 8vo, 
cloth, 5>r. 

DO WD EN, Edward, LL. Z> .—Shakspere : a Critical Study of his 
Mind and Art. Sixth Edition. Post 8vo, 12s. 

S t u d i e s i n L i t e r a t u r e , 1789-1877. Second and Cheaper Edition. 
Large post 8vo, 6s. 

DREWRY, G. O., M.D.— T h e C o m m o n - S e n s e M a n a g e m e n t of 
t h e S t o m a c h . Fifth Edition. Fcap. 8vo, 2s. 6d. 

DREWRY, G. O., M.D., andBARTLETT, H. C, Ph.D.—Cup a n d 
P l a t t e r ; or, Notes on Food and its Effects. New and Cheaper 
Edition. Small 8vo, is. 6d. 
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DUFFIELD, A. J.—Don Q u i x o t e : h i s C r i t i c s a n d C o m m e n 
t a t o r s . With a brief account of the minor works of M I G U E L DE 
CERVANTES SAAVEDRA, and a statement of the aim and end of 
the greatest of them all. A handy book for general readers. 
Crown 8vo, 3s. 6d. 

DU MONCEL, Count.—The T e l e p h o n e , t h e M i c r o p h o n e , a n d 
t h e P h o n o g r a p h . With 74 Illustrations. Second Edition. 
Small crown 8vo, 5^. 

EDGEWORTH, F. Y.—Mathematical P s y c h i c s . An Essay on 
the Application of Mathematics to Social Science. Demy 8vo, 
ys. 6d. 

EDIS, Robert W., F.S.A., etc.—Decoration a n d F u r n i t u r e of 
T o w n H o u s e s : a Series of Cantor Lectures, delivered before 
the Society of Arts, 1880. Amplified and Enlarged. With 29 
Full-page Illustrations and numerous Sketches. Second Edition. 
Square 8vo, 12s. 6d. 

E d u c a t i o n a l C o d e of t h e P r u s s i a n N a t i o n , i n i t s P r e s e n t 
F o r m . In accordance with the Decisions of the Common Pro
vincial Law, and with those of Recent Legislation. Crown 8vo, 
2s. 6d. 

E d u c a t i o n L i b r a r y . Edited by P H I L I P MAGNUS :— 

A n I n t r o d u c t i o n t o t h e H i s t o r y of E d u c a t i o n a l 
T h e o r i e s . By OSCAR BROWNING, M.A. Second Edition. 
3-r. 6d. 

J o h n A m o s C o m e n i u s : his Life and Educational Work. By 
Prof. S. S. L A U R I E , A.M. 3^. 6d. 

O l d G r e e k E d u c a t i o n . By the Rev. Prof. MAHAFFY, M.A. 
3s. 6d. 

E i g h t e e n t h C e n t u r y E s s a y s . Selected and Edited by A U S T I N 
DOBSON. With a Miniature Frontispiece by R. Caldecott. 
Parchment Library Edition, 6s. ; vellum, ys. 6d. 

ELSDALE, Henry.—Studies i n T e n n y s o n ' s I d y l l s . Crown 8vo, $s. 

ELYOT, Sir Thomas.—-The B o k e n a m e d t h e G o u e r n o u r . Edited 
from the First Edition of 1531 by H E N R Y H E R B E R T STEPHEN 
CROFT, M.A., Barrister-at-Law. With Portraits of Sir Thomas 
and Lady Elyot, copied by permission of her Majesty from Hol
bein's Original Drawings at Windsor Castle. 2 vols. Fcap. 4to, 
Sos. 

E r a n u s . A Collection of Exercises in the Alcaic and Sapphic Metres. 
Edited by F . W. CORNISH, Assistant Master at Eton. Crown 
8vo, 2S. 

EVANS, Mark.—The S t o r y of O u r F a t h e r ' s L o v e , told to 
Children. Fifth and Cheaper Edition. With Four Illustrations. 
Fcap. 8vo, is. 6d. 



10 A List of 

EVANS, Mark.—continued. 
A B o o k of C o m m o n P r a y e r a n d W o r s h i p fo r H o u s e 

h o l d U s e , compiled exclusively from the Holy Scriptures. 
Second Edition. Fcap. 8vo, is. 

T h e Gospe l of H o m e L i f e . Crown 8vo, 4s. 6d. 

T h e K i n g ' s S t o r y - B o o k . In Three Parts. Fcap. 8vo, is. 6d 
each. 

*** Parts I. and I I . with Eight Illustrations and Two Picture Maps, 
now ready. 

FELKIN, IT. M.—Technical E d u c a t i o n i n a S a x o n T o w n . 
Published for the City and Guilds of London Institute for the 
Advancement of Technical Education. Demy 8vo, 2s. 

FLOREDICE, W. IT.—A M o n t h a m o n g t h e M e r e I r i s h . Small 
crown 8vo, 5>r. 

F o l k e s t o n e R i t u a l C a s e : the Arguments, Proceedings, Judgment, 
and Report. Demy 8vo, 25s. 

FORMBY, Rev. Henry.—Ancient R o m e a n d i t s C o n n e c t i o n 
w i t h t h e C h r i s t i a n R e l i g i o n : An Outline of the History 
of the City from its First Foundation down to the Erection of 
the Chair of St. Peter, A.D. 42-47. With numerous Illustrations 
of Ancient Monuments, Sculpture, and Coinage, and of the 
Antiquities of the Christian Catacombs. Royal 4to, cloth extra, 
£2 1 or. ; roxburgh half-morocco, £2 12s. 6d. 

ERASER, Donald.— E x c h a n g e T a b l e s of S t e r l i n g a n d I n d i a n 
R u p e e C u r r e n c y , upon a new and extended system, embracing 
Values from One Farthing to One Hundred Thousand Pounds, 
and at rates progressing, in Sixteenths of a Penny, from is. gd. to 
2s. 3d. per Rupee. Royal 8vo, 10s. 6d. 

FRISWELL, y. Hain.—The B e t t e r Self. Essays for Home Life. 
Crown 8vo, 6s. 

GARDINER, Samuel R., and y. BASS MULLINGER, M.A.— 
I n t r o d u c t i o n t o t h e S t u d y of E n g l i s h H i s t o r y . Large 
Crown 8vo, 9^. 

GARDNER, Dorsey.-QvLa.tve B r a s , L i g n y , a n d W a t e r l o o . A 
Narrative of the Campaign in Belgium, 1815. With Maps and 
Plans. Demy 8vo, 16s. 

GARDNER, y , M.D.—Longevity : T h e M e a n s of P r o l o n g i n g 
L i f e a f t e r M i d d l e A g e . Fourth Edition, revised and 
enlarged. Small crown 8vo, 4s. 

GEBLER, Karl Von.—Galileo Ga l i l e i a n d t h e R o m a n C u r i a , 
from Authentic Sources. Translated with the sanction of the 
Author, by Mrs. GEORGE STURGE. Demy 8vo, 12s. 

GEDDES, James.—History of t h e A d m i n i s t r a t i o n of J o h n d e 
W i t t , Grand Pensionary of Holland. Vol. I . 1623-1654. With 
Portrait. Demy 8vo, i$s. 

http://Dorsey.-QvLa.tve
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GENNA, E. — I r r e s p o n s i b l e P h i l a n t h r o p i s t s . Being some 
Chapters on the Employment of Gentlewomen. Small crown 
8vo, 2s. 6d. 

GEORGE, Henry.—Progress a n d P o v e r t y : an Inquiry into the 
Causes of Industrial Depressions, and of Increase of Want with 
Increase of Wealth. The Remedy. Second Edition. Post 
8vo, ys. 6d. 

GILBERT, Mrs.—Autobiography a n d o t h e r M e m o r i a l s . 
Edited by Josiah Gilbert. Third and Cheaper Edition. With 
Steel Portrait and several Wood Engravings. Crown 8vo, ys. 6d. 

GLOVER, F., M.A.— E x e m p l a L a t i n a . A First Construing Book, 
with Short Notes, Lexicon, and an Introduction to the Analysis 
of Sentences. Fcap. 8vo, 2s. 

GODWIN, William.—-The G e n i u s of C h r i s t i a n i t y U n v e i l e d . 
Being Essays never before published. Edited, with a Preface, 
by C. Kegan Paul. Crown 8vo, ys. 6d. 

GOLDSMID, Sir Francis Henry, Bart., Q.C., M.P.—Memoir of. 
With Portrait. Second Edition, revised. Crown 8vo, 5^. 

GOODENOUGH, Commodore y. G.—Memoir of, with Extracts from 
his Letters and Journals. Edited by his Widow. With Steel 
Engraved Portrait. Square 8vo, 5-f. 

%* Also a Library Edition with Maps, Woodcuts, and Steel Engraved 
Portrait. Square post 8vo, 14s. 

GOSSE, Edmund J F . — S t u d i e s i n t h e L i t e r a t u r e of N o r t h e r n 
E u r o p e . With a Frontispiece designed and etched by Alma 
Tadema. Large post 8vo, 12s. 

GOULD, Rev. S. Baring, M.A.— T h e V i c a r of M o r w e n s t o w : a 
Memoir of the Rev. R. S. Hawker. With Portrait. Third 
Edition, revised. Square post 8vo, \os. 6d. 

G e r m a n y , P r e s e n t a n d P a s t . New and Cheaper Edition. 
Large crown 8vo, ys. 6d. 

GO WAN, Major Walter E.—A. I v a n o f f ' s R u s s i a n G r a m m a r . 
(16th Edition.) Translated, enlarged, and arranged for use of 
Students of the Russian Language. Demy 8vo, 6s. j 

GRAHAM, William, M.A. — T h e C r e e d of S c i e n c e , Religious, Moral, 
and Social. Demy 8vo, 12s. 

GRIFFITH, Thomas, A.M.—The G o s p e l of t h e D i v i n e L i f e : a 
Study of the Fourth Evangelist. Demy 8vo, 14s. 

GRIMLEY, Rev. H. N., M.A.—Tremadoc S e r m o n s , c h i e f l y o n 
t h e S p i r i t u a l B o d y , t h e U n s e e n W o r l d , a n d t h e 
D i v i n e H u m a n i t y . Third Edition. Crown 8vo, 6s. 

GRUNER, M.L. — S t u d i e s of B l a s t F u r n a c e P h e n o m e n a . 
Translated by L. D. B. GORDON, F .R.S.E. , F.G.S. Demy 8vo, 
ys. 6d. 
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GURNEY, Rev. Archer.— W o r d s of F a i t h a n d C h e e r . A Mission 
of Instruction and Suggestion. Crown 8vo, 6s. 

HAECKEL, Prof. Ernst.—The H i s t o r y of C r e a t i o n . Translation 
revised by Professor E. RAY LANKESTER, M.A., F .R.S . With 
Coloured Plates and Genealogical Trees of the various groups 
of both Plants and Animals. 2 vols. Second Edition. Post 
8vo, 32s. 

T h e H i s t o r y of t h e E v o l u t i o n of M a n . With numerous 
Illustrations. 2 vols. Post 8vo, 32s. 

F r e e d o m i n S c i e n c e a n d T e a c h i n g . With a Prefatory Note 
by T. H. HUXLEY, F .R.S. Crown 8vo, 5*. 

HALF-CROWN SERIES : — 

Si s t e r D o r a : a Biography. By MARGARET LONSDALE. 

T r u e W o r d s fo r B r a v e M e n : a Book for Soldiers and Sailors. 
By the late CHARLES KINGSLEY. 

A n I n l a n d V o y a g e . By R. L. STEVENSON. 

T r a v e l s w i t h a D o n k e y . By R. L. STEVENSON. 

A N o o k i n t h e A p e n n i n e s . By LEADER SCOTT. 

N o t e s of T r a v e l : being Extracts from the Journals of Count VON 
MOLTKE. 

L e t t e r s f r o m R u s s i a . By Count VON MOLTKE. 

E n g l i s h S o n n e t s . Collected and Arranged by J. D E N N I S . 

L y r i c s of L o v e . F r o m S h a k e s p e a r e t o T e n n y s o n , 
Selected and Arranged by W. D. ADAMS. 

L o n d o n L y r i c s . By F . LOCKER. 

H o m e S o n g s fo r Q u i e t H o u r s . By the Rev. Canon R. H. 
BAYNES. 

HALLECICS I n t e r n a t i o n a l L a w ; or, Rules Regulating the Inter, 
course of States in Peace and War. A New Edition, revised, 
with Notes and Cases by Sir SHERSTON BAKER, Bart. 2 vols. 
Demy 8vo, 38s. 

HARTINGTON, The Right Hon. the Marquis of, M.P.— E l e c t i o n 
S p e e c h e s i n 1 8 7 9 a n d 1 8 8 0 . With Address to the Electors 
of North-East Lancashire. Crown 8vo, 3s. 6d. 

HAWEIS, Rev. H. R., M.A.—Current C o i n . Materialism—The 
Devil—Crime—Drunkenness—Pauperism—Emotion—Recreation 
—The Sabbath. Fourth and Cheaper Edition. Crown 8vo, 5^. 

A r r o w s i n t h e A i r . Fourth and Cheaper Edition. Crown 
8vo, $s. 

S p e e c h i n S e a s o n . Fifth and Cheaper Edition. Crown 8vo, 5*. 

T h o u g h t s fo r t h e T i m e s . Twelfth and Cheaper Edition. 
Crown 8vo, $s. 
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HAWEIS, Rev. H. R., M.A.—continued. 
U n s e c t a r i a n F a m i l y P r a y e r s . New and Cheaper Edition. 

Fcap. 8vo, is. 6d. 
HAWKINS, Edwards Comerford.—Spirit and Form. Sermons 

preached in the Parish Church of Leatherhead. Crown 8vo, 6s. 

HAYES, A. H, yunr.—Nvw Colorado, a n d t h e S a n t a F e Tra i l . 
With Map and 60 Illustrations. Crown 8vo, gs. 

FIELLWALD, Baron F. Von.—The R u s s i a n s in Cent ra l Asia . 
A Critical Examination, down to the Present Time, of the 
Geography and History of Central Asia. Translated by Lieut.-
Col. THEODORE WIRGMAN, LL.B. With Map. Large post 
8vo, 12 s. 

