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THE CA1ITL\ TED ,\1\ D DETE1DI IXED );" l'TJU
EXTfl O:F Rc\TIO:X~ . 

. T. A. I-111 mmd. 

In the computation of a balanced ration, for the feding· of 
live-r:tock, the average romro:,ition awl clig·estihilit>· of the 
foods as giYe~1 in the standard works on feedinµ: are nsctl for 
calculating the di'..(·e:~tible nntrients of the ration. A lan,·e 1111111-
ber of clii:i·e:,t-ion experiments have been rnalle to deter;nine 11w 
digestibility of the various nutrirnt>: of our con~mon fan1 gTains 
and forage crops. It is knm,·n tl:at there are a nnmlwr of fac
tors ·Whi~:h in!L·rnce digestibility. as mechanical eomp:>sit ion. 
combination with other foods, and individnalt~- of thl' animal. 
There are also a rmrnher of fado:·s ·which infiuen(·e 111c' c·m11-

pm;ition of foods. <is soils. clin:ntic eowlition, eaYr of the' forn1~·e 
or crop, and stap·c of mat11ritr "·hen ent. To 1vlrnt rxtc»'t do 
these factors infi1w11<•(' the arnonnt of dig·rstihle 1mtrien1 ~; i11 an 
average ration eomposell of a mrn'lwr of food materials? Arnl 
to what extent do the nutrients of a rntion clrtrrmine l h.1· c·al
culation in the mrnal wa~-. compare with the actual dig·rstihle 
nutrients as determined h.v dig·estio11 expe>irnents? 11 \1·as the 
pbject of this iuve ·tiµ:ation to ohtain dnta npon thPse q11Pstim1s. 
If there is no g·ene:·al agreement between the actnal a11cl the 
calculated nutrients of rations. the11 the snhjl'ct of the nitionnl 
feeding of farm anin:als is not \H'll fonnJrd, whi!l'. if 1hP:'c' 
is a reasonable and a ~~·enrrnl agTeement between ihC> hvo. 1lw11 
the tables of dig·rstihlc rnttl'ieds of foods as ,<.!;ivcn in stnrnl;ml 
works on live stock fercling· enn he acceptc-d as rcnsonahl)· tor
rect. The main problem of live stock feeding· is thPn.-TTnw 
much of the V<ll'icms 11111l'ients is it dPsira hle to f Pcll for spel'ifie 
purposes? Fortnnatel>· for this im·cstigatio11, thr Di\·ision nf 
A11irnal I-Im:hand1·)· had anothrl'. lrnt rclaiecl prnhll'Ill 1o 111-

vestigate, which enahl!:'ll this \\·ork to br eonclnc·tc><l 0!1 a c·o
operatiYe lrnsis. 

The DiYisio11 of .\nirnal II1rnlrnnd:·)· hncl for 011P of its ohjcc•ts 
the detrrrninntion of the arn01mts of nntl'ients l'P<f\Iin':l tn pro
duce definite gains in weig·M. \1·hilP th<' Division of' ;\gTil·.1111 nr
al Chemistry lrncl fol' its ohjec·L n cornparison of thl' adnnl and 
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calculated nntrien1s of the ratimi. 'fhe iuflnence of the rations 
upon the gains in l in• weight will he cliscnssed in a future bul
letin b>· the Division of .Animal Hnsbandr:v. The Division of 
Animal II11s\.Ja1Hlr~· attended to the feeding and care of the 
amrnals, collecnon and wei,d1i11g of the excrements, while the 
Division of Agricult11ral Chemistry sampled and analysecl all 
of the food materials, feces and urine. The digestion trials 
extended oyer a period of four days, beginning with March 
6th, 190:3. Six steers were used in the experiment. The ration 
consistell of brnn, oats, cornmeal, oil cake, timothy hay and 
corn fodder. For several weeks prior to the digestion trials, 
the steers had been fed on this ration. A marker, consisting 
of a small weighed amount of whole corn was given each animal 
one-half hour before the first regular feed at the beginning of 
the experime;-it, to determine the time at which the collection of 
the feces should begin. At the close of the experiment, a 
similar marker was used. It was fonnd that the corn given in 
this 'niy proved a very satisfactory marker. 

'I'he foods consnmed during· the digestion trials were care
fully weighed and analysed. Samples of the hay and concen
trates were drawn at each feeding. In the case of the hay and 
corn fodder two sets of samples were taken. One was kept 
in an ordinary burlap bag during the experimental period, th,e 
other in a tightly covered can. The results of the dry matter 
determination of these two sets of composite samples are given 
m the following table: 

Tnble No. LIV. Dry lUntter Content of Hay DDll Corn Fodder. 

Hay kept in Bag. Hay kept in Can. 

1 82.14 1· 83.13 
2 83.52 2 83.97 
3 81. 86 3 81.53 
4 81. 74 4 83.10 
5 81. 2·1 5 81. 40 
6 81. 45 6 80.87 

Average 81.99 AYerage 82.33 

There was considerable difference in the individual samples 
bnt the aYcrages show very little difference in the dry matte~ 
content of the samples kept in the two ways. 

The daily ration consisted of 14 lbs., of ground feed made 
up of fonr parts by weight of corn-meal, three parts of bran, 
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two parts of oats, and one part of oil cake, ten pounds of tim
othy hay, and as much corn fodder as the animals ""<mid eat; 
this was usually about five pounds, and \vas always weig·hecl. 
'I'he corn fodder was not of the best quality, which accounts 
for the small amount eaten. 'l'he composition of the gronnd 
feed of the separate grains and milled proclucts of the groullll 
feed, of the timothy hay, and of the corn fodder, are given in 
the following table: 

Table No. LV. Com1>01<Ulon of Foods Consumed. 

Peret. Peret. Peret. Peret. Peret. Peret. 
V\Tater Protein F'at Ash Fiber Nitrogen 

F'ree Ex. 
Ground Feed ........ 8.99 13.81 4.71 3.73 11.17 57.59 
Bran ................ 10. 42 13.80 5.45 4.49 18.87 46.97 
Oats ... ········ ..... 7.47 8.47 4.98 3.63 21. 78 53.67 
Corn Meal ........... 8.25 9.79 5.04 1. 66 6.71 68.55 
Oil Cake ............ 8.24 32.41 8.31 4.51 13.66 32.87 
Timothy Hay• ...... 7.47 2.09 5.17 40.62 44.65 
Corn Fodder ........ 11, 56 2.08 8 .11 39.60 38.65 

*Results on dry matter basis. 

It was found that the composition of the ground feed agreed 
so closely with the computed composition, using the analysis of 
the separate grains and mill products, that the grain mixture 
or concentrates could be considered as one food material in 
making the calculations and computations. 

EXPLANATION OF TERMS USED. 

