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INVESTIGArrroN IN l\IILK PRODUCTION. 

T. L. HlECKER. 

1. THE FOOD OF MAINTENANCE. 

In all living bodies there is a constant breaking do-wn of 
tissues or wear, caused by every muscular action, just as is 
the case with any piece of machinery. There is also energy· 
expended in the action of the muscles and body heat must 
be maintained. The nutrients used by an animal in keeping 
intact the body, that is, in rebuilding the portions worn out 
and in providing the energy and maintaining body heat 
when at rest in stall, is termed the Food of Maintenance or 
Food of Support. The generally accepted feeding standard, 
Wolff's, gives 18 pounds of dry matter and of nutrients, .7 
of a pound of crude protein, 8 pounds of carbohydrates and 
.1 of a pound of ether extract or fat, as the amount needed 
daily for maintenance per thousand pounds live weight. 

During our earlier feeding experiments it was observed 
that in some instances cows did fairly g-ood work in the 
dairy during a whole winter on only a trifle more feed than 
that prescribed for food of maintenance, indicating that the 
amount fixed by the standard in general use was in excess 
ot the actual requirements. Sanborn of the New Hampshire 
station reported in 1879 that the steer could be maintained 
on a smaller allowance of hay than is prescribed in the 
standard. Caldwell, of the Cornell Experiment Station, 
New York, reports a trial where four steers gained 180 
pounds during a period of 60 days, on practically a main
tenance ration. Kuehn, a German investig-ator, in experi
ments extending over several years showed that the mature 
bovine could be maintained on . 7 of a pound of protein and 
6.6 pounds of nitrogen free extract, and that whatever was 
fed in excess of this amount, caused gain in weight at the rate 
of from 20 to 25 per cent of the amount so in excess. It was 
evident therefore that at the time when the dairy division of 
the l:niYersity of ::\finnesota was established, there had been 
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enough data obtained to show that there was still a ques
tion as to thenutrientsactually required for food of mainte
nance. It was evident then that in a series of experiments in 
milk production, which would be likely to extend over two 
decades, more information ought to be secured as to food 
required for maintenance under conditions obtaining in the 
Northwest. It was not possible with the limited and inade
quate facilities accorded the dairy division in securing the 
composition of food stuffs and feces to carry on the work 
from a purely scientific standpoint, nor was it considered. 
advisable to do so. The work has therefore been carried on 
from the more practical phase in the belief that in this form 
it would receive more attention from milk producers than 
\Yould be the case if given in more elaborate and technical 
form. 

A mere preliminary trial on a mainteuance ration was 
begun on the 31st of October, 1894, when two barren dry 
cows were fed on a daily ration of 10 pounds of timothy bay 
and 3 pounds of ground barley for a period of 81 days. 
Their weight at the beginning 6fthe trial was 1676 pounds, 
and at the close, 1735 pounds, being a gain of 59 pounds, or 
.36 of a pound each per day. The average weight of the 
cows during the experiment was 853 pounds. The dry mat
ter and nutrients of the ration per 1,000 pounds were as 
follows: 

TABLE VI,-Giving Food and Nutrients Consumed Daily. 

DIGESTIBLE NUTRIENTS 

Lbs. D. M. 
Carbohy- Ether 

drates Extract Protein 

Timothy Hay ......... ............ 10 8.768 .318 4.509 .18 

Barley l\1ea1 ........................ 3 2.64G .283 1.792 .Oo 

Total. ............................ 11.414 .601 6.301 .2.J, 

Pc-r 1000 lbs. live weight.. .................... 13.38 .704 7.38G .28 

It is shown by the above table that the ration fed was 
practically the amount prescribed in the Wolff standard, but 
contained .614 of a pound less of carbohydrates and .18 of 
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a pound more ether extract. Reducing the .18 of a pound of 
ether ·extract to a carbohydrate equivalent (.18 x 2.25) .405 
of a pound and adding this to 7.386, the carbohydrates for 
convenience in comparing the ration fed with the \Volff 
standard, we have the following: 

TABLE VII.-Giving Nutrients Consumed Daily and the Wolff Standard. 

I DIGESTIBLE NUTRIENTS 

I 
D.M. 

Protein 
Carbo by. Ether 

drates Extract 

Ration fed per 1000 lbs. Ih·e weight ... \ 13 38 .704 7.791 .10 

'VolffStandard 111aintenance ration ... 18.00 .70 8 00 .10 

The ration fed provided, practically, the amount of pro
tein called for by the Wolff standard and .209 of a pound 
less of non-nitrogenous matter, and produced a daily average 
gain of .36 of a pound, showing that the ration fed was in 
excess of the amount actually needed for food of mainte
nance. 

The second experiment was conducted with two barren 
dry cows during the winter of 1896-97 covering a period of 
100 days. One received 18 pounds and the other 14 pounds 
of fodder corn daily. The following gives their weight at the 
beginning of the trial and at the close, being the average of 
daily weighings which were in all cases made in the morning 
after feeding and before watering, and the average of all 
their weights during the trial: 

Alice. 
Weight at beginning ........................ 797 
Weight at close ................................ 803 
Average weight............................... 808 

Belle. 
1005 

985 
1010 

At no time afterthe first 11 days did Alice fall below 800 

pounds and Belle maintained a weight above 1000 pounds 
until the month of February when her average weight was 
987. Thedry matterconsumed daily and nutrients digested, 
as determined by a digestion experiment during the trial, is 
given in the following: 
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TABLE VIII.-Dry Matter Consumed and Nutrients Digested Daily and per 
1000 lbs, Live Weight. 

Average 
Weight 

Alice.......................................... 808 

Belle......................................... 1010 

A,~erage ................................... . 

I ~l'TRIE:-;TS 
D. M. 

I Protein I C.H. Fat 

--8-. 9-8- -- .-:;:;-1 ~:::;- -~ 
9.23 .277 ~

1
_.3_1_ 

9.10 .287 5.27 .375 

While the cows maintained their weight during the ex
periment, with the exception noted, there were indications 
that they had not been fully nourished; probably due chiefly 
to the small amount of protein in the ration. They looked 
dull, their skin was not loose and their coats were dry and 
harsh and were not shed until late in the spring. 

During the winter of 1897- 98 three barren dry cows were 
fed trial rations of food of maintenance on fodder corn, beet~ 
and oil meal. The preliminary feeding began in Novemher 
but the fodder corn did not cure out to a uniform water con
tent until the latter part of December which caused consider
able variation in weight, so the data covers only a period 
fromDecember 30th to April 11th. The following table gives 
the weight of the cow Alice during the experiment. 

ALICE. 1897-8. 
TABLE IX.-Giving Dates and Weights. 

Date \Veight Date Weight Date \\'eight 

Dec. 30 ........... 750 F~b. 3 ........ 750 JVfar. 10 ....... 755 

Jan. 3 ............ 760 Feb. 7 ....... 740 ?vlar . l .J. ....... 758 

Jan. 6 ..... ······ 762 Feh. 10 ........ 735 ;\,far. 17 ....... 755 

Jan. 1 o .. ....... 765 Feb. 14. . ... 742 ?vlar . 21.. ..... 750 

Jan. 13 .......... 7fi5 Feh ... 17 ...... 748 1'.Iar . 2·1-. ...... 748 

Jan. 17 .......... 762 Feb. 21 ........ 750 l\Iar. 28 ....... 755 

Jan. 20 .......... 765 Feb. 24 ........ 750 :\far. 31 ....... 752 

Jan. 2.J. .......... 750 Feb. 28 ....... 762 April 4 ....... 7:'3::?-

Jan. 27 .......... 765 Mar. 3 ....... , 752 April '······· 760 

Jan. 31.. ........ 760 :\lar. / ........ 755 April 11 ....... 7G2 

During the month of February it was noticed that she 
seemed to have difficulty in masticating food and occasion-
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ally a swelling appeared on the right side of the jaw. She 
.vas killed at the close of the experiment and it was found 
that a tooth had been broken which probably was painful 
and caused shrinkage in weight. The data therefore can be 
used only to show bow important it is in experimental work 
with live stock to keep close watch over the animals employ
ed, and how a small matter may destroy the value of data 
obtained. 

TABLE x.-Dry Matter and Nutrients consumed Daily. 

D1nESTED 

D. hl. 
Dailv 
Gaill 

Protein I C.H. Fat 
I Lbs. 

Actually Consumed ............ \ 8.89 .5() 

I 

4.85 .08 .,-__ , 

Per 1000 lbs. Lh·e \\"eight.. 11.79 .78 6.43 .10 

RECORD OF BELLE.-1897-8. 

TABLE XL-Giving Dates and Weights. 