HINTON, y— T h e P l a c e of t h e P h y s i c i a n . To which is added 
E s s a y s on t h e L a w of H u m a n Life, a n d on t h e 
Re l a t i ons b e t w e e n Organ ic a n d I n o r g a n i c W o r l d s . 
Second Edition. Crown 8vo, 3s. 6d. 

P h i l o s o p h y a n d Rel ig ion . Selections from the MSS. of the 
late JAMES HINTON. Edited by CAROLINE HADDON. Crown 
8vo, 5-r. 

P h y s i o l o g y for P r a c t i c a l Use. By Various Writers. With 
50 Illustrations. Third and Cheaper Edition. Crown 8vo, 5-r. 

A n A t l a s of Diseases of t h e M e m b r a n a T y m p a n i . With 
Descriptive Text. Post 8vo, £6 6s. 

T h e Quest ions of A u r a l Su rge ry . With Illustrations. 2 vols. 
Post 8vo, 12s. 6d. 

C h a p t e r s on t h e A r t of T h i n k i n g , a n d o ther Essays . 
With an Introduction by SHADWORTH HODGSON. Edited by 
C. H. HINTON. Crown 8vo, Ss. 6d. 

T h e M y s t e r y of P a i n . New Edition. Fcap. 8vo, is. 

Life a n d Le t t e r s . Edited by ELLICE HOPKINS, with an Intro
duction by Sir W. W. GULL, Bart., and Portrait engraved on 
Steel by C. H. JEENS. Fourth Edition. Crown 8vo, Ss. 6d. 

FIOOPER, Mary.—Little D i n n e r s : H o w to Serve t h e m w i t h 
E l e g a n c e a n d E c o n o m y . Thirteenth Edition. Crown 
8vo, Ss. 

Cooke ry for Inva l i d s , Pe r sons of Del icate Digestion, 
a n d Ch i ld ren . Second Edition. Crown 8vo, y. 6d. 

E v e r y - D a y Meals . Being Economical and Wholesome Recipes 
for Breakfast, Luncheon, and Supper. Third Edition. Crown 
8vo, 5J. 

HOPKINS, Ellice.--Life a n d Let te rs of J a m e s H in ton , with an 
Introduction by Sir W. W. GULL, Bart., and Portrait enpved 
on Steel by C. H. JEENS. Fourth Edition. Crown 8vo, 8s. 6d. 
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HORNER, The Misses.— W a l k s i n F l o r e n c e . A New and thoroughly 
Revised Edition. 2 vols. Crown 8vo. Limp cloth. With Illus
trations. 

VOL. I.—Churches, Streets, and Palaces. 10s. 6d. 
VOL. II.—Public Galleries and Museums. Ss' 

HOSPITALIER, E.—The M o d e r n A p p l i c a t i o n s of E l e c t r i c i t y . 
Translated and Enlarged by J U L I U S M A I E R , Ph.D. With 170 
Illustrations. Demy 8vo, 16s. 

H o u s e h o l d R e a d i n g s o n P r o p h e c y . By a Layman. Small 
crown 8vo, 3s. 6d. 

HUGHES, Henry.—The R e d e m p t i o n of t h e W o r l d . Crown 8vo, 
3s. 6d. 

HULL, Edmund C. F.—The E u r o p e a n i n I n d i a . With a Medical 
Guide for Anglo-Indians. By R. S. M A I R , M.D., F .R.C.S.E. 
Third Edition, Revised and Corrected. Post 8vo, 6^. 

HUNTINGFORD, Rev. E., D.C.L.—The A p o c a l y p s e . With a 
Commentary and Introductory Essay. Demy 8vo, gs. 

HUTTON, Arthur, M.A.— T h e A n g l i c a n M i n i s t r y : Its Nature 
and Value in relation to the Catholic Priesthood. With a Preface 
by His Eminence Cardinal Newman. Demy Swo, 14s. 

yENKINS, £., and RAYMOND, y.— T h e A r c h i t e c t ' s L e g a l 
H a n d b o o k . Third Edition, Revised. Crown 8vo, 6s. 

yENKINS, Rev. R. C, M.A.—The P r i v i l e g e of P e t e r , and the 
Claims of the Roman Church confronted with the Scriptures, 
the Councils, and the Testimony of the Popes themselves. Fcap. 
Svo, 3s. 6d. 

yENNINGS, Mrs. Vaughan.— R a h e l : H e r L i f e a n d L e t t e r s . 
With a Portrait from the Painting by Daffinger. Square post 
8vo, ys. 6d. 

yERVIS. Rev. W. Hetiley. — T h e G a l l i c a n C h u r c h a n d t h e 
R e v o l u t i o n . A Sequel to the History of the Church of 
France, from the Concordat of Bologna to the Revolution. 
Demy 8vo, iSs. 

yOEL, L.—A C o n s u l ' s M a n u a l a n d S h i p o w n e r ' s a n d S h i p 
m a s t e r ' s P r a c t i c a l G u i d e i n t h e i r T r a n s a c t i o n s 
A b r o a d . With Definitions of Nautical, Mercantile, and Legal 
Terms; a Glossary of Mercantile Terms in English, French, 
German, Italian, and Spanish ; Tables of the Money, Weights, 
and Measures of the Principal Commercial Nations and their 
Equivalents in British Standards; and Forms of Consular and 
Notarial Acts. Demy 8vo, 12s. 

yOHNSTONE, C. F., M.A.—Historical A b s t r a c t s : being Outlines 
of the History of some of the less known States of Europe. 
Crown 8vo, ys. 6d. 

yONCOURT, Madame Marie ^ . — W h o l e s o m e C o o k e r y . Crown 
8vo, 3s. 6d. 
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JONES, C. A.—The F o r e i g n F r e a k s of F i v e F r i e n d s . With 30 
Illustrations. Crown 8vo, 6s. 

yONES, Lucy.—Puddings a n d S w e e t s ", being Three Hundred and 
Sixty-five Receipts approved by experience. Crown 8vo, 2s. 6d. 

yOYCE, P. W., LL.D., etc.—0\& C e l t i c R o m a n c e s . Translated 
from the Gaelic. Crown 8vo, ys. 6d. 

KAUFMANN, Rev. M., B.A.— S o c i a l i s m : Its Nature, its Dangers, 
and its Remedies considered. Crown 8vo, ys. 6d. 

U t o p i a s ; or, Schemes of Social Improvement, from Sir Thomas 
More to Karl Marx. Crown 8vo, Ss-

KAY, yoseph.—Tree T r a d e i n L a n d . Edited by his Widow. With 
Preface by the Right Hon. J O H N B R I G H T , M.P. Sixth Edition. 
Crown 8vo, 5-y. 

KEMPIS, Thomas a.—Of. t h e I m i t a t i o n of C h r i s t . Parchment 
Library Edition, 6s. ; or vellum, ys. 6d. The Red Line Edition, 
fcap. 8vo, red edges, 2s. 6d. The Cabinet Edition, small 8vo, 
cloth limp, is. ; cloth boards, red edges, is. 6d. The Miniature 
Edition, red edges, 32mo, is. 

*%* All the above Editions may be had in various extra bindings. 

KENT, C.—Corona C a t h o l i c a a d P e t r i s u c c e s s o r i s P e d e s 
O b l a t a . D e S u m m i P o n t i f i c i s L e o n i s X I I I . A s -
s u m p t i o n e E p i g r a m m a . In Quinquaginta Linguis. Fcap. 
4to, 15J. 

KEENER, Dr. A.—Flowers a n d t h e i r U n b i d d e n G u e s t s . 
Translation edited by W. O G L E , M.A., M.D. With Illustrations. 
Square 8vo, gs. 

KETTLE WELL, Rev. S— T h o m a s a K e m p i s a n d t h e B r o t h e r s 
of C o m m o n L i f e . 2 vols. With Frontispieces. Demy 8vo, 
3or. 

KIDD, yoseph, M.D.—The L a w s of T h e r a p e u t i c s ", or, the Science 
and Art of Medicine. Second Edition. Crown 8vo, 6s. 

KINAHAN, G. Henry, M.R.I.A.— T h e G e o l o g y of I r e l a n d , with 
numerous Illustrations and a Geological Map of Ireland. Square 
8vo, 15^. 

KINGSFORD, Anna, M.D.— T h e P e r f e c t W a y i n D i e t . A 
Treatise advocating a Return to the Natural and Ancient Food of 
our Race. Small crown 8vo, 2s. 

KINGSLEY, Charles, M.A.—Letters a n d M e m o r i e s of h i s L i f e . 
Edited by his Wife. With two Steel Engraved Portraits, and 
Vignettes on Wood. Eleventh Cabinet Edition. 2 vols. Crown 
8vo, 12s. 

A l l S a i n t s ' D a y , and other Sermons. Edited by the Rev. W. 
HARRISON. Third Edition. Crown 8vo, ys. 6d. 

T r u e W o r d s fo r B r a v e M e n . A Book for Soldiers' and 
Sailors' Libraries. Eighth Edition. Crown 8vo, 2s. 6d. 
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KNIGHT, Professor £T.—Studies i n P h i l o s o p h y a n d L i t e r a t u r e . 
Large Post 8vo, ys. 6d. 

KNOX, Alexander A.—The N e w P l a y g r o u n d ; or, Wanderings in 
Algeria. Large crown 8vo, IOS. 6d. 

LAURIE, S. S.—The T r a i n i n g of T e a c h e r s , and other Educational 
Papers. Crown 8vo, ys. 6d. 

LEE, Rev. F. G., D.C.L.—The O t h e r W o r l d ", or, Glimpses of the 
Supernatural. 2 vols. A New Edition. Crown 8vo, 15J. 

LEWIS, Edward Dillon.—A D r a f t C o d e of C r i m i n a l L a w a n d 
P r o c e d u r e . Demy 8vo, 21s. 

LINDSA Y, W. Lauder, M.D.—Mind i n t h e L o w e r A n i m a l s i n 
H e a l t h a n d D i s e a s e . 2 vols. Demy 8vo, 32s. 

Vol. I.—Mind in Health. Vol. II.—Mind in Disease. 

LLOYD, Walter.—The H o p e of t h e W o r l d : An Essay on Universal 
Redemption. Crown 8vo, Ss> 

LONSDALE, Margaret.—Sistev D o r a : a Biography. With Portrait. 
Twenty-fifth Edition. Crown 8vo, 2s. 6d. 

LORIMER, Peter, D.D.—John K n o x a n d t h e C h u r c h of E n g 
l a n d . His Work in her Pulpit, and his Influence upon her 
Liturgy, Articles, and Parties. Demy 8vo, I2.r. 

J o h n W i c l i f a n d h i s E n g l i s h P r e c u r s o r s . By GERHARD 
VICTOR LECHLER. Translated from the German, with additional 
Notes. New and Cheaper Edition. Demy 8vo, 10s. 6d. 

LOWDER, Charles.—A B i o g r a p h y . By the Author of " St. Teresa." 
Sixth Edition. Large crown 8vo. With Portrait. ys. 6d. 

MACHIAVELLI, Niccoli. T h e P r i n c e . Translated from the Italian 
by N. H. T. Small crown 8vo, printed on hand-made paper, 
bevelled boards, 6.y. 

MACKENZIE, Alexander.—How I n d i a i s G o v e r n e d . Being an 
Account of England's work in India. Small crown 8vo, 2s. 

MACNAUGHT, Rev. yohn.—Ccena. D o m i n i : An Essay on the Lord's 
Supper, its Primitive Institution, Apostolic Uses, and Subsequent 
History. Demy 8vo, 14s. 

MAGNUS, Mrs.—About t h e J e w s s i n c e B i b l e T i m e s . From the 
Babylonian Exile till the English Exodus. Small crown 8vo, S*-

MAIR, R. S., M.D., F.R.C.S.E.—The M e d i c a l G u i d e for A n g l o -
I n d i a n s . Being a Compendium of Advice to Europeans in 
India, relating to the Preservation and Regulation of Health. 
With a Supplement on the Management of Children in India. 
Second Edition. Crown 8vo, limp cloth, 3^. 6d. 

MANNING, His Eminence Cardinal.—The T r u e S tory of t h e 
V a t i c a n ' C o u n c i l . Crown 8vo, 5*. 
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MARKHAM, Capt. Albert Hastings, R.N.—The G r e a t F r o z e n S e a : 
A Personal Narrative of the Voyage of the Alert during the Arctic 
Expedition of 1875-6. With 6 Full-page Illustrations, 2 Maps, 
and 27 Woodcuts. Fifth and Cheaper Edition. Crown 8vo, 6s. 

A P o l a r R e c o n n a i s s a n c e : being the Voyage of the Isbjbrn 
to Novaya Zemlya in 1879. With 10 Illustrations. Demy 8vo, i6.r. 

M a r r i a g e a n d M a t e r n i t y ; or, Scripture Wives and Mothers. Small 
crown 8vo, 4s. 6d. 

MARTINEAU, Gertrude.—Outline L e s s o n s o n M o r a l s . Small 
crown 8vo, 3s. 6d. 

McGRATH, Terence.—Pictures f r o m I r e l a n d . New and Cheaper 
Edition. Crown 8vo, 2s. 

MEREDITH, M.A.— T h e o t o k o s , t h e E x a m p l e for W o m a n . 
Dedicated, by permission, to Lady AGNES W O O D . Revised by 
the Venerable Archdeacon DENISON. 32mo, limp cloth, is. 6d. 

MERRITT? Hmry.— A r t - C r i t i c i s m a n d R o m a n c e . With Re
collections and 23 Illustrations in eau-forte, by Anna Lea 
Merritt. 2 vols. Large post 8vo, 25^. 

MILLER, Edward.—The H i s t o r y a n d D o c t r i n e s of I r v i n g i s m ; 
or, the so-called Catholic and Apostolic Church. 2 vols. Large 
post 8vo, 25.?. 

T h e C h u r c h i n R e l a t i o n t o t h e S t a t e . Large crown 8vo, 
ys. 6d. 

MILNE, yames.—Tables of E x c h a n g e for the Conversion of Sterling 
Money into Indian and Ceylon Currency, at Rates from is. Sd. to 
2s. 3d. per Rupee. Second Edition. Demy 8vo, £2 2s. 

MINCHIN, y. G.—Bulgaria s i n c e t h e W a r : Notes of a Tour in 
the Autumn of 1879. Small crown 8vo, 3s. 6d. 