A brief explanation of the terms used in the discussion of the 
results of this work is given. 

The term nutrient means any compound which can be di
gested and used for food purposes. Crude protein, fat, crude 
fiber, ash and nitrogen free extract, are the compounds ordin
arily included in the term, nutrients. 

Crude protein is a name given to a class of compounds which 
contain nitrogen as the characteristic element. Albumin, casein 
and fibrin, are examples of protein compounds. They are com
plex nitrogenous compounds. Crude protein is not the same 
in all foods, being more valuable in some than in others. In 
cereals for example, it is nearly all protein, while in roots and 



tnben.; it couiaius other uitrogenous s1tbstm1C<'S besides pl'Otcin, 
hence ,in comp;1ri11g two or more foods, the same value cannot 
be assi.~ncd to the crude protein unless the foods are of the 
san:e ;.reueral chan!cter. The fnnctioll of pro1t'ill in the food is 
to build up the muscular ti:-;sue;, skin, hair, hol'll, hoof, connec
tive tis·me, ancl the tissues of the Hecretive and exci·etive organs 
of the auirnal body. It is also ;m important constitnent of blood 
ancl rnilk. The protein found in the several org·ans of the 
animal hody is derived from the protein of the foocl and is not 
built ll]l from other nutrients. Besides the uses of protein as 
given above, it may, if preseut in sufflcient amonds, :serve also 
as fuel to keep the body warm. The protein or nitrogenous 
part of a food is a valnahc nutrient to the bod;'. It is the most 
expensive irntriment \rhen purchosctl ,and the one most often 
laeking in foods and rations. Food stnffs ;1s clover and alfalfa, 
oil cake and cottom:cecl cak0, and wheat and bran, are rich in 
protein, while such food stnffs as straw, tirnoth.\", hay. corn 
stover. mots and tubers, are comparatively poor in protein. 

The fat is made up of carbon, oxygen and hydrogen. lt ir 
nsetl in the body to produce fat, and b;· its oxidn7ion it s11p
plies heat and energy to the body. 

Xitrogen-free-extract is a name given to a clasii of compounds 
sometimes called carbohydrates. The nitrogen free extract 
compounds are composed of the elements; earhon, hydrogen 
and oxygen, alld differ from the crucle proteins b.\- containing 
no nitrog·cn. The nitrogen-free-extract includes the sugars, 
starch, aml other carbohydrate like bodies which serve as fuel, 
and wheu properly combined with the proteids produce fat. 

The crude fiber is the cellulose or frame >vork of the plant. 
In most cases it is rather undigestible, although its value de
pends upon its physical condition, the crude fiber in a mature 
and dry plant being much more uncligestible than the crude. 

fiber in a young plant fed in a green condition. The digestible 
part of crude fiber serves the sarne nutritive function as nitro
gen-free-extract. 

The ash or mineral matter is the part of the food that cannot 
be burned. A portion is nsed to build np hone especially, and 

ir-; also fonnd in small amounts in the muscular tissues. 



The dry matter of thr solid excrements (feces) is fol' all 
practical purposes the nndigestecl part of the food. It is tha1 
part of the food 'Yhich passes entirely through the diges1in 
tract of the body, snbjectecl in this passage to the action of all 
the digestive juices secreted, arnl not being- dissolvc'l b:-· these 
juices, it is 1u;eless to the body ,and is finally thrown 0111. With 
this undigested matter there is always more or less mntPrial 
which does not come directly from the food eaten, such as ma
terial from the bile and other digestive juices, lmt ''"ith normal 
ratio1rn this material is a small part of the solid excrement arnl 
so is usual!y disregarded. The several com poumls snclt as 
protein, fat, etc., that make up a food material. al'e not all 
equally digestible, the s111-wr and fat being usually more com
pletely digested than the portein and crude fiber. 

The heat of combustion or caloric value of the foods was 
determined by means of an Atwater-Blakeslee bomb caloriim~tcr, 
a description of which is given in a former bulletin of this 
station, No. 74. A Calorie is the unit of measurement of heat 
yielded by a substance ·when it bnrns, and is the heat required 
to raise the temperature of one pound of water 4 degreei;; Fah
renheit. This heat represented by a Calorie in the form of 
energy is equivalent to the work of lifting one ton l.fi8 ft. 
V1hen a given weight of food is oxidized or burned in thr 

animal body it givei;; off almost as much heat as when burned 
in a calorimeter. ·when the carbohydrates are completely di
gested they leaYe no indigei;;tible residue, but the proteidi;; are 
not so completely digested,-they leave a residue (urea), which 
contains nitrogen, carbon and other elements. 'l'he difference 
between the total calories of the food and solid excremenfa or 
feces, does not represent the total amount of heat or energy 
which the ammal has obtained from the food, becaui;;e as stated, 
the oxidation of the protein in the body is not complete, and 
therefore does not yield as much heat as it does when hnrned 
in the calorimeter. In the body the protein is not completely 
burned, urea and compounds of a similar nature being found, 

which contained unburned carbon, while in the calorimeter 

the oxidation is complete. Hence it is necessary to cle<luct this 

energy which is not available to the body. 



fo the C'aleulation of the results, the total weight of dry 
fores for tl1e four days experimental period is multiplied b,v 
the pet'ccntage amounts of the various nutrients, as cletermineJ 
hy arnil.nis. an<l the products thus obtained a"e the amounts of 
the srvPral nutrients \Yhich were exc!'eted by the animal, and 
represent the undigested nutrient of the foods consmnecl. 'l'hc 
amount of solid excrement voided by each steer and the com
position of the dry matter arc g·iven in the following table: 

rruble ~o. f,\"I. Pounds of Solid Excrc1ncnt, tnul COIUJJOsiiion of Cont ... 

Lbs. of So!iu Dry lVLLtter P<eret Peret Peret Peret Peret Cals 
Exe:·e!nent Peret Protein F'at ITiber NFE Ash Per Gin. 

Steer 1 ..... l!ll.3 15.51 ll.27 2.59 -12.35 29.73 11.06 4,530 
Steer 2 .... 207.4 16.51 13.47 3.02 36.57 34.84 12.10 4,395 
Steer .... 1G5.0 16.85 14.63 3.53 32.04 37.63 12.17 4,581 
Steer .... 212.l lo.D-1 12.69 2.89 28.28 44.53 11.61 4,646 
Stec•r .... 184.8 lii.G5 13.41 2.97 41.27 32.05 10.30 4,694 
Steer .... BB.l lG.08 12.67 2.58 35.69 38.71 10.35 4,635 

The nutrients consumed by the animals during the experi
mental period, and the amounts of indigestible matter in the 
feces, and also the percent of nutrients digested, are given in 
the folJo-wing tables: 

'J'nhle No. LVII. Results of Digestion Experiment No. 1. 

