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On the Compoesition of Foods, in relation to Respiration and the Feeding
of Animals. By J. B. Lawss, Hsq., of Rothamsted; and J. H.
Grueerr, PhD., F.C.S.

DuriyG the last twelve years our knowledge of the adaptation of food,
according to its composition, to the various exigencies of the animal system,
has assumed much of definiteness ; and it is to the experiments and writings
of MM. Boussingault, Liebig, and Dumas, that we must attribute, either
directly or indirectly, much of the progress that has been made. There are,
however, connected with this important subject still many open questions ;
and it is with the hope of aiding the solution of one or two of these, and thus
providing a new starting-point_for further inquiry, that we propose in the
present paper to bring forward some results of our own which bear upon
them, and to point out the conclusions to which they appear to us to lead.

The writers to whom we have above referred, as well as many others,
whether themselves experimenters or more systematic writers on the subject
of the chemistry of food, may, with few exceptions, and with some limita-
tions, be said to agree on two main points, viz. on the one hand, as to the
connection of the nitrogenous constituents of the food, with the formation in
the animal body of compounds containing nitrogen, and with the exercise of
force ; and on the other, as to the general relationship of the non-nitrogenous
constituents of the food with respiration, and with the deposition of animal
fat. Tt is indeed upon the assumption of this broad and fundamental classi-
fication of the constituents of food, according to their varied offices in the
animal economy, that a vast series of analyses of foods have of late years
been made and published ; whilst, founded upon the results of these analyses
numerous tables have been constructed, professing to arrange the current
articles of diet both of man and other animals, according to their comparative
values as such. Among the labourers in this field of inquiry, we are much
indebted to MM. Liebig, Dumas, Boussingault, Payen, Playfair, R. D.
Thomson, Horsford, Schlossherger and Kemp, and obhers.

Whien speaking generally then, of the various requirements of the animal
organism, the more special adaptations of the several proximate compounds
and ultimate elements of which our vegetable and animal aliments are made
up, are, as we have already said, fully admitted ; but in attempting to apply to
practice the principles herein involved, by the construction of tables of the
comparative value of foods, it seems to have been generally assumed, that onr
ewrrent food-stuffs ave thus measurable rather by their flesh-forming than b
their more specially vespiratory and fat-forming capacities. Hence, wit.{
some limitations, the per-centage of nitrogen has always been taken as the
standard of comparison.

Founded upon their per-centage of nitrogen, M. Boussingault first arranged
tables of the comparative values of different articles of food, chiefly in refer-
ence to the dieting of the animals of the farm ; and with this method Professor
Liebig has expressed his concurrence. At page 369 of the 81d edition of his
Chemical Letters, he says—* The admirable experiments of Boussingault
prove, that the increase in the weight of the body in the fattening or feeding
of stock (just as is the case with the supply of milk obtained from milch
cows), is 1n proportion to the amount of plastic constituents in the daily
supply of fodder.” And at page 849 of the same, speaking of the nitrogenous
compounds of food, he says—* It is found that animals require for their
support less of any vegetable food in proportion as it is richer in these
peculiar matters, and cannot be nourished by vegetables in which these
matters are absent.”

In like manner, various specimens of flour and of bread have been arranged
by Dr. R. D. Thomson ; other articles of vegetable diet by Mr. Horsford ; and
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a lange series of aliments from the animal kingdom by MM. Schlossberger
and Kemp. Dr. Anderson also, in his valuable Reporb on the Composition of
Turnips, grown ander different circumstances and in different localities, has
tiaken %hez r per-centage of nitrogen as the measure of their comparitive feed-
ing value.

Ihe views which have thus led to a vast number of analyses of foods, as
well as the information supplied by the analyses phemselves, have contributed
much to the advancement of oux knowledge of the chemistry of food. Ithas
however been found, that the indications of tables of the comparitive values
of foods, founded on the per-centages of proteine compounds, were frequently
diserepant with those which common usage or direct experiment affords.
These diserepancies have not esea Jed the attention of the aubhors of the theo-
vetical tables ; but they have abbributed them rather to the exroneons teachings
of cornmon practice or experiments on feeding, than to any defect in the theo-
retical method of estimation. On all hands, however, it has been admitted,
that further direch experiment bearing upon this important subject was much
needed ; and it is the acknowledgement of this necessity phat seems to jusbify
the publication, ander the anspices of the British Association, of the results of
this kind which we have now to snbmib.

The (uestion to which we shall first call attention, is, whether, in the nse
of our current foods, ander ordinary circumstances, but especially in the case
of animals fattening for the butcher, the amaount of food consumed, and that
of increase produced, have & closer relationship o bhe supplies in such foods
of the nitragenous, or of the non-nitrogenous constitnents 7 That is to say,
whether the sum of the vequirements of the animal system is guch, that, 10

ordinary cireumstances, and in the use of ordinary arbicles of food, the
measure of the amount taken, or of the increase produced, will be regulated
more by the supplies of the © Plastic,” or of the more peculiarly vespiratory and
fat-forming coustitnents. According to the views upon v ‘hich all the tables
of the comparative values of foods are constructed, 1b is the supplies of the
plastic elements of food chiefly, that sheuld regulate both the consumpbion,
and the increase in weight, of a fattening animal. Tf, however, we bear in
mind the views which are generally entertained as to the influence of respi-
ration on the demands of bhe system for the oxidizable elements of food, it
would appear more consistent to sappose that the measure, at least of the con-
sumption of food, would be chiefly regulated by its supplies of those clements.

In the experiments to which we shall call atbention, sheep and pigs have
been the subjects.  As, however, their object has partly Deen the solution of
cortain questions of a more purely agricultural character than those now
ander consideration, the details, as to the golection of the animals, and the
general management of the experiments, will be given more appropriately in
another place. Indeed, the particulars of some of the experiments with
gheep, so far as their agricultural bearings are concerned, have already ap-

ved in the Journals of the Royal Agricultural Society of England ; and
those of the rest, and also of the experiments With pigs, will probably do so
ghortly. It should here be stated, however, that the general plan has been
fo select several different deseriptions of food, containing respectively various
amounts of nitrogenous and non-nitrogenous constituents, the proportions of
which were ascertained by analysis, To one or more sets of animals to be
compared, a fixed and limited amount of food of a high or of alow per-centage
of nitrogen, as the case might be, was allotted, and they were then allowerd to
take ad Libitum of another or complementary food. In bhis way, in obedience
to the instinctive demands of the system, the animals were enabled to fix for
themselves, according to the composition of the respective foods, the (uantities
of each class of constituents which they required.
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In the tables whicl
i ich follow, the results of the experiments are arranged to
1st. The amounts respectiv
o spectively of the nitr i
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TasLE 1.

Su ar
immary Table of the Per-centage Composition of the Sheep Foods

Foods eaten by Series 1.

AMean Per-centage Results.
Description of Food. Dry Matter. Ash, Nitrogen
Inclusive | Bxclusive | In Fresh
Iu Dr; I ¥ g
ofAsh. | ‘af Ash. [Subsianoe Maiter. [besaace] Mattes
Swedish Turnips, N
Srodil : ips, No. 1. ...| 1058 10-00 05 9 268
Amer‘imufl‘giﬁmﬁ No. 2. .| 1212 | 1149 o-sgg gé? o3l I 12
S aiverser 29'50 84-08 542 6-06 9(1)31 e
518 82-24 294 5 5 S
' 345 i :
78.61 72-33 628 799 %85“; 2'44
8128 74-86 642 787 i 290
Foods eaten by Series 2.
87:36 —{--81-88 54 -
i 8 627 50 ;
gg)gii g’?‘:28 4-28 472 ;6515 igé
Pk 83'46 408 445 4-05 444
e 89'23 231 270 149 174
e .34 2:31 2:52 1-51 165
77-39 727 8-58 211 2-50




Norfolk

ORLY. cossvanssreisgmssrnransses
Norfolk White Turnips,
grown by mineral manunres
and ammoniacal saltS......

Norfolk White
grown by mineral manur

and rape-cake
Norfork While

grown by mineral manures
| rape-cake and ammoniacal
BRLEE  ssoenpaonsnansrasivinastont

Barley
Malt..-.oe-
Malt-dust ...

| y Table of the

Description of Food.

gwedish Turnips, Lot 1
'\ dwedish Tarnips, Lot 2
| Oil-enlEe Levvvurearmenneenees

White Turnips,
grownby mineral manures

Tarmips,

Long Red Mangold, No. 1 ...
Long Red Mangold, No. 2 ...

Summar
i
Series 5.

Foo
| ST / =
MMean Per-centage Results,
- —

Clover-hay ceoosvererermesseensse

e e—
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Tapre 1. (continued. )

Nitrogen.

n Fresh | In Dry
whatATIEL, Matter.
R

1:56

n Dy
Matter.

Tn Fresh
Subatance

P

Tnclusive | Bxclusive
of Ash. of Ash.

0627 0146

0175 2:08

821 0-183 2:36

(2]

892 0252 3-20

Toods eaten by Series 4.

1:002

TasLE 1L

Per-centage Composition of Sheep Foods ( continued).

ds eaten by Hants and Sussex Downs.

.______._.—-——F________.—-——

Nitrogen.

Dry Matter.

- —

In Fresh | In Dry
gubstance,| Matter.

e

Tn Fresh | In Dry
Substance, Matver.

Tixelusive
of Ash.

Inclusive
of Ash.

...... 619 0-231 2:36
...... 587 0-301 2:61
...... 765 4-98 570

1036 203 251
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Tasre 11 (continued.)

Eaten by Cotswolds.
Mcan Per-centage Results.
Dry Ma B
Description of Food. oy e = Nirogen.
Inclusive | Exclusive | In Fresh | T 'y
of Ash. | of Ash, [Substance, Lﬁxglc{'. |5]|.:l]{hﬁ'F;¢ll(:lSclilr %zlll'l?tg
Swedish Turnips, Lot 1 1088
i i 1037 504 4+
Ewe%}sh Turnips, Lot 2 ...... 10-70 10°12 8;% iﬁ 08 e
O‘iﬂlec;?(tla Turnips, Lot 3 ......| 12:60 11-84 0758 6‘00 8:28 e
Bt 78 | || o | 4 | oo
; 8:60 2:24 2'68
Eaten by Leicesters ; and by Cross-bred Ewes and Wethers
[Leicester and South Down]. ,
Swedish Turnips, Lot 1
i i Sl 1089 1038 05 . p
(S)ﬁ?((;l;ih Turnips, Lot 2. . 1188 | 1126 (‘:Egg i;g 83% o
Oilako ..o ge32 | 7853 | 780 dor | 205 | o6
Clover-h&y’ Lmt;; i, ...| 8048 7238 8110 1006 2'7; S
ay, Lot 2. cives 80-08 7190 818 10117 2 7‘% gig

Tasne III.