MOCKLER, E.—A G r a m m a r of t h e B a l o o c h e e L a n g u a g e , as 
it is spoken in Makran (Ancient Gedrosia), in the Persia-Arabic 
and Roman characters. Fcap. 8vo, 5-r. 

MOLES WORTH, Rev. W. Nassau, M. A.—History of t h e C h u r c h 
of E n g l a n d f r o m 1 6 6 0 . Large crown 8vo, ys. 6d. 

MORELL, y. R.—Euclid S i m p l i f i e d i n M e t h o d a n d L a n g u a g e . 
Being a Manual of Geometry. Compiled from the most important 
French Works, approved by the University of Paris and the 
Minister of Public Instruction. Fcap. 8vo, 2s. 6d. 

MORSE, E. S., Ph.D.—First B o o k of Zoo logy . With numerous 
Illustrations. New and Cheaper Edition. Crown 8vo, 2s. 6d. 

MUNRO, Major-Gen. Sir Thomas, Bart., K.C.B., Governor of Madras. 
—SELECTIONS FROM HIS M I N U T E S AND OTHER OFFICIAL 
W R I T I N G S . Edited, with an Introductory Memoir, by Sir ALEX
ANDER ARBUTHNOT, K.C.S.L, C L E . 2 vols. Demy 8vo, 30s. 

NELSON, y. H.y M.A.—A P r o s p e c t u s of t h e Sc ien t i f i c S t u d y 
of t h e H i n d u L a w . Demy 8vo, gs. 

c 
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NEWMAN, J. H., D.D.—Characteristics f r o m t h e W r i t i n g s 
of. Being Selections from his various Works. Arranged with 
the Author's personal Approval. Sixth Edition. With Portrait. 
Crown 8vo, 6s. 

• ** A Portrait of the Rev. Dr. J. H. Newman, mounted for framing, 
can be had, 2s. 6d. 

N e w W e r t h e r . By L O K I . Small crown 8vo, 2s. 6d. 

NICHOLSON, Edward Byron.—The G o s p e l a c c o r d i n g t o t h e 
H e b r e w s . Its Fragments Translated and Annotated with a 
Critical Analysis of the External and Internal Evidence relating 
to it. Demy 8vo, gs. 6d. 

A N e w C o m m e n t a r y o n t h e Gospe l a c c o r d i n g t o 
M a t t h e w ' . Demy 8vo, 12s. 

T h e R i g h t s of a n A n i m a l . Crown 8vo, 3s. 6d. 
NICOLS, Arthur, F.G.S., F.R. G. S.—Chapters f r o m t h e P h y s i c a l 

H i s t o r y of t h e E a r t h : an Introduction to Geology and 
Palaeontology. With numerous Illustrations. Crown 8vo, Ss> 

N o t e s o n S t . P a u l ' s E p i s t l e t o t h e G a l a t i a n s . For Readers of 
the Authorised Version or the Original Greek. Demy 8vo, 2s. 6d. 

N u c e s : EXERCISES ON T H E SYNTAX OF T H E PUBLIC SCHOOL L A T I N 
PRIMER. New Edition in Three Parts. Crown 8vo, each is. 

%* The Three Parts can also be had bound together, 3-f. 

OATES, Frank, F.R.G.S.—Matabele L a n d a n d t h e V i c t o r i a 
F a l l s . A Naturalist's Wanderings in the Interior of South 
Africa. Edited by C. G. OATES, B.A. With numerous Illustra
tions and 4 Maps. Demy 8vo, 21s. 

OGLE, W., M.D., F.R.C.P.—Avistotle o n t h e P a r t s of A n i m a l s . 
Translated, with Introduction and Notes. Royal 8vo, 12s. 6d. 

OMEARA, Kathleen.—Frederic O z a n a m , Professor of the Sorbonne : 
His Life and Work. Second Edition. Crown 8vo, ys. 6d. 

H e n r i P e r r e y v e a n d h i s C o u n s e l s t o t h e S i c k . Small 
crown 8vo, 5^. 

O u r P u b l i c S c h o o l s — E t o n , H a r r o w , W i n c h e s t e r , R u g b y , 
W e s t m i n s t e r , M a r l b o r o u g h , T h e C h a r t e r h o u s e . 
Crown 8vo, 6s. 

OWEN, F. M.—John K e a t s : a Study. Crown 8vo, 6s. 

OWEN, Rev. Robert, B.D.—Sanctorale C a t h o l i c u m ", or, Book of 
Saints. With Notes, Critical, Exegetical, and Historical. Demy 
8vo, i8i-. 

A n E s s a y o n t h e C o m m u n i o n of S a i n t s . Including an 
Examination of the Cultus Sanctorum. 2s. 

OXENHAM, Rev. F. Nutcombe.—What i s t h e T r u t h a s t o E v e r 
l a s t i n g P u n i s h m e n t . Part I I . Being an Historical Inquiry 
into the Witness and Weight of certain Anti-Origenist Councils. 
Crown 8vo, 2s. 6d. 

%* Parts I. and II. complete in one volume, ys. 
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P a r c h m e n t L i b r a r y . Choicely Printed on hand-made paper, limp 
parchment antique, 6s. ; vellum, ys. 6d. each volume. 

T h e C h r i s t i a n Y e a r . Thoughts in Verse for the Sundays and 
Holy Days throughout the Year. With Miniature Portrait of the 
Rev. J. Keble, after a Drawing by G. Richmond, R.A. 

S h a k s p e r e ' s W o r k s . Now publishing in Twelve Monthly 
Volumes. 

E i g h t e e n t h C e n t u r y E s s a y s . Selected and Edited by AUSTIN 
DOBSON. With a Miniature Frontispiece by R. Caldecott. 

Q . H o r a t i F l a c c i O p e r a . Edited by F. A. CORNISH, Assistant 
Master at Eton. With a Frontispiece after a design by L. ALMA 
TADEMA, etched by Leopold Lowenstam. 

E d g a r A l l a n P o e ' s P o e m s . With an Essay on his Poetry by 
A N D R E W LANG, and a Frontispiece by Linley Sambourne. 

S h a k s p e r e ' s S o n n e t s . Edited by EDWARD DOWDEN. With a 
Frontispiece etched by Leopold Lowenstam, after the Death Mask. 

E n g l i s h O d e s . Selected by E D M U N D W. GOSSE. With Frontis
piece on India paper by Hamo Thornycroft, A.R.A. 

Of t h e I m i t a t i o n of C h r i s t . By THOMAS A KEMPIS . A 
revised Translation. With Frontispiece on India paper, from a 
Design by W. B. Richmond. 

T e n n y s o n ' s T h e P r i n c e s s : a Medley. With a Miniature 
Frontispiece by H. M. Paget, and a Tailpiece in Outline by 
Gordon Browne. 

P o e m s : Selected from PERCY BYSSHE SHELLEY. Dedicated to 
Lady Shelley. With a Preface by RICHARD GARNET and a 
Miniature Frontispiece. 

T e n n y s o n ' s " I n M e m o r i a m . " With a Miniature Portrait 
in eau-forte by Le Rat, after a Photograph by the late Mrs. 
Cameron. 

G a y ' s F a b l e s . With an Introduction by AUSTIN DOBSON. 

In the Press. 
F r e n c h L y r i c s . Selected and Annotated by G. SAINTSBURY. 

In the Press. 
S e l e c t L e t t e r s of P e r c y B y s s h e S h e l l e y . Edited, with an 

Introduction, by R I C H A R D GARNETT. In the Press. 

PARKER,yoseph,D.D.—The P a r a c l e t e : An Essay on the Personality 
and Ministry of the Holy Ghost, with some reference to current 
discussions. Second Edition. . Demy 8vo, 12s. 

PARR, Capt. H. Hallam, C.M.G.—A S k e t c h of t h e K a f i r a n d 
Z u l u W a r s : Guadana to Isandhlwana. With Maps. Small 
crown 8vo, Ss-

PARSLOE, yoseph.—Our R a i l w a y s . Sketches, Historical and 
Descriptive. With Practical Information as to Fares and Rates, 
etc., and a Chapter on Railway Reform. Crown 8vo, 6s. 
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PATTISON, Mrs. Mark.—The R e n a i s s a n c e of A r t i n F r a n c e . 
With Nineteen Steel Engravings. 2 vols. Demy 8vo, 32s. 

PEARSON, Rev. S.—Week-day L i v i n g . A Book for Young Men 
and Women. Second Edition. Crown 8vo, Ss-

PENRICE, Maj. y , B.A.—A D i c t i o n a r y a n d G l o s s a r y of t h e 
K o - r a n . With Copious Grammatical References and Explana
tions of the Text. 4to, 21s. 

PESCHEL, Dr. Oscar.—The R a c e s of M a n a n d t h e i r G e o 
g r a p h i c a l D i s t r i b u t i o n . Large crown 8vo, gs. 

PETERS, F. A.—The N i c o m a c h e a n E t h i c s of A r i s t o t l e . Trans
lated by. Crown 8vo, 6s. 

PIDGEON, D.—An E n g i n e e r ' s H o l i d a y ; or, Notes of a Round 
Trip from Long. o° to o°. 2 vols. Large crown 8vo, 16s. 

PLAYFAIR, Lieut.-Col.—Travels i n t h e F o o t s t e p s of B r u c e i n 
A l g e r i a a n d T u n i s . Illustrated by facsimiles of Bruce's 
original Drawings, Photographs, Maps, etc. Royal 4to cloth, 
bevelled boards, gilt leaves, £3 3s. 

POLLOCK, Frederick.—Spinoza, h i s L i f e a n d P h i l o s o p h y . 
Demy 8vo, 16s. 

POLLOCK, W. H—Lecture's o n F r e n c h P o e t s . Delivered at the 
Royal Institution. Small crown 8vo, 5^. 

POOR, Laura E.— S a n s k r i t a n d i t s K i n d r e d L i t e r a t u r e s . 
Studies in Comparative Mythology. Small crown 8vo, Ss. 

PRICE, Prof. Bonamy.—Currency a n d B a n k i n g . Crown 8vo, 6s. 

C h a p t e r s o n P r a c t i c a l P o l i t i c a l E c o n o m y . Being the Sub
stance of Lectures delivered before the University of Oxford. 
New and Cheaper Edition. Large post 8vo, Ss> 

P r o t e u s a n d A m a d e u s . A Correspondence. Edited by AUBREY 
D E VERE. Crown 8vo, 5*. 

P u l p i t C o m m e n t a r y , T h e . Edited by the Rev. J . S. E X E L L and 
the Rev. Canon H. D. M. SPENCE. 

Genes i s . By the Rev. T. W H I T E L A W , M.A. ; with Homilies by 
the Very Rev. J. F. MONTGOMERY, D .D. , Rev. Prof. R. A. 
REDFORD, M.A., LL.B., Rev. F. HASTINGS, Rev. W.' 
ROBERTS, M.A. An Introduction to the Study of the Old 
Testament by the Rev. Canon FARRAR, D.D., F . R . S . ; and 
Introductions to the Pentateuch by the Right Rev. H. COT-
TERILL, D.D., and Rev. T. W H I T E L A W , M.A. Sixth Edition. 
1 vol., iSs. 

E x o d u s . By the Rev. Canon RAWLINSON. With Homilies by 
Rev. J. ORR, Rev. D. YOUNG, Rev. C. A. GOODHART, Rev. J . 
URQUHART, and the Rev. H. T. ROBJOHNS. Second Edition. 
16 s. 
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P u l p i t C o m m e n t a r y , The.—continued. 
L e v i t i c u s . By the Rev. Prebendary MEYRICK, M.A. With 

Introductions by the Rev. R. COLLINS, Rev. Professor A. CAVE, 
and Homilies by Rev. Prof. REDFORD, LL.B., Rev. J. A. 
MACDONALD, Rev. W. CLARKSON, Rev. S. R. ALDRIDGE, 
LL.B. , and Rev. M C C H E Y N E EDGAR. Third Edition. 15^. 

N u m b e r s . By the Rev. R. WINTERBOTHAM, LL.B. ; with 
Homilies by the Rev. Professor W. B I N N I E , D.D. , Rev. E. S. 
PROUT, M.A., Rev. D. YOUNG, Rev. J. W A I T E , and an Intro
duction by the Rev. THOMAS W H I T E L A W , M.A. Third 
Edition. 15^. 

D e u t e r o n o m y . By the Rev. W. L. ALEXANDER, D.D. With 
Homilies by Rev. C. Clemance, D.D. , Rev. J. Orr, B.D., Rev. 
R. M. Edgar, M.A., Rev. D. Davies, M.A. Price 15*. 

J o s h u a . By Rev. J. J. L IAS , M.A. ; with Homilies by Rev. 
S. R. ALDRIDGE, LL.B. , Rev. R. GLOVER, REV. E. D E 
PRESSENSE, D.D. , Rev. J. W A I T E , B.A., Rev. F . W. A D E N E Y , 
M.A. ; and an Introduction by the Rev. A. PLUMMER, M.A. 
Fourth Edition. 12s. 6d. 

J u d g e s a n d R u t h . By the Right Rev. Lord A. C. H E R V E Y , 
D.D. , and Rev. J. MORRISON, D.D. ; with Homilies by Rev. 
A. F . M U I R , M.A., Rev. W. F . ADENEY, M.A., Rev. W. M. 
S T A T H A M , and Rev. Professor J. THOMSON, M.A. Third 
Edition, 10s. 6d. 

1 S a m u e l . By the Very Rev. R. P. S M I T H , D . D . ; with Homilies 
by Rev. DONALD FRASER, D.D. , Rev. Prof. CHAPMAN, and 
Rev. B. D A L E . Fourth Edition. 15^. 

1 K i n g s . By the Rev. JOSEPH HAMMOND, LL.B. With Homilies 
by the Rev. E. D E PRESSENSE, D.D. , Rev. J. W A I T E , B.A., 
Rev. A. ROWLAND, LL.B. , Rev. J. A. MACDONALD, and Rev. 
J. U R Q U H A R T . Third Edition. 15^. 