Dry Matter Protein Fat Fiber Carbo- Ash Cals. 
Pounds hydrates 

Steer 1. 
In g-rounu Feed ..... 51. 00 7.73 2.64 6.25 32.25 2.09 107,580 
Jn Hay .. ........... . 33.05 2.30 .GS 13.5G 14.06 1. 67 662,520 
In Corn Forlder ...... 9.39 1.11 .19 3.58 3.75 .76 18,322 
Total in Food ........ 93. 44 11.14 3.51 23.38 50.06 4.52 188,422 
In feces ............. 30 .10 4.30 .78 12.72 8.97 3.41 61,850 
Digested ............. 63. 34 6.84 2.73 10.66 41. 09 1.11 126,572 
Peret. tlige.;ted ...... 67 .81 61. 40 77.78 45.60 82.08 67,17 
Available calories ...................................... 65 .12 per cent. 

'l'nhle No. LVIII. Rel'lnlts of Digestion Experiment No. 2. 

Dry Matter Protein Fat Fiber Carbo- Ash Cals. 
Pounds hydrates 

Steer 2. 
In Ground Feed ..... 51. 00 7. 78 2. 64 6. 25 32. 25 2. 09 107,580 
In Timothy Hay .... 33.50 2.50 .62 13.58 15.11 1.71 63,370 
In Corn Fodder ...... 10.38 1.20 .21 4.06 4.07 .83 20,254 
Total in Food ....... B·l.88 11.43 3.47 23.89 51.43 4.63 191,204 
In feces ............. 34.55 4.65 1.04 12.64 12.04 4.18 68,870 
Digested ............ 60.33 6.78 2.43 11.25 39.39 .45 122.n4 
Percent Digested .... 63.59 59.32 70.03 47 .09 76.59 . . . . 63,9<' 
Available calories ...................................... 61. 97 per c<:rnr. 
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Tnble No. LIX. Results of DigesHon Experiment No. a. 

Dry Matter Protein Fat Fiber Carbo- . Ash Ca ls . 
Pounds hydrates 

Steer 3. 
In Ground Feed ...... 51. 00 7.73 2. 6·1 G.~5 32.25 2.09 107,fi80 
In Hay .............. 32.68 2. 40 .77 12.90 14.79 1. so GJ .820 
In Corn Feed . . . . . . . . 8.32 .97 .20 3.19 3. 28 .GS lli.~~ t 
Total in Food ........ 92. 00 11.10 3. 61 22.34 50.32 4. fi7 18! .. 1::: 4 
In feces ............. 27. 80 4.07 .98 8.91 10.46 3.38 S7 7 j 0-
Digested ............. 64. 20 7.03 2.63 13.43 39.86 1.19 12i' l'S<i 1 
Percent Digested .... 69. 78 63.33 72.85 60.12 79.21 (jS, ~~ 

Available calories ............. ' ........................ 66. 73 per eenL. 

Tnble No. LX. Re,.ults of Digestion Ex1terlment No. 4. 

Dry Matter Protein Fat Fiber Carbo- Ash Ca ls. 
Pounds hydrates 

Steer 4. 
In Ground Feed ...... 51. 00 7.73 2.64 6.2fi 32.25 2.09 107,580 
In Timothy Hay ...... 32. 97 2.63 .77 13.61 14.34 1. 71 ti2.370 
In Corn Fodder ...... 13. 91 1. 53 .28 5.81 5.18 1. l 0 27.lo.2 
Total in Food ........ 97. 88 11. 79 3.69 25.67 51. 77 4.90 197 0'J2 
In feces .............. 33. 84 4.29 .98 ll.57 15.07 3.92 71.~20 

Digested ............ 64. 04 7.50 2. 71 16.10 36.70 .98 125,772 
Percent Digested .... 65. 43 63.61 73.44 62.72 70.89 63,81 
Available calories .. , .................................. , . 61. Gfi per '.;eut. 

Tnble No. LXI. Result.. of Digestion Ex1>erlment No. ii. 

Dry Matter Protein Fat Fiber Carbo- Ash Ca ls. 

Pounds hydrates 
Steer 5. 

In Ground Feed ...... 51.00 7.73 2.64 6.25 32.25 2.09 107.580 
' In Timothy Hay ...... 32. fi3 2.47 .63 13.48 14. 23 l. 72 61,535 

In Corn Fodder ...... 11. 66 1. 40 .23 4.61 4.49 .92 22,752 
Total in Food ........ 95 .19 11. 60 3.50 24.34 50.97 4.B 191,867 
In feces ............. 28. 87 3.87 .86 11. 92 9.26 2.97 62,900 
Digested ............ 66. 32 7.73 2.64 12.42 41. 71 1. 76 128,767 
Percent Digested .... 69. 67 66.64 75.43 51. 03 81.83 67.11 
Available calories ...................................... 64. 83 per cen1. 

Table No. LXII. Results of Digestion Experiment No. 6. 

Dry Matter P1:otein Fat Fiber Carbo- Ash Cals. 

Pounds hydrates 
Steer 6. 

In Ground Feed ...... 51. 00 7.73 2.64 6.25 32.25 2.09 107,580 
In Timothy Hay ...... 32.46 2.53 .65 12.98 14.70 1.GO 61,400 
In Corn Fodder ....... 13. 21 1. 49 .26 5.37 4.95 1.1 :l 25,776 

Total in Food ........ 96. 67 11. 75 3.55 24.60 51. 80 4.82 19..J., 75ti 
In feces ............. 32. 00 4. Oil .83 11. 42 12. 39 3.32 67 ,27 n 
Digested ............ 64. 67 7.70 2.72 13. 18 3Q.41 1. 50 127,·J 86 
Percent Digested .... 66. ao 65.53 76.62 53.58 76.08 65 46 
Available calories ...................................... 63. 22 per cent. 
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The nri11P yoid<·d h,,. each sti·r~1· \Yas collPcted and weig·hed 
dnring· tlil' experinwutnl pceiod. After weighing the samples, 
about n lit re of ead1 ffas taken to the laborator)·, and the 
<ldnminat ion of specific grn,·ity, total nitrogrn and heat of com
lrnsiion 11,mle. 'l'hr specific g·1·ayit.'· was dl'terrninecl by means of 
a uri110mde1·-the reaLlings iu all cases corrected to a tem
perature of 15 degrees C. 'l'otal nitrogen was determined on 
aho11t five grams b;v oxidation by the ordinary Kjeldahl method. 
The heat of cornlrnstion was determined on abont ten grams 
:.bsol'lied by a dried and wcig·hed S and S absorption block 
placed in a nickel c~1p8nle. The block with the absorbed urine 
was dried in an air oYen at 70 degrees C. '.'nwn dry, the cap
sn~e \Yas placed in the bomb-calorimeter, and the block and 
urine were lmrned in the usual way, correction being made in 
the calculation for the heat of combustion of the absorption 
block. 