Summary Table of Per-centage Composition of the Pig Foods

Eaten by Series 1.
Mean Per-centage Results.
N oalet Foud. Dry Matter. Ash. Nitrogen
Inclusive | Exclusive | In Fresh
I .
of Ash, | of Ash, 'uhestnfnsocs. l\(?'lag *i?bft;ﬁfg‘ l{llr;gggly
Egyptian Beans -
p y cevseniaaanasea| 8880 8357 .
5 472 g .
Lgﬁféﬁz, %‘Agg ; 87:30 82:42 4-87 ggg i g; g
s oty I s || b | E | | o
i 2 . 1- .
}ﬁirﬂ menl, Lot 2, . 8989 8861 lgg iig %Z)? gh
................ | 8479 7877 -0 61 o
Barley..... o1t :
rley teereeeerenniussmosnenans| 81°86 7972 214 ;(15(1) %gé ggi
Eaten by Series 2.
Egyptian Beans
DI e e o 8817 84+45 3 L o
Leﬁtﬁ:, %g(é ; .| 8942 8644 233 ggi 4-%1 e
Barley,’Lot 1‘. 8997 85°10 487 541 iig 5.0§
B Tar g, 82'3§ 80°19 2:19 266 182 i
By Lot s 80'2_)0 7877 2:18 2:69 18 s
g 8%:03 8048 205 2:48 1'52 e
essnearsepset| 3.00;08 7867 641 753 2:62 é(s)g
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&t
Ors
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§F§ Organjq Suﬁsm‘::?e. g
Series 1.—Five sheep in egch ben, 14 weekg. I gg e e o§
| £ o E e
Nitrogenoys Organie Non-Nitrogenoysg ’ & ’:’:ﬁ _gg ;‘E ﬁé -5
Substanee, Organic Substance, | g3 = =3 P
. g il [fak 1 BT 55
> Complementary o X . A=
= Limited Fooq, a()dnlfbftun{]l?ogd. £3| 8% | 5. 23 _.§'§ .| B8
g e EAEE EHE =2 -SiX woglos f
i :5 LY sie - £ orty Sussex ) Wns,
5 B R I & twent:_r—slx Weekg -
—_— e fe— -[Zort.}"tm I:l‘obawolds,
3 Wonty weekg
L | Oil-cake ., 163 [ 0-82 | 946 o 710 | 985 [19:31 Forty Ii}icestem twen.
2.| Oata ..., .. 0 ourict 088 1 069 | 157 | 176 | go1 11-36 [12:98 ty weeks.. "
3 Clover-chn.ff............ i o] 0069 | 0-94 | 164 399 | 913 13:12 f14-76 Forbyﬂmss-bred"ﬁ},?""
4. | Oat-straw chaff ...... . 107 [ 107 ... 982 110-17 [11-24 twmtywaeks.........?s’
orty Cross-bregd Weth.

ers, twenty Weeks,,,,

| 164 | 214 378
126 | 1-95 321
-] 050 | 2:08 258 | 383
044 | 208 252

—f—_—

< Clover-chaif....
s ditto .
.o ditto ..,
ditto ,,

i Sl

Means ,.....

: CCp.—Consumpg:
genong Constitueng of'pI‘ Pbion of
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2. | Malt and malt-dugt ditto ..,
3. Bm'lay(sbeepedj...... ditto

4.| Malt and malt-dust,
(steeped) ditto
alt and malt-dust;

(extra quantity),,, ditto ...

044 | 1-9¢ 170 ’3‘53 706 [10-59
.| 043 | 190 164 | 3-39 6:80 [10-12
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136 | 1477 300 | 760 1070
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TaBLE V. (contmued)- TasLe VI
vl Experiments with Pigs.—Weskly consumption of Nitrogenous and Non-
. n, 10 weeks. P 2 A L LR }
SQeries 3.—Five sheep in each per, — nitrogenous constituents of Food per 100 Ibs. live welyht of animal
} Non-nitrogenous | -2 (quantities stated in Ibs., tenths, &c.).
Nibrogenous Organtc 01533]3?8 Substance. | & - .
Snbstancd. e @
1 &5
— 1 | .= = |8 -
Limited Food. Cﬁfn“fi%}'llﬁ’ﬁ‘%lo’o (10,1 *é ,§. .é E ?og 3 EE E E §§ ,E; % Series 1.—Three pigs in each pen, 8 weeks.
EE | 2 ”r.:ou = ]85 =1 2
g1l = a3 =
23 SE |- Ao | A2 & Nitrogenons Organie] Non-nitrogenous 'E
—— ) Hubstance. Organic Substance. s
5| 488 | 731 . 52
W 1| 87| 118|248 4% 7 | Limited Food, per head, | Complementary ov |, | | .1 A
BArley .ooveseemzssearen M:l.t‘lggl.r:.t::urtzd 39 a9 | 111 | 220 %97 677 f imi per aa;’. o ;?dllib(i}tum Food. | 83 ,—3§ I §§ 3. Eg
Malt and magitlmt Ctve o) 95| 96 | 121 | 104 | 536 | 780 & A8 5= | B | Ag | == | 23 | 52
rley (steepe cg 4] [ cg | am | &
%:[a;,u; ya,gd malt-dusy) a9 | 104 | 136 | 287 | 584 | 821 g3 | g8 |87 &8 g |5 | &
(sbeapeﬁ) saneanasssen
Malt and maép{;dust ...... 35 | 91 126|265 | 511 776 1, | NODE teeeeeniiiniinninans Bean and Lentil
(extra quantity)... SN SRR (R S = e ——— o | 888 | 88e | ... | 176|176 | 264
; 515 | 747 2. | Indian meal.......... J ditto ...... 083 | 780 | 813 | 55 |14:3 [19-8 ] 279
------ go| 902|128 282 1% | 7 | B\l Bran suemamspmn ditto ... 132 | 689 [ 771 | 50 [128 | 178|255
4 Food 4, | Indian meal and Bran ditto ...... 214 | 473 | 6-87 | 106 | 94 [ 200 | 26-9
s limited Food.
e in each pen, 10 weeks ; 1o Hmite® FOPF: ,
Series 4.—Six sheep i ! Means......] 107 | 682 | 789 | 53 [13:5 | 188 | 267
. . a Q-
1. | Norfolk White Turnips, mineral ma- 192 et 1819 5. | None covvvveveeercrsienes Indizn meal...... oo | 201 [ 2201 193 [ 193 | 22:2
NUTES ONLY werespiueeeesaremssesiin it o 6. | B d Lentil meal A660  aenres 195 | 260 | 455 | 89 |17:2 | 211 | 2577
ad T 1 ma . b ean and Len
2. | Norolx ;?{]:;Gmng:gﬁaémﬁ;mm 153 B 1063 2| Bran ...................] ditho werens| 121 | 274 | 3:95 | 46 [17:9 | 225 | 264
3 N’;l:;c??ka\vhite Tarnips, mineral ma- 394 1682 2006 . Begﬂg%rgﬁnmmm' ditto 305 | 215 [ 520 81 |140 (221|278
4 N%?Eﬁkmm&e%rﬁiﬂ;ss mn{emlmﬂa' Lost weight Lost weight.
*| " pures, rape-cake and ammoniacal salts| Lost weigh } T 7 Means......| 155 | 260 | +15 | 41 [17:1 [ 212 | 254
|
993 1413 1636 —_——
Means .ee... J— 9.| Bean and Lentil meal|Bran ...... ........| 334 [ 1'85 | 519 67| 70 |137 | 189
______________________——-—-———-—‘—‘-‘____ 10. | Indian meal............ ditto ......|144 | 246 | 390 94| 93 [187 | 22:6
11. | Beanand Lentilmeal,
and Indian meal... ditto ......| 323|173 | 496 | 104 | 66| 170 | 220
12, | NODE sivrenssnsenrensesans|Bean and Lentil
Series 5,—Different breeds of CLOEET meal, Indian
- — R meal Bran
S| Bz |ogmens @] orgemio Substonee. | B cnch adtibitum| .. | 612 | 612 | ... [201 [201 262
s = = 55 —_
= 58 | ow|23)esl 2| 22 2s B Means......| 2200 | 3:04 [ 504 | 66|08 | 174 | 22:4
£ S35 |ES|oa| S5l =2 |9 S8 z&
ae =t -1 2 3
g £z |&z| 28| 8] "2 LR Means of the 12 pens......... 154 [ 415 | 569 | 53188 [191 248
3 - D
) B I Rl A bl
] 186
Forty Hants Downs, | e 62 Series 2.—Three Pigs in each pen, 8 weeks.
S| | ¢ 60 | 199
Forty Sussex Downs, ; = -
twgnty-six weeks ... | E’ g 1. |NOD€ ..ivueansnsnrannssens| Bean and Lentil
Forty-six Cotswolds, || S ] 55| 166 MeAl uvvvrrreres| oo | 669 669 | . | 145 | 145 | 212
wenty weeks oo I | O (3] 2. 8 lbs. Barley meal ... ditto ...... 123 | 706 | 829 | 783|153 | 226 | 309
ForhyLeicast;m.uwen-i[ g 2 59 | 186 3. [11b. Bran ........... Aitto .uvvu 0:66 | 8:07 | 873 | 25 | 175 | 200 | 287
ty weeks .iicereeeisnens ] n’qS) - 4. |31bs. Barleymeal,11b.
Fortycmas-bredﬁwes,ll g B 58 | 185 Bran ............. ditho ... 1°95 | 485 | 6:80 [ 10°1 | 105 | 206 | 274
twenty weeks St ‘5 1] 50 | 186 =
Forty oross-bred Weth- | | - Means.....| 0:06 | 6:67 763 | 50| 144 [ 194 | 2770
ers, twenty weeks ... | S
Means .eee 59 \ 183
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TasLe VI. (continued.) Tasre VI (continued.)
A © \ i Nitrogenous Orgoni -
Ritrogenous Qrgani] Non- itrogenous | 2 2z L naaaLs Non-Nit i )
| g:ll!sl}llmc[:.g ; Orogargc Suﬁ;tnnce. & i Limitedpggod. per head, Complementary or = Orfmnle onbatane, S
P jrg3} g ' ad 1ibi O o) = o 23
é Limitod Food, per head, Complementary or LI f OE 1 o ——— Eé 2§ £ 22 | 2% | = ©3
q per day. od Lbitum Food. | &< |28 | B a5 | 1B | By 5] 5 | == | 88 | &8 =8 | Eg | B2
g 23 |58 | £ 22 | A3 |5 1°8 =3 | 58 | g= Ll - S8 | 32
= 83 |2= | B8 | 25 | =5 8- = v | a8 |8 | ez | 58| &5 ]E"
5% BRI a8 a2 E 5. | NODE ceveeriernunnins +vens| Indian Meal = =
) 22 ) ) = 6. | Beamand Lentil meal ditto ... sill a2l S o (1522 ) Szeihass
|| Bran sssaiesvasasiaiiss g B 62 | 275
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A glance at the Tables as & whole must ghow, that in all compm'ablc cases
there i8 mueh more of uniformity of amount in the total columns Of -n.p-:_z-mt.ro-
genons than in those of nitrogenons substance, Both as to the quantities ¢On-
sumed 10 @ YIver weiyht of animal within a given me and to those require
{o produce & given weight of increase. The deviations from this_generd
regularity in the amount of non-nitrogenous substance consumed under equal
circumstances, are indeed, in mosb cases such, that when examined into they
tend the more clearly to show, that the uniformity would he considerably
more strict if ghe amounts only of the really available respiratory and fab-
forming constibuents con have been reprcﬁented, instead of, a8 in the case
of these Tables, that of the gross o¥ total non-nitrogenons gnbstance consumed.
Tor, in reading the actual figures of the Tables, allowance has O he made
i i the food which wonl
probabl hecome ab onee effete, and also for the different Y63 ivatory and fab-
forming capart i tions of them which are digesti 1o and available
for the purpos It must farther be remembered;
that even after all due allowance 1as been made for the sources Of digere=
ancy just referred b0, the amounts which we may sup&)()se to be 80 eorrected
a1 cover all variations, whether arising from differences of external
Javities in the animals t.hemseh-rwf rom