E z r a , N e h e m i a h , a n d E s t h e r . By Rev. Canon G. RAWLINSON, 
M.A. ; with Homilies by Rev. Prof. J. R. THOMSON, M.A., Rev. 
Prof. R. A. REDFORD, LL.B. , M.A., Rev. W. S. L E W I S , M.A., 
Rev. J. A. MACDONALD, Rev. A. MACKENNAL, B.A., Rev. W. 
CLARKSON, B.A., Rev. F . HASTINGS, Rev. W. D I N W I D D I E , 
LL.B. , Rev. Prof. ROWLANDS, B.A., Rev. G. W O O D , B.A., 
Rev. Prof. P . C. BARKER, LL.B., M.A., and the Rev. J. S. 
E X E L L . Fifth Edition. 1 vol., 12s. 6d. 

P u n j a u b , T h e , a n d N o r t h - W e s t e r n F r o n t i e r of I n d i a . By 
an Old Punjaubee. Crown 8vo, $s. 

R a b b i J e s h u a . An Eastern Story. Crown 8vo, 3*. 6d. 
RADCLIFFE, Frank R. Y.—The N e w P o l i t i c u s . Small crown 8vo, 

2s. 6d. 
RAVENSHAW, yohn Henry, B.C.S.—Ganv. I t s R u i n s a n d I n 

s c r i p t i o n s . Edited by his Widow. With 44 Photographic 
Illustrations, and 25 facsimiles of Inscriptions. Royal 4to, 
£3 13s. 6d. 
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READ, Carveth.—On t h e T h e o r y of L o g i c : An Essay. Crown 
8vo, 6s. 

R e a l i t i e s of t h e F u t u r e L i f e . Small crown 8vo, is. 6d. 

RENDELL, y. M—-Concise H a n d b o o k of t h e I s l a n d of 
M a d e i r a . With Plan of Funchal and Map of the Island. Fcap. 
8vo, is. 6d. 

REYNOLDS, Rev. y. W.—The S u p e r n a t u r a l i n N a t u r e . ^ A 
Verification by Free Use of Science. Second Edition, revised 
and enlarged. Demy 8vo, 14^. 

T h e M y s t e r y of M i r a c l e s . New and Enlarged Edition. 
Crown 8vo, 6s. 

RIBOT, Prof. Th.—English P s y c h o l o g y . Second Edition. _ A 
Revised and Corrected Translation from the latest French Edition. 
Large post 8vo, gs. 

H e r e d i t y : A Psychological Study on its Phenomena, its Laws, its 
Causes, and its Consequences. Large crown 8vo, gs. 

ROBERTSON, The late Rev. F. W., M.A.—IAfe a n d L e t t e r s of.. 
Edited by the Rev. Stopford Brooke, M.A. 

I. Two vols., uniform with the Sermons. With Steel Portrait. 
Crown 8vo, ys. 6d. 

I I . Library Edition, in Demy 8vo, with Portrait. 12s. 
I I I . A Popular Edition, in 1 vol. Crown 8vo, 6s. 

S e r m o n s . Four Series. Small crown 8vo, 3s. 6d. each. 

T h e H u m a n R a c e , and other Sermons. Preached at Chelten
ham, Oxford, and Brighton. Large post 8vo, ys. 6d. 

N o t e s o n Genes i s . New and Cheaper Edition. Crown 8vo, 
3^. 6d. 

E x p o s i t o r y L e c t u r e s o n S t . P a u l ' s E p i s t l e s t o t h e 
C o r i n t h i a n s . A New Edition. Small crown 8vo, 5-y. 

L e c t u r e s a n d A d d r e s s e s , with other Literary Remains. A New 
Edition. Crown 8vo, Ss* 

A n A n a l y s i s of M r . T e n n y s o n ' s " I n M e m o r i a m . " ' 
(Dedicated by Permission to the Poet-Laureate.) Fcap. 8vo, 2s. 

T h e E d u c a t i o n of t h e H u m a n R a c e . Translated from the 
German of Gotthold Ephraim Lessing. Fcap. 8vo, 2s. 6d. 

The above Works can also be had, bound in half morocco. 
*** A Portrait of the late Rev. F . W. Robertson, mounted for 

framing, can be had, 2s. 6d. 

ROD WELL, G. F., F.R.A.S., F.C.S.—'Ktna.'. A H i s t o r y of the-
M o u n t a i n a n d i t s E r u p t i o n s . With Maps and Illustra
tions. Square 8vo, gs. 

ROLLESTON, T. W. H, B.A.—The E n c h e i r i d i o n of E p i c t e t u s . 
Translated from the Greek, with a Preface and Notes. Small* 
crown 8vo, 3^. 6d. 
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R o s m i n i ' s P h i l o s o p h i c a l S y s t e m . Translated, with a Sketch of 
the Author's Life, Bibliography, Introduction, and Notes by 
THOMAS DAVIDSON. Demy 8vo, 16s. 

SALTS, Rev. Alfred, LL.D. — G o d p a r e n t s a t C o n f i r m a t i o n . 
With a Preface by the Bishop of Manchester. Small crown 
8vo, limp cloth, 2s. 

SAL VA TOR, ArchdukeLudwig.—Levkosia, t h e C a p i t a l of C y p r u s . 
Crown 4to, IOJ. 6d. 

SAMUEL, Sydney M.—Jewish L i f e i n t h e E a s t . Small crown 
8vo, 3s. 6d. 

SAYCE, Rev. Archibald Henry.—Introduction t o t h e S c i e n c e of 
L a n g u a g e . 2 vols. Large post 8vo, 25^. 

S c i e n t i f i c L a y m a n . The New Truth and the Old Fa i th : are they 
Incompatible ? Demy 8vo, 10s. 6d. 

SCOONES, W. Baptiste.—Four C e n t u r i e s of E n g l i s h L e t t e r s : 
A Selection of 350 Letters by 150 Writers, from the Period of the 
Paston Letters to the Present Time. Second Edition. Large 
crown 8vo, 9-r. 

SCOTT, Robert H—Weather C h a r t s a n d S t o r m ' W a r n i n g s . 
Second Edition. Illustrated. Crown 8vo, 3s. 6d. 

SHAKSPEARE, Charles.—-Saint P a u l a t A t h e n s . Spiritual 
Christianity in relation to some aspects of Modern Thought. Five 
Sermons preached at St. Stephen's Church, Westbourne Park. 
With a Preface by the Rev. Canon FARRAR. Crown 8vo, 5*. 

SHELLE Y, Lady.—Shelley M e m o r i a l s f r o m A u t h e n t i c S o u r c e s . 
With (now first printed) an Essay on Christianity by Percy Bysshe 
Shelley. With Portrait. Third Edition. Crown 8vo, Ss-

SHILLITO, Rev. yoseph.—Womanhood : its Duties, Temptations, 
and Privileges. A Book for Young Women. Third Edition. 
Crown 8vo, 3s. 6d. 

SHIPLEY, Rev. Orby, M.A.—Church T r a c t s : or , S t u d i e s i n 
M o d e r n P r o b l e m s . By various Writers. 2 vols. Crown 
8vo, Ss' each. 

P r i n c i p l e s of t h e F a i t h i n R e l a t i o n t o S i n . Topics for 
Thought in Times of Retreat. Eleven Addresses delivered during 
a Retreat of Three Days to Persons living in the World. Demy 
8vo, 12 s. 

S i s t e r A u g u s t i n e , Superior of the Sisters of Charity at the St. 
Tohannis Hospital at Bonn. Authorised Translation by H A N S 
T H A R A U , from the German "Memorials of A M A L I E VON 
L A S A U L X . " Second Edition. Large crown 8vo, ys. 6d. 

SMITH Edward, M.D., LL.B., F.R.S.-H.ea\th a n d D i s e a s e , as 
Influenced by the Daily, Seasonal, and other Cyclical Changes in 
the Human System. A New Edition. Post 8vo, ys. 6d. , 
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SMITH, Edward, M.D., LL.B., F.R.S.—continued. 
P r a c t i c a l D i e t a r y fo r F a m i l i e s , S c h o o l s , a n d t h e 

L a b o u r i n g Classes . A New Edition. Post 8vo, 3.5*. 6a. 

T u b e r c u l a r C o n s u m p t i o n i n i t s E a r l y a n d R e m e d i a b l e 
S t a g e s . Second Edition. Crown 8vo, 6s. 

SPEDDING, yames.—Reviews a n d D i s c u s s i o n s , L i t e r a r y , 
P o l i t i c a l , a n d H i s t o r i c a l n o t r e l a t i n g t o B a c o n . Demy 
8vo, 12s. 6d. 

E v e n i n g s w i t h a R e v i e w e r ; or, Bacon and Macaulay. 
With a Prefatory Notice by G. S. VENABLES, Q.C. 2 vols. 
Demy 8vo, iSs. 

STAFFER, Paul. — S h a k s p e a r e a n d C l a s s i c a l A n t i q u i t y 1 
Greek and Latin Antiquity as presented in Shakspeare's Plays. 
Translated by*EMILY J. CAREY. Large post 8vo, 12s. 

ST. BERNARD.—A L i t t l e B o o k on the Love of God. Translated by 
MARIANNE CAROLINE and COVENTRY PATMORE. Extra, gilt 
top, 4s. 6d. 

STEPHENS, Archibald yohn, LL.D.—The F o l k e s t o n e R i t u a l 
Case . The Substance of the Argument delivered before the 
Judicial Committee of the Privy Council on behalf of the Re
spondents. Demy 8vo, 6s. 

STEVENSON, Rev. W. / " . - H y m n s for t h e C h u r c h a n d H o m e . 
Selected and Edited by the Rev. W. Fleming Stevenson. 

The Hymn Book consists of Three Parts :—I. For Public 
Worship.—II. For Family and Private Worship.—III. 
For Children. 

* # * Published in various forms and prices, the latter ranging 
from Sd. to 6s. 

Lists and full particulars will be furnished on application 
to the Publishers. 

STEVENSON, Robert Louis.—Travels w i t h a D o n k e y i n t h e 
C e v e n n e s . With Frontispiece by Walter Crane. Small crown 
8vo, 2s. 6d. 

A n I n l a n d V o y a g e . With Frontispiece by Walter Crane. 
Small Crown 8vo, 2s. 6d. 

Y i r g i n i b u s P u e r i s q u e , and other Papers. Crown 8vo, 6s. 

STRA CHE Y, Sir yohn, G. C. S. I., and Lieut. - Gen. Richard STRA CHE Y, 
R.E., F.R.S.—The F i n a n c e s a n d P u b l i c W o r k s of 
I n d i a , f r o m 1 8 6 9 to 1881 . Demy 8vo, iSs. 

STRECKER- WISLICENUS.—Organic C h e m i s t r y . Translated and 
Edited, with Extensive Additions, by W. R. HODGKINSON, 
Ph.D., and A. J. GREENAWAY, F . I .C. Demy 8vo, 21s. 

SULLY, yames, M.A.—Sensation a n d I n t u i t i o n . Demy 8vo, 
I or. 6d. 
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SULLY, yames, M.A.—continued. 
P e s s i m i s m : a History and a Criticism. Second Edition. Demy 

8vo, 14s. 

SYME, David.—Outlines of a n I n d u s t r i a l Science. Second 
Edition. Crown 8vo, 6s. 

Repre sen t a t i ve Gove rnmen t i n E n g l a n d . Its Faults and 
Failures. Second Edition. Large crown 8vo, 6s. 

TA YLOR, Algernon.—Guienne. Notes of an Autumn Tour. Crown 
8vo, 4^. 6d. 

THOMSON, y. Tumbull.—Social P r o b l e m s ; or, A n I n q u i r y 
in to t h e L a w s of Inf luence . With Diagrams. Demy 8vo, 
1 or. 6d. 

TIDMAN, Paul F.—Gold a n d Silver Money . Part L—A Plain 
Statement. Part II.—Objections Answered. Third Edition. 
Crown 8vo, is. 

TODHUNTER, Dr. y.—A S t u d y of Shelley. Crown 8vo, ys. 

TREMENHEERE, Hugh Seymour, C.B.— A Manual of the 
Pr inc ip l e s of Government , as set forth by the Authorities 
of Ancient and Modern Times. New and enlarged Edition. 
Crown 8vo, 5 .̂ 

TUKE, Daniel Hack, M.D., F.R.C.P.—Chapters in the History 
of t h e I n s a n e in t h e Br i t i sh Isles. With 4 Illustrations. 
Demy 8vo, 12s. 

TWINING, Louisa.—Workhouse Vis i t ing a n d M a n a g e m e n t 
d u r i n g T w e n t y - F i v e Years . Small crown 8vo, 3s. 6d. 

UPTON, Major R. D.—Gleanings f rom t h e Desert of A r a b i a . 
Large post 8vo, 10s. 6d. 

VACUUS, Viator.—Flying South* Recollections of France and its 
Littoral. Small crown 8vo, 3.?. 6d. 

VAUGHAN, H. Halford.—Wevir Readings and Renderings of 
Shakespea re ' s Tragedies . 2 vols. Demy 8vo, 25^. 

VILLARI, Professor.—Piccolo Machiavell i and his Times. 
Translated by Linda Villari. 2 vols. Large post 8vo, 24*. 

VOLCKXSOM, E. W. V.— Ca tech i sm of E l e m e n t a r y Modern 
C h e m i s t r y . Small crown 8vo, 3-r. 

VYNER, Lady Mary.—Every D a y a Por t ion . Adapted from the 
Bible and the Prayer Book, for the Private Devotion of those 
living in Widowhood. Collected and Edited by Lady Mary 
Vyner, Square crown 8vo, Ss-

WALDSTEIN, Charles, Ph.D.—The Balance of Emotion and 
I n t e l l e c t ; an Introductory Essay to the Study of Philosophy. 
Crown 8vo, 6s. 
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WALLER, Rev. C. B.—The A p o c a l y p s e , reviewed under the Light 
of the Doctrine of the Unfolding Ages, and the Restitution of All 
Things. Demy 8vo, 12s. 

WALPOLE, Chas. George.—History of I r e l a n d f r o m t h e E a r l i e s t 
T i m e s to t h e U n i o n w i t h G r e a t B r i t a i n . With 5 Maps 
and Appendices. Crown 8vo, \os. 6d. 

WALSHE, Walter Hayle, M.D.— D r a m a t i c S i n g i n g P h y s i o l o 
g i c a l l y E s t i m a t e d . Crown 8vo, 3s. 6d. 

WATSON, Sir Thomas, Bart., M.D.—The A b o l i t i o n of Z y m o t i c 
D i s e a s e s , and of other similar Enemies of Mankind. Small 
crown 8vo, 3s. 6d. 