In 'l'able ~o. r~XIY are given the results of the:-:e determina
tions made on the urine. 'l'lw calo~·ies per gram of nitrop:en 
"·ere calcnlated by dividing the calories per 100 gTams b.'· the 
total nitrogen per cent. An inspection of this colnrnn shows 
that with two or three exceptions, the calories per gram of ni
trogen voided in the urine are qnite uniform. 

'l'n!Jle No. J,XJII. Income nllll Outgo of Nitrogen. 

Steer No. Total nitrogen in feces.,,,,,,,,,,,,,,,,,,,, ,, . ,, ,, , 686 lbs. 
in urine .. ,,.,,,,,,,,,,,,,,,,,,.,,, . 943 " 
excreted , , . , . , .... , .. , . , . , , . , ..... 1. 629 " 
in food .... , .. , .. , .. , , ... , , . , , , , .. 1. 429 " 
Loss ........ , . , ........ , , . , .. , . . . . . 2 

Steer No. 2 in feces , ..... , ................. , . . . 743 " 
in urine ........ , .. , .. , .... , , .. , , , . 995 " 
execrated , . , , ........ , . , . , ..... , .. , 1. 738 " 
in food ......... , . , ...... , ........ 1,476 " 
Loss .... , . . . . . . . . . . . ?0.2 

Steer No. 3 in feces ...................... , . . . . . 651 " 
in urine ........ , ........... , . , , . . . 734 " 
excreted ...... , .......... , ...... , .1. 385 " 
in food , ..... , ..... , .. , , , , , , , ...... 1. 423 " 
Gain . , , .. , .... , . , ... , , .. , .... , .. , . . 038 " 

Steer No. 4 in feces ......... , .... , ..... , . . . . . . 687 " 
in urine , ..... , . , , . , , .. , , ... , . , , , . . 667 " 
excreted .. , ..... , ... , , , ........... 1. 354 " 
in food ........................... 1.532" 
Gain . , ... , , . , , , , .. , , , . , , , . , . , .. , . . , 178 " 

Steer No, 5 " in feces ...... , ...... , , , ...... , . . . . 618 " 
in urine ............ ,,.,.,,,,,, .... 811" 
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C'xcretC'd .......................... 1. ·I ~!l " 
infood ............................ 1.503" 
Gaii1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 07 4 11 

Steer No. 6 '' in feces ........................... Gl 
in uri11e ........................... 7U9 '' 
excreted .......................... 1. ·109 " 
in food ......................... . 1.!J~6 " 
G~1i11 .............................. . 117 '' 

Table Ko. L.X III shows the nitrogEn balance for each strer or 
the amount of nitrogen taken into the body in the fo<Hl as eom
pnrrd with that excreted with the urine and feces. There was a 
slight gain of nitrogen with steers, 3, 4, 5 and G, and a slight 
loss of nitrogen with steers 1 and 2. 

Tuhle J,XIV. 
Gms. urine Nit. Calories Cttl. per. 

1st. day voided Sp. Gr. per cent per Gn1. Gm. of N. 
Steer 1 ............. 9fi25 1.022 1 .05 .Hn 15.6 
Steer 2 .............. 5330 1.0·13 2.17 . 3031 13.9 
Steer 3 ............. 5332 1.040 1. 9:i .1856 9.5 
Steer 4 ............. 2382 1. 040 2.07 .3677 17.7 
Steer 5 ............. 7114 1. 032 1. 45 .19·19 13 . .j 
Steer 6 ............. 45:l6 1.036 1. 95 .2651 13.6 
2nd. Day. 
Steer 1 ............. 6985 1.027 1. 42 . 2118 14.2 
Steer 2 ............. 4763 1. 044 2.35 . 32,15 13.8 
Steer 3 ............. 6214 1.025 1. 36 .1991 H.7 
Steer 4 ............. 3856 1. 038 2.08 .2952 H.2 
Steer 5 ............. 6804 1. 031 1. 51 .2062 13.7 
Steer 6 .............. 6124 1.026 1. 36 .1914 14.0 
3rd Day. 
Steer 1 ............. 10705 1. 022 1. 09 .1451 13.3 
Steer 2 ............. 5488 1. 045 2.25 . 310>6 14. 0 
Steer 3 ............. 6124 1. 033 1. 61 .21H 1 3. 5 
Steer 4 ............. 4400 1.040 1. 98 . 27!)~ 13.9 
Steer 5 ............. 6351 1. 033 1. 45 .1946 13.5 
Steer 6 ............. 4173 1. 044 2.18 .3018 13.8 
4th Day. 
Steer 1 ............. 10841 1. 018 .99 .1429 14.5 
Steer 2 .............. 4536. 1. 043 2.20 . 31 2:, 14. 2 
Steer 3 ............. 4218 1.v34 1. 98 .2871 14. 5 
Steer 4 ............. 4082 1. 037 2.10 .29G3 14.1 
Steer 5 ............. 5443 1. 034 1. 37 .21G8 16.9 
Steer ............. 4717 1. 033 1. 82 .2290 12.6 

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14. 46 

Table No. LXV. Summnry Digestion Coeffielent1< of Entire Rntion us 
Determined By Digestion Trinh•. 

Dry Matter Protein 
Peret. Peret. 

Steer 1 .......... 67.81 61.40 
Steer .......... 63.59 59.32 
Steer 3 .......... 69 .78 
Steer 4 .......... 65.43 
Steer .......... 69. 67 

63.33 
63.61 
66.64 

Fat 
Peret. 
77.78 
70.03 
72.85 
73.44 
75. ·13 

l1'iber 
Peret. 
45.60 
47.09 
60 .12 
62. 7:? 
51. 0:1 

Carboh:-·-
draies 
PP-ret. 
82.08 
76. r,9 
'j !). 21 
70.89 
81. 8:1 

Ayailalile 
Cals. Cals. 

PPrct. Peret. 
67.17 65.12 
6:l.!l8 61.!l7 
Gs.gs 66.73 
6:l. Sl 61. 65 
67.11 64.83 



SLP<er G ..... Gfi.!10 Gii.'1'.l 7G.62 53.fiS 76.08 65.-16 63.22 
A1·erag·,, ...... fi7. HI u·l.!!7 7-1.36 53.36 77 .78 66.07 63.92 

Jn 01·Je!' to eornpare the aetual amonnts of nntrients consum

e([ by the steers as determined hy di;J,·estion trinls with the cal

cnbted 1111trients, tablC's LXVr, LX\TrI and LXVTIIarc given. 