must st (
cirmmsbﬂ‘noes—-fmm individual pect
nts stored W in them according 60 the ada]%t.atlon of the
the ntrollable civeuin=

the (1if§31'e11t. amou
bring within the

accurate numerical m¢ the vesults of thoge processes i
which the subtie pl:inuilzal of animal life exerts its influence. Bearing, then,
( st tend to modify the true indications O

all those points in mind which mu
the actual figures in the Tables, it, appears to 1S that the coincidences 11
ts of available regpiratory am fat-forming constituents consume
by a given weight of animal, under equal cirenmstances, within a given time,
and aiso in those required under equal sircumstances 1O produce & given
amount of increase in weight, must be admitted to be much more gbriking
and conclusive than & prior We conld have expected b0 find them. With
i o however, as o the amounts of non-nitrogenous
; : given sivenmstances, OF for a given yesult, those
of the nitrogeous constituents are found to vary, under the same cirenm-

gtances, in the proportion of from 1 to 2 or 3.
In illnstration of onr statements let, s examine ghe Tables for a moment

somewhab more 1 detail.
Tn Table V. we have the amoun
hich were consumed weekly per 10

gpectively, W .
in the case of five different series of experiments with sheep. In all cases

ts of the bwo classes of constibuents 1e-
0 Ibs. live weight of animal,

the experiments extended over & period of Maxy weoks, and in some even of
several months. Pach series comprised geveral pens, 10 each of which (¢ xeeph
in Series 4, in which there were no limited foods) there Was allotted a dif-
ferent desoription of fixed or limited food, the ad libitwin O complementary
food being (exce 4 in series 4) the same thronghout the several pens of the
same Series, but different in the different geries. 10 the Series 1, 2,3 and 4,
there were five oF six sheep in each pen ; in Series B, from 40 to B0 sheepin

Tn Sevies 1, the complementary of «d libitum food Was Qwedish benips,
and the limited foods were—

In pen 1, oil-cake.

The oat-straw chaff of
succul : L e 4 was given as addi 4
dlefgr:lﬁiilmﬁtb?:, ﬁf .i’]u, turnip, the bulk of solciltti1 mm%\,t't;.grbh'?'omcmm auly
e elf)x‘t s ; ar ly by ruminant animals. 8o small which seems to be
o t6 the ;e;l;)lt:{,wfal‘, that it need scaveely enter intg (?uahtlt'y of this
tion of non—nitrogen&? pegls 1,2 and 3, it is seen that the wlitt;k?aicnlagmns_
o i e et food 8‘31'];3&1‘12? per t?]og}:bs. live weight of animal%smn'?ilm?-
ohaft, 1871 Ibs. s & .;.w1 1 the oats, 118 1bs. 1al 18, with the
contain by far t-ht}iﬁr 1(1)“’{;0f these three dﬂSﬂl‘ipl}i’ong of foodm:,% }v‘t‘? K ol
capacity of which i;oaah%fut?leag“m“*"'dmabtm's the 1'081)i!'ab51 ;ﬁcll .;a‘frtl.(j? ol
4 ! out twice and a half : ormin
e of componds i voul, o i 13 g i o o s
the 0il~ml;i<e than ‘:‘lﬁlg&l- of non-nitrogenous substance wa.s n:of:3 nosWecing
of the result was doubtl B 0353. But to the reason just given, to Bl;med Ui
large and fhewhet 63 es.f;. due, we might add that there was’ which a parb
oil-cake pen, a parb fceas;_m e amount of nitrogenous matber :UC(Jmpnraplvely
forming fun(’:t.io}m o which at least might serve the res e amed f e
food, the mlimal: ' ]l(éln’ again, in pen 3, where cluver-chagm}tmy sodiale
N Vi ith 't.l“ rfn consume a much larger amount ;\as i?he limited
ovoss weight fel ier the ofl-cake or the oals . in this pen th oftele woory
equimlcﬁ% of Obh;.lto?\".l?iltﬂ,[']rog euou.’i Siﬂlhsjgﬂncc must be eat}::(il toﬂ;?ﬁ{ﬁrg]a s
v ith, cither of \ is available for vespivatory or bt i s
the other foods. ¥ y or fat-forming purpos
made for the different ¢ X . When therefore, all e D .
! , different quantities and capacities of , allowance has bee
in the sever Rt apacities of tl p beont
nitrogeﬁlﬁlﬂgﬁl)ﬁ’ it will be seen, that the ec 11ivu]cr:§sa{:fmt.1{t O
more nearl iﬂc:sn:i él-ﬁnﬁ cous;mwd in the different cases aue:ei Mml?ble ih
i T8 ek the figure 5, are in reality mu }
indicate ub if we o gures as they stand s
] . now turn to the in the Table would
consumed under the same ci e column of the nitx
: ‘ me circumstances, we fi (rogenous substan
one pen w : [GLH ances, we fi 3 spance
B e abne TV serics, nearly S e
i entars foodL'b (‘.uahle IV.) we have clover-chaff as tjmn 1 to 2.
o gain, with: the iy hﬂ!m pens, instead of Swedish turni ,;%':‘J f-rgmfm or
larger gross arger amount of effete w in Beries 13
tt\.-crngegof tah?anlzgt:ll‘] 2):3?1135 (?}’Ii] l}Ulé-nl:tl'Ug(:llous sub&;‘i:;?;? uokt]:s‘ul,lr::;l]wv’i‘la
amount where clover che 1is Series 2 is indeed al )i ; . 20
! “chaff was empl : eed almost identical with
pen with another in this cl s employed in Series 1. Again i oile
of oleaginous matfer s clover-chaff series, we have wit! 2
At tter supplied in the li ] ve with thelarger aino
nitrogenous substanc he linseed and oil-cake, | ' e
2 ¢ talken than ith CAKe, less of Qross 1
is a proportionally larger b4 the barley or the malt i e
oo | y larger amount of the ok it , in which there
llowance is made, then, for the diff series of compounds. Wh
capacities of the several f i ¢ the different respiratory and f . When
at first sight appear, i oods, we have again & closer coi y mad- atreeningy
: ar. in the equival _ r coincidence than would
il T Ehe aront (nivalents of the non-nitrogeno (il
S ! ; F thi : us substane
pare this series with tl 16 pens of this second series—as a i
: . ; : o when w
nitrogenous subst e former one. Turning 1 H NFe oo
ances consumed in thi 10w to the column of tl
amounts vary more than i in this second series, we -
than, uﬁcordgn 1an in those of the non-nitr , we see that the gross
: to any knowl nitrogenous ; and more i
for by a consi dg any knowledge we ab present ; more indeed
eration as to the state i ety g could be
ouin 1 1e state in il . accounted
althou]g}fri}rsx' t.lcl}c{:ltl.:l):rmg “‘E;‘" b(llle result of \{:Illlléfsllietéeiie:l::igﬁ? ems;ﬂ (%1 in the
widely differen cases the desoription of the lar b0t t eother,
coincidence in %11*;“{? we have found that there is %f:v}a);};im?n of the ool
limns o fitro ll:louma of non-nitrogenous Eubsbancew esy considerable
dreal variabion i.ngghcms substance throughoub o T30 consumed, yeb the
¢ quantities of these {:onsumed-—a,n1?)eglfl;[;.?naghqwdﬂ'e&r o
, Indeed, in
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the extreme Cases, to as much as from one to three and a half. There can be
little doubt thab ¢he method of estimating the amount of available mitro-
genous substance from the per-centage of nitrogen Musb be more o less faulty,
both in the case of the succulent gurnips of the frst series, and in that of the
also unripen producc——clovat-chaﬁ—-of the second 5 bub whether or in
what degree ghe differences in the amounts consumed in the two series wou i

he lessened by corrections due t0 ¢his sonrce of discrepancys we have not the

means Of accurately deciding.