Date \Yeight Date \Veight Date Weight 

Dec. 30 ... 1065 Feb. 3 ........ 105G l'>Iar. 10 ....... ! 1070 

Jan. 3 ......... 1052 Feb. 7 ........ 1062 l'>far. 14 ....... 107i'i 

Jan. 6 .......... 1046 Feb. 10 ........ 1060 Mar. 17 .... .. 1072 

Jan. 10 .......... 1032 Feb. 14 ........ 1070 l'>Iar. 21.. ..... 1075 

Jan. 13 .......... i055 Feb. 17 ........ 1070 Mar. :?.4. . .... 1U75 

Jan. 17 .......... 1025 Feb. 21.. ...... 1072 Mar. 28 ....... 1 
1075 

Jan. 20 .......... 106G Feb. 24 ..... 1062 ::<.Iar. 31. ..... 1078 

Jan. 24 .......... l 045 Feb. 28 ........ 1070 April 

~ I 

1080 

Jan. 27 .......... 1050 .:\lar. 3 ........ 1070 April 107~) 

Jan. 31.. ....... 1045 .:\Iar. 7 ...... ] 075 April 11. ...... 1082 

The different weighings clearly show there was a steady 
gain. In the first column the weight ranged from 1025 to 
1065, while in the second the range is from 1055 to 1075, 
and in the third from 1070 to 1082. Taking the first col
umn as preliminary and the difference between her average 
weight reported in the second columv, with that in the third 
as the gain made, there is a difference of 9 pounds or at the 
rate of .27 of a pound per day. 

The dry matter consumed and nutrients actually digest
ed, as determined by a digestion experiment, were as follmYs: 
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TABLE XII.-Giving Nutrients Consumed Daily. 

DlGESTED 

I D.M. llailv 
Gaiii 

Protein C.H. Fnt i 
Lbs. I 

I 

Actua11y Cons11111ed ............. 11.70 .73 5.51 .11 

I 

.27 

Per 1000 lbs. Jiye weight.. .. 10.93 .68 5.15 .10 

RECORD OF LOTTIE.-1897-8. 

TABLE XIII.-Giving Dates and Weights. 

lJate \\"eight Date Weight Date Weight 

Dec. 30 .......... GSO Feb. 3 ........ 700 l\Iar. 10 ....... 710 

Jan. 3 .......... (),)5 Feb. 7 ....... 697 Mar. 1.J. ....... 710 

Jan. 6 .......... 070 Feb. tu ........ G!J5 Ma~. ] 7 ...... 710 

Jan. 10 .......... GGO Feb. 14 ........ 695 Mar. 21 ....... 712 

Jan. 13 .......... li78 Feb. 17 ........ 700 :\Iar. 2.J. ....... 712 

Jan. 17 .......... GG2 Fch. 20 ........ 7UO Mar. 28 ....... 715 

Jan. 20 .......... GG3 Feb. 24 ........ 703 :\Inr. 31. ...... 715 

Jan. 24- .. .. 69~ Feb. 28 ........ 710 April .J. ....... 71(1 

Jan. 27 .......... 7UO .\:Iar. 3 ......... 710 Aptil 7 . ..... 710 

Jan. 31.. ....... 702 ~1ar. 7 ......... 705 April 11 ....... 705 

From a careful examination of the different weights it is 
evident that she was gradually gaining. Her weight in the 
first column ranged from 655 to 702, while in the second it 
ranged from 695 to 710, and in the third from 705 to 715. 
It is exceedingly difficult to determine exactly the gain made. 
But by assuming that the weights during the five wetks 
covered by the first column are preliminary and deducting 
the average weight in the second column from that of the 
third, there is a difference of 9 pounds or a gain of .27 of a 
pound daily. The cow was naturally very restless and dis
contented and since she was a stranger in the herd and not 
accustomed to confinement she probably did not do normal 
work. 

The dry matter consumed daily and nutrients actually 
digested were as follows: 
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TABLE XIV.-Giving Nutrients Consumed Daily. 

D. :\I. 

Actually C.onsun~l'd ............ I 
Per 1000 live wc1ghl ......... .. 

8.53 

12.08 

Protein 

.51 

.72 

DIGESTED 

C.H. 

3.80 

5.38 

RECORD OF LOTTIE.-1898-99. 
TABLE XV.-Giving Dates and Weights. 

Fat 

.07 

.10 

Date \Yeight Date ¥leight Date 

I 
Nov. 1 ...... .. 705 Jan. 2 ......... 750 Feb. 27 ........ , 

Nov. 1..1. ......... 710 Jan. 9 ......... 750 J\Iar. 6 ........ 

Nov. 21.. ....... 730 Jan. 16 ......... 750 l\Iar. 13 ........ 

Nov. 28 ......... 725 Jan. !!2 ......... 757 J\Iar. 20 ........ 

Dec. 5 ......... 732 Jan. 30 ......... 752 ?.Iar.27 ........ 

Vee. 12. . ....... 742 Feb. 6 ......... 755 April 3 ........ 

Dec. 19 .......... 750 Feb.13 ......... 752 

I 
AprillO ........ 

llec. 2fi .......... 145 Feb.:.w ......... 758 April 17 ........ 

Dai Iv 
GaiI-1 

Lbs. 

.27 

95 

Weight 

757 

762 

760 

760 

7flG 

762 

765 

765 

During this trial we again find that there was a gradual 
gain though it was less after the second of January. In the 
first column the weights ranged from 705 to 750 lbs. while 
in the second they ranged from 750 to 758, and in the third 
from 757 to 765. The average weights in the third column 
exceed those of the second column by 9 pounds, making an 
average daily gain of .16 of a pound. 

The dry matter consumed daily and nutrients actual1y 
digested were as follows: 
TABLE XVI.-Giving Dry Matter Consumed and Nutrients Digested Daily and 

per 1000 Pounds Live Weight. 

Actual1\· Cunsumcc1 ............. i 

Per lu~O lbs. Ii ye \\"eight. .... [ 

Drv 
:\latter 

11.1'.! 

Protein 

.39 

.GO 

DIGESTED 

CarlJohv- Ether 
drates- Extract 

5.09 .12 

6.72 .15 

Dail\· 
Gai1-1 

Llis. 

.l!l 

At the close of the experiment the cow presented clear 
evidence of having been amply nourished. Her eyes were 
bright, her movements quick, skin loose and coat new, soft 
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and glossy. The cows employed in the experiment during 
the winter preYious showed similar indications of haying 
been \vell nourished. Aside from gaining in weight, and on 
this account presenting a more smooth appearance, they shed 
their coat early and it had that bright, glossy appearance 
which is recognized among stockmen as a sure index of a 
healthy physical tone. 

Combining the results obtained in the last three trials, 
we have the average daily dry matter consumed and nutri
ents digested, and gain made and the average for the three 
years: 
TABLE XVII.-Giving Dry Matter and Nutrients Daily per 1000 Pounds Live 

Weight, and Gain in Weight. 

:1 
I Year DrY 

1\latier 
Protein I . I 

--------1---1----
Belle ........... ·····I 1 S97 -8 10.9R .68 

Lottie .............. 11897-8 12.08 

··············· 189.;'l-9 11.08 

.7 J 

.50 

Average. 11.38 .63 

DIGESTED 

Carbohv
drntes-

5.15 

5.38 

6.72 

~.75 

Ether 
Extract 

.10 

.10 

.15 

.12 

D:iily 
Gain 

in 
Weight 

.27 

.27 

.16 

.~3 

, ____ ---- ____ , ____ ------

\Vol ff Stan<b.rcl.......... ...... 18.00 .70 8.00 .10 

The trials on food of maintenance during the three win
ters with barren dry cows show that, with an average of 
ll.38 pounds of dry matter daily containing of digestible 
matter, as determined by actual digestion experiments, .63 
of a pound of protein, 5. 75 pounds of carbohydrates and .12 
of a pound of ether extract, the cows were amply nourished 
and made a daily average gain of .23 of a pound in live 
weight. \Vhile the cows received on an average .63 of a 
pound of protein daily it does not follow that it is the 
minimum amount required sinl.'.e in the last experiment the 
cow received only .5 of a pound with very satisfactory re
sults. 

The experiments justify the conclusion that with cows 
at rest in stall in comfortable quarters, a ration of 11.5 of 
dry matter containing of digestible matter, .06 of a pound of 
protein, .6ofaponndofcarbohyc1ratesand .01 ofa pound of 
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ether extract per hundred weight of cow, will be ample for a 
maintenance ration. Whether this allowance would be 
sufficient for co-\vs receiving the treatment accorded them in 

. a well regulated dairy in comfortable quarters, and allowed 
an outing in the yard for an hour or two during pleasant 
days in \Vinter, still remains to bedetennined. Pending such 
determination it is tentatively suggested that for a cow 
working in the dairy and having ordinarily good care and 
comfortable quarters the allowance for maintenance be 
calculated at 1.25 pounds of dry matter, containing .07 of a 
pound of protein, .7 ofa pound of carbohydrates and .01 of 
a pound of ether extract per hundred pounds live weight. 
These factors are suggested because they seem warranted by 
the data obtained, and because it is deemed desirable for 
convenience in feeding practice, to express the requirements 
for food of maintenance in the simplest form possible, so it 
can be understood and used by the average feeder. 