Ta hie ~ o. LXVI gin's the aetnal amounts of nutrients con

smnecl in cnch steer duriug the four days of the digestion trials. 

'l'hec:e amounts are obtained b~r multiplying tlrn 'veights of nu

trients in the foods consumed by tbe amounts digested of the 

several nntrients as given above. 

Table l\ o. LX\rII gives the digestible nutrirnts based on the 

composition of the food as determined by actual analysis and. 

avera~c' digestion coefficients; and Table Ro. J,XVIII gives the 

estimated digestible nntrients based on the average composition 

and digestibility of American Feeding Stuffs. 

'l'nhle No. J,XYI. Dlge .. tihle Nutrients us Dt•termlned n,·DlgestionTrlals. 

Dry Matter Protein 

Pounds 
Steer No. 1 ............. 63. 34 

Steer No. 2 ............. 60.33 

Steer No. 3 ............. 64.20 

Steer No. 4 .............. 64. 04 

·Steer No. 5 .............. 66.32 

Steer No. 6 ............. 64. 67 

Average .............. 63.82 

Pounds 
6.84 

6.78 

7.03 

7.50 

7.73 

7.70 

7.26 

Fat Carbohydrates Ash 
and 
J<'iber 

Pounds Pounds Pounds 
2.73 51. 75 1.11 

2. -13 50.64 .45 

2.63 53,29 1.19 

2.71 52.80 .98 

2.64 54.13 1. 76 

2.72 52.59 1. 50 

2.64 52.53 1.17 

Tuhle No. LXYII. Digestible Nutrients Calculate1l From Actual Analy
sis of Food in Ration and Average Digestion Coefficients. 

Dry Matter Protein Fat Carbohydrates Ash 
and 
Fiber 

Steer No. . ............ 63. 78 7.88 3.03 49. 07 1. 30 
Steer No. 2 ............. 64. 71 7.42 3.00 50.26 1.34 
Steer No. 3 ............. 62. 89 7.25 3.08 48.52 1. 32 
Steer No. 4 ............. 66. 38 7.60 3.14 51. 64 1. 42 
Steer No. 5 .•........... 64. 94 7.51 3.03 50.30 1.36 
Steer No. 6 ............. 65. 93 7.58 3.05 51.11 1. 40 

Average •............. 64. 66 7.54 3.06 50.47 1. 36 



Table No. J,XVIII. Digestible Nutrl .. nts Calculnte•I from AYcrn~e Com-
110.sition of Annerit•nn Feeding Stuft's nrul ..A yern1;;e 

Digestion Coelllclcnts. 

Dr:y Matter Protein 

Steer ............... ...... 64.50 7.59 
Steer 2 ............ ........ 65. 39 7.59 
Steer ..................... 63. 29 7.47 
Steer 4 ............... ...... 67. 50 7.71 
Steer 5 ..................... 66 .15 7.63 
Steer 6 ..................... 67. 30 7.70 

Average .................. 65. 69 7.62 

li'at Carbohydrates 
nnd 

Fiber. 
2. 95 5:1. ·17 
2.95 53.47 
2.88 fil. 64 
3.02 55.29 
2.98 54.10 
3. 01 55.12 
2.97 53.84 

'l'uble No. LXIX. ~ummury of Results. 

Dry Matter Protein 

Pounds 
Digestible Nutrients as determined 

by actual trial, average, per day 
6 steers ........................ 15. 95 

Calculated digestible nutrients, us
ing analysis of foods and average 
digestion coefficients average per 
day 6 steers ................... 16.16 

Calculated digestible nutrients, us
ing average composition of Am
erican feeding stuffs and average 
digestion coefficients -a verag·e 
per day 6 ste"ers ................ 16.40 

Pounds 

1. 82 

1. 88 

1. 90 

Fat Carbohy-
drates 

Pounds Pounds 

.66 13.13 

.76 12.62 

.74 13.46 

It will be obseryed there is a reasonably close agreement be

tween the actual digestible nutrients of this ration, composed of 

a mixture of corn fodder and timothy hay, and bran, oats, oil 

meal and corn meal, and the calculated digestible nutrients. 

These results show that for all practical purposes the tables 

of digestible nutrients as recorded in standard works on feeding 

compiled from the average composition of American feeding 

stuffs and average digestion coefficients, are sufficiently accurate 
for the general calculation of rations. The difference between 

the actual and calculated nufrients as found in this investiga

tion in which six steers of widely different types were used, was 

small ,amounting in one day to less than a qnarter of a pound 

of dry matter, and less than one tenth of a pouud per day of 

protein. 



Similar results 1Yore obtuined b,\' Jordan & Jonter, Bulletin 
~o. 141, ::\e\\· York State Experiment Station, in digestion 
trials, in \\·hich corn parisons were made between the <l ctnal and 
the ealculated nutrients of two rations, and a close agrel-'ment 
between 1he two 1rns obsern:!. 

In the case of the irn1ividual steers, the digestibility of the 
protein ranged from 5D.~~2 to 66.64 per cent, and the car
bohydrates from 76.08 to 82.08 per cent. It is to be noted 
that in a mixed ration such as used in this investigation, only 
a bout two thirds of the dry matter was digested, and a little 
less than two thirds of the protein, and a bout three CJ uartern 
of the fat and carbohydrates of foe food consumed, were di
ges1 e:l aud utilized by the body. 'fhese results show that under 
the condition of the experiment in 1vhich a mixed ration was 
used from one third to one fourth of the nutrients were voirled 
as indiµ:estible matter in the feces . 

.An examination of the tables shows tlrnt from the grain 
part of the ration about seventy per cent of the proteiu was 
supplied, 1d1ile the hay and co111 fodder fnrnished about 30 per 
cent of the protein and fifty 1Jer cent of the carbohydrates of 
food consumed, were <ligested and utilized by the bod~'· 

These 1·esult8 emphasize the desirability of using coarse fod
ders that supply the maximum amount of protei11. In this in
Yestigntion an average of 6:3.92 per cent of the total energy of 
the ration measured in calories or heat nnitt, was available to 
to .the borly. In the daily ration the food supplies 47,875 calo
ries and 30,600 calories were available to the body. While 
this is apparently a large loss it is a more economical use of the 
fuel value than a steam engine where only about 15 per cent of 
the energy is available. · 



co:\IPOSITIO:\ "\:\D DWESTIBILITY 01<1 E:\I:\IEH . 

• T. A. II nmnw1. 