In the third geries, which consisted of five pens, rmmgold—wm'bzel was bthe
complementary ood 3 and the Jimited foods were barley and malt, regpectively,
in different stabes and proportions in the several pens. Throughout this series
the proportion of nitrogenous o non-nitrogenous constituents yaried bub
little in the limited foods, and being also constant in the complementary foo
of the several pens, we have bub little difference in this sevies
respectively of either class of constituents when comparing pen with pen.
Clomparing the results of this series with those of the others, however, We
ohserve thab there was & Very olose coincidence bebween the amounts of avail-

amed 3 but in_those of the nitrogenous

able non-nitrogenous substance cons ) .
le in common when thus taking ab one view the results

qubstances there ig itk
of the several geries. "
In the fourth gories we have no supply of limited food. In all the four
ens Norfolk-white gurnips only Were given ad tibitum. "Those supplied to
the different pens, were, however,respect.ivcly ggownby very different MANTUTES,
and differed i all cases very much in uibimate gomypostiion and other
(ualities. Thus, the per-centage of dry substance and the state of maturiby
were greatest in the turnips of pen 1, and diminighed 0 the order of the pens,
they being in pen 4 the worsbin both these respects. On the other hand, the

or-centage of water, of mineral matter, and of nitrogen, and the degree O
unripeness or unfitness for food, were in Uhe inverse order. The burnips eaten
in pen 1 were, however, 10O ripe, and what i8 called ¢ pithy n, and bhose
were in the besb condition which were supplied to pen 2.

iq gerics there Was, with & probably generally Jower amonnt of effete

matter, ab the same fime genem'-ly Jess amount of pon-nitrogenous gubstance
conmmed——bhm‘lgh most where the purnips were known o be o0 ripe an

pithy. Tnpen 4 there wasa very gmall amount of non-nitrogenous gubstance
taken ; bub there is no doubb thab here the limib to consumpbion Was fixed by
the unfitness of the turnips s food, and not by their high yalue in this respect ;
for these turnips Were very succulent and unri%}e, and notwithstanding they
contained @ verY Jigh pm'-mn.z‘a.ye of mitroyert, all the animals fed upon them
logt weight. aking the cireumsbances ihto account, then, We have ag much
uniformity in the amoun yons constituents consumed as wWe

te of non-nitroge!
could expect, both among the geveral pens of the series, and in comparing this
geries with the vesb. In the column of pitrogenous constituents, on the obher
hand, there i8 nothing 0 indicate any uni formity of demand for the supply

of them, whether We compare P or bhe results of this series
with those of the others.  1b might perhaps be objected, from what we have
alveady said of the varying qualities of the turnips ased in bhis series, that
ghe nitrogenous compounds themselves would exist in the different lots in &
more or less assimilable condition 3 and hence probably some of the differences
in the amounts consumed. Doubtless there Were differences in this respeeb
in the different 1065, bub it is seen thab there is nearly twioe as much of nitrogen

consumed in one pen a8 in another ; and we cannob sup jose thab by any such
i ted, so large & difference as his,

method of cotrection as has been Sugges
or even thab the whole of the lesser ones observed T the other cases, conld

i T
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be thus accounted
b 8 for. Tt i
series the amounts b is worthy of observati
ratio tfo those of tl?ef 152161) IEE;%géellous constitué&%;tégllll’sélgggver’ iy e
case of a defect of ¢l -nitrogenous ; and if we ar arein an invers
t;l;gumbiggenmm con;t?igizftls 0‘1;&?1 (fXCGSS of the f?ﬁﬁlgi’ C,? 1123%&%1’ bhat in ﬂlz
mption in the pr gerve as respitatory able portion of
de]}cngence of present case would tend Dizabory saténia)
R e tend yeb mor 5 SUCH. &
food of the plastio ufnm:an upon resp1ral‘.io{1 th re elearly to show the.c}os.n-
In the next and Fa::’nfﬁnﬁrﬁ of nutrition, as ’3110{:]1 upon, She supplies by t](;‘l’
as possible the same des?r?et?- of experiments to be noticed wi
of different breeds and \\vg.ltl)n of foods is used throu, h“lbh sheep, as far
subject of experiment in bl“g s and other admitted gl ‘;‘E“ii i
CJED[D; red are,—the Hmnpztfi?elif;l pens, The brecrlsfaiv;ﬁf;ﬁ‘?ﬁ e Xow the
i i (s i oo, B o
r and Southdo uthdown) o)
Shaff were the L wn). Inall these 1), and Half-bred Ew )
ol ity sy oy, St experiments oil-cake and wes
Ib. per head per wedish turnips t aii] GloEls
Hampshires ; and hnkilﬁr Ellily 011’ cach of the lin}dt.edhl?ozcgnpleme}lta’ry food.
quantities of these foods e his 2 lowance as the standard tls WES BLTEN 10 e
from. Bto S0reep K sl i peopopon b Wl e Thes wet
e e etieting ; and each experit ghLs, iere were
the burnips were t{lerizf clnbs were, however, nolrfealllighgeﬁtended over several
chaff, though chosen a{;lﬁg ; -ldlﬁﬁl'ent growths ; aud&b]fcm'lthe il
from the same stocks. '1‘1&11 y a8 possible of similar qﬂ&lici? sbado
}c}]ﬂerences in the breeds bhﬁeugll'cnmsftmmeﬂ, then, a8 we]{ ,f‘l:eiglsl not always
have some share i emselves, if any, mi e intrinsic
is nevertheless a 1\1re;}I ]ygt‘f%:‘-] ations in resu £, l\lr;';}{at BI;G Eﬁlpposed perlise %o
consumed to a gIVmeciu] ing coincidence in the MI?;) owever, that there
what is more to the pug 1t of animal among the dif;'lél.bs of (osmaritpnin
consumed o a given y \':ilﬁiﬂf’ the amounts of non-nit oAl
gyflfferenh times, are, after I%;k.gf ann}r)ml by these diffe;&gtelgmsdzubsmme
ifferent equivalents ‘ ing, a8 before, due al o
the other series withal 10{5}1311? folt_>da, exactly consist.exll?t:}ﬁ?e 1f or_the probable
in all, the respiratory and Tt ied foods. This result thenltF i indicationg of
the limit to their consnmpti at-forming exigencics of the s urther shows thiat
on an ayerage, and llllde]i:') ion of food ; and also that r,hee animals have fixed
Z&;lat.mnship to their weig]ﬁ-gme%l}-?? Bllmilm' cirmunstm:?\sl e;]llll‘ﬁ;mnts Bave,
non-nitrogen . With this general coinei s, & pretly constant
Soaral p@]lﬂb()f t;llilsismygpance consumed té’ a ;iavlelf c?vlé?‘[}ence in the amount
composition in all, be mifs it there could not, of course g\l'r;shof suimal fn the
ittt ants taken modan th ch variation in the amounts of :11 foods of similar
throughout this series tx?ig:n;@ E]Ilmumsta.ncm. Of t.hesemi féli'-l'ogenom ks
v thrice as much as i , however, we have
in man

geries, which would

to consumplion uld not happen if the demand cases of th

: ; nor : fi I, £ e obher

Ohtaiined was by aum shall we afterwards find g‘:fthﬁ;iﬁwbeen the guide
ease tn weight

Bl ny means pr 3 i
substance conEned, proportional to this large amount of nitroge
nous

1L our experiments wi
of food, or with ents with sheep, then, whether with di
A be%?giglerzl‘tdbreeds of the,anirzgielﬂllzh different deseriptions
genous rather than b, if}e 1 by the quaniities which it mount of food consumed
fSo much, then fof/ th “’]";” of the nitrogenous wnsu‘{';;%;{md vileron e
gnttgl? amount of food G%u:z;:ln of our sheep el{peﬁmmié
rel tFmg upon & considerati according to ibs comp Agonl e uenon
tabion to the second on of the results of these position : bub before
question, namely, that of the ame-expéritmnts 23
! se produced, it

zZ




18

will be well to see how far the experiments with pigs afford us similar indi-
cabions in relation to the former one.

The pig requires much less of mere bulk in his food than the ruminant
animal. Indeed, the food of the Pig, when on a liberal fattening diet, congists
generally, weight for weight, of a much larger proportion of digestible or
convertible constituents, and contains much less of effete woody fibre than
that of the sheep. Thus, whilst the food of the fattening sheep is principally
composed of grass, hay and roots, with a comparatively small proportion of
cake or corn, that of the fattening pig comprises a larger proportion of corn,
which contains a cmn}mmtrivaly small amount of indigestible woody fibre,
and is comparatively abundant in starch, sugar, &ec., and in highly nitro-
genous compounds. Notwithstanding the generally richer chavacter of his
food, however, the fattening pig is found to consnme a much larger quantity
of dry substance in relation to his weight than the sheep. We should at
least expect, therefore, that he wonld yield a greater proporbion of inerease,
and this he is found to do. Such, indeed, is the greediness of the animal,
and so much larger i the proportion of the food which he will consume
beyond that which is necessary for the respirabory function, or for the
formation of flesh, and which is therefore employed in storing up fat, that
the amounts of non-nitrogenous matter consumed musb obviously, in his
case, have a less close numerical relationship to the requirements of the
respivabory system than in that of the sheep. Hence, no doubt, is in part
the reason that the exact indications of the figures of the Tables are, on the
whole, not so consistent ag with the sheep, The experiments with the pigs
however, bear testimony in the same direction as those with the sheep on
the question now in discussion, and the evidence bhey afford on the point is,
indeed, very conclusive.

In the arrangement of the pig experiments the selection of the foods was
made rather according to composition than to cost. In the first series (see
Tables VL. and VIL) the foods chosen were—

A mixture of equal parts of hean and lentil meal as a Aighly nitrogenous
Jood. .
Indian corn meal, as the comparatively non-nitrogenous food. And—

Bran, as containing a considerable amount of woody fibre.

The series comprised twelve pens, in each of which three pigs were placed.
In the first four pens, the bean and lentil mixbure constituted the ad libitum
food ; in one of these it was given alone, and in the others with a limited
amount of one or both respectively of the obher two deseriptions of food.
In the second set of four pens, the Indian corn meal was the ad libitum food ;
and it, in its urn, was in one case given alone, and in the ofhers with a
cerbain amount of the other or limited foods. In the thirdset of pens, bran
was the ad libitum food ; the other two then constituting the fixed or limited
food. In this way there was secured a greab diversity in the proportion of
the nitrogenous o the non-nitrogenous constituents of the food in the
geveral pens ; and as the animals were allowed to fix for themselves the limit
of their consumption, the results afford us the means of judging, whebher in

- doing this, their natural instinets have led them to any uniformity in relation
to their weights, in the amounts taken of either of these classes of constituents.