WEDMORE, Frederick.—The M a s t e r s of G e n r e P a i n t i n g . With 
Sixteen Illustrations. Crown 8vo, ys. 6d. 

WHEWELL, William, D.D.—His L i f e a n d S e l e c t i o n s f r o m h i s 
C o r r e s p o n d e n c e . By Mr.?. STAIR DOUGLAS. With a Portrait 
from a Painting by SAMUEL LAURENCE. Demy 8vo, 21s. 

WHITE, A. D., LL.D.—'Warfare of S c i e n c e . With Prefatory 
Note by Professor Tyndall. Second Edition. Crown 8vo, 
3s. 6d. 

WHITNEY, Prof. William Dwight. — E s s e n t i a l s of E n g l i s h 
G r a m m a r , for the Use of Schools. Crown 8vo, 3s. 6d. 

WICKSTEED, P. / / . — D a n t e : Six Sermons. Crown 8vo, 5*. 

WILLIAMS, Rowland, D.D.—Psalms, L i t a n i e s , C o u n s e l s , a n d 
Col lec t s for D e v o u t P e r s o n s . Edited by his Widow. New 
and Popular Edition. Crown 8vo, 3s. 6d. 

S t r a y T h o u g h t s Co l l ec t ed f r o m t h e W r i t i n g s of t h e 
l a t e R o w l a n d W i l l i a m s , D . D . Edited by his Widow. 
Crown 8vo, 35-. 6d. 

WILLIS, R., M.D.—Servetus a n d C a l v i n : a Study of an Important 
Epoch in the Early History of the Reformation. 8vo, 16.?. 

"Wi l l i am H a r v e y . A History of the Discovery of the Circulation 
of the Blood : with a Portrait of Harvey after Faithorne. Demy 
8vo, 14s. 

WILSON, Sir Erasmus.—Egypt of t h e P a s t . With Chromo-litho-
graph and numerous Illustrations in the text. Second Edition^ 
Revised. Crown 8vo, I2.r. 

WILSON, H. Schutz.—-The T o w e r a n d Scaf fo ld . A Miniature 
Monograph. Large fcap. 8vo, is. 

WOLLSTONECRAFT, Mary.—Letters t o I m l a y . New Edition, 
with a Prefatory Memoir by C. KEGAN PAUL. Two Portraits in 
eau-forte by Anna Lea Merritt. Crown 8vo, 6s. 
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WOLTMANN, Dr. Alfred, and WOERMANN, Dr. Karl—History 
of P a i n t i n g . Edited by Sidney Colvin. Vol. I . Painting in 
Antiquity and the Middle Ages. With numerous Illustrations. 
Medium 8vo, 28^. ; bevelled boards, gilt leaves, 30s. 

WOOD, Major-General y. Creighton.—T>ouhling t h e C o n s o n a n t . 
Small crown 8vo, is. 6d. 

W o r d w a s M a d e F l e s h . Short Family Readings on the Epistles for 
each Sunday of the Christian Year. Demy 8vo, 10s. 6d. 

WREN, Sir Christopher.—His F a m i l y a n d H i s T i m e s . With 
Original Letters, and a Discourse on Architecture hitherto un
published. By L U C Y P H I L L I M O R E . With Portrait. Demy 
8vo, 14s. 

WRIGHT, Rev. David, M.A.—'Waiting for t h e L i g h t , and other 
Sermons. Crown 8vo, 6s. 

YOUMANS, Eliza A.—An E s s a y o n t h e C u l t u r e of t h e 
O b s e r v i n g P o w e r s of C h i l d r e n , especially in connection 
with the Study of Botany. Edited, with Notes and a Supple
ment, by Joseph Payne, F .C.P. , Author of "Lectures on the 
Science and Art of Education," etc. Crown 8vo, 2s. 6d. 

F i r s t B o o k of B o t a n y . Designed to Cultivate the Observing 
Powers of Children. With 300 Engravings. New and Cheaper 
Edition. Crown 8vo, 2s. 6d. 

YOUMANS, Edward L., M.D.—A C l a s s B o o k of C h e m i s t r y , on 
the Basis of the New System. With 200 Illustrations. Crown 
8vo, 5*. 

THE INTERNATIONAL SCIENTIFIC SERIES. 

I. F o r m s of W a t e r : a Familiar Exposition of the Origin and 
Phenomena of Glaciers. By J. Tyndall, LL.D., F.R.S. With 
25 Illustrations. Eighth Edition. Crown 8vo, 5-y. 

I I . P h y s i c s a n d P o l i t i c s ; or, Thoughts on the Application of the 
Principles of " Natural Selection " and " Inheritance " to Political 
Society. By Walter Bagehot. Fifth Edition. Crown 8vo, 4s. 

I I I . F o o d s . By Edward Smith, M.D., LL.B., F.R.S. With numerous 
Illustrations. Seventh Edition. Crown 8vo, 5.5*. 

IV. M i n d a n d B o d y : the Theories of their Relation. By Alexander 
Bain, LL.D. With Four Illustrations. Seventh Edition. Crown 
8vo, 4s. 

V. T h e S t u d y of S o c i o l o g y . By Herbert Spencer. Tenth Edition. 
Crown 8vo, 5^. 

VI. O n t h e C o n s e r v a t i o n of E n e r g y . By Balfour Stewart, M.A.,. 
LL.D. , F .R.S. With 14 Illustrations. Fifth Edition. Crown 
8vo, 5-r. 
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VII . A n i m a l L o c o m o t i o n ; or Walking, Swimming, and Flying. By 
J. B. Pettigrew, M.D., F.R.S. , etc. With 130 Illustrations. 
Second Edition. Crown 8vo, Ss' 

VIII . R e s p o n s i b i l i t y i n M e n t a l D i s e a s e . By Henry Maudsley, 
M.D. Fourth Edition. Crown 8vo, 5*. 

IX. T h e N e w C h e m i s t r y . By Professor J. P. Cooke. With 31 
Illustrations. Sixth Edition. Crown 8vo, 5^. 

X. T h e S c i e n c e of L a w ' . By Professor Sheldon Amos. Fifth Edition. 
Crown 8vo, Ss-

XI. A n i m a l M e c h a n i s m : a Treatise on Terrestrial and Aerial Loco
motion. By Professor E. J. Marey. With 117 Illustrations. 
Second Edition. Crown 8vo, 5J. 

XII . T h e D o c t r i n e of D e s c e n t a n d D a r w i n i s m . By Professor 
Oscar Schmidt. With 26 Illustrations. Fourth Edition. Crown 
8vo, Ss-

XIII . T h e H i s t o r y of t h e Conf l i c t b e t w e e n R e l i g i o n a n d 
S c i e n c e . By J. W. Draper, M.D., LL.D. Fifteenth Edition. 
Crown 8vo, Ss-

XIV. F u n g i : their Nature, Influences, Uses, etc. By M. C. Cooke, 
M.D., LL.D. Edited by the Rev. M. J. Berkeley, M.A., F .L.S. 
With numerous Illustrations. Second Edition. Crown 8vo, 5-r. 

XV. T h e C h e m i c a l E f fec t s of L i g h t a n d P h o t o g r a p h y . By 
Dr. Hermann Vogel. Translation thoroughly revised. With 100 
Illustrations. Third Edition. Crown 8vo, 5^. 

XVI. T h e L i f e a n d G r o w t h of L a n g u a g e . By Professor William 
Dwight Whitney. Third Edition. Crown 8vo, Ss> 

XVII. M o n e y a n d t h e M e c h a n i s m of E x c h a n g e . By W. 
Stanley Jevons, M.A., F.R.S. Fifth Edition. Crown 8vo, 5*. 

XVIII . T h e N a t u r e of L i g h t . With a General Account of Physical 
Optics. By Dr. Eugene Lommel. With 188 Illustrations and a 
Table of Spectra in Chromo-lithography. Third Edition. Crown 
8vo, Ss. 

X I X . A n i m a l P a r a s i t e s a n d M e s s m a t e s . By Monsieur Van 
Beneden. With 83 Illustrations. Second Edition. Crown 8vo, 5*. 

XX. F e r m e n t a t i o n . By Professor Schiitzenberger. With 28 Illus
trations. Third Edition. Crown 8vo, 5^. 

XXI. T h e F i v e S e n s e s of M a n . By Professor Bernstein. With 
91 Illustrations. Third Edition. Crown 8vo, Ss-

X X I I . T h e T h e o r y of S o u n d i n i t s R e l a t i o n t o M u s i c . By Pro
fessor Pietro Blaserna. With numerous Illustrations. Second 
Edition. Crown 8vo, Ss-

XXII I . S t u d i e s i n S p e c t r u m A n a l y s i s . By J. Norman Lockyer, 
F .R.S. With six photographic Illustrations of Spectra, and 
numerous engravings on Wood. Crown 8vo. Second Edition. 
6s. 6d. 
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XXIV. A H i s t o r y of t h e G r o w t h of t h e S t e a m E n g i n e . By 
Professor R. H. Thurston. With numerous Illustrations. Second 
Edition. Crown 8vo, 6s. 6d. 

XXV. E d u c a t i o n a s a S c i e n c e . By Alexander Bain, LL.D. Fourth 
Edition. Crown 8vo, Ss-

XXVI. T h e H u m a n S p e c i e s . By Professor A. de Quatrefages. Third 
Edition. Crown 8vo, Ss. 

XXVII . M o d e r n C h r o m a t i c s . With Applications to Art and In
dustry. By Ogden N. Rood. With 130 original Illustrations. 
Second Edition. Crown 8vo, Ss-

XXVIII . T h e C r a y f i s h : an Introduction to the Study of Zoology. By 
Professor T. H. Huxley. With 82 Illustrations. Third Edition. 
Crown 8vo, Ss-

XXIX. T h e B r a i n a s a n O r g a n of M i n d . By H. Charlton Bastian, 
M.D. With numerous Illustrations. Second Edition. Crown 
8vo, 5^. 

XXX. T h e A t o m i c T h e o r y . By Prof. Wurtz. Translated by G, 
Cleminshaw, F .C.S . Third Edition. Crown 8vo, 5^. 

XXXI . T h e N a t u r a l C o n d i t i o n s of E x i s t e n c e a s t h e y affect 
A n i m a l L i f e . By Karl Semper. With 2 Maps and 106 
Woodcuts. Second Edition. Crown 8vo, Ss> 

XXXII . G e n e r a l P h y s i o l o g y of M u s c l e s a n d N e r v e s . By Prof, 
J . Rosenthal. Second Edition. With Illustrations. Crown 8vo, 
5**-

XXXII I . S i g h t : an Exposition of the Principles of Monocular and 
Binocular Vision. By Joseph le Conte, LL.D. With 132 
Illustrations. Crown 8vo, Ss-

XXXIV. I l l u s i o n s : a Psychological Study. By James Sully. Second 
Edition. Crown 8vo, Ss-

XXXV. V o l c a n o e s : w h a t t h e y a r e a n d w h a t t h e y t e a c h . 
By Professor J. W. Judd, F .R.S. With 92 Illustrations on 
Wood. Second Edition. Crown 8vo, Ss-

XXXVI. S u i c i d e : an Essay in Comparative Moral Statistics. By Prof. 
E. Morselli. With Diagrams. Crown 8vo, Ss> 

XXXVII . T h e B r a i n a n d i t s F u n c t i o n s . By J. Luys. With 
Illustrations. Crown 8vo, Ss> 

XXXVII I . M y t h a n d S c i e n c e : an Essay. By Tito Vignoli. Crown 
8vo, Ss-

XXXIX. T h e S u n . By Professor Young. With Illustrations. Second 
Edition. Crown 8vo, 5^. 

XL . A n t s , B e e s , a n d W a s p s : a Record of Observations on the 
Habits of the Social Hymenoptera. By Sir John Lubbock, Bart., 
M.P. With 5 Chromo-lithographic Illustrations. Third Edition. 
Crown 8vo, 5-r. 
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XLI. A n i m a l I n t e l l i g e n c e . By G. J . ROMANES, LL.D. , F .R.S . 
Crown 8vo, 5-r. 

XLII . T h e C o n c e p t s a n d T h e o r i e s of M o d e r n P h y s i c s . By 
J. B. STALLO. Crown 8vo, 5*. 

MILITARY WORKS. 

A r m y of t h e N o r t h G e r m a n C o n f e d e r a t i o n : a Brief Description 
of its Organisation, of the Different Branches of the Service and 
their rSle in War, of its Mode of Fighting, etc. Translated from 
the Corrected Edition, by permission of the Author, by Colonel 
Edward Newdigate. Demy 8vo, S*-

BARRING TON, Capt. J. T.— E n g l a n d o n t h e D e f e n s i v e ; or, the 
Problem of Invasion Critically Examined. Large crown 8vo, 
with Map, ys. 6d. 

BLUME, Major W.—The O p e r a t i o n s of t h e G e r m a n A r m i e s i n 
F r a n c e , from Sedan to the end of the War of 1870-71. With 
Map. From the Journals of the Head-quarters Staff. Translated 
by the late E. M. Jones, Maj. 20th Foot, Prof, of Mil. Hist., 
Sandhurst. Demy 8vo, gs. 

BOGUSLA WSKI, Capt. A. von.—Tactical D e d u c t i o n s f r o m t h e 
W"ar of 1 8 7 0 - 1 . Translated by Colonel Sir Lumley Graham, 
Bart., late 18th (Royal Irish) Regiment. Third Edition, Revised 
and Corrected. Demy 8vo, ys. 

BRACKENBURY, Col. C. B., R.A., C.B.—Military H a n d b o o k s 
fo r R e g i m e n t a l Officers. I. Military Sketching and Recon
naissance, by Lieut.-Col. F . J. Hutchison, and Capt. H. G. Mac-
Gregor. Fourth Edition. With 15 Plates. Small 8vo, 6s. I I . 
The Elements of Modern Tactics Practically applied to English 
Formations, by Lieut-Col. Wilkinson Shaw. Fourth Edition. 
With 25 Plates and Maps. Small crown 8vo, 9^. 

BRIALMONT, Col A.— H a s t y I n t r e n c h m e n t s . Translated by 
Lieut. Charles A. Empson, R.A. With Nine Plates. Demy 
8vo, 6s. 

CLERY, C, Lieut.-Col—Minor T a c t i c s . With 26 Maps and Plans. 
Fifth and revised Edition. Demy 8vo, 16s. 