Emmer (Tr. sat. dicoccurn IIaekel) is a i-;pecies of wlwat \d1ieh 
prohahly caire originally from Russia. It is 12rown to a limitPtl 
extent in l\Iiunesota and other part:-; of the N ortlnvest. There 
is another species called spelt (Tr. sa1. spelta Haekel), very 
similar to Fmrner and often confused with it: Prolrnbl.v most 
of the grain grown in :l\Ji1~nesota and called spelt is reall~r em
mer. Enune,, resembles ha,,ley in man~' respects, luwi:1g· beard
ed heads. Each hull contains two kerr:els instea<l of one as 
in barle~'- In th1·eshin1-t, very few of the herries are removed 
from tht' lrnll. The hnllecl herries resemble ordinar.v wheat 
lmt are longer and pointed at hoth ends. The yield of enmwr 
is nsnally n hont the sa11:e as lrnrle~·- lt has proven to be a 
reliable crop and seern1; to be rnst resi,;tcrnt. The tahlc helow 
gives the chemical compo?ition of whole emmer, hnlle l emme1·. 
spring wheat, hai·ley and oats. 

'ruble No. LXX. Chen1ienl Co1n1•osiHou of \Vhole an(l llulh•tl Enuner, 
Spring "\\"heat, Durley un•I Outs. 

(1) (2) (3) (3) ( 2) (1) 

Whole ·w11ole Barley Oats Hulled Spring 
E1nn1er Emn1er En1n1er \\'lwat 

PerC't. Peret. Peret. Peret. Peret. Pcr<:t. 
\Vater ................. 10.88 8.88 10.9 11. 0 10.03 10.4 
Ash . . . . . . . . . . . . . . . . . . . 3.89 4.33 2.4 3.0 1. 84 1. 9 
Fat .................... 2.32 2.55 1. 8 5.0 2.8 2.2 
Protein ................ 10.5 9.Sl 12.4 11. 8 11. r,9• 12.5 
Crude Fiber ............ 11. 7 10.09 2.7 9. !) 2.94 1.S 
Carbohydrates .......... 60. 71 64.34 69.8 59.7 70.70 71. 2 

100.00 100.00 100.00 100.00 100.00 100.00 

(1) Minnesota Analysis. 
(2) North Dakota Anal~'sis. 
(3) Henry's "Feeds and Feeding." 
It will be se0n from the table that in composition, ernrner 

is almost equal to barley and oats. 'rhe large amount of fiber 
in the hnll nrnkes it bulky and suitable for feeding· with more 
concentratetl foods. The lrnlled emmer compares quite favo1·
}1bl~· in composition with onlinan· spring wheat. 

DIOESTTBTJ,TTY. In onler to obtain solll<' <lata as to the 
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cligestil>ili1y of crnmcr when frd as part of a ration and alf;o 
to dc1el'lninc 1he difference in digrstibili1y of gronml and un
grouncl crnmer, three series of digestion experiments we1·e 
made. Two mature sheep were nsed for this work., and the 
digestion trial extended ovrr a period of four days. The details 
of the feeding and care of the sheep generally were attended 
to by the Animal Husbanclr~r Division. The weighing, sampl
ing and nnalyzing of the liquid and solid excrements were 
carried out in the nsual 'my. 

In the first trial the ration consisted of fonr pounds of 

alfalfa hay per sheep, and of six and seYen ponncls of nngronnd 

emmer for sheep No. 1 and No. 2 respectively for the entire 

period of four days. 

In the second trial the ration consisted of three pounds of 

alfalfa h;~. per sheep, and the same amounts of gronncl ernmer 

as in the first trial for the period of four days. 

In the foird trial the ration consisted of alfalfa hay alone: 

Sheep No. 1. consumed 8.5 pounds, and sheep No. 2, 9 ponmls 

during the entire period, which in this trial ·was five days. 

The composition of the alfalfa hay for each of the three 

trials and of the emmer is given in the following table: 

Tnble No. LXXI. Composition of Alfnlfn Hay uud l~nnu.er. 

Carbohy-
Water Protein Fat drates Fiber Ash 

Percent Percent Percent Percent Percent Percent 
Alfalfa, 1st trial ...... 9.21 13. 5f. 1. 93 38.16 30.G7 6.58 
Alfalfa, 2nd trial ...... 12. 70 15.08 2.33 24.81 36.50 8.58 
Alfalfa, 3rd trial ...... 17 .13 13.35 1. 74 32.32 29.24 6.22 
Emmer ............... 10. 88 10.50 2.32 60.71 11. 70 3.89 

Tnble No. J,XXII. Digestion Experlment-Unground Emmer nn1l Alfnlfa. 

Carbohy-
Dry Matter Protein Fat Fiber drates Ash 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
Sheep No. 1. 
Jn Alfalfa ............ 3.632 .542 .077 1.223 l. 895 .263 
Jn En1mer ............ 5.39 .963 .136 . 719 3.9n .189 
Total in Food ........ 9.022 1. 505 .213 1. 942 5.887 .452 
In Feces .............. 2. 015 .313 .077 .844 .488 .292 
Digested .............. 7.007 1.192 .136 1. 098 5.399 .160 
Per Cent Digested ...... 77.67 79.20 63.85 56.54 91. 71 35.40 



CO~IPOSlTIO:>J :\:\D !lf(H:ST!lllLITY OF !·~~!.\IE!( 1::~. 

Sheep No. 2. 
In Alfalfa ............ 3.632 .542 . 077 1. 223 l.Sn5 .263 
In Emmer ............ 6.289 1.123 .159 . 8 3 9 4.658 .221 
Total in Food ........ 9.921 1. 665 .236 2.062 G. ii53 .484 
In Feces .............. 1. 958 .299 .073 .718 .572 .2D7 
Dige3ted .............. 7.963 1. 3G6 .163 1. 344 5. !)81 . ] s 7 
Per Cent Digested .... 80. 26 82.04 69.02 65.18 91. 27 38.63 

'rnble No. LXXIII. Dig;es1ion Ex1•erhnent-Grnuntl Ennuer nod Alfnlfu. 

Dry Matter Protein 
Lbs. Lbs. 

Sheep No. 1 
In Alfalfa ............ 2. 62 
In Emmer ............ 5.35 
Total in Food ........ 7. 970 
In F'eces .............. 1. 386 
Digested .............. 6.584 
Per Cent Digested ...... 82. 61 
Sheep No. 2. 
Tn Alfalfa ............ 2. 62 
In Emmer ............ 6.24 
In Total Food . . . . . . . . 8. 860 
In Feces .............. 1.769 
Digested .............. 7.091 
Per Cent Digested ..... 80.04 

.452 

.63 
1. 082 

.182 

. 900 
83.18 

.452 

.735 
1.187 

.213 

.974 
82.06 

Fat 
Lbs. 

.07 

.139 
.209 
.047 
.162 

77.51 

.07 

.162 

.232 

.052 

.180 
77.58 

Fiber 
Lbs. 