In Table%I. are given the amounts of the nitrogenous and non-nitrogenous
constituents respectively, conswmed weekly by every 100 lbs. live weight of
animal. In this Table we see abt a glance, that although there are some
apparent diserepancies, yeb the fignures in the column of nron-nitrogenous
constituents are much more uniform than in that of the nitrogenous ones.
And, as to the few apparent deviations from this uniformity, we think it
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will be much more reasonable to attempt to explain, or even considering the
nature of the subject, to admit as inexplicable, a few discrepant cases, than to
reject on their accounb_the general testimony of much more numerons, more
consistent, and otherwise sufficiently conclusive results. Thus in the first
seb of four pens in this series, there is, upon the whole, a less amount of the
nan-mtrogenous constibuents consumed than in the second ; and this lessened
a.n.lou.uh of ut_)u-mtl'ogqnous consbituents consumed in the former is seen to be
coincident with excessive consumption of the nitrogenons ones, and it is even
the less the greater that excess.  If isalso worbhy of remark, too, thab in pens
b to 8, where there was this larger amount of non-nitrogenous substance
consumed, i6 was supplied chiefly by Indian corn meal, which, containing
more oily matter than that of the foods in pens 1 to 4, would also possess a
higher respiratory and fat-forming capacity, weight for weight, than that in
bhe other cases. ~ We may here suppose, that perhaps a surfeit of the nitro-
genous substances pub a limit to the further consumption of non-nitrogenous
constituents which would obherwise have beon taken ; or, that being in excess,
the nitrogenons substances have substituted other respiratory material ; and
1t I8 consistent with such a supposition, that with the less amount of non-
nifrogenous constituents consumed, where the nitrogenous are in excess, there
is nevertheless a larger amount consumed of fofal organic substance than
where there is more of the non-nitrogenous constituents.

That a larger amount of the complementary food was consumed when it
consisted of the comparatively low nitrogenized Indian meal, was not due
only to a craving for a supply of nitrogen which a less quantity would not
have yielded, wonld appear, among other considerations, from the fact, that
when, after a time, the pigs in pen 5, where Indian meal alone was given,
had become affected with large tumours breaking out on their necks,
their breathing and swallowing becoming at the same time difficult, we, in
order to test the question as to whether this arose from a defect of nitrogen
or from other causes, supplied them with a trough of mineral substances : they
soon recovered from their complaint, and eventually proved to he among the
fattest and best of the entire series of pigs ; at least, a dealer in pork with
a practised eye, purchased by preference one of these animals from among
the whole seb of carcases. The mineral mixture that was supplied to them
was composed of twenty parts coal ashes, four parts common salt, and one
paﬁ:t ]fuperphos;)hate of lime ; and for it they seemed to exhibit considerable
relish.

In pens 9, 10 and 11, a comparatively small quantity of the more digestible
foods was allowed, the comglemenhary food being in these cases bran ; and
as we have hefore said the digestive apparatug og the pig is not adapted for
a large amount of bulky woody substance. Here the animals consumed a
less amount of non-nitrogenous substance in proportion as the bran predo-
minafed in bheir food ; and they at the same time also increased and fattened
much Jess than those in the other pens. In fact, until 8 Ibs. per head per day
of the limited foods were allowed instead of only two, as was at first given,
several of the pigs lost weight and became unwell ; being as it were paralysed
(gouby ?), and almost deprived of the use of their legs, ~ There can be little
doubt that the nproport.ton of woody matter in the bran, which food only
they had at full command, was too great for the convenience of their sto-
machs ; and that hence, after their respiratory requirements had been fulfilled,
a limit was put to further consumption to serve the mere purpose of fattening.

In pen 12, the several foods, namely, the bean and lentil mixture, the
Indian meal, and the bran, were each put into a separate trongh, and the
animals were allowed to take of all or any of them ad Lbitum. Were it not
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consumed, the figures ab the same time include the amounts which have heen
expended in the respiratory process.

ooking down the entire columns of Table Vit is at once seen that wherever
cloyer-chalf was emgloyed, that is to say, wherever there was a large amount
of innutritions woody fibre, the gross amount of non-nitrogenous substance
consumed 0 produce a given amount of increase is always great. The ana-
lysis of the excrements of this series showed, indeed, that there was, in re-
lation to the non-nitrogenous matter consumed in the food, a very much
laxger Eroport-lon of it voided by the animals than in the case of the series
where the amount of woody fibre n the food was less. This, therefore, mush
be allowed for in comparing the figures in the column. It will ab once be
seen, when due allowance has thus been made, that the amounts of available
non-nitrogenous substance consumed to produce a given weight of increase,
are at any rate much more nearly uniform than are those of the nitrogenous
constituents. Of the differences which will still remain after the allowance
for woody fibre has been made, many can be again reduced by a consideration
of the different equivalents of the remaining available non-nitrogenous con-
stituents ; as for instance, when in comparable cases these contain, in one
instance, more of oil, and in another more of the starch series of compounds,
A less amount of the former than of the latter is required to produce the
same resulting increase in the animal ; and again, less of the starchy series
than of some of the peculiar products of the root crops.

In the column showing the roportion of the total nitrogenous substance
consumed to inerease produced (Table V.), we haye a much wider range of
difference than m that of the non-nitrogenous, and much wider, indeed, than
can be explained away by such considerations as have above been alluded to
in reference to the latter. Tt is true that these figures cannot, any more than
in the column of the non-nitrogenous constituents, be taken as showing ab-
solutely proportional nutritious values of the matters represented ; for as we
have before observed the figures assume the whole of the nitrogen of the
food to exist in the form of proteine compounds, which obviously would not
be the case with the succulent and unripened produce, such as the roots and
clover-chaff ; and hence, this consideration must more affect the correctness
of the statement of nitrogenous constituents consumed for a given result in
the sheep experiments than in those with the pigs, where the foods cml)loyed
were ripened seeds. But, as we have observed, the differences in the figures
in the Table would seem to be too greab to be satisfactorily accounted for by
the correction of any errors arising from this cause.

qukmg at this Table V. rather more in detail, we see, taking the first two

ens in Series 1, which are comparable so far as thedescription of the ad libitum

ood is concerned, that whilst the non-nitrogenous augsta.ﬂce consumed to
produce 100 1bs, increase in weight is very nearly equal in the two cases, yeb
that of the nitrogenous constituents varies in the two in the proportion of
from three to two ; but a difference in the nature of the nitrogenous substance
cannot be supposed to have made a difference s0 great in the amount of con-
stituents consumed to produce o given result. On the other hand, the higher
capacity of the oleaginous matter of the oil-cake than of the starch, &c., of
‘the oats, 18 spﬂicient further to lessen the but small difference in the amounts
of the non-nitrogenous substance in the two cases. In pens 2, 3, and 4, of
the first series of sheep, we haveall but identical amounts of gross nitrogenous
substance consumed for a given amount of increase ; bub this would be of the
most highly elaborated kind in pen 2 with the oats, and the least so in pen 4,
with tuxnipsonly; and in the latter, besides having less of avcilable nitrogenous
gubstance, the respiratory and fat-forming capacity of the non-nitrogenous

substance in the exclusive turnip diet would be less than in the other insbances ;
and hence the laxger amount consumed for a given resulb.

Turning to the results of the second series, with clover-chaff instead of
turnips as the ad libitum food, we have, with the larger amount of woody
fibre, which would become ab once effete, much more gross non-nitrogenous
matter consumed to produce 100 Ibs. of increase than in Series 1. This is
less, however, in pens 1 and 2, with the large proportion of oleaginous matter,
than in pens 3 and 4. There is, moreover, in this second series, with this

eater amounb of zon-nitrogenous matter consumed for a given effect than
i Sevies 1, a much larger amount also of the nitrogenous constituents ; the
gross amount of bhe latber, indeed, in this second series, is twice, and even
sometimes thrice as great as in Series 1,

In the next series, namely, Series 3, with barley and maltin different states
and proportions as limited food, and mangold-wurtzel as the complementary
food, we have, upon the whole, about the same amounts of non-nitrogenous
substance required to produce the same result as in series 1, wibh, hesides, a
gmall quantity of grain or other limited food and Swedish burnips as the com-
plementary food, whichlatterave in greab degreecomparable with the mangold-
wurtzel 3 and of course, as in Series 1, the average pmount is very different
from that in the second series with the large proportion of clover-chaff.
Looking to the three total colnmns, namely, of nitrogenous, of non-nitrogen-
ous, and of total organic consbituents consumed, although 16 is true the dif-
ferences are nob great, and perhaps such as might be covered by differences
in the composition of the increase, yeb it may be noticed, that laxger amounts,
both of non-nitrogenous and of total organic substance, were consumed to
produce the same result the larger the proportion in the latter of the nitro-
genous consbituents.

In Series 4, we have a more marked instance of the result last noticed.
But, apart from the question as to whether the increase of the fattening
animal has a closer relationship with the amount of the frue proteine com-
pounds, or, Within certain limits, of the available non-nitrogenons constitu-
ents of its food, we have here a striking illustration of the inapplicability on
other grounds of the per-centage of nitrogen a8 the measure of feeding value,
or indeed of any analytical method, unless a detailed determination of the

imate compounds, when suceulent products, such as in this instance, the
roots, are the subjects of the experiment. Thus,in the fonrth pen of this series,
where there was by far the largest amount of nitrogen consumed, the animals
lost weight ; and in the other three pens, the productiveness of the food is in
the inverse order of theamounts of nitrogen taken in the food, Thisarose of
course from the different states of maturity,and the consequent state of elabo-
ration of the constituents of the various turni})s, the produce of the different
manures. Indeed, we believe that an unusually high per-centage of nifrogen
in sucenlent produce is frequently a pretty sure indication of immaturity and
innutritions qualities. Comparing the vesults of this series with those of the
others, we have, considering how small would be the proportion of inerb
woody fibre in the unripe turnips, about twice as much dry substance (in
R?Es 1 and 8 at least) consumed to produce & given amount of increase—a
ifference which could, at any rate in only a small degree, be accounted for
by any difference in the capacities of the igestible and available portions of
the foods in the cases thus com red.