The deductions from the data indicate: 
That the factors for food of maintenance in the Wolff 

feeding standard are in excess of the requirements. 
That a daily allowance of 11.38 of dry matter contain

ing of nutrients .63 of a pound of protein, 5.75 of carbohy
drates and .12 of a pound of ether extract per 1000 pounds 
live weight resulted in a daily average gain of about a 
quarter of a pound. 

It is tentatively suggested that the food of maintenance 
for a barren dry cow when at rest in stall be expressed in 
nutrients .6 of a pound of protein, 6. pounds of carbohy
drates and .1 of a pound of ether extract per 1000 pounds 
live weight and when at work in a dairy with ordinary good 
care and comfortable quarters, .7 of a pound of protein, 7. 
pounds of carbohydrates and .1 of a pound of ether extract 

.be allowed per 1000 pounds live weight or one-tenth as 
much per cwt. 



2. NUTRIENT REQUIREMENTS. 

This report is a continuation of the one made in bulletin 
71 of June, 1901. on a further study of the nutrients actually 
required by dairy cows in milk production. In the bulletin 
referred to, the subject of protein requirements only, was 
considered, while in this, nutrient requirements are taken up. 

In bulletin 71 the subject offeeding standards was briefly 
reviewed and a table submitted from Henry's Feeds and 
Feeding, giving the several standards, which is reproduced 
for convenience. 

TABLE XVIII.-American and German Feeding Standards for Dairy Cows, Diges
tible Nutrients per Day per 1000 Pounds Live Weight. 

I Drv 
DIGESTIBLE NUTRIENTS Nutri-

RATION tive Matier 
Pro- Carbo- Ether Ratio 
tein hydrates Extract 

Lbs. ~ ~ Lbs. 
--

\Volff original (German) feeding ration .... 24.0' 2.5 12.5 .4 1:5.4 
\Voll proposed A111erican ration ..... .......... 24.5 2.15 13.27 .74 1:6.9 
Atwater and Phelps proposed standard .. 25.0' 2.5 12 to 13 .15 to.8 1:5.6 
\Volff-Lehmann modified standard-

I. When giving 11 lbs. of milk daily. 25.0 1.6 10.0 .3 l :6.7 
II. When giving 16¥2 lbs. of milk daily. 27.0 2.0 11.0 .4 1:6.0 

III. When giving 22 lbs. of milk daily. 29.0 2.5 13.0 .5 1:5.7 
IV. \Vhen giving 27'/2 lbs. of milk daily. 32.0 3.3 13.0 .8 1:4.5 
Standard n1aintenance ration ................ 18.0 .7 8.0 .1 1:11.8 

'Organic matter. 

In general feeding practice it has become apparent that 
feeding standards based on the weight of animals without 
reference to product yielded, were not satisfactory guides 
and that some modification was desirable. 

To meet this Dr. Lehmann suggested the modification 
given in the table, based upon certain stated yields of milk. 
It appears quite evident that he used the original Wolff fac
tors for daily maintenance, that is, .7 of a pound of diges
tible protein, 8 pounds of carbohydrates, and .1 of a pound 
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of ether extract, per one thousand pounds live weight. Cal
culating the food of maintenance upon this basis, and mak
ing allowancefor the yield of milk stated in each sub-division 
in the Lehmann modification, it is found that he prescribes 
the nutrients required for the production of on(pound of 
milk, as appears in the following table. 
TABLE XIX.-Giving Lehmann Feeding Standard Factors, for the Production of 

One Pound of Milk. 

I 

When giving 11 lbs. of milk daily ...................... ····· I 

16~; lbs. of milk daily ........................ 1 

22 lhs. of milk daily ........................ ! 

27''i lbs. of milk daily ........................ I 

Protein 

Lbs. 
.081 

.078 

.081 

.094 

Carbo- Ether 
hydrates Ex tract 

Lbs. ----u;s.-
.18 .018 

.18 .018 

.22 .018 

.18 .025 

It is not clear why the variations given in the table 
should occur when the different quantities of milk are yield
ed. While Dr. Lehmann's modification of the Wolff standard 
may be an improvement on the original, the following ques
tions naturally suggest themselves: 

1. Are the factors approximately correct? 
2. Are they applicable to any and all grades or qualities 

of milk yielded ? 
3. Will they anS\\'er for heifers in milk? 
These are questions that can be determined only by ac

tual demonstration, for we havereached a stage in American 
agricultural research, when theoreticalformul~ based merely 
upon calculations made in the laboratory or office carry but 
little weight. 
1. ARE THE LEHMANN FACTORS APPROXIMATELY CORRECT? 

The feeding experiment conducted at this station during 
the winter of 1894-5, in which the cows were given a fixed 
ration for a period of 154 days, during which time a full flow 
of milk and yield of butter fat was secured without gain or 
loss in body weight, throws some light on all of the points 
raised. Since it will be necessary to refer to the performance 
of the whole herd and that of some individual animals, the 
average daily nutrients consumed and milk and butter fat 
yielded by each animal and by the herd for both periods are 
given. 
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TABLE XX.-Giving the Daily Average of Dry Matter and Nutrients Consumed and 

Milk and Butter Fat Yielded from Nov. 19, 1894, to Feb. 10, 1895. 84 Days. 

I I 
DIGESTIBLE AV. DAILY YIELD 

NAME Dry Per Matter Protein C.H. Fat Milk Cent Butter 

1- Fat Fat 
---- --- -- ---- --- ---

Betty ........................ 

1 

20.53 1.70 10.98 .45 10.03 6.7 .672 
I lOra.............. ...... ..... 22.63 1.87 12.08 .49 15.02 6.3 .949 
Beckley......... ........... 20.US 1.63 10.72 .43 13.44 5.6 .761 
Tdcksey ...... .. .... ..... 20.53 1.70 10.98 .45 16.78 4.9 .825 
J-louston ................... 

1 

23.23 1.98 12.44 .51 25.00 5.6 1.406 
Sweet B............. ...... 26.!ll 2.25 14.50 .58 il0.81 4.8 1.490 
Olive......................... 20.08 1.63 10.72 .43 27.26 3.8 1.050 
Topsy....................... 31.49 2.64 16.92 .69 44.39 3.7 1.656 
Lou.......................... 26.22 2.14 14.10 .55 38.01 3.7 1.410 
Quidee ............... 23.2!! 1.90 12.42 .50 25.55 3.5 .908 
Lydia ....................... 28.34 2.39 15.22 .62 32.02 3.4 1.087 
Countess .................. 28.37 2.38 15.28 .61 45.27 2.4 1.094 

A Yerage.................... 24.30 2.01 12.03 .5il 26.96 4.1 1.109 

T A.:BLE XXI.-Giving the Daily Average of Dry Matter and Nutrients Consumed 

and Milk and Butter Fat Yielied from Feb. 11 to April 21, 1895. 70 Days . 

DIGESTIBLE .l.VF.RAGE DAILY YIELD 

NAME OF Cows Drv Per Matier Carbo- Butter Protein hydrates Fat Milk Cent Fat Fat --- --- -- --- -------
Beckley ..................... 21.l 9 1.68 11.10 .51 13.17 5.59 .736 
Countess .................. 29,22 2.40 15.50 .72 41,80 2.53 1.061 
I-I ouston ................... 25.24 2.14 13.3fi .64 24.88 5.38 1.340 
Lou .......................... 27.UO 2.21 14.10 .67 31.46 3.67 1.154 
Olive ......................... 21.15 1.67 11.12 .51 21.20 4.12 .884 
Reddy ...................... 20.94 1.69 11.01 .51 14.49 5.21 .755 
Delle 20.56 1.76 10.89 .50 19.38 4.14 .803 
Lydia·::::::::::::::::::::::: 27.57 2.26 14.49 .68 27.93 3.57 .999 
(!ui.dee ...................... 22.73 1.85 11.94 .55 25.81 3.49 .902 
Sweet B ................... 27.00 2.21 14.21 .67 26.(19 5.28 1.379 
'l'o1Js~r .................... 31.93 2.59 16.79 .78 40.82 3.69 1.492 
Tdcksey ................... 19.61 1.56 lu.33 .47 15.73 5.34 .840 

---- --- -- -------
A \•erage .................... 24.51 2.00 12.90 .60 25.23 4.07 1.029 

It ·will be seen that the two periods do not cover exactly 

the same number of days, one being for 84 while the other is 

for 70 days, but since the daily average of nutrients con

sm11ed and yield of milk and butter fat were so much alike, 

the average of the two will be so nearly the actual average 

that such use is considered allowable. 
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TABLE XXII.-Giving Daily Average for 154 Days. 

\Vcight 

Period I, 8± days .... 95t 

Period II, 70 days ............... 958 

Total.. 1912 

Daily AYcragc ............. 950 

Daily for !vlaiutenauce* 

----

Daily a Yailab1c for n1ilk .. . 

Nutrients to 1 1b. 1nilk .. . 

Da; ER'I'IDLE NUTH.IEXTS. 