1. 095 
.702 

1. 797 
.50 

1.297 
72.17 

1. 095 
.819 

1. 914 
.597 

1. 317 
68.81 

c~l rl 1011 ,._ 

drates 
Lbs. 

.744 
3.643 
4.387 

. 447 
3.940 

89.81 

7.44 
4.250 
4.994 

.616 
4.378 

87.67 

'l'nble No. LXXIV. Dlgel!tlon Experiment-Alfalfa. 

Dry Matter Protein Fat 
Lbs. Lbs. Lbs. 

Sheep No. 1 
In Alfalfa ............ 6.73 
In Feces .............. 3.07 
Digested .............. 3.66 
Per Cent Digested ..... 54. 38 
Sheep No. 2. 
In Alfalfa . . . . . . . . . . . . 7. 38 
In Feces . . . . . . . . . . . . . . 3. 30 
Digested .............. 4.08 
Per Cent Digested ..... 55. 28 

1. 090 
.357 
.733 

67.25 

1.190 
.352 
.837 

70.38 

.142 

.124 

.018 
12.68 

.154 

.125 

.029 
18.83 

Fiber 
Lbs. 

2.348 
1.405 

.943 
40.16 

2.600 
1.496 
1.104 

42.47 

Carbohy
drates 

Lbs. 

2.64 
.80 

1. 84 
69.70 

2.88 
.91 

1. 97 
68.40 

Table No. LXXV. Digestibility of Emmer Alone. 

Dry Matter Protein Fat 

Lbs. Lbs. Lbs. 
Sheep No. 1. 

In Emmer ............ 5.39 
In Alfalfa ............ 3.632 

In Feces .............. 2. 015 
Undigested Alfalfa .... 1. 64 

.963 

.542 

.313 

.169 

.136 

.077 

.077 

.064 

Fiber 

Lbs. 

.719 

1.223 

.844 
• 718 

Carbohy
drates 

Lbs. 

3.992 
1. 895 

.488 

.379 

Ash 
Lbs. 

.257 

.233 

.490 

.208 

.282 
57.55 

.257 

.272 

.529 

.290 

.239 
45.18 

Ash 
Lbs. 

.506 

.385 

.121 
23.92 

.554 

.416 

.138 
24.91 

Ash 

Lbs. 

.189 

.263 

.292 

.199 
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l.Tnclig;estetl JGn1111cr .... . 37;) .lH .013 .126 .109 . 003 
Dig·c~ted ... . . . . . . . . . . . 5.015 .819 .123 . 593 3.883 .096 
Per CPnt Digc>ole<l ..... u:i. O·l 85.05 90. 44 82 . .J7 97.27 50.80 
Sheep No. 2. 
Jn E1n111er ............ r..289 1.123 .159 .839 4. 6 58 .221 
I II Alf>1lfa ............ :J. 6:\2 . 5·12 . 077 1. 22:J 1. 8 !JO .263 
ln F(•ees . . . . . . . . . . . . . . 1. ~)58 . 2!!9 .073 .718 .572 .297 
1]n<ligestcll Alfalfa .... 1. 64 .169 .064 .490 . :179 .199 
Undig0sle1l E1nincr .... .318 . J 30 .009 .128 . 1 !13 .098 
Digr,stcrl .............. 5. 971 . 903 .lGO . 711 4. ·165 .123 
Per Cent Digested ..... 94. 94 88.42 94.32 84.74 95.86 55.66 

r11 nhle No. LX~'I. Su1n1uary of Results of Digestion 'l'riuls. 

Carbohy-
Un ground Emmer Dry Matter Protein Fat Drates Fiber Ash 
and Alfalfa Hay Percent Perc~nt Percent Percent Pere en t Pere en t 
Sheep 1 ............ 77. 67 79.20 63.85 91. 71 56.G4 35.40 
Sheep 2 ............. 80. 26 82.04 69.07 91. 27 65.18 38.63 
Ground En1n1er and 

Alfalfa Hay. 
Sheep 1 ............. 82. 61 83. 18 77.51 89.81 72.17 57 .55 
Sheep 2 ............. so. 04 82.62 77.58 87.67 68.81 45.18 
Alfalfa Hay. 
Sheep 1 .. : .......... 54. 38 67.25 12.68 69.70 40.16 23.92 
Sheep 2 ............. 54. 83 70.38 18.83 68.40 42. 47 24.91 
Averages 
Un ground Emrner and 

Alfalfa Hay ....... 78. 97 80.62 66.46 91. 41 60.86 37.02 
Ground En1n1er and 

Alfalfa Hay ....... 81. 33 82.62 77.55 88.74 70.49 51. 36 
Alfalfa Hay ......... 54. 83 68.81 1;,. 75 69.05 .Jl. 21 2·1. 41 

The results givrn in the tables show that a ration of emmer 
and alfalfa lrn.v ·when fed to sheep has hig·h digestibility, es
pecially of protein and carbohydrates. 'l'he digestibility of this 
ration when fed to sheep is very much higher than the ration 
fed to stel'rs recorded in Table Ko. LXV of the prcceeding ar
ticle. The resn1ts also show the i11fl11ence of grinding the ernnwr. 
The grinding of the emmer materially increased the digestibility 
of the protein, fat, fiber ancl ash and caused a decrease in di
µ:estibility of the nitrogen free extract. ·when the crude fiber 
and nitrogen free extract are considered jointly as carbohyd
rates, there was no appreciable difference in digestibility be
tween the gronncl and the ungronnd emmer. In the case of 
sheep, the grinding of the emmer did not materially increase 
dig·estibil ity. 

The nrine was collected, 1nighed and analyzed in order to 
determine the income and outgo of nitrogen. In the first 



trial one of the samples was lost. 'l'he results of the calculation 
for the second and third trials arc given in the following 
table: 

'l'.able No. I.XXVII. Ue·sults of Dig;estlun 'rrhth~. 

SECOND TRIAL 

Nitrogen in Feces .............................. . 
Nitrogen in Urine .............................. . 
Nitrogen in Total Excrements ............ ., . ., .. ., .. . 
Ni trog·en in l',ood ................ ~ ......... ~ ...... . 

Gain .............................. : : .•• , , , .. , , , 
THIRD TRIAL. 
Nitrogen in Feces ...................... • ....... 1 

Nitrogen in Urine .. · ............................ . 
Nitro~en in Total Excrements .................. . 
Nitrogen 

Loss 
iI1 Foocl ............................... . 

Sheep 1 
Lbs. 
.029 
.11 
. 139. 
.173· 
.034 

.057 

.148 

.205 

.181 

.024 

Sheep 
Lbs. 
. 03·1 
.153 
.187 
.19 

.• 003 

• OC.6 
.200 
.256 
.192 
.064 

It will be noticed that in enry case the amount of Hitrogen 
excreted in the urine is Yery much larger than that excrctet1 
in the feces. In the :;ecom1 trial in which the ration consisted 
of gronud emmer and alfalfa hay, the nitrogen of the urine 
was fonr times that of the fecefl, and in the third trial in which 
the ration consisted of alfalfa hay alone, the nitrogen of the 
urine was ahont three times that of the feces. 