Gonaidm'in%lonly the ostensible similarity of the foods in the several pens
constituting the Hth and last series of experiments with sheep, there is, per-
haps, no more of coincidence in the amounts that have been required to pro-
duce a given increase in the different pens, than, judging from previous
results, we might have anticipated. From what we know, however, of the




24

varying character of the several breeds as fatteners, greater differences might
have been expected ; for, in some cases a less or larger proportion of the
gross increase would be solid substance than in others ; whilst this solid sub-
sbance itself would be composed of more or less of fab or lean—ecircumstances
which obviously imply the appropriation in the increase, of varying amounts
and proportions of the constituents of the food consumed. Then, again,
though nominally the same, there were unavoidably slight differencesin the
qualities of the food used in the different cases, aug the experiments them-
selves were not all conducted in the same season ; thab with the Hampshire
and Sussex Downs being made in the winter of 1850-51, that with the Cots-
wolds in 1851-52, and with the Leicesters and half-breeds in 1852-53.
There is also, upon the whole, a very general coincidence in the amounts of
non-nitrogenous and total organic substance, consumed to produce a given
amount of increase in this series with the different breeds, and the Series
1 and 8. Af least the general coincidence throughout these several series is
quite as close as the variations in the foods could lead us to look for. Bub
in the column of nitrogenous snbstance the agreement between bhis series
and the others is by no means so obvious ; nor, so far as we know, can the
want of agreement in the cases thus compared together be accounted for by
differences in the composition and applicability of the nitrogenous consti-
tuents themselves.

Reviewing then the whole of the experiments with sheep,—if we consider
that it is the results obtained under the subtle agency of animal life that we
are seeking to measure and express in figures, and if we also bear in mind
the various sources of modification to which our actual figures must be sub-
mitted in order to attain their true indications, we think that it cannot be
doubted, that beyond a limit below which few, if any, of our current fattening
food-stuffs are found to go, it is their available non-nitrogenons constitnents
rather than their vichness in the nitrogenous ones, that measure both the
amount consumed to a given weight of animal, within a given time, and the
increase of weight obtained.

But we havestill to examine the results of the experiments with pigsas to
the labter point, namely, that of the relationship of the increase produced to
constituents consumed ; and owing parbly to the peculiaribies of the animals,
and partly to the nature of the foods employed, the actual figures themselves
even (see Table VII.) bear out the view that has been maintained more ob-
viously ab fivst sight, than those relating to the sheep. Thus, casting the eye
down bthe column of total non-nitrogenous substance consumed, and more
particularly that of the total organic matter, we see with bub few exceptions, a
strikingly close coincidence in the amounts required to produce 100 pounds
of gross increase thronghout the two series of twenty-four pens, and as many
different dietaries. Some of the exceptions, such as those where a large
quantity of bran was used, are ab once explained by a consideration of the
more obvious qualities of that substance ; and many of the minor differences
by that of tha({"liﬁereut. capacities of those portions of the foods which would
be digestible and available for the purposes of the animal economy ; and in
this way, as we have already noticed when speaking on the first question, we
must account for the generally larger amount consumed with the barley meal
in Series 2, than in the comparable cases with the Indian corn in Series 1.

Looking to pens 1 and 2 of Series 1, where the food consisted chiefly of
the highly nitrogenouns Leguminous seeds, we have comparatively very small
amounts of non-nitrogenous substance required.to produce a given amount
of increase ; a result which at firsh sight appears to lead to conclusions
opposite to those from the experiments as a whole. If we look down the
column of fotal organic substance, however, we observe that the amounts
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of it in the second section of Series 1, where the Indian corn predomi-
nated, and where the nitrogenous constituents consumed were only aboub
half as great as in the pens 1 and 2, are gencrally as small, or even smaller,
than in these two pens. I is nob, then, that there was in realify a very greab
productiveness in gross increase from a given amount of food in these two
pens, but rather only that with the large supply of available nitrogenous con-
stibuents in the Leguminous seeds, a certain amount of the non-nitrogenous
constituents have been substituted by it. It was observed, too, that although
all the pigs were very fab, excepting the few with an excessive allowance of
bran, yeb those apparently grew more, where, with no deficiency of other
matters, the nitrogenous constituents were very liberally supplied. Hence
the gross increase obtained might be somewhat more nifrogenous with the
large supply of nitrogenous food 5 bub it would in that case, according to
some experiments of onr own, contain a larger proportion of water, and less
of solid matter, than where more fuf had been produced.

But, with the very great regulavity of non-nitrogenous equivalenfi con-
sumed throughout this large series of pig experiments fo produce a given
amount of increase, we have, in the column of total nitrogenous substance,
on the other hand, a difference in the amounts required, in the proportion of
from one to two, or three, or even more ; though, since all the foods used in
these experiments were ripened vegetable products, a very trifling error, if
any, can arise from representing, in all cases, the whole of the nitrogen as
exisbing as proteine compounds.  And, there is throughout, a generally
larger amount of total organic substance required to yield a given amount of
gross increase, the larger the proportion in that substance of the nitrogenous
consbitnents.

Tt is seen, as has been alveady noticed, that where the amount of nitrogen
consumed in these pig experiments to produce & given amount of gross in-
crease is comparatively large, it is where a large 1‘0}301'&01: of the Legumi-
nous seeds have been employed. Some writers who have taken the per-cent-
age of nitrogenous compounds as the measure of feeding value, have recog-
nised, and endeavoured to explain in various ways, the fact that the recor
of practical feeding experiments do not award to the Leguminous seeds a
feeding value in proportion to their richness in nitrogen ; and they have con-
cluded, that it is the accepted indications of the practical experiments, and
not the theoretical conclusions, that are at fault. Thus it has been objected
against the teachings of such experiments, that the variations in the compo-
sition of the same deseription of food used in different cases has not been
debermined ; that the test has been bhe gross increase or lossin weight ; that
the increase may be only fat formed from starch, &e. ; thab the loss in weigh
if any, may be the result of activity, and not of defective diet ; that the foo
in the different cases has been employed in different states, that is, coarse or
fine, raw or prepared ; that the animals have been variously circumstanced as
to temperature, exposure, and activity ; thab individual animals have ver
various tendencies to increase and goon. Now we believe that not one of all
these objections can vitiate the comparisons which we haye made, unless in-
deed, in some degree, the one which refers to the difficulty of determining
whether the gross increase obtained be composed chiefly of fat formed from
the starch an Oil{) series of compounds ; or whether of flesh from the nitro-

enons ones. We believe, indeed, from the many direct experiments which we
ave made, that in reality, the composition of our domestic animals genemll ;
but especially that of the gross increase of the so-called “ fattening ” animals,
consists of a much larger proportion of fat than is usually supposed. We
have instituted very extensive and laborious investigations in regard to this
point, the details, or even the general results of which must be reserved for
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some future oceasion ; before closing this paper, however, we propose fo
call atbention to a mere summary statement of one of these experiments.
But, apart from the considerations involved in the question of the varying
composition of increase, or from the fact that our own feeding experiments
(which, so far as we are aware, ave the largest comparable series bearing upon
the point) afford testimony in the same direction, we think there is evidence
of another kind of the probable correctness of the decisions of practical ex-
periments which have thus been objected to. Thus the comparative prices
of the Leguminous seeds and the Cereal grains, may be taken as a pretty safe
condemnation of the measurement of feeding value according to their per-
centage of nitrogenous constituents. In matters of this kind, indeed, espe-
cially when staple and generally used articles of food are concerned, the
muarket i one of owr shrewdest judges, as we shall presently endeavour a
litble further to illustrate,

Whilst speaking of the comparative feeding values of the Leguminous seeds

and the Cereal grains, we may casually allnde to some other considerations
of much interest bearing upon this (question, which, however, we cannot in
any degree adequately discuss in this place.

As a general rule, 1t may be said, that weight for weight, the Leguminous
seeds contain about twice as much of the nitrogenous constituents as the
Cereal grains. We have elsewhere shown, that in a Leguminous erop, under
equal circumstances of soil and season, an acre of land will fre uently yield

twice or thrice as much of nitrogenous constituents as in a Cerea grain ; and

* again, that in the latter an increase of produce is not obtained except ab the

cost of more nitrogen in the manure than is contained in that increase. How
is it, we would ask, if this be the case, and if really these foods are valuable
In proportion to their richness in nitrogenons constibuents, that according to
the usual state of the market, we can obtai n, for a given sum, about twice as
much nifrogenons substance in the Leguminous seeds as in the Cereal grain ;
or how is if, on the other hand, that the Leguminous crop does nofi, much
more than is in fact the case, supersede the Cereal grain in the field, the feeding
ghed, or even on the table? We have, it is true, much yeb to learn of those
minor differences of composition to which is due the greater or less adapta-
tion to the instinctive wants of the system of the varions constituents of which
our staple articles of food are made up, but we think that in no considerations
of this kind could we seek an adequate solution of our question. On the
other hand, we believe that in the Leguminous seeds the due proportion of
the non-nitrogenous to the nitrogenous constituents is not observed. It is
obvious, if thig be the case, that in the use of the Leguminous seeds, instead
of the Cereal grains, more than was requisite of nitrogen would be taken into
the system hefore the adequate supply were attained of the non-nitrogenous or
respiratory materials ; nor, as the markets go, would the relative prices of these
seeds and grains be found to interfere with a somewhat lavish use and expen-
diture of nitrogen in the former,

In the facts which are here briefly stated, we have surely very curious and
interesting matter for reflection ; and we have brought to our view a striking
instance of the mutual adaptations which are everywhere traceable in the
practical operation of natumJl) laws. Thus, then, we have said, that under
given circumstances, the Legnminous crop will give a much larger acreage
yield of nitrogen than the Cereal grain ; and that an increase of produce of
the Jatter is not obtained except at the cost of more nitrogen in the manure
than is obtained in this increased produce ; whilst in point of fact, in the or-
dinary practice of rotation in this country, the growth of the Leguminons corn
or fodder crop, with its large per-centage and actual amount of nitrogen, is
itself frequently either the direct or indirect source of the nitrogenous ma-
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nure by which the increased Cereal is obtained ; and again, this Cereal, ob-
tained at the cost of, but with its lessened _f}rodw& of nitrogen, is found in
ractice to be of equal, or of a more highly feeding value than the more
ighly nitrogenized Leguminouns product which perhaps has been expended
to produce it. It would thus appear, therefore, that the demands of the re-
spiratory function which again, more than any other, regulate the consump-
tion of food, would, in point of fact, not be satisfied in the use of the Legu-
minous diet nnless by a consumption or expenditure of an amount of nitrogen
beyond that which the due balance of the constituents of food would seem
to require ; whilst on the other hand, in the use of the Cereal grain, its better
roportion of vespiratory to nitrogenous constituents bas only been attained
Ey the sacrifice of nitrogen expended in its growth. It would seem, there-
fore, that whether we would seek our supplies of respiratory food in the
direct use of the highly nitrogenized Leguminous seeds, or in the better ba-
lanced diet of the Cereal grains, in either case the end is attained only abt the
cost or expenditure of nitrogen ; in the one case, by the consumption of a
laxger amount of it in the food than the due balance of constituents would
seem to require, whilst in the other this due balance has not been attained
without a loss of nitrogen during growth. The claims of health and na-
tural instinet generally leave litble doubt which alternative should be adopted,
in the case of human food at least ; and it becomes us, therefore, to investi-
gate and understand the practical bearings of these curious and interesting
facts ; for upon the principles they involve depend much for their success
those fundamental practices of the farm,—the feeding of our stock, for their
double products of meat and manwre, and the adaptation of our rotations.