DU VERNOIS, Col. von Verdy.—Studies i n L e a d i n g T r o o p s . 
An authorised and accurate Translation by Lieutenant H . J. T. 
Hildyard, 71st Foot. Parts I. and I I . Demy 8vo, ys. 

GOETZE, Capt. A. von.—Operations of t h e G e r m a n E n g i n e e r s 
d u r i n g t h e W a r of 1 8 7 0 - 1 . Published by Authority, and 
in accordance with Official Documents. Translated from the 
German by Colonel G. Graham, V.C., C.B., R.E. With 6 large 
Maps. Demy 8vo, 21s. 
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HARRISON, Lieut.-Col. R.—The Officer 's M e m o r a n d u m B o o k 
fo r P e a c e a n d W a r . Third Edition. Oblong 32mo, roan, 
with pencil, 3^. 6d. 

HELVIG, Capt. H.—The O p e r a t i o n s of ^ the B a v a r i a n A r m y 
C o r p s . Translated by Captain G. S. Schwabe. With 5 large 
Maps. In 2 vols. Demy 8vo, 24?. 

T a c t i c a l E x a m p l e s : Vol. I . The Battalion, 15s. Vol. I I . The 
Regiment and Brigade, IOJ. 6d. Translated from the German by 
Col. Sir Lumley Graham. With nearly 300 Diagrams. Demy 8vo. 

HOFFBAUER, Capt.—The G e r m a n A r t i l l e r y i n t h e B a t t l e s 
n e a r M e t z . Based on the Official Reports of the German 
Artillery. Translated by Captain E. O. Hollist. With Map and 
Plans. Demy 8vo, 2i.r. 

LA YMANN, Capt.—The F r o n t a l A t t a c k of I n f a n t r y . Translated 
by Colonel Edward Newdigate. Crown 8vo, 2s. 6d. 

N o t e s o n C a v a l r y T a c t i c s , O r g a n i s a t i o n , e t c . By a Cavalry 
Officer. With Diagrams. Demy 8vo, 12s. 

PARR, Capt. H. Hallam, C.M.G.—The D r e s s , H o r s e s , a n d 
E q u i p m e n t of I n f a n t r y a n d S taf f Officers. Crown 
8vo, is. 

SCHAW, Col. H.—The D e f e n c e a n d A t t a c k of P o s i t i o n s a n d 
L o c a l i t i e s . Second Edition, revised and corrected. Crown 
8vo, 3s. 6d. 

SCHELL, Maj. von.—The O p e r a t i o n s of t h e F i r s t A r m y u n d e r 
G e n . v o n G o e b e n . Translated by Col. C. H. von Wright. 
Four Maps. Demy 8vo, gs. 

T h e O p e r a t i o n s of t h e F i r s t A r m y u n d e r Gen. v o n S t e i n -
m e t z . Translated by Captain E. O. Hollist. Demy 8vo, 10s. 6d. 

SCHELLENDORF, Major-Gen. B. von.—The D u t i e s of t h e 
G e n e r a l Staff. Translated from the German by Lieutenant 
Hare. Vol. I . Demy 8vo, 10s. 6d. 

SCHERFF, Maj. W. von.— S t u d i e s i n t h e N e w I n f a n t r y 
T a c t i c s . Parts I. and I I . Translated from the German by 
Colonel Lumley Graham. Demy 8vo, ys. 6d. 

SHAD WELL, Maj.-Gen., C.B.— M o u n t a i n W a r f a r e . Illustrated 
by the Campaign of 1799 in Switzerland. Being a Translation of 
the Swiss Narrative compiled from the Works of the Archduke 
Charles, Jomini, and others. Also of Notes by General H . 
Dufour on the Campaign of the Valtelline in 1635. With Appen
dix, Maps, and Introductory Remarks. Demy 8vo, 16s. 

SHERMAN, Gen. W. T.—Memoirs of G e n e r a l W . T . S h e r m a n , 
Commander of the Federal Forces in the American Civil War. 
By Himself. 2 vols. With Map. Demy 8vo, 24s. Copyright 
English Edition. 
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STUBBS, Lieut.-Col. F. W.—The R e g i m e n t of B e n g a l A r t i l l e r y . 
The History of its Organisation, Equipment, and War Services. 
Compiled from Published Works, Official Records, and various 
Private Sources. With numerous Maps and Illustrations. 2 vols. 
Demy 8vo, 32s. 

STUMM, Lieut. Hugo.—Russia's A d v a n c e E a s t w a r d . Based on 
Official Reports. Translated by Capt. C. E. H . V I N C E N T . With 
Map. Crown 8vo, 6s. 

VINCENT, Capt. C. E. H—Elementary M i l i t a r y G e o g r a p h y , 
R e c o n n o i t r i n g , a n d S k e t c h i n g . Compiled for Non
commissioned Officers and Soldiers of all Arms. Square crown 
8vo, 2s. 6d. 

V o l u n t e e r , t h e M i l i t i a m a n , a n d t h e R e g u l a r S o l d i e r . By 
a Public Schoolboy. Crown 8vo, 5-r. 

WARTENSLEBEN, Count H. von.—The O p e r a t i o n s of t h e 
S o u t h A r m y i n J a n u a r y a n d F e b r u a r y , 1 8 7 1 . Com
piled from the Official War Documents of the Head-quarters of 
the Southern Army. Translated by Colonel C. H. von Wright. 
With Maps. Demy 8vo, 6s. 

T h e O p e r a t i o n s of t h e F i r s t A r m y u n d e r G e n . v o n 
M a n t e u f e l . Translated by Col. C. H. von Wright. Uniform 
with the above. Demy 8vo, 9^. 

WICKHAM, Capt. E. H, R.A.—Influence of F i r e a r m s u p o n 
T a c t i c s : Historical and Critical Investigations. By an O F F I C E R 
OF SUPERIOR R A N K (in the [German Army). Translated by 
Captain E. H. Wickham, R.A. Demy 8vo, ys. 6d. 

WOINOVITS, Capt. / . — A u s t r i a n C a v a l r y E x e r c i s e . Translated 
by Captain W. S. Cooke. Crown 8vo, ys. 

POETRY. 

ADAMS, W. D.—Lyrics of L o v e , from Shakspeare to Tennyson. 
Selected and arranged by. Fcap. 8vo, extra, gilt edges, 3s. 6d. 

ADAM OF ST. VICTOR.—The L i t u r g i c a l P o e t r y of A d a m of 
S t . V i c t o r . From the text of Gautier. With Translations into 
English in the Original Metres, and Short Explanatory Notes, 
by Digby S. Wrangham, M.A. 3 vols. Crown 8vo, printed on 
hand-made paper, boards, 21s. 

A n t i o p e : a Tragedy. Large crown 8vo, bs. 

AUBERTIN, y. y—Camoens' L u s i a d s . Portuguese Text, with 
Translation. Map and Portraits. 2 vols. Demy 8vo, 30$-. 

S e v e n t y S o n n e t s of C a m o e n s . Portuguese Text and Transla
tion, with some original Poems. Dedicated to Capt. Richard F . 
Burton. Printed on hand-made paper, bevelled boards, gilt top, 
ys. 6d. 
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AUCHMUTY,A. C—Poems of E n g l i s h H e r o i s m : FromBrunan-
burh to Lucknow; from Athelstan to Albert. Small crown 8vo, 
is. 6d. 

A VIA.—The O d y s s e y of H o m e r . Done into English Verse by. 
Fcap. 4to, 15J. 

BANKS, Mrs. G. L.—Ripples a n d B r e a k e r s : Poems. Square 
8vo, 5^. 

BARNES, William.—Poems of R u r a l L i f e , i n t h e D o r s e t 
D i a l e c t . New Edition, complete in one vol. Crown 8vo, 
8s. 6d. 

BAYNES, Rev. Canon H. R.—Home S o n g s f o r Q u i e t H o u r s . 
Fourth and cheaper Edition. Fcap 8vo, cloth, 2s. bd. 

%* This may also be had handsomely bound in morocco with 
gilt edges. 

BENNETT, Dr. W. C— N a r r a t i v e P o e m s a n d B a l l a d s . Fcap. 
8vo, sewed in coloured wrapper, is. 

S o n g s fo r S a i l o r s . Dedicated by Special Request to H . R . H . 
the Duke of Edinburgh. With Steel Portrait and Illustrations. 
Crown 8vo, 3s. 6d. 

An Edition in Illustrated Paper Covers, is. 

S o n g s of a S o n g W r i t e r . Crown 8vo, 6s. 

BEVINGTON, L. S.—Key N o t e s . Small crown 8vo, 5*. 

BILLSON, C. y.—The A c h a r n i a n s of A r i s t o p h a n e s . Crown 
8vo, 3s. 6d. 

BOWEN, H. C, M.A.—Simple E n g l i s h P o e m s . English Literature 
for Junior Classes. In Four Parts. Parts I., I L , and I I I . , 6d. 
each, and Part IV. , is. 

BRYANT, W. C—Poems. Red-line Edition. With 24 Illustrations 
and Portrait of the Author. Crown 8vo, extra, ys. 6d. 

A Cheap Edition, with Frontispiece. Small crown 8vo, 
3s. 6d. 

BYRNNE, E. Fairfax.—Milicent: a Poem. Small crown 8vo, 6s. 
C a l d e r o n ' s D r a m a s : the Wonder-Working Magician — Life is a 

Dream—the Purgatory of St. Patrick. Translated by Denis 
Florence MacCarthy. Post 8vo, 10s. 

C h r o n i c l e s of C h r i s t o p h e r C o l u m b u s . A Poem in 12 Cantos. 
By M. D. C. Small crown 8vo. 

CLARKE, Mary Cowden.-Yi.oney f r o m t h e W e e d . Verses. 
Crown 8vo, ys. 

COLO MB, Colonel—-The C a r d i n a l A r c h b i s h o p : a Spanish Legend. 
In 29 Cancions. Small crown 8vo, 5^. 

CONWA Y, Hugh.—A L i f e ' s I d y l l s . Small crown 8vo, 3s. 6d. 
COFFEE, Francois.—L'Exilee. Done into English Verse, with the 

sanction of the Author, by I. O. L. Crown 8vo, vellum, Ss. 
D 
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DA VIES, T. Hart.— C a t u l l u s . Translated into English Verse. Crown 
8vo, 6s. 

DE VERE, Aubrey.—The F o r a y of Q u e e n M e a v e , and other 
Legends of Ireland's Heroic Age. Small crown 8vo, Ss> 

A l e x a n d e r t h e G r e a t : a Dramatic Poem. Small crown 8vo, Ss-

T h e L e g e n d s of S t . P a t r i c k , and other Poems. Small crown 
8vo, $s. 

St . T h o m a s of C a n t e r b u r y : a Dramatic Poem. Large fcap. 
8vo, 5J. 

L e g e n d s of t h e S a x o n S a i n t s . Small crown 8vo, 6s. 

A n t a r a n d Z a r a : an Eastern Romance. I n i s f a i l , and other 
Poems, Meditative and Lyrical. Fcap. 8vo, 6s. 

T h e F a l l of R o r a , T h e S e a r c h a f t e r P r o s e r p i n e , and other 
Poems, Meditative and Lyrical. Fcap. 8vo, 6s. 

T h e I n f a n t B r i d a l , and other Poems. A New and Enlarged 
Edition. Fcap. 8vo, ys. 6d. 

DOB ELL, Mrs. Horace.—Ethelstone, E v e l i n e , and other Poems. 
Crown 8vo, 6s. 

DOBSON, Austin.—Vignettes i n R h y m e , and Vers de Societe. 
Third Edition. Fcap. 8vo, $s. 

P r o v e r b s i n P o r c e l a i n . By the Author of " Vignettes in 
Rhyme." Second Edition. Crown 8vo, 6s. 

D o r o t h y : a Country Story in Elegiac Verse. With Preface. Demy 
8vo, 5«r. 

DOWDEN, Edward, LL.D.—Poems. Second Edition. Fcap. 8vo, $s. 

S h a k s p e r e ' s S o n n e t s . With Introduction. Large post 8vo, 
ys. 6d. 

DOWNTON, Rev. H, M.A.—Hymns a n d V e r s e s . Original and 
Translated. Small crown 8vo, 3s. 6d. 

DUTT, Toru.—A S h e a f G l e a n e d i n F r e n c h F i e l d s . New Edition, 
with Portrait. Demy 8vo, 10s. 6d. 

A n c i e n t B a l l a d s a n d L e g e n d s of H i n d u s t a n . With an 
Introductory Memoir by Edmund W. Gosse. Small crown 8vo, 
printed on hand-made paper, 5-f. 

EDWARDS, Rev. Basil—Minor C h o r d s ; or, Songs for the Suffering: 
a Volume of Verse. Fcap. 8vo, 3^. 6d. ; paper, 2s. 6d. 

ELDRYTH, Maud.—Margaret, and other Poems. Small crown 8vo, 
3s. 6d. 

ELLIOTT, Ebenezer, The Corn Law Rhymer.—Poems. Edited by his 
son, the Rev. Edwin Elliott, of St. John's, Antigua. 2 vols. 
Crown 8vo, i8.f. 
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E n g l i s h O d e s . Selected, with a Critical Introduction by E D M U N D W. 
GOSSE, and a miniature frontispiece by Hamo Thornycroft, 
A.R.A. Elzevir 8vo, limp parchment antique, 6s. ; vellum, 
ys. 6d. 

E p i c of H a d e s , T h e . By the Author of " Songs of Two Worlds." 
Thirteenth Edition. Fcap. 8vo, ys. 6d. 

%* Also an Illustrated Edition, with 17 full-page designs in photo-
mezzotint by George R. Chapman. 4to, extra, gilt leaves, 25 J. ; 
and a Large Paper Edition, with Portrait, 10s. 6d. 

EVANS, Anne.—Poems a n d M u s i c . With Memorial Preface by 
A N N THACKERAY R I T C H I E . Large crown 8vo, ys. 

GOSSE, Edmund W.—TSiew P o e m s . Crown 8vo, ys. 6d. 

GROTE, A. R.— R i p v a n W i n k l e : a Sun Myth ; and other Poems. 
Small crown 8vo, printed on hand-made paper, limp parchment 
antique, Ss. 

GURNEY, Rev. Alfred.—The V i s i o n of t h e E u c h a r i s t , and other 
Poems. Crown 8vo, 5^. 