Protein 

2.01 

2.00 

·---

4.01 

2.00 

.l:l7 

1.33 

.051 

Carho-
hydrates 

12.03 

12.90 

24.93 

12.46 

6.69 

5.77 

.221 

Fat 

.53 

.GO 

1.13 

.5G 

.095 

.46 

.018 

101 

~Jilk 
Yic:lded 

26.96 

5'.2.19 

26.08 

2G.OD 

*At the rate of protein .07; carbohydrates .7 and ether extract .01 per cwt. 

From this it is seen that the daily average of nutrients 
available to a pound of milk did not differ materially from 
the Lehmann standard except that the herd returned a 
pound of milk for each .05 of available protein, being about 
60 per cent of the amount prescribed by the standard. The 
average per cent fat in the milk during the winter was 4.07, 
which is a trifle above the average quality in this country. 
The discrepancy in the amount of available carbohydrates 
consumed, per pound of milk yielded is greater than is indi
cated by the above comparison; because the standard pre
scribes 8 pounds per thousand pounds live weight for food 
of maintenance while only 7 pounds are allowed in this 
table. If this factor is applied to the Lehmann standard it 
makes an allowance of .27 of a pound of carbohydrates to 
a pound of milk. 

The herd came out of the winter in excellent condition 
and gave every evidence of having been amply nour
ished, and relurnecl a maximum yield of both milk and 
butter fat. The following winter, 1895-6 the herd was 
composed of, practically the same animals, received on an 
average a daily allowance of 2.59 pounds of digestible pro
tein, and its performance compared with the winter's work 
in review, was as follows: 
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TABLE XXIII.-Giving Daily Average of Nutrients Consumed and Milk and Butter 
Fat Produced during the Winters 1894-95 and 1895-6. 

fHGESTIBLE Nt:THIENTS. 

\\' t:igh t 
l'er Cent Butter 

Ycnr 
Cnrho- ) 

).Jilk Fat Fat 
Protein 

~·drntes i Fat 

-------

189-1-5 956 2 00 12..1.G 

I 

.56 26.09 4.10 1.0CT9 

1835-6 98ll 2.59 12.2-1· .68 25.71 3.93 1.011 

- --

The data thus far submitted give strong evidence that 
the amount of protein prescribed in the feeding standards is 
greatly in excess of the amount actually needed. The co"\,-s 
:yielded more milk and butter fat during the winter they re
cci ved 2 pounds of protein daily than they did the winter 
following "\Yith a daily allowance of 2.59 pounds. 

Since the herd returned its maximum yield and neither 
gained nor lost in live weight during the winter of 1894-5, it 
may be assumed, for the time being, t!tat tlw Lelwwnn JiiOd(fi
,.,tf :on }Jl'U8CJ'lOe.o nw1·e nutrients tl1an (!J'e needed. 
'.!. ARE THE LEI-L\L\.N:\' FACTORS APPLICABLE TO ANY AXD 

ALL GIUDES OR QUALITIES OF 1\1ILK YIELDED? 

Inquiring into the question as to the standard being ap
plicable to any grade or quality of milk, a table is compiled 
from the records of mature cows in the herd, wlw8e produeti1ue 
jilill'C/'8 laul 11een rlel'eloperl to tlwfr feediny capacity oy careful 
r~e11iny aml lwwlliny for sCi'eml y1!a1"~, giving the per cent of 
butter fat in their milk and nutrients required per pound of 
milk yielded. 

TABLE XXIV.-Giving Available Nutrients Consumed per Pound of Milk 
Yielded by Mature Cows. 

::::_ 

I Per Cent I Protein 

I 
Carbo- Ether 

Total 
' 

Fat 
! 

hydrates Extrncl 

I Countess .. ················ 2.5 .036 .1n .01:.! .208 
I 

l,.(Jtl ······•····· .................. . . . . . I 3.7 .040 .20 .014 .254 

' Topsy .......... 

::::::::::::::::.:.::::! 
3.7 .042 .20 .014 .256 

< JJi,·e . . . . . . . . . . . 4.0 .044 .22 .016 .280 

Sweet Briar. ....................... 5.0 .052 .24 .(II 8 .310 

}lousto11 ............................• 5.5 .057 .26 .019 .336 

By this table it is clearly shown that the amount of 
nutrients to a pound of milk increases with the increase in 
the quality of the milk, but not in the same proportion; for 
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Countess gave milk containing2.5 per cent of butter fat and 
used .208 of available nutrients while Sweet Briar gave milk 
containing twice as much butter fat but did not req nire 
twice as much protein or other nutrients. The same is the 
case with the other cows. The table also shows that in 
formulating a ration the quality of milk yielded should be 
considered, as well as the quantity. 

Incidentally the table, which is the daily average of 154 
·consecutive days' work, clearly indicates that other things 
being equal, the richer the milk the more economical is the 
1)rocluction of butter fat. It has been shown that the richer 
the milk in butter fat the more nutriment is required. In
deed it could not be otherwise, for the per cent of solids in 
the milk increases with the increase in butter fat, and the 
rate of increase in energy in rich milk is even greater than 
the increase in solids, because the richer the milk in butter 
fat, the greater the per cent of fat to solids not fat. 

To show the rnte of increase in nutrients required fo'r the 
production of a pound of milk of different quality, the records 
of Houston and Countess are employed: 
TABT.E XXV.-Showing Difference in Nutrient Requirements for Milk Testing 

High and Low in Butter Fat . 

Protein I Per Cent Fat I 
in 1\Iilk 

.057 

-----------~1 ,---
Houston ....................................... \ 5.5 \ 

.03o 

.021 

Countess...................... .. ........... / 2.:> I 

Difference for 30 tenths ................. \ 3.0 1----I 
.0007 

Carbo- I Ether 
hydrates I Ex tract 

.26 .01 ~) 

.10 .01::! 

.10 .007 

.0033 .00023 , I Difference for 1 ten th ..................... \ 

--~-'------'----~-----'--~ 

By this it is seen that in the production of the rich milk 
the additional nutrient requirements were at the rate of 
.0007 of protein, .0033 of carbohydrates and .00023 of ether 
extrad for each .1 per cent increase in per cent of butter fat. 

Taking the nutrients required for a pound of milk test
ing 2.5 per cent butter fat as a basis, and the nutrients re
quired in addition for each one tenth per cent increase, wc 
haYe the following table giving approximately the nutrients 
required for the production of a pound of milk of a giYcn per 
cent butter fat. 
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TABLE XXVI.-Giving Net Nutrients Used by Mature Cows for the Production 
of One Pound of Milk Testing a Given Per Cent Butter Fat. 

~lilk tcstln2' ................................................... 2.5 
....................................... 2.6 

······························· ......... 2.7 
............ 2.8 

................ .. ........... 2.9 
........................... 3.0 

.................................................. 3.1 

................................................. 3.2 

................................................ 3.3 

................................................. 34 
................................................ 3.5 

.................................................. 3.6 

.................................................. 3.7 
................................................. 3.8 

................................................. 3.!' 

................................................. 4.0 
·············· ........................... 41 
................................................. 4.2 

................................................ 4.3 

............................................. AA 
.................................................. 4.5 
................................................. 4.6 
................................................ ~7 
............................................... ~8 
................................................. 4.9 
................................................ 5.0 
................................................. 5.1 
............................................... 5.2 

.................................................. 5.3 

................................................. 5.4 
................................................. 5.5 

................................................. 5.6 
................................................ fi.7 

······· .............................. 5.8 
............................................. G.9 

.............................................. 6.0 

.................................................. 6.1 
················································ 6.2 
······················ ......................... 6.d 

................................................. G.4 

............................................. G5 

................................................... 6.6 
............................ 6.7 

················· .................... 6.8 
................................................... 6.9 
.................................................. 7.0 

Crl-t.:tlic:c:nts 1or Food of l'vfaintcnancc per cwt .... 

Protein 

.0362 

.0369 

.0376 

.0383 

.0390 

.0397 

.0404 

.0411 

.0418 

.0425 

.0432 

.U439 

.0446 

.0.J.53 

.04GO 

.0467 
0474 

.04!;1 

.0488 

.0495 

.0502 

.0509 

.0516 

.0523 

.0530 

.0537 

.1'544 

.0551 

.0558 

.056fi 

.0572 

.0579 

.0586 

.059~~ 

.06<10 

.0607 

.0614 

.Ofi21 

.0628 

.0635 

.Oti42 

.OG.J.9 

.0656 

.OGG3 

.OG70 

.OG77 

.07 

Cnrbohy- Ether 
drates Extract 

.164 .0124 

.167 .0126 

.171 .0128 

.17.J, .01:~1 

.177 .0133 

.181 .0136 

.184 .0138 

.187 .0140 

.190 .01.J.2 

.194 ,0145 

.197 .0147 

.200 .0149 

.204 .0152 

.207 .0154 

.210 .01:>6 

.214 .0159 

.217 .0161 

.220 .01G3 

.223 .01G5 

.227 .0168 

.280 .0170 

.233 ,0172 

.237 .0175 

.240 .0177 

.243 .0179 

.247 .0182 

.250 .0185 

.253 .0187 

.256 .0189 

.:.!60 .0192 

.2ti3 .•J194 

.2G6 .0196 

.270 .Ul99 

.273 .0201 

.276 .0203 

.280 .l)~l)6 

.283 .0208 

.286 .0210 

.289 .0212 

.293 .0~15 

.2H6 .0217 

.300 .021D 

.803 .0222 

.306 .0224 

.809 .022G 

.'313 .0229 

.7 .01 

The table is very closely in accord with the nutrients 
11"cd to a pound of milk yielded by the mature members of the 
herd not making material gain in body weight, except that 
it provides more than was actually used by the cows giving 
milk of medium quality, say for that testing from 3.5 to 4.5 
per cent of butter fat. In-the table given, .0007 of a pound 
of protein available for product was allowed for each .1 of 
one per cent increase in the per cent fat in the milk, while in 
fact, the difference was not so great between the lower 
grades of milk. 