It would appear, then,-from our experiments, that taking our current food-
stuffs as we find them, it is their supply of the non-nitrogenous, rather than of
theirnitrogenous constituents, which guides both theamount of food consumed,
and of increase produced by a fattening animal. When we consider the na~
ture of the respiratory process, and the large share which its demands must
necessarily have upon the consumption of food, it can scarcely appear sur-

rising that consumption, at least, should be chiefly regulated the supply
i the food of compoum?:s rich in carbon and hydrogen, rather than nitrogen.
That the amount of dnerease produced should also bear a closer relationship
to the supply of these constituents than to that of the latter, does not perhaps
at first sight seem so obvious, especially if we supposed, as some writers on
this subject have done, that the amount of nitrogen in the current food of
man and other animals was frequently insufficient to supply the amount re-
quired for the production or restoration of the nitrogenous products of the
animal organism. We believe, however, that a closer examination of the
facts would show that this exceedingly rarely happens ; and we think, more-
over, as we have already intimated, that in fact, that portion of nitrogen which
is stored up in the increase of a growing, and especially of a “fattening ™ animal,
is much less than is usnally supposed. We cannot in any degree adequately
discuss this question in this place ; but when maintaining a greater relative
importance of the nen-nitrogenous constituents of food than is usually ac-
corded to them, it seems somewhat pertinent briefly to adduce some evidence
in confirmation of our conclusions on this point.

We propose, therefore, to give a very brief summary of one of our expe-
riments, in which pigs were the subjects, which was undertaken chiefly for
the purpose of ascertaining the composition of the increase of the futiening
animal ; bub to obtain also, some clear evidence in reference to the much-
debated question, whether or not more fatty matter is stored up in the
animal, than is contained, as such, in its food.
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Taking fivst the question of the composition of the increass, we have in the
following table a summary statement of the composition of the foods em-
ployed in the experiment referred to ; and also of the pigs themselves, both
in the store, and in the fat condition ; as well as that of the inerease in weight
during the fattening process, as deduced by caleulation.

Table VIIL,

Summary of the Per-centage Composition of the Foods employed—of the
1 ]L y

Store Pig, and of the Fat Pig—and also of the Inerease in Live Weight of
the latter,

Dry Matter, Mineral Matter (Ash) Nitrogen. Fatty Mabter (by ether).
Description.
Inclusive |Organief Tn Fresh | Tn Dry | In Fresh| In Dry | InFresh| InDry
of Ash. | only. [Substance.|9ubstancefSubstancs,|Substance, ubatnnoo.lSubsmncﬂ-

Egyptian Beans .| 878 84-53) 8-274 673 4214 | 480 2:26 258

Lentils| 86:96 | 82:03| 4926 | 566 4487 | 516 223 256
Foreign Barley...| 8186 | 79-72| 2140 | 261 1834 | 2-94 2:34 286
Bran.........coceoo..| 8508 | 7867| 6408 | 753 2620 | 3°08 498 585

Store or Lean Pig| 3970 | 37-03| 267 673 220 554 | 2332 | 5874
Fat Pig ............| 5474 | 5309 1-65 301 175 319 | 4220 | 7709

71-39| 0436 061 1-33 1-85 6344 88-32

Increase in a
Live Weight| | 713

We may briefly explain, tha, for the purposes of this experiment, two pigs
were selected resembling each other as nem’%y as possible both in weight and
in every other respect. One of these was killed at once, and its composition
determined by mefhods which we shall fully deseribe on some future occasion.
The other pig, after it had been put up to fatben for a period of eight weeks
upon weighed quantities of the foods, the composition of which is given in
the upper lines of the table, and its inerease in weight debermined, was also
killed, and submitted to the same methods of preparation and analysis as the
former one. The compogition of the two pigs—bhe one in the store and the
other in the fat condition—thus being ascertained, that of the inereuse in
weight was, as will be readily nnderstood, simply a matter of ealoulation.

We learn from this table (VIIL.), that vather less than 40 per cent. of
the Store or Lean Pig was dry substance ; of which about 23rds were mineral
matter. Of the remaining 87 per cent. of dry substance, 2'2 were nitrogen,
equal to about 14 only of proteine compounds. There is, however, of abso-
lute or dry fu in this Store or Lean Pig, about 23} per cent. ; or nearly twice
as much ag of dry nitrogenous compounds.

In the Fat Pig, on the other hand, there is about 55, instead of about 40
per cenb. of dry substance ; of which only 12rds, instead of 22rds are mineral
matter, OF the remaining 53 per cent. of dry substance, only 1:75, instead
of 22, is nitrogen ; and this is equal, upon the entire animal, to only 11,
instead of 14 per cent. of proteine compounds, We have, however, of faut,
instead of 23} per cent., al?ont 427 per cent, in this Fat Pig, or nearly double
as much as i the Lean one; and nearly four times as much as of dry
nitrogenous compounds,

With then only about 14 per cent. of nitrogenous substance in the Lean
Pig, and nearly twice as much /uf, we have, in the fattening process, con-
ducted only for a few weeks, the per-centage of mineral matter, reduced by
about one-third, and that of the nitrogenous substances by about one-fourth ;
that of the fuf, on the obher hand, which in the Store Pig even, was in 8o
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much the larger proportion, is nearly doubled in the Fat one. Thus, the
increase in weight during the fatteninﬁlpmcess was found to contain as much
as 72 per cent. of dry substance, of which only 0°486 is mineral matter, and
only 1'33 nitrogen, equal to about 8% of proteine or gelatinous compounds.
There is, however, about 63% per cent. of fat, or nearly eight times as much
as of dry nitrogenous compounds. Indeed, it is seen in the table, that 88
per cent., or about eight-ninths of the entire dry increase of this Fat Pig, was
ure fat,

y M. Boussinganlt, in his ¢ Rural Economy,’ estimates that the Ox, the
Sheep, and the Pig, contain from 3} to 4 per cent. of nitrogen ; and more
recently in his paper on the Formation of Fat in the Animal Body (Ann. de
Chémie, vol. xiv. p. 444), he supposes 4 as the probable per-centage in the
Pig. He also states (Rural Economy), that M. Payen estimates the increase
of the fattening pig to contain about 16 per cent. of nitrogenous compounds
equal to about 24 per cent. of nitrogen, ~ It will be observed, however, that
only about half of these amounts of nitrogen were found in the direct expe-
riments of our own which we have quoted ; and it should at the same time
be remarked, that the Fab Pig in our experiment was by no means so fat as
is usual, ab least in this country,

Tt is doubtless true, that other animals, as fed for the butcher, will generally
contain more flesh and less fat than the pig. In a very fat sheep, however,
fed for Christmas, and which was indeed too fat, we found a larger per-
centage of fat, and as little nitrogenous substance, as in the moderately fat

ig, whose composition has been given above. Among our experiments on
this subject, it was only in the case of a lean ox, that we found the nitrogen
to exceed 24 per cent. of the entire animal ; whilst in all the cases of store
or lean mtima}s, the per-centage of dry fat was much greater than that of the
dry nitrogenous compounds,

The fact that fat is in so much a larger proportion than lean in the animals
fed for the butcher, would seem not only to be consistent with the results of
our experiments as to the great influence of the non-nitrogenous constituents
of the food of these animals in the production of increase during the fatlening
process—but it indicates also the predominance of this non-nifrogenous cha-
racter in that deseription of human food (butcher’s meat), which is generally
spoken of as the most nitrogenous, and therefore the most nutritive.

That the futty matler of the food is not the only source of the fat stored
up in the body of the fattening animal, is illustrated by a further consi-
deration of the circumstances and results of this same experiment with pigs.
Thus, in the following fable are shown the amounts of Gross Dry Sub-
stance—of Mineral Matter—of Dry Organic Matter—of Total Non-nitro-
genous constituents—of Nitrogenous constituents—and of Fatty Matter,
stored up in the Fat Pig, for 100 1bs. of each of them consumed as food.

Table IX.

Showing the proportion of certain constituents stored up in the Fattening Pig
for 100 of each of them consumed as food.

: Oonsumed | Storedup | Lxplred, |
Constituents. 68 in the Puraplm&.
Food. Animal. | or Voided.
Gross dry substance ............ 100 15°04 8496
Mineral matter ......ceeeenunens| 100 219 97-81
Total dry organic matter ..| 100 15°59 8441
Non-nifirogenous constituents| 100 1774 | 82:26
Nitrogenous constituents.,....] 100 8:35 | 91'65
Fatty matter ..cccceeireeennenenes 100 40700




30

It may be observed, that in the case of the experiment with this single pig,
the amounts of nitrogenous and non-nitrogenous constituents 1'@«:1uiretlJ 7]
produce a given amount of increase—though nearly the same as the averages
of the 24 pens, as given at the foot of Table VII.—were greater, than in many
of the cases with the better foods. Hence, the quantities of the various con-
stibuents, represented in Table IX. as stored up in this pig for 100 of each of
them consumed, are less than they would be in many of the other experi-
ments. We believe, however, that tﬁe fignresin the Table (IX.)may be trusted
in their general indications ; and attention may bherefore be called in passing
to the fact, that for 100 of each consumed, there is of the total dry substance
little more than 15 stored up in the animal; of the mineral matter, litle
moro than 2 per cent ; and of the nitrogenous constituents, about 83rd per
cent.

Again a glance ab the Table shows how very much larger is that propor-
tion of every constituent of the food—excepting fatty matter—which was
expired, perspired, or voided, i.e., which was expended in merely keeping in
working order the living mechanism, than that which is stored up in the
animal as increase.  Of faz, however, it appears that there was nearly four
times as much stored up in the animal, as there was of fatty matter ready
formed in the food. There was then, in this experiment, a considerable
Jormation of fat in the animal body.