G w e n ". a Drama in Monologue. By the Author of the " Epic ol 
Hades." Third Edition. Fcap. 8vo, 5J . 

HAWKER, Robt. Stephen.—The P o e t i c a l W o r k s of. Now first 
collected and arranged. With a Prefatory Notice by J. G. 
Godwin. With Portrait. Crown 8vo, 12s. 

HELLON, H. G.—Daphnis: a Pastoral Poem. Small crown 8vo, 
3s. 6d. 

HICKEY, E. H.—A S c u l p t o r , and other Poems. Small crown 
8vo, Ss' 

HOLMES, E. G. A.—Poems. First and Second Series. Fcap. 8vo, 
5-y. each. 

H o r a t i O p e r a . Edited by F. A. CORNISH, Assistant Master at Eton. 
With a Frontispiece after a design by L. Alma Tadema, etched 
by Leopold Lowenstam. Parchment Library Edition, 6s.; vellum, 
ys. 6d. 

INGHAM, Sarson, C. J.—Caedmon's V i s i o n , a n d o t h e r P o e m s . 
Small crown 8vo, 5.$-. 

yENKINS, Rev. Canon.—The G i r d l e L e g e n d of P r a t o . Small 
crown 8vo, 2s. 

A l f o n s o P e t r u c c i , Cardinal and Conspirator: an Historical 
Tragedy in Five Acts. Small crown 8vo, 3s. 6d. 

KING, Mrs. Hamilton.—The D i s c i p l e s . Fourth Edition, with Portrait 
and Notes. Crown 8vo, ys. 6d. 

A s p r o m o n t e , and other Poems. Second Edition. Fcap. 8vo, 
4s. 6d. 
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LANG, A.— X X X I I B a l l a d e s i n B l u e C h i n a . Elzevir 8voy 
parchment, Ss> 

LEIGH, Arran and Isla.—Bellerophon. Small crown 8vo, 5>r. 

LEIGHTON, Robert.—Records, and other Poems. With Portrait. 
Small crown 8vo, ys. 6d. 

LOCKER, F.—London L y r i c s . A New and Revised Edition, with 
Additions and a Portrait of the Author. Crown 8vo, 6s. 

*#* Also a New and Cheaper Edition. Small crown 8vo, 2s. 6d. 

L o v e S o n n e t s of P r o t e u s . With Frontispiece by the Author. Elzevir 
8vo, 5J. 

LOWNDES, Henry.— P o e m s a n d T r a n s l a t i o n s . Crown 8vo, 6s. 

LUMSDEN, Lieut.-Col. H. W.—Beowulf : an Old English Poem, 
Translated into Modern Rhymes. Small crown 8vo, 5^. 

MACLEAN, Charles Donald.—Latin a n d Greek V e r s e T r a n s l a 
t i o n s . Small crown 8vo, 2s. 

MAGNUSSON, Eirikr, M.A., and PALMER, E. H, M.A.—Johan 
L u d v i g R u n e b e r g ' s L y r i c a l S o n g s , I d y l l s , a n d E p i 
g r a m s . Fcap. 8vo, 5*. 

MEREDITH, Owen, The Earl of Lytion.—TMCile. With 160 Illustra
tions. Crown 4to, extra, gilt leaves, 2is. 

MIDDLETON, The Lady.—Ballads. Square 161110, 3s. 6d. 

MOORE, Mrs. Bloomfield.—Gono\a\in&s L e s s o n : The Warden's Tale, 
Stories for Children, and other Poems. Crown 8vo, 5̂ -. 

MORICE, Rev. F. D., M.A.— T h e O l y m p i a n a n d P y t h i a n O d e s 
of P i n d a r . A New Translation in English Verse. Crown 
8vo, ys. 6d. 

MORSHEAD, E. D. A. —The H o u s e of A t r e u s . Being the 
Agamemnon, Libation-Bearers, and Furies of ^Eschylus. Trans
lated into English Verse. Crown 8vo, ys. 

NADEN, Constance W.—Songs a n d S o n n e t s of S p r i n g T i m e . 
Small crown 8vo, Ss* 

NICHOLSON, Edward B.—The Chris t Ch i ld , and other Poems, 
Crown 8vo, 4s. 6d. 

NOAKE, Major R. Compton.—The B i v o u a c ", or, Martial Lyrist. With 
an Appendix : Advice to the Soldier. Fcap. 8vo, Ss- 6d. 

NOEL, The Hon. Roden.—A Li t t l e Chi ld ' s M o n u m e n t . Second 
Edition. Small crown 8vo, 3^. 6d. 

NORRIS, Rev. Alfred.—The I n n e r a n d Outer L i f e P o e m s . Fcap. 
8vo, 6s. 

O d e of L i f e , T h e . By the Author of " T h e Epic of Hades," etc. 
Fourth Edition. Crown 8vo, Ss-
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CHAG AN, yohn.—The S o n g of R o l a n d . Translated into English 
Verse. Large post 8vo, parchment antique, 10s. 6d. 

PAUL, C. Kegan.—Goethe's F a u s t . A New Translation in Rhyme. 
Crown 8vo, 6s. 

JPA YNE, yohn.—Songs of L i f e a n d D e a t h . Crown 8vo, 5-r. 

FENNELL, H Cholmondtlcy.—T?egasus R e s a d d l e d . By the 
Author of " Puck on Pegasus," etc., etc. With 10 Full-page 
Illustrations by George Du Maurier. Second Edition. Fcap. 
4to, elegant, 12s. 6d. 

PFEIFFER, Emily.—-Clan A l a r c h : His Silence and Song : a Poem. 
Second Edition. Crown 8vo, 6s. 

G e r a r d ' s M o n u m e n t , and other Poems. Second Edition. 
Crown 8vo, 6s. 

Q u a r t e r m a n ' s G r a c e , and other Poems. Crown 8vo, $s. 

P o e m s . Second Edition. Crown 8vo, 6s. 

S o n n e t s a n d S o n g s . New Edition. i6mo, handsomely printed 
and bound in cloth, gilt edges, 4s. 

U n d e r t h e A s p e n s ; Lyrical and Dramatic. With Portrait. 
Crown 8vo, 6s. 

PIKE, Warburton.—The I n f e r n o of D a n t e A l l i g h i e r i . Demy 
8vo, ss-

FOE, Edgar Allan.—Poems. With an Essay on his Poetry by ANDREW-
L A N G , and a Frontispiece by Linley Samboume. Parchment 
Library Edition, 6s. ; vellum, ys. 6d. 

RHOADES, yames.—The G e o r g i c s of V i r g i l . Translated into 
English Verse. Small crown 8vo, Ss-

ROBINSON, A. Mary F.—A H a n d f u l of H o n e y s u c k l e . Fcap. 
8vo, 3-f. 6d. 

T h e C r o w n e d H i p p o l y t u s . Translated from Euripides. With 
New Poems. Small crown 8vo, Ss-

S c h i l l e r ' s M a r y S t u a r t . German Text, with English Translation on 
opposite page by LEEDHAM W H I T E . Crown 8vo, 6s. 

S h a k s p e r e ' s S o n n e t s . Edited by EDWARD DOWDEN. With a Fron
tispiece etched by Leopold Lowenstam, after the Death Mask. 
Parchment Library Edition, 6s. ; vellum, ys. 6d. 

S h a k s p e r e ' s W o r k s . In 12 Monthly Volumes. Parchment Library 
Edition, 6s. each; vellum, ys. 6d. each. 

SHELLEY, Percy Bysshe.— P o e m s S e l e c t e d f r o m . Dedicated to 
Lady Shelley. With Preface by Richard Garnett. Parchment 
Libraiy Edition, 6s. ; vellum, ys. 6d. 

S i x B a l l a d s a b o u t K i n g A r t h u r . Crown 8vo, extra, gilt edges, 
3s. 6d. 
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SKINNER, yames.— Coeles t ia . The Manual of St. Augustine. The 
Latin Text side by side with an English Interpretation in Thirty-
six Odes with Notes, andz. plea for the study of Mystical Theology. 
Large crown 8vo, 6s. 

S o n g s of T w o W o r l d s . By the Author of " T h e Epic of Hades." 
Seventh Edition. Complete in One Volume, with Portrait. 
Fcap. 8vo, ys. 6d. 

S o n g s fo r M u s i c . By Four Friends. Containing Songs by Reginald 
A. Gatty, Stephen H. Gatty, Greville J. Chester, and Juliana 
Ewing. Square crown 8vo, Ss> 

STEDMAN, Edmund Clarence.—Lyrics a n d I d y l l s , with other 
Poemst Crown 8vo, ys. 6d. 

STEVENS, William.—The T r u c e of God , and other Poems. Small 
crown 8vo, 3-r. 6d. 

TA YLOR, Sir H.—Works Complete in Five Volumes. Crown 8vo, 305*. 

TENNYSON, Alfred.— Works Complete :— 
T h e I m p e r i a l L i b r a r y E d i t i o n . Complete in 7 vols. Demy 

8vo, \os. 6d. each; in Roxburgh binding, 12s. 6d. each. 

A u t h o r ' s E d i t i o n . In 7 vols. Post 8vo, gilt 43*. 6d. ; or half-
morocco, Roxburgh style, $2s' 6d. 

C a b i n e t E d i t i o n . 13 vols. Each with Frontispiece. Fcap. 8vo, 
2s. 6d. each. 

C a b i n e t E d i t i o n . 13 vols. Complete in handsome Ornamental 
Case. 35.?. 

T h e R o y a l E d i t i o n . In 1 vol. With 26 Illustrations and 
Portrait. Extra, bevelled boards, gilt leaves, 21s. 

T h e G u i n e a E d i t i o n . Complete in 13 vols, neatly bound and 
enclosed in box, 21 s. ; French morocco or parchment, 31s. 6d. 

S h i l l i n g E d i t i o n . In 13 vols, pocket size, is. each, sewed. 

T h e C r o w n E d i t i o n . Complete in 1 vol. strongly bound, 6s. ; 
extra gilt leaves, ys. 6d. ; Roxburgh, half-morocco, Ss. 6d. 

*** Can also be had in a variety of other bindings. 
u I n M e m o r i a m . " With a Miniature Portrait in eau-forte by Le 

Rat, after a Photograph by the late Mrs. Cameron. Parchment 
Library Edition, 6s. ; vellum, ys. 6d. 

T h e P r i n c e s s . A Medley. With a Miniature Frontispiece by 
H. M. Paget, and a Tailpiece in Outline by Gordon Browne. 
Parchment Library Edition, 6s. ; vellum, ys. 6d. 

S o n g s Se t t o M u s i c by various Composers. Edited by W. J. 
Cusins. Dedicated, by express permission, to Her Majesty the 
Queen. Royal 4to, extra, gilt leaves, 21s. ; or in half-morocco, 25J. 
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TENNYSON, Alfred.—continued. 

Original Editions :— 

B a l l a d s , and other Poems. Small 8vo, 5^. 

P o e m s . Small 8vo, 6s. 

M a u d , and other Poems. Small 8vo, 3^. 6d. 

T h e P r i n c e s s . Small 8vo, 3^. 6d. 

I d y l l s of t h e K i n g . Small 8vo, $s. 

I d y l l s of t h e K i n g . Complete. Small 8vo, 6s. 

T h e H o l y G r a i l , and other Poems. Small 8vo, 4-r. 6d. 

G a r e t h a n d L y n e t t e . Small 8vo, 3^. 

E n o c h A r d e n , e t c . Small 8vo, 3s. 6d. 

I n M e m o r i a m . Small 8vo, 4s. 

H a r o l d : a Drama. New Edition. Crown 8vo, 6s. 

Q u e e n M a r y : a Drama. New Edition. Crown 8vo, 6s. 

T h e L o v e r ' s T a l e . Fcap. 8vo, 3-r. 6d. 

S e l e c t i o n s f r o m t h e a b o v e W o r k s . Super royal i6mo. 3s. 6d.; 
gilt extra, 4s. 

S o n g s f r o m t h e a b o v e W o r k s . i6mo. 2s. 6d.; extra, 3s. 6d. 

I d y l l s of t h e K i n g , and other Poems. Illustrated by Julia Mar
garet Cameron. 2 vols, folio, half-bound morocco, £6 6s. each. 

T e n n y s o n fo r t h e Y o u n g a n d fo r R e c i t a t i o n . Specially arranged. 
Fcap. 8vo, is. 6d. 

T h e T e n n y s o n B i r t h d a y B o o k . Edited by Emily Shakespear. 
32mo, limp, 2s. ; extra, 3s. 

*** A superior Edition, printed in red and black, on antique paper, 
specially prepared. Small crown 8vo, extra, gilt leaves, 5^. ; 
and in various calf and morocco bindings. 

H o r a e T e n n y s o n i a n s e sive Eclogoe e Tennysono Latine Redditae Cura 
A. J. Church, A.M. Small crown 8vo, 6s. 

THOMPSON, Alice C.—Preludes : a Volume of Poems. Illustrated 
by Elizabeth Thompson (Painter of " T h e Roll Call " ) . 8vo, 
ys. 6d. 

THRING, Rev. Godfrey, B.A.—Hymns a n d S a c r e d L y r i c s . Fcap. 
8vo, 3s. 6d. 

TODHUNTER, Dr. y.—Laurella, and other Poems. Crown 8vo, 
6s. 6d. 

F o r e s t S o n g s . Small crown 8vo, 3s. 6d. 
T h e T r u e T r a g e d y of R i e n z i : a Drama. 3s. 6d. 
A l c e s t i s : a Dramatic Poem. Extra fcap. 8vo, 5*. 
A S t u d y of S h e l l e y . Crown 8vo, ys. 
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T r a n s l a t i o n s f rom Dan te , P e t r a r c h , M i c h a e l Angelo , a n d 
Vi t tor ia Golonna. Fcap. 8vo, ys. 6d. 

TURNER, Rev. C. Tennyson.— Sonnets , Lyr ics , a n d T r a n s 
la t ions . Crown 8vo, 4s. 6d. 

Collected Sonnets , Old and New. With Prefatory Poem by 
ALFRED TENNYSON ; also some Marginal Notes by S. T. 
COLERIDGE, and a Critical Essay by JAMES SPEDDING. Fcap. 
8vo, ys. 6d. 