To illustrate the nde of increase of protein used, per 
pound of milk yielded by the cows, as their milk was richer 
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in butter fat, after making allowance for protein needed for 
maintenance, the following deductions from the record are 
submitted, though it does not follow that the rate of increase 
-0f protein per pound of milk, as it increased in fat content, 
was actually needed. 

TABLE XXVII.-Showing Rate of Increase in Protein Requirements. 

Lou and Topsy, average ....................... . 

Countess .............................................. . 

Difference for ......................................... . 

Difference for each point ..... ................. . 

Olive .................................................... . 

Countess ............................................... . 

Difference for ........................................ . 

Difference for each point ........................ . 

S\veet Briar ...... ................................... . 

Countess ........... ................................... . 

Difference for ......................................... . 

Difference for each point ................... .... . 

Houston ................................................ . 

Countess .................. ............................ . 

Difference for ......................................... . 

Difference for each point ....................... . 

Per Cent Fat 
in Milk 

3.7 

2.5 

12 points 

4.0 

2.5 

15 points 

6.0 

2.5 

15 points 

6.6 

2.5 

30 points 

Protein to 1 
lb. Milk 

.041 

.036 

.005 

.0004 

.044' 

.036 

.008 

.0006 

.052 

.036 

.016 

.0006 

.067 

.036 

.021 

.0007 

As has been stated, the rate of increase of protein for the 
various grades of milk was based upon the difference per 
point between that used by the cow yielding milk contain
ing 2.5 per.cent fat and that used by the cow yielding milk 
testing 5.5 per cent, and more protein is prescribed for cows 
giving milk of medium quality than they actually used. The 
slight excess, however, is not a serious objection. 

The tables submitted show tlwt tlw quality of niilk 1's quite 
as im.pm·tant a.factor inform.u1atinya.feeding standard OJ' guide 
to.feeding practice, as quantity ofmilX· yielded. 
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3. ARE THE LEHMANN FACTORS APPLICABLE TO HEIFERS 

IN MILK? 

Heifers with first and second calf, covering the periods of 
their three and four-year old form, make considerable growth 
·which requires nutriment as well as does the elaboration of 

milk. If the feeding standard is based solely upon the fl.ow 
of milk and weight of cow, there will be a shortage of nutri
ment needed. It is obvious that heifers yielding milk similar 
in quantity and quality may differ in amount of nutrmient ac
tually needed, because they may differ in rate of growth, and 
on this account there will be a greater variation in nutri
ment required by different individuals than was found to be 
the case with mature cows. Since the ratio of nutrients re
quired for growth of body is practically the same as that re
quired for milk production, the extra amount of nutriment 
needed for growth should be provided for, with the nutrients 
needed for milk production and not with those calculated for 
simply food of maintenance. The factors used for food of 
maintenance for mature cows will, therefore, be applied ta. 
heifers. The following table gives a list of heifers in milk 
during the time covered by the record under review, which 
was 154 days, except in the case of Reddy, that came in four 
weeks later, and the nutrients required to a pound of milk 
after deducting the food of maintenance. 

TABLE XXVIII.-Giving Available Nutrients Consumed p_er Pound of Milk 
Yielded by Heifers. 

Lydia ................................. . . . . . . . . . . . . . . . . . 
Quieee .................................................. 

Tdcksey ..................... ························· 
Beckley ............. ·································· 
Reddy .................................................. 

Average for Heifers ........................ ..... 

A ,·erage for Mature Cows ................... 

Per Cent 
Fat 

3.5 

3.5 

5.1 

5.6 

5.2 

Protein 

.052 

.049 

.06_8 

.079 

.079 

.065 

.045 

Carbo
hydrates 

.25 

.24 

.33 

.37 

.38 

.314 

.213 

Ether 
Extract 

.018 

.016 

.023 

.027 

.029 

.022 

.0111 

:i 

j 
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The heifers used nutrients in proportion to the quantity 

and quality of milk yielded, the same as was the case with 

the mature cows, but they returned a pound of milk to .065 

of protein available for product, while the mature cows re
turned a pound of milk to .045 of protein; the heifers requir

ing nearly one-half more available nutrients to a pound of 

~ilk than did the cows. 
Again seeking the rate of increase in nutrients required 

for each .1 per cent increase in butter fat, between the aver
age amount of nutrients required by the heifers yielding milk 

containing 3.5 per cent of butter fat, and those yielding milk 

testing above 5 per cent, it is found to be .00125 of a pound 

of protein, .00567 of carbohydrates and .000432 of ether 
extract. Multiplying this by ten and subtracting the pro
duct from the nutrients used by the heifers yielding milk 

TABLE XXIX.-Giving Net Nutrients Required by Heifers for the Production 
of One Pound of Milk Testing a Given Per Cent of Butter Fat. 

Milk Testing ................................................ :1.5 
.. . ............................................. 2.6 

........... ..................................... 2.7 

................................................ 2.8 

................................................ 2.9 

................................................. 3.0 

............................................... 3.1 

................................................. 3.2 

............................................... 3.3 

................................................. 3A 

.............................................. 3.5 

.............................................. 3.6 

................................................. 3.7 

................................................ 3.8 

................................................ 3.9 

................................................. 4.0 

............................................... 4.1 

................................................ 4.2 

............................................... 4.3 

................................................. 4.4 

............................................... 4.5 

................................................. 4.6 

................................................. 4.7 

................................................. 4.8 

................................................. 4.9 

................................................ 5.0 

................................................ 5.1 

................................................. 5.2 

............................................... 5.3 

............................................... 5.4 

................................................ 5.5 

................................................. 5.6 

................................................ 5.7 

............................................... 5.8 

................................................. 5.9 

................................................ 6.0 
Coefficients for Food of Maintenance per cwt ..... 

Pi·otein 

.038U 

.0393 

.0405 

.n.i.18 

.0430 

.0443 

.04.55 

.04.68 

.0480 

.0493 

.0505 

.0518 

.0530 

.0543 

.0555 

.0568 

.0580 
,0593 
,0605 
,0618 
.0630 
.0643 
,0655 
.0668 
,0680 
,0693 
,0705 
,0718 
.0730 
.0743 
.0755 
.0768 
.0780 
,0793 
.0805 
,0818 
.07 

Carbo
hydrates 

.188 

.194 

.200 

.205 

.211 

.217 
-~22 
.228 
.234 
.239 
.245 
.251 
.256 
.262 
.268 
.273 
.279 
.285 
.290 
-296 
.302 
.307 
.313 
.319. 
.324 
.330 
.336 
.341 
.347 
.35'1 
.358 
.364 
.370 
.375 
.381 
.387 
.7 

Ether 
Ex tract 

.0127 

.0131 . 

.0135 

.0140• 
I .0144· 

.014& 

.0153 

.0157 

.0161 

.0166 

.0170 

.0174 

.0179 

.0183 

.0187 

.0192 

.0196 

.0200 

.0205 

.0209 

.0213 

.0218 

.0222 

.(1226 

.0230 

.0235 

.0239 

.0243 

.0248 

.02!)2 

.0256 

.0261 

.0265 

.0269 

.0274 

.0278 

.01 
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testing 3.5 per cent butter fat, gives approximately, that re
quired in the production of milk testing 2.5 per cent butter 
fat, which is .038 of a pound of protein, .1883 of carbohy
drates and .01268 ether extract per pound of milk yielded, 
from which is deduced the following graduated scale of ap
proximate nutrient requirements for the production of a 
pound of milk testing a given per cent of butter fat, bas~d 
upon the performance of the heifers in the station herd cov
ering a period of 154 days. 

The factors of nutrients required for the production of 
one pound ot milk by the heifer Reddy are not used in caku
la ting the rate of increase of nutrients because she made 
gain more than for normal growth, as will be seen from the 
following table, giving the weight at the beginning and close 
of the experiment. 

TABLE XXX.-Giving Gain in Weight by Each Heifer. 