As is seen in the Table (IX.), f}(;r every 100 Ibs. of gross dvy substance
consumed as food, only about 15 Ibs. were stored up in the animal; and abont
85 Ibs. expired, perspired or voided. It may be convenient here to show in a
tabular form, the composition of this 15:04 of total dry increase obtained by
the consumption of 100 of total dry matter as food.

Table X.

Mineral matter .......ceeeeunennnene 009
Nitrogenous substance ............ 1'67
Non-nitrogenous substance (fat)| 13:28

Total inerease .oveeewversiessnennnnns| 1504
Expired, perspired or voided ... 8496

Total dry matter consumed.......| 10000

It must not be concluded, however, that only 15 per cent. of the dry sub-
stance of the food was employed in the production of the 15 parts stored up
in the fab pig. Thus, in Table X. we see, that, of the 15:04 of gross dry
increase ]}J)roduced from 100 of gross dry food consumed, 13'3 were Jat; and
from Table IX. we learn, that only one-fourth of this fat could have been
derived from fabty matter already formed in the food. As then only one-
fourth, or about 33 parts of the 18'3 of pure fat, was already formed in the
food, about 10 parts out of the 15 of dry animal substance oduced, would
be fat formed in the body from some other constituents. e may perhaps
safely veckon, that at least 2% parts of starch, or the other non-nitrogenous
compounds of food, would be required for the formation of one part of fat.
It is true, that less than 2} of starch, &o., would contain all the constituents
of one part of fab; but when we consider, that in the conversion of the
starch series of compounds into fat a large quantity of oxygen is eliminated,
which we may assume would not leave the body except in combination with
matbers that would otherwise sexve the respiratory process, it would seem
probable, that more than 2} parts of other constituents of food would be ex-
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pended in the direck production in the animal body of one part of fat. At
any rate, we are safe in assuming this amount for onr present purpose, in the
absence of more exact knowledge than is at command on the nature of the
intermediate changes to which the constituents of food are subject in their
passage through the body. 1f, then, we suplpose, that the starch series—rabher
than the proteine compounds—of the food, served for the formation of the
fat in the animal body, it follows, that about 25 parts of these were expended
in the formation of the 10 parts of wroduced fat. If now we add to this
amount of the non-nitrogenous constituents of the food not fat, the 3}rd parts
which were fatty matter already formed, and also the 12rds of the inorease
which was not fab, it wonld appear, that at least 80 parts of the 100 of dry
substance consumed, must have been directly employed in the production of
the 15 only of dry animal increase, It is obvious, too, from the nature of the
chemical change by which fat would he formed from the starch series of
compounds, that the extra 15 of the 80 parts of the dry substance of the
food, which were expended in the direct production of the 15 of dry increase,
would not serve any useful purpose in the respiratory process of the fattening
animal. And, unless, indeed, we were to assume—uthab in the more direct use
of the starch series of compounds as respiratory matter, their oxygen was
eliminated only in combination with respiratory material—and that when em-
ployed in the production of fut it was not so—it would appear, that not only
must this :n'oc{twed fat have been obtained ab the cost of respiratory material
expended ll:ry the fattening animal which produced it—but that it is, at any
rate, nob in the amownt of respiratory material thus obtained, that there can
be any gain in this conversion by the fattening animal of a given amount of
compounds of lower respiratory and fab-forming capacity, into fat to serve
as human food, of which it is the most concentrated of the respiratory con-
stituents. ,

If, then, as we have seen, so large a proportion as nearly $rd of the dry
substance of the food of the fattening pig may be employed in the direct
production of increase—and we haye reason to suppose that frequently more
than this is so employed—ve think bhat the deviations from uniformity in the
amounts of non-nitrogenous constituents consumed by a given weight of
animal, within a given time, ag shown in our tables, will be admitted to be
even less than might have been expected in so extensive and varied a series
of experiments—and to be, by no means such, as to raise any question as to
whether or not, it was the supplies of the respiratory and fat-forming, rather
than the flesh-forming constituents of the foods, which determined the
amounts consumed.

Butb o recur to the question of the formation of fab in the animal body.
We helieve that such a formation, even to a considerable, and practically
imporant extent, is demonstrated by the resulbs of the experiments with pigs
last given ; and there is every reason to believe, that it is the starch and other
non-nitrogenous constituents of the food that contribute mainly, if not en-
tively, to this formation. )

At one time MM. Dumas and Boussingault maintained that the formation
of fat in the animal body was improbable ; and others have done g0 more re-
cently. Since thab time, however, both M. Boussingault and M. Persoz have
instituted direct experiments in reference to this question. In the course of
these experiments they found a decided formation of fat ; and most probably
from the starch series of compounds. o,

M. Boussingault made numerous ex%erimenta of a somewhat artificial kind
with ducks ; from which it appeared, that fat might be formed in the body
from other non-nitrogenous constituents of food, and probably from nitroge-
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nous compounds also. He also experimented with pigs, in a manner somewhat
similar to that adopted by owrselves ; and it is a curious circumstance, that
his store, or lean pig, contained almost identically the same per-centage of
fat as our own. The foods he employed were, however, far inferior in fatten-
ing quality. Hence, though his experiments extended over a much longer

viod of time, the per-centage of fat in his faf pig was scarcely 5 per cent.
iigher than in his Jean one ; whilst almost the whole of this inereased fab had
been supplied by fabty matter in the food. It wag indeed mainly upon &
caloulation of the fat which had been supplied in the food of the siore Dig;
that he found the evidence of the formation of fab in his experiments wit
pigs. M. Boussingault is disposed to believe, that the nitrogenous con-
stituents of food probably have some considerable influence in the formation
of fat in the animal body. We have omrselyes called attention to the fact,
that a large supply of the nitrogenous constituents of the food would seem
to replace a relative deficiency of other constituents, The amount of increase
is found, however, to bear a rapidly decreasing ratio to the amount of nitrogen
i the food when this exceeds a somewhat narrow limib ; whilst the composition
of such increase would appear to contain & less proportion of fab. Whether
therefore any effect of an excess of nitrogenous compounds in the produc-
tion of increase be due merely to the amounts they contain of cerfain non-
nitrogenous elements, or to the influence of the nitrogenous compounds them-
selves as such, in increasing the activity of some of the vital processes, and thus
aiding the production of fat, or whether any increase due to the nitrogenous
constituents in the food is more generally not fab at all, may be considered
o be an open question.

In the experiments made by M. Persoz, geese were the animals he operated
upon, and maize the food employed. He found & decided formation of fab;
and apparently from the starch series of compounds.

We repeat, then, that we believe that the ormation of fat in the animal
body, even to a considerable and practically important extent, and most
probably from the starch series of compounds, may now be considered to be
clearly proved. It would appear, therefore, that the theoretical opinions of
Baron ]Ijiebig on this point are fully borne out.

We have thus far only alluded to the feeding of fattening animals ; and we
think that the results which have been brought forward clearly indicate, that
with them at least, as our current food-stuffs go, both the amount consumed,
and the increase produced, are regulated more by the sup})]ies of the more
peculiarly respiratory and fat-forming constituents, than of the flesh-forming
or nitrogenous ones. We have, however, calenlated many human diefaries ;
and this branch of the subject we hope to enter upon more fully on some future
occasion.  We may, however, remark in passing, that from the results of this
inquiry, as well as from a consideration of the management of the animal
body undergoing somewhat excessive labour, as for instance, the huntin
horse, the racer, the cab-horse, and the fox-hound, and also pugilists an
yunners, we are led to believe, thab in the cases, at least of ordinary exercise
of force, the exigencies of the respiratory system keep pace more nearly with
the demand for nitrogenous constituents of food than is usually supposed ;
and in fact, that the exigencies of the animal hody are much more correctly
stated in the following sentences by Professor Lie ig, than in those wherein
he has attached so much more of importance to the amounts of the nitro-
genous constituents, as the measure of the comparative value of foods.

At page 314 of the 8rd edition of his Chemical Letters, he says :—
s * % Tt is evident that the amount of nourishment required by an animal
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for its support must be in a direct ratio with the quantity of oxygen taken
into its system.”

And again ab page 322 :—

« But the waste of matter, or the force exerted, always stands in a certain
relation to the consnumption of oxygen in respivation ; and the guantity of
oxygen taken up in a given time determines in all seasons, and in all elimates,
the amount of food necessary to restore the equilibrium.”

A somewhat concentrated supply of nitrogen does, however, in some cases,
seem o be vequired when the system is overtaxed 5 as for instance, when
day by day, more labour is demanded of the animal body than it is compe-
tent without deterioration to keep up ; and perhaps also, in the human body,
when under excitement or excessive mental exercise. It must be remembered,
however, that it is in butcher’s meat, to which is attributed such high flesh-
forming capacity, that we havealso, in the fat which it contains, a large pro-
portion of respiratory material of the most concentrated kind. It is found
t0o, that of the dry substance of the egy, 40 per cent. is pure fat.

A consideration of the habits of those of the labouring classes who are
under- rather than over-fed, will show, that they first have recourse to fat
meat, such as pork, rather than to those which ave leaner and more nitroge-
nous ; thus perhaps indicating, that the first instinctive call is for an increase
of the respiratory constituents of food. It cannot be doubted, however, that
the higher classes do consume a larger proportion of the leaner meats ;
though it is probable, as we have said, that even with these as well as pork,
more faf, possessing a higher respiratory capacity than an other constituent
of food, is taken into the system than is generally imagined. Fat and butter,
indeed, may be said to have about twice and a half the respiratory capacit;
of starch, sugar, &e. It should be remembered, too, that the classes which
consume most of the leaner meats, are also those which consume the most
butter, sugar, and in many cases, alcoholic drinks also.

It is further worthy of remark, that wherever labour is expended in the
manufacture of staple articles of food, it has generally for its object the con-
centration of the non-nitrogenous, or more peculiarly respiratory constituents.
Sugar, butter, and alcoholic drinks are notable instances of this. Cheese,
which at first sight might appear an exception, is in reality not so ; for those
cheeses which bring the highest price ave always those which contain the
most butter ; whilst butber itself is always dearer than cheese.

In conclusion, it must by no means be understood that we would in any
way depreciate the value of even a somewhat liberal amount of nitrogen in
food. "We believe, however, that on the current views too high a relative
importance is attached to it ; and that it would conduce to further progress
in this most important field of enquiry if the prevailing opinions on the sub-
ject were somewhat modified. '