WALTERS, Sophia Lydia.—The Brook : a Poem. Small crown 8vo, 
3s. 6d. 

A Dreamer ' s Ske tch Book. With 21 Illustrations by Percival 
Skelton, R. P. Leitch, W. H. J. BOOT, and. T. R. PRITCHETT. 
Engraved by J. D. Cooper. Fcap. 410, 12s. 6d. 

WATERFIELD, r . - H y m n s for H o l y D a y s a n d Seasons . 
32mo, is. 6d. 

WAY, A., M.A.—The Odes of H o r a c e L i t e r a l l y T r a n s l a t e d in 
Met re . Fcap. 8vo, 2s. 

WEBSTER, Augusta.—Disguises : a Drama. Small crown 8vo, Ss* 

W e t D a y s . By a Farmer. Small crown 8vo, 6s. 

WILKINS, William.—Songs of S t u d y . Crown 8vo, 6s. 
WILLOUGHBY, The Hon. Mrs.—On t h e N o r t h W i n d — T h i s t l e 

d o w n : a Volume of Poems. Elegantly bound, small crown 
8vo, ys. 6d. 

WOODS, yames Chapman.—A Child of t h e People , and other 
Poems. Small crown 8vo, 5-f. 

YOUNG, Win.—Gottlob, etcetera. Small crown 8vo, 35-. 6d. 

YOUNGS, Ella Sharpe.—Paphus, and other Poems. Small crown 8vo, 
3s. 6d. 

WORKS OF FICTION IN ONE VOLUME. 

BANKS, Mrs. G. L.—God's P rov idence H o u s e . New Edition. 
Crown 8vo, 3s. 6d. 

BETHAM-ED WARDS, Miss M.—Kitty. With a Frontispiece. 
Crown 8vo, 6s. 

Blue R o s e s ; or, Helen Malinofska's Marriage. By the Author of 
"Vera." New and Cheaper Edition. With Frontispiece. 
Crown 8vo, 6s. 

FRISWELL, y. Hain.—One of T w o ; or, The Left-Handed Bride. 
Crown 8vo, 3.5*. 6d. 

GARRETT, E.—By Still W a t e r s : a Story for Quiet Flours. With 
7 Illustrations. Crown 8vo, 6s. 
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HARDY, Thomas.—A P a i r of B l u e E y e s . Author of " F a r from 
the Madding Crowd." New Edition. Crown 8vo, 6s. 

T h e R e t u r n of t h e N a t i v e . New Edition. With Frontispiece. 
Crown 8vo, 6s. 

HOOPER, Mrs. G.—The H o u s e of R a b y . Crown 8vo, 3J. 6d. 

INGELOW, ycan.—OfX t h e S k e l l i g s : a Novel. With Frontispiece. 
Second Edition. Crown 8vo, 6s. 

MACDONALD, o 7 .—Malco lm. With Portrait of the Author engraved 
on Steel. Sixth Edition. Crown 8vo, 6s. 

T h e M a r q u i s of Loss i e . Fourth Edition. With Frontispiece, 
Crown 8vo, 6s. 

St . George a n d St . M i c h a e l . Third Edition. With Frontis
piece. Crown 8vo, 6s. 

MASTERMAN, J'.—Half-a-Dozen D a u g h t e r s . Crown 8vo, 
3s. 6d. 

MEREDITH, George.— Ordeal of R i c h a r d F e v e r e l . New Edition. 
Crown 8vo, 6s. 

T h e E g o i s t : A Comedy in Narrative. New and Cheaper Edition, 
with Frontispiece. Crown 8vo, 6s. 

PALGRAVE, W. Gifford.—Hermann A g h a : an Eastern Narrative. 
Third Edition. Crown 8vo, 6s. 

P a n d u r a n g H a r i ; or, Memoirs of a Hindoo. With an Introductory 
Preface by Sir H . Bartle E. Frere, G.C.S.I., C.B. Crown 
8vo, 6s. 

PA UL, Margaret Agnes.—Gentle a n d S i m p l e ; a Story. New and 
Cheaper Edition, with Frontispiece. Crown 8vo, 6s. 

SHA W, Flora L.—Castle B l a i r ; a Story of Youthful Lives. New and 
Cheaper Edition, with Frontispiece. Crown 8vo, 6s. 

STRETTON, Hesba.—Through a N e e d l e ' s E y e : a Story. New 
and Cheaper Edition, with Frontispiece. Crown 8vo, 6s. 

TAYLOR, Col. Meadows, C.S.I., M.R.I. A.— Seeta" . a Novel. New 
and Cheaper Edition. With Frontispiece. Crown 8vo, 6s. 

T i p p o o S u l t a u n : a Tale of the Mysore War. New Edition, with 
Frontispiece. Crown 8vo, 6s. 

R a l p h D a r n e l l . New and Cheaper Edition. With Frontispiece. 
Crown 8vo, 6s. 

A N o b l e Q u e e n . New and Cheaper Edition. With Frontis
piece. Crown 8vo, 6s. 

T h e C o n f e s s i o n s of a T h u g . Crown 8vo, 6s. 
T a r a : a Mahratta Tale. Crown 8vo, 6s. 

THOMAS, Moy.—A F i g h t for L i f e . Crown 8vo, 3s. 6d. 
W i t h i n S o u n d of t h e S e a . New and Cheaper Edition, with Frontis

piece. Crown 8vo, 6s. 
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BOOKS FOR THE YOUNG. 
A u n t M a r y ' s B r a n P i e . By the Author of " St. Olave's." Illustrated. 

3J-. 6d. 

BARLEE, Ellen.—Locked Out" . a Tale of the Strike. With a 
Frontispiece. Royal i6mo, is. 6d. 

BONWICK, y , F.R.G.S.—The T a s m a n i a n L i l y . With Frontis
piece. Crown 8vo, 5>r. 

M i k e H o w e , the Bushranger of Van Diemen's Land. New and 
Cheaper Edition. WTith Frontispiece. Crown 8vo, 3s. 6d. 

B r a v e M e n ' s F o o t s t e p s . A Book of Example and Anecdote for 
Young People. By the Editor of " M e n who have Risen." With 
4 Illustrations by C. Doyle. Seventh Edition. Crown 8vo, 
3s. 6d. 

C h i l d r e n ' s T o y s , and some Elementary Lessons in General Knowledge 
which they teach. Illustrated. Crown 8vo, Ss-

COLERIDGE, Sara. — P r e t t y L e s s o n s i n V e r s e f o r G o o d 
C h i l d r e n , with some Lessons in Latin, in Easy Rhyme. A 
New Edition. Illustrated. Fcap. 8vo, 3s. 6d. 

D'ANVERS, N. ^ . — L i t t l e M i n n i e ' s T r o u b l e s : an Every-day 
Chronicle. With 4 Illustrations by W. H. Hughes. Fcap. 8vo 
3s. 6d. ' 

P a r t e d : a Tale of Clouds and Sunshine. With 4 Illustrations. 
Extra fcap. 8vo, 3s. 6d. 

P i x i e ' s A d v e n t u r e s ; or, the Tale of a Terrier. With 21 
Illustrations. i6mo, 4^. 6d. 

N a n n y ' s A d v e n t u r e s : or, the Tale of a Goat. -,With 12 
Illustrations. i6mo, 4s. 6d. 

DA VIES, G. Christopher.—Rambles a n d A d v e n t u r e s of o u r 
S c h o o l F i e l d C l u b . With 4 Illustrations. New and Cheaper 
Edition. Crown 8vo, 3s. 6d. 

DRUMMOND, Miss.—Tripes B u i l d i n g s . A Study from Life, with 
Frontispiece. Small crown 8vo, 3*. 6d. 

EDMONDS, Herbert.-We\\ S p e n t L i v e s : a Series of Modern Bio
graphies. New and Cheaper Edition. Crown 8vo, 3^. 6d. 

EVANS, Mark.—The S t o r y of o u r F a t h e r ' s L o v e , told to Children 
Fourth and Cheaper Edition of Theology for Children. With 4 
Illustrations. Fcap. 8vo, is. 6d. 

FARQUHARSON, M. 
I. E l s i e D i n s m o r e . Crown 8vo, 3s. 6d. 

I I . E l s i e ' s G i r l h o o d . Crown 8vo, 3*. 6d. 
I I I . E l s i e ' s H o l i d a y s a t R o s e l a n d s . Crown 8vo, 3s. 6d. 

HERFORD, Brooke.—The S t o r y of R e l i g i o n i n E n g l a n d : a Book 
for Young Folk. Crown 8vo, 5*. 
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INGELOW, yean.—The L i t t l e W o n d e r - h o r n . With 15 Illustra-
trations. Small Svo, 2s. 6d. 

yOHNSON, Virginia W.—The C a t s k i l l F a i r i e s . Illustrated by 
A L F R E D F R E D E R I C K S . 5-5-. 

KER, David.—The B o y S l a v e i n B o k h a r a : a Tale of Central 
Asia. With Illustrations. New and Cheaper Edition. Crown 
8vo, 3^. 6d. 

T h e W i l d H o r s e m a n of t h e P a m p a s . Illustrated. New 
and Cheaper Edition. Crown 8vo, 3^. 6d. 

LA MONT, Martha MacDonald.—The G l a d i a t o r " , a Life under the 
Roman Empire in the beginning of the Third Century. With 4 
Illustrations by H . M. Paget. Extra fcap. 8vo, 3s. 6d. 

LEANDER, Richard.—Fantastic S t o r i e s . Translated from the 
German by Paulina B. Granville. With 8 Full-page Illustrations 
by M. E. Fraser-Tytler. Crown 8vo, Ss-

LEE, Holme.— H e r T i t l e of H o n o u r . A Book for Girls. New 
Edition. With a Frontispiece. Crown 8vo, Ss> 

LEWIS, Mary A.—A R a t w i t h T h r e e T a l e s . New and Cheaper 
Edition. With 4 Illustrations by Catherine F. Frere. 3^. 6d. 

MAC KENNA, S. y.—Plucky F e l l o w s . A Book for Boys. AVith 
6 Illustrations. Fifth Edition. Crown 8vo, 3^. 6d. 

A t S c h o o l w i t h a n O l d D r a g o o n . With 6 Illustrations. New 
and Cheaper Edition. Crown 8vo, 3s. 6d. 

Mc CLINTOCK, L.—Sir S p a n g l e a n d t h e D i n g y H e n . Illus
trated. Square crown 8vo, 2s. 6d. 

MALDEN, H. i * \ — P r i n c e s a n d P r i n c e s s e s : Two Fairy Tales. 
Illustrated. Small crown 8vo, 2s. 6d. 

M a s t e r B o b b y . By the Author of " Christina North." With 6 Illus
trations. Fcap. 8vo, 3*. 6d. 

NAAKE, y. T.—Slavonic F a i r y T a l e s . From Russian, Servian, 
Polish, and Bohemian Sources. With 4 Illustrations. Crown 
8vo, 5-r. 

PELLETAN, E.—The D e s e r t P a s t o r , J e a n J a r o u s s e a u . Trans
lated from the French. By Colonel E. P. De L'Hoste. With a 
Frontispiece. New Edition. Fcap. 8vo, 3s. 6d. 

REANEY, Mrs. G. S.—Waking a n d " W o r k i n g ", or, From Girlhood 
to'Womanhood. New and Cheaper Edition. With a Frontis
piece. Crown 8vo, 3s. 6d. 

B l e s s i n g a n d B l e s s e d : a Sketch of Girl Life. New and 
Cheaper Edition. Crown 8vo, 3-r. 6d. 

R o s e G u r n e y ' s D i s c o v e r y . A Book for Girls. Dedicated to 
their Mothers. Crown 8vo, 3s. 6d. 

E n g l i s h G i r l s ". Their Place and Power. With Preface by the 
Rev. R. W. Dale. Third Edition. Fcap. 8vo, 2s. 6d. 
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REANEY, Mrs. G. S.—continued. 

J u s t A n y o n e , and other Stories. Three Illustrations. Royal 
161110, is. 6d. 

S u n b e a m W i l l i e , and other Stories. Three Illustrations. Royal 
i6mo, is. 6d. 

S u n s h i n e J e n n y , and other Stories. Three Illustrations. Royal 
i6mo, is. 6d. 

ROSS, Mrs. E. ("Nelsie B r o o k " ) — D a d d y ' s P e t . A Sketch from 
Humble Life. With 6 Illustrations. Royal i6mo, is. 

SADLER, S. W, R.AT.—The A f r i c a n C r u i s e r ; a Midshipman's 
Adventures on the West Coast. With 3 Illustrations. New 
and Cheaper Edition. Crown 8vo, 2s. 6d. 

S e e k i n g h i s F o r t u n e , and other Stories. With 4 Illustrations. 
New and Cheaper Edition. Crown 8vo, 2s. 6d. 

S e v e n A u t u m n L e a v e s f r o m F a i r y L a n d . Illustrated with 9 
Etchings. Square crown 8vo, 3s. 6d. 

STOCKTON, Frank R.—A J o l l y F e l l o w s h i p . With 20 Illustra
tions. Crown 8vo, Ss-

STORR, Francis, and TURNER, Hazues.—Canterbury C h i m e s ; 
or, Chaucer Tales retold to Children. With 6 Illustrations from 
the Ellesmere MS. Second Edition. Fcap. 8vo, 3s. 6d. 

STRETTON, Hesba.—Y>a.vio\ L l o y d ' s L a s t W i l l . With 4 Illustra
tions. New Edition. Royal i6mo, 2s. 6d. 

T h e W o n d e r f u l L i f e . Sixteenth Thousand. Fcap. 8vo, 2s. 6d. 

S u n n y l a n d S t o r i e s . By the Author of " A u n t Mary's Bran Pie ." 
Illustrated. Second Edition. Small 8vo, 3s. 6d. 

T a l e s f r o m A r i o s t o R e - t o l d for C h i l d r e n . By a Lady. With 3 
Illustrations. Crown 8vo, 4s. 6d. 

WHITAKER, Florence.—Christy's I n h e r i t a n c e . A London Story. 
Illustrated. Royal i6mo, is. 6d. 

ZIMMERN, H.—Stories i n P r e c i o u s S t o n e s . With 6 Illustrations. 
Third Edition. Crown 8vo, 5J*. 

-PRINTED BY WILLIAM CLOWES AND SONS, LIMITED, LONDON AND BECCLBS. 
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