Lydia Quidee I Tricksey Beckley Reddy 

At Cl use .............................. 1083 869 763 862 791 

At I~eginning ....................... 1014 785 723 839 747 

Totcli Gain ......... ................ 69 84 40 23 44 

})aily Gain .......................... .47 .57 .27 .16 .78 

The rate of gain made by Reddy shows why the nutri
ents consumed daily were not proportionate with the yield 

and quality of milk. Tricksey gave milk testing 5.1 per cent 
fat and returned a pound of milk to .068 of a pound of pro
tein, while Reddy gave milk testing only .1 of' a per cent 
higher returned a pound of milk to .079 of protein, showing 
that she converted part of the nutrients into body fat. 
Neither was she in milk during the earlier weeks of the ex
periment. The weights are the average of three weekly 
weighings at both the beginning and close, and for Lydia, 
Quiclee, Tricksey and Beckley they cover a period of 147 
clays, and for Reddy only 56 days. 

The data submitted show tliat lwfcrs rcqufre more nutri
ents per pound of milk yielded tlian do matnre c01cs. 

I 
., I 



I ~ 

I 

NUTRIEK:T HEQUII-mMEXTS 10!) 

OBSERVATIONS. 
It has long since been recognized that because of the dif

ference in composition of the various kinds of feed si. uffs no 
single standard of q)mposition for all feeds would be prac
tical, and yet, while there is as great a difference in the com
position of milks as tbere is in feed stuffs, there has been no 
adjustment of the nutrients in the ration to the quantity and 
character of the solids contained in the milk yielded, though, 
as has been shown, such an adjustment appears to be quite 
simple and practicable. If in formulating a ration it _is 
deemed necessary in economic milk production, to take note 
of the fact that one feed stuff contains 12 per co1t of protein 
and another 20 per cent, is it not equally important in our 
attempt to adjust the ration to the needs of the cow in milk 
production to also take into account the fact that one cow 
may give milk containing 3 per cent fat while that of anoth
u may contain twice as much? It would seem quite as coti
sistent to feed an animal food regardless of its composition 
as to feed an assumed balanced ration regardless ofthecom
position of the product which is to be elaborated from the 
nutrients in the food. 

Great stress has been placed upon the fact that the nu
trients in milk have a nutritive ratio of approximately one 
to fi,-e, and that therefore the ratio'h for a milch cow should 
have a similar nutritive ratio; apparently overlooking the 
fact that only about fifty per cent ot the ration is used in 
milk production and the balance for maintenance of body. 
If note is taken of the fact that about half the ration is used 
for maintenance and that the maintenance ration has a nu
tritive ratio of one to ten, it becomes apparent that for the 
production of milk of a\-erage quality by an animal of aver
age milk producing powers the nutritive ratio of the ration 
should be approximately 1: 7.5. But since animals vary in 
productive powers, and since this variation is not in pro
portion to weight of body, it follows that if rations are ad
justed to the actual requirements of animals the nutritive 
ratio of the rations will also vary, as will be shown. 

The author has used tables XXVI and XXIX for two 
years in class work with highly satisfactory results. The 
tables of nutrients required to a pound of milk ranging in 
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per cent fat from 2.5 to 6.5, are printed on pasteboard cards 
7x:Ph inches, and on the reverse side a table giving the nutri
ents in a pound of ordinary feeding stuffs. Given the daily 
_Yield of milk in pounds, its per cent of butter fat, and the 
weight of the cow expressed decimally, it is an easy matter 
to determine the required ration. As an illustration, sup
pose a mature cow weighs 825 pounds, gives 20 pounds of 
milk daily, testing 4 per cent butter fat. One pound of 4 per 
cent milk requires of protein .0467, carbohydrates .214, and 
of ether extract, .0159, multiplying these factors by 20 it is 
fonnd that for the production of milk she needs .934 of pro
tein, 4.28 of carbohydrates and .318 of ether extract. For 
food of maintenance multiply .07 protein, . 7 carbohydrates 
anc1 .01 of ether extract (maintenance formula) by 8.25 
\Yhich giyes protein .578, carbohydrates 5.78 and ether ex
-..:rnct .082; adding to this the nutrients required for milk 
procluction, \Ve have 1.51 of protein, 10.06 carbohydrates 
and .40 ether extract, the nutrients required in the ration. 
They should be supplied in such manner with reference to 
bulk that it will satisfy the appetite. A ration like this 
should be largely made up of roughage. 

But suppose a cow weighing 850 pounds yields 40 
pounds of 4 per cent milk daily, the required ration would be: 

Pro. C.H. Fat Pro. C.H. Fat 
(.0467-.214-.0159)x 40=1.868- 8.56-.636 
(.07 -.7 -.01 )x8.50= .595- 5.95-.085 

----------
Ration required, 2.463-14.51-.721 

A ration like this should be largely composed of grain so 
ithat it will not contain so much bulk that she will go off her 
.feed, and yet furnish the nutrients required. If a cow's ra
tion is adjusted in bulk with reference to her feeding capacity 
.and in nutriment content to the work she is doing, she will 
not be overfed nor go off her feed. A cow will not do her 
best unless she is so fed that she is satisfied, but the ration 
should not contain more nutriment than she actually needs. 
From this it follows that cows do not require a uniform nu
tritive ratio in their rations, but that it varies according to 
the quantity of milk yielded and weight of cow. 

r ' 
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To illustrate, let us take a cow weighing 1200 pounds 
and yielding 20 pounds of milk daily, and one weighing 850 
pounds yielding 40 pounds of milk, both testing 4 per cent 
fat. 

Pro. C.H. Fat 
Nutrients for 1 lb. of 4 per cent milk, .0467 .214 .0159 
Nutrients for 1 cwt., maintenance, .07 .7 .01 

For cow weighing 1200 lbs. and yielding 20 lbs. of 4 per 
cent milk: 

Nutrients for 20 lbs. milk, 
Nutrients for 12 cwt. maintenance, 

Pro. 
.93 
.84 

C.H. Fat 
4.28 .32 
8.40 .12 

Ration required, 1.77 12.68 .44 
Nutritive ratio, 1:7.7 

For cow weighing 850 lbs. and yielding 40 lbs. of'± per 
cent milk. 

Pro. 
Nutrients for 40 lbs. of milk, 1.87 
Nutrients for 8.5 cwt. maintenance, .59 

C.H. Fat 
8.56 .64 
5.95 .08 

Ration required, 2.46 14.51 .72 
Nutritive ratio, l:G.5 

But if the cow weighing 12 cwt. yields 40 pounds of 
milk per day and the cow weighing 8.5 cwt. yields 20 
pounds, the nutrient requirements for their respective rations 
according to table-will be as follows: 

Pro. 
Nutrients for40 lbs.of "J,percentmilk, 1.87 
Nutrients for 12 cwt. maintenance, .84 

Required ration, 2.71 
Nutritive ratio, 

Pro. 
Nutrients for 20 lbs. of 4percent milk, .93 
Nutrients for 8.5 cwt. maintenance, .59 

C.H. Fat 
8.56 .64 
8.40 .12 

16.96 .76 

·c.H. Fat 
4.28 .32 
5.95 .08 

Required ration, 1.52 10.23 .40 

l:G.8 

Nutritive ratio, 1 :7.3 

In prescribing rations upon the basis of flow and quality 
of milk and weight of cow and using the factors given in the 
table the nutritive ratio becomes a factor of very little im
portance the same as is the case with dry matter in a ration. 



11:2 INVESTIGATION IN MILK PRODUCTION. 

If the nutrients required or a given flow of milk are provid
ed for in the concentrates the food of maintenance may be 
secured by feeding at least a portion of the roughage ad lib. 
If the grain mixture has a nutrive ratio of 1 to 5 or 5.5 it 
will fairly meet the requirements. 

In adjusting rations for cows fresh in milk note should 
be taken of surplus nutriment stored in the body during the 
time that a cow goes dry. If she gained rapidly in weight 
a11c1 is well rounded out with fat she will be able to do nor
mal work during the first few weeks of her lactation on a 
light grain ration, for she will use the stored fat in generat
ing body heat and energy and may also use some in the 
elaboration of milksolids. So as this milking-down in body 
weight takes place the concentrates should be gradually in
creased so that she will be on full feed by the time she reaches 
her normal working weight. From then on the amount of 
concentrates should be as constant as the flow of milk will 
permit until after the sixth month of gestation when it 
should be gradually decreased so she will go dry during the 
seventh, when a couple of pounds a day will suffice. 

The deduction from the data indicates that the Wolf! 
feeeding standard for dairy cows is fairly correct in the aver
age amount of total nutriment required, but faulty in that it 
prescribes an excess of protein and in the assumption that 
cows need nutrients in proportion to their weight. 

That the Wolff-Lehmann standard is faulty in that it 
prescribes an excess of protein and other nutrients; does not 
designate the nutrients required upon a basis of a unit in 
weight of milk; does not recognize the fact that quality of 
milk yielded should be considered as well as quantity, nor, 
that heifers require more nutrients for a given flow of milk 
than mature cows. 

That the nutrient requirements in milk production depend: 
lst.-Upon the weight of the cow. 
2nd.-Upon the quantity of milk yielded. 
:~rd.-Upon the quality of the milk, and 
4th.-Upon the age of the cow. 
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The experimental feeding of the dairy herdfor the winter 
1901-2 was planned to secure more data for the further 
study of protein requirements in milk production. The sub
ject is one of great pecuniary importance to the feeder because 
food stuffs containing a high per cent of protein are expen
sive and if cows require less protein than the standards have 
prescribed, the fact should be definitely determined rn that 
farmers will not be led into incurring unnecessary expense in 
providing feed for their cows. 

The basement in \Yhich the dairy stock is kept is parti
tioned into four divisions, each of which will accommodate 
20 cows, and has two alleys, one running lengthwise through 
the middle and another crosswise, dividing the cows into 
four groups of five each. In the 1st division groups 1 and 2 
were fed ration I; groups 3 and 4, ration II; in the 2nd diYi
sion groups 5 and 6 received ration III, and groups 7 and 8, 
ration IV. The cows were not arranged with reference to 
this experiment, but were left for the winter just as they 
happened to stand when the experiment began. Since some 
were farrow, some far advanced in th~ir period of lactation, 
some to come in during the experiment and others fresh in 
milk, the records of all are not included in the principal ta
bles from which deductions are made. For tables cows were 
selected that were doing normal work. In the first division 
no disturbance of a serious character took place during the 
winter. But one cold night the door leading trom the sec
ond diYision to the third, \Yhich is a covered runway, was 
left open accidentally, and the cows were subjected to a 
draft, which gave some of them seyere colds, proving fatal 
in one case-Rose-and causing serious inflammation in the 
udder with another-Tricksey. But fortunately, with Rose, 
the cold did not take a serious turn until toward spring, 
when it was necessary to close her record a week before the 
end of the experiment. Tricksey's conclition was more crit-
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ical at thetime when the accident occurred, but being young, 
full of vigor and in good condition, she was soon again in 
good working order. 

It was intended to maintain a fixed ratio between grain 
and roughage for all the cows but in some cases a slight de
viation had to be made to feed each to her full limit. The 
directions were, to feed by weight five times as much corn 
silage as grain and half as much hay as grain, but in certain 
cases it was found necessary to deviate a little from this 
rule. On this account there is a slight variation in the aver
age nutritive ratio of the rations fed to cows in the same 
group. The rations were made up as follows: 
For Group I,-The grain was equal parts com, bran and 

gluten meal. 
For Group II,-The grain was corn and bran, 4 parts each, 

and gluten meal 1 part. 
For Group III,-The grain was equal parts com, barley and 

oats, except Letta, that received bran instead of oats. 
It was not known what the nutritive rotios of the sever

al rations would be because the composition of the feed 
stuffs was not known at the time the experiment began, but 
it was estimated that a ration containing 8 pounds of grain 
with the roughage accompanying it would contain of dry 
matter and nutrients as follows: 

TABLE XXXI.-Rations as Estimated. 

Du;ESTIBLE NLTTHIENTS 

RATION: Dry Nutritive 
.\latter 

Ether 
Ratio 

Protein C.H. Extract 

19.:~:2 :2.00 10.55 .5:1 1:5.8 

JI 19.:!H 1.6:2 1 tJ.66 .5:-{ 1 :1.:1 

Ill 19.2.J, 1.BI 10.95 .50 "1:8.8 

The estimated nutrient content of the rations was not 
made from the American table of average composition of 
feed stuffs but upon Minnesota averages taking into account 
the character of the soil upon which the roughage was 
grown and the condition of the weather during the growing 
season. By chemical analysis the rations showed the follow
ing composition: 

I' .. 
'•·· 

'11' .• 
'. 
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TABLE XXXII.-Actual Composition of the Rations Fed. 

RA TI OK 

Il 

III 

I 
I 
I 

I 

I 

DIGESTIBLE NUTRIE~TS 
Nutrith·e 

Ether 
Ratio 

Protein C.H. Extract 
----

2.04 11.79 .5:l 1:6.:: 

1.68 11.75 .G7 1:7.6 

1.:12 11.76 .50 1:9.7 

It will be observed that the rations contained more car
bohydrates than was estimated and were therefore a little 
wider than was intended, though theirprotein content fairly 
met expectations. 

The corn silage was grown in double drills requiring 
:about a bushel of seed to the acre, but the stand was not as 
good as was desired on account of some of the seed failing to 
germinate. In the rows the stalks were about 4 inches 
apart on the average and contained some small nubbins. It 
was planted about the middle of June and cut the last week 
in August. 

The hay was from bottom land prairie and was 0f poor 
quality, badly bleached and had little flavor, but on account 
of the small quantity fed, was all consumed. 

The beet pulp was not of good quality as some bad been 
too much exposed to the air which caused somefermentation 
to take place. The cows did not seem to take to it kindly 
and would probably have done better work without it. 

The composition of the food stuffs is given in the follow-
ing table: · 

TABLE XXXIIl.-Giving Percentage Composition of Food Stuffs as Determined 
by the Chemical Di vision . 

... DIGJ!STIDLE Drv Crude Ether Crude Car-
l\Ia:-t- Pro- bohv-

ter tcin Ex. Fiber dra€es . [ . I Ether 

---------- Proteml~~ 

Corn ................. 88.GO 11.00 4.60 2.41 6H.t:l 6.60 I 65.40 4.0:l 

Barley .............. S7 7~-1 14.1 ~· ~L36 7.25 60.:14 H.D:~ I 59.1~~ 2.~HI 

Oats ................. s's.so 1:LGH 4.47 I 12.~J~J 54 10 10.6S 43.72 ~~- 71 

Bran ................. SS.78 17.60 5.12 I 11.36 47.46 14.0:,i 35.D5 ~L~~I 

Gluten l\L ......... D0.47 :l6.06 :~.74 :i.11> 45.SS :l2.0D 44.44 ~~.47 

·Corn Silage ...... .'.24.G'..! 2.:~s .66 7.29 1" -•) 
-· j -

1.24 1 :i.:w .51) 

Prairie Hay ...... SD.10 5.7~ 2.02 :12.56 41.S\l 2.7:...? 4cL74 .D7 

Beet Pulp ......... D.D7 1.0'.2 .Of< 2.2D 6.23 .64 7.13 ,04-
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Feeding commenced with the morning of November 1 t, 
and continued without any change in feed until the morning 
of February 17th, from and after which a new supply of 
grain was fed and corn fodder was substituted for silage, 
and a new supply of prairie hay of poor quality was used. 
The tables of food consumed and milk and butter fat yielded 
are the daily averages for the eight consecutive weeks-be
ginning with December 30th and endingwith February 16th, 
except that the records of two cows in groups I and III ex
tend from 1 to 3 weeks into the fodder-corn period. 

TABLE XXXIV.-List of Cows. 

NAME Age BREEDING Date of Calving Remarks 
-------- ---______ , ________ --------
I>orrit ............ .... 9 
Euro1na.............. 4 

t;:~~ii~<:::::::::J 1~ 
Trust .................. 

1

! 6 
Countess............. G 
Dora F.... ........... n 
Fay...................... :i 
Fly'!' .................. l:l 
I-I ouston..... .. . . .. . . G 
Pride................... G 
1 >elle II............... 6 
Klondike............. s 
l)llSS ......•............. 

J.~ose ................... . 
'I'ricks:r ............. . 
Letta ................. . 
Euron1a II. ........ . 
Duchess ............. .. 
I .. ceon1a ............. .. 
l .. ou ................... . 

9 
10 

5 
:i 
:l 
5 
4 
5 

Kora .................. 7 
Shorty................ 10 
Sweet BI"iar........ 1 7 
Trusty Lee...... '> 

Grade J erscy, 
Jersey, 
Brown s,viss, 
jersey, 
Jersey-Holstein, 
Jersey, 
l:Io},stein, 

September 6, 1901, 
October 16, 1901, 
December 14., 1901, 
January 19. 1902, 
January 4, 1902, 
November 12.1901, 
October 17, 1901. 
Uccetnber 12, 1901, 
November, lHOl, 

Ayrshire, I November18, 1901, 
Jersey-Guernsey, NoYemberl 7, 1901, 
Jersey, NO\·ember29, 1901, 
Grade Jersey, Decernber 3, 1!::101, 
Jersey-Holstein, April 5, 1901, 
Jersey, January 15, 1902, 
GradeShort-Hn. January 12, 1902, 
Guernsey, Decc1nberl2, 1901, 
Jersey, Nove111ber 6, 1901, 

" November 2, 1901, 

Holstein, 
Grade Jersey, 
Native, 
Guernsey, 
Jersey, 

October 11, 1900, 
[ August 3, 1901, 
~ J-'ebruarv23, 1901, 
j July 28, -1901, 

July 25, 1901, 
1

1 

December 9, 1901, 
Decemberl9, 1901, 

Aborted, farrow, 

Farrov..·, 
Farro\\·, 

-------

The records of all the cows are not used in the tables be" 
cause in order to make them comparable they must be under 
fairly similar conditions, especially as to time of lactation;. 
for the food or nutriment reqnired for a given product varies 
considerably in the early stages oflactation. Ent after 8 or 
9 weeks they become remarkably constant for an indefinite 

time unless interrupted by a new period of gestation. 
The following tables give the daily average consumption 

of food by the several groups and its dry matter content. 

1' 
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TABLE XXXV.-Group I, Giving Pounds Food Consumed Daily. 
The grain being equal parts of Corn, Bran and Gluten Meal. 

cows Grain Silage Fodder Prairie Beet Pulp Dry Matter Corn Hay 

Dorrit ............ 8 .,!.() 4 . 14.5 21.98 

Euroma ......... 7 35 3.5 13.5 19.32 

L'Etoilc ......... 7.8 11 10 4 9.7 20.5G 

Iris ................ 7.7 37 4 13.9 20.74-

Topsy ........... 8.6 25.75 6.7 4.5 15 23.7G 

Trust ............. 8 :rn 4 14.5 20.25 

TABLE XXXVI.--Group II, Giving Pounds of Food Consumed Daily. 

The Grain being Corn 4, Bran 4, Gluten Meal 1. 

Cows Grain Si1age Prairie Beet Pulp Dry 
Hay Matter 

Countess ....... ... ................. 9 44.4 4.5 17.2 24.64 

Dora F ................................ 9.9 48.7 5 13 26.'33 

Fay .......... .............. . ......... 7.1. 35.6 3.6 6.5 18.\)3 

Fly T ........... ······················· 7 39 4 3.9 7.7 20.20 

Ho11ston .............................. 8 32 4 5.2 19.07 

Pride ................. ................. 7 35 3.5 13 19.2G 

TABLE XXXVII.-Group ill, Giving Pounds of Food Consumed Daily. 

The Grain being equal parts Corn, Barley and Oats . 

Cows 

...... 1 

Grain Silage Fodder Prairie Beet Pulp Drv 
Corn Hay Matter 

----
Delle II. .... 7 35 3.5 8.75 18.79 

Klondike .......... 8 40 4 14 21.83 

Letta ................ 7 29.7 3.5 13 17.UJ 

Puss ............ .... 7.9 12.4 10 3.9 9.75 20.82 

Rose ................. 7.2 21.2 6 4 13 20.2\J 

Trickscy .......... 7.7 40 3.9 7.25 20.:'<9 

The quantity of fodder corn and beet pulp entered in the 
above tables is not the amount taken while these were fed, 
but the average for the whole period, so by multiplying them 
them by 56, the time covered, gives the total amount con
sumed. 

The following tables give the daily average of nutrients 
consumed and the pounds of milk, butter fat and milk solids 
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yielded during the period. Since a nutrient is something that 
nourishes, the term digestible seems superfluous and is there
fore not used, as nutrient refers only to that part of a food 
stuff \Yhich is digestible. 

TABLE XXXVIII.-Giving Digestible Nutreints Consumed and Products Yielded 
Daily by Group I. 

CO\YS 

l>orrit ............ \ 

Euro1na ......... ! 

L'Etoilc ......... I 

Iris ................ 1 

Topsy ............ i 
'frust ............ . 

Average ........ . 

Crude 
Protein 

2.10.J. 

1 .. -.;!7 

2.014 

1.!l75 

2.0lS 

2.U39 

Carbo
hydrates 

11.9!) 

12.17 

11.31 

1:~.64 

11.0S 

11.79 

Ether 
Extract 

.:17 

. .J.!l 

.f>3 

Milk 
Per 
Cent 
Fat 

Butter 
Fat 

Total 
Solids 

21.98 G.40 1.186 3.207 

21.30 G.47 1.16G 3.llS 

27.67 4.73 1.30!J 3,77'.J 

2f>.SS 3.:i4 .!ll6 3.176 

3}.77 3.U8 1Ji03 4.~U7 

32.00 4.134 1.484 4.246 

127.77 4.;).j, 1.260 3.737 

TABLE XXXIX.-Giving Digestible Nutrients Consumed and Products Yielded 
Daily by Group II. 

Cows 

Countess ... 

I>ora F .......... 

Fa~T··············· 

Fly T .......... .. 

I I0ustnn ........ 

l'ridc ............ . 

Average ........ . 

Crude Carbo
Protdn hydrates 

----------

1.'.l30 10.61 

1.4.'-'9 10.33 

1.~•3S 11.02 

1 .. >:i!l 10.40 

l0.62 

1.68.J. 

Ether 
Extract 

.G.i 

.70 

.51 

. ..12 

I Per I Milk ' Cent Butter 

-1·~~ 
36.3'.l 3 18 1.1:i7 

37.30 3.27 1.220 

26.23 3.f>2 .923 

30.13 3.93 1.li::i4 

23.2:; 4.9S 1.1.'i9 

30.3 l 4.42 1.33!) 

30.60 3.80 1.164 

Total 
Solids 

4.0GO 

4.22D 

3.042 

:L723 

3.261 

3.719 

TABLE XL.-Giving Digestible Nutrients Consumed and Products Yielded 
Daily by Group III. 

Cows 

llelle II .......... 

Klondike ...... 

Letta ............ . 

i>uss ............ .. 

Rose ........... . 

Tricksey ....... . 

.\verage ....... . 

Crude 
Prott"in 

1.221 

1.427 

1.261 

1.36.-; 

1.31() 

1.3.'i l 

1.322 

Carbo
hydrates 

10.74 

12.:i6 

10.1:; 

12.D4 

12.25 

11.Dl 

11.76 

El her 
Extract 

.48 

.:>6 

.46 

.48 

• .J.S 

.50 

J'.Iilk I !.,~;·t Butter 
Fat Fat 

27.S:i 4.00 1.11G 

22.7G 

1\J.22 

4.!l2 11.120 

:>.6ti 1.087 

31.S\l 4.69 1.4D6 

30.81 8.:iO .l.07i::i 

28.<'iO 4,20 1.HlS 

26.St 4.40 11.182 

Total 
Solids 

3.:i42 

3.073 

2.H74 

4.237 

3.72k 

3.68!) 

3.G24 

';; 

ri 
• ij 
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TABLE XLI.-Giving a Summary in Pounds of Digestible Nutrients Consumed 
and Products Yielded by the Three Groups. 

======-=-=-=-=-===============----- --

I. 

IL 

II T. 

Crude 
Protein hydrates Extr::ict Fat Fat 

Total 
Solids 

1 

Carbo- Et-her I Milk I J;_~~ I Butter I 
--- --- -- --- ---

:: ;; ;: 1:::~ I::: 1:::: 
2.03CJ 3.737 

1.684 3.71~1 

] .322 3.:i2-1· 

The amount of nutrients consumed daily other than 
crude protein by the different groups was remarkably simi
lar, groups I and II each receiving 12.32 pounds while group 
III received 12.26 pounds, being only .06 of a pound less per 
clay. Of protein, group I received 2.039 pounds daily and 
yielded 27.77pounds of milk testing4.54percent fat. Group 
II received 1.684 of prokin and gave 30.60 pounds of milk 
testing 3.8 per cent butter fat and group III taking ration 4, 
received 1.322 pounds of protein daily and returned 26.84 
pounds ofmilktesting4.4 per cent butter fat. Thesufficiency 
of the rations containing different amounts of protein can
not be measured by the quantity of milk yielded because the 
milks from the three groups differed in quality. The yield 
of butter fat is a better guide as to the productive virtue of 
the rations. Group I, that received 2,039 of protein daily, 
yielded 1.260 lbs. butter fat, while group II, with 1.684 of 
protein, gave 1.164 of butter fat and group III with 1.~~22 
of protein gave 1.182 of butter fat, showing that the differ
ence in the yield was not caused by the difference in protein 
supply alone, because croup III returned more butter fat 
than group II. Comparing the yield of milk and butter fat 
by the different groups with the nutrients consumed by each, 
it appears that a ration containing 1.322 of protein is prac
tically as potent in milk production as are the rations that 
contain 1.684 and2.039 pounds of protein respectively; that 
the product yielded bears a closer relation in quantity to 
total nutrients consumed than to the protein supply or 
nutritive ratio of the rations. 

In seeking for further light as to the sufficiency of the 
protein in the different rations, hy examining into the pro
ducts returned to available nutrients consumed, the follo\v
ing tables, taking into account the food of maintenance, are 
submitted: 
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TABLE XLII.-Giving the Weight of Cows in Group I, Total Nutrients, Nutrients 
for Maintenance, Nutrients Available for Products, and 

Nutrients to Products Yielded. 
-------·--

I hirdt .............. . 

Ettnllna ........... ·.· .. ·i 
LTtoilc ..... . 

\Yeight 

] I [ Net Nn trient~ to 
Nutrient~ I For 1\1ain- Net Nutri-

1 

1 Jb. 1 lb. 
Daily , tenance enls 10~lbs