In the first and second trials in which the ration containet1 
ernmer il little more than a fifth of the nitrogen of the food was 
fonnd in the feces. In the third trial in which the ration w;is 
nlfalfa lrn)' alone, a little oycr a third of the nitrog·en of tlir 
food ·was fonnd in the feces. There was a much mo11e complete 
dip:estion of the ration of hay m1cl grain than of the ration of 
h11y alone. 

The digestibility of alfalfa hay when feel to sheep was deter
mined in order to calculate the digestibility of the emmer 
alone. Using the digestion coefficients thus obtained for alfalfa 
hay, we find by calculation the digestion coefficients of the 
emmer alone, to be as follows: 

rrahle No. 1~xx·v111. Digestion Coefficients of E1n1ne1·. 

Carhohy-
Dry Matter Protein Fat drat es Fiber Ash. 

Percent Percent Percent Percent Percent Percent· 
Sheep 1 ............. 93. 04 85.05 90. 44 97.27 82.47 50.80 
Sheep 2 ............. 94.94 88.42 94.32 95.86 SL 74 55.G6 

A.verage ........... 93.99 86.73 92.38 96.56 83.60 53.23 



138 CO:IIPOSlTIO:\ A:\D DIGESTIDJLITY OF Ei\Il\IER 

These results show a high digestibility for emmer when feel 
to sheep. In localities where emmer can be grown suc.cessfully 
it will be found a valuable addition to the ration of growing 
or fattening cattlfl. 

'rable No. LXXIX. DlgeHtible Nutrient .. In 100 PoundN. 

Protein 
Emmer •.......••................... 9.11 
Barley .............................. 8.7 
Oats ................................ 9.2 
Spring Wheat ....................... 10.2 
Spring Wheat Bran.. . . . . . . . . . . . . . . .12. 2 

Fat 
2 .14 
1.6 
4.2 
1. 7 
2.7 

, . 

~ 
Carbohydrates 

68.40 
65.6 
47.3 
69.2 
39.2 



THE HEAT PHODUCING VALUE OF THE CRUDE 

:FAT OF FODDERS AND GRAINS. 

Harry Snyder. 

Fat is characteristically a heat producing nutrient; a gram of 
fat when bnrned in the calorimeter yields about 9.5 calories, 
depending upon its source and composition, while a gram of 
:;tarch yields abont 4.2 calories. Any large admixture of non
fatty matet ial in the ether extract or crude fat obtained in the 
analysis of fodders, must !lecessarily lower the caloric value. 
It is well kncnvn that the ether extract or crude fat from for
age crops contains appreciable amounts of non-fatty bodies as 
chlorophyll. the green coloring matter in plants, also waxes, 
and nitrogenmrn fat-like bodies as lecithin. It was deemed ad
visable to determine b~· actual test, the heat of combustion of 
the ether extract from several coarse fodders, in order to as
certain the extent to which the non-fatty substances in the 
ether extract of fora~~e crops influence the heat of combustion. 
Corn fodder, corn silage, timothy hay and clover hay, were 
selected for the purpose, and the heats of combustion were 
found to be as follo>vs: 

Tnble No. I,XXX. Hent of Combustion. 

Ether Extract from: ........ Calories per gram. 
Corn Fodder, ........................... 8,047 

Corn Silage, ............................. 7,545 

Clover Hay, ............................ 8,036 

Timothy Hay, ........................... 8,220 

It will be observed that the heat of combustion ranges from 
7,545 to 8,220 calories per gram. The foreign or non-fatty 
material in the ether extract lowered the caloric value from 11 
to 20 per cent. In an average dairy ration containing about .75 
pounds of crnde fat, about two-thirds is derived from the corn 
fodder. From the ether extract of the coarse fodders, ordinarily 
about 2000 calm·ies are derived. If the non-fatty materials in 
the ether· Pxtract reduce the lwat producinµ: power 15 per cent, 



it 1rnukl lw eq11i,·ak11t ton reduetion of :-300 cnlol'ies. Sinee all 
of the rnt1rieu1s of tlte ra1io11 supply about :30,000 cnlories per 
dn.r, 1he 110Jt fa11y 11uikl'ials of the ether ex1Tnet affeetf:: the toi<d 
energy value of the ration to the extent of ahont one per et•nt
not a very large fac1or, aml whieh in the calculation of rafrllrn 
may lw dis!·egarded. ·whi:c the d1lorophyll re:lneL'S the hen1 
of corn b ustion of the ether extra ct, thci·e a re corn pensa ting 
factors; its prese11ce in the f0tlder is a desirable el1aracteristic, 
for the coLr of the fmlde1· is due to ehloroph:vll and is an inrlrx 
of qua lit>'· Feeders jnstly giYe preference to well Clll'ecl fo:hlrrs 
of ;.i;ood color. ·w1:rn the fats of wheat and harle>· were rx
traetecl aml lrnrnr<l in the calorin•eter, thr>· >·ielde:l 0)l.J. and 
0.:21 calories rm;pectively, indicating that with these cereals the 
ether extraet has practically the same calorie value as pn 1·c 
fat. 

The nitrogen eontent. of the et.her extracts from sen•ral focl
ders and gr~ins w~s determined with the following· resnlts: 

Table Ro, LXXXI. Nitroge11 ronte11t of Ether Ex1rae1. 

Nitro~~en Content 
Ether Extract of Ether Ext .. act. 

Per Cent Per Cent 
Clover Hay .................. 2. 45 . 17 4 
Timothy Hay . . . . . . . . . . . . . . . . 2. 10 . l:J>l 
Corn ............ : .......... 4.20 .(l()2 
Oats . . . . . . . . . . . . . . . . . . . . . . . 3. 52 . or;:~ 
Barle~r .................... ·. 2 .16 . 047 
Wheat ..................... 2.41 .O,t3 

The nitrogenous matter in the ether extraet from the grains 
was found to be much less than in that from the eoarse fodders. 
as clover and t.\moth~r. In the ease of wheat and ha rle~·. if all 
of the nitrogen of the ether extract is considered present. as 
lecithin, there would be less than eight per cent. of this ma
terial. 

'l'he heat of comhustion of the ether extraet of grains in
rlicates that i11 the cnlenlation of rations it may be ·regarded as 
linving the same energ-y valne as fat.; in course fodders, how
eYer. the ether extract has an energy Yalne of 11 to 20 per 
eent less than fat. 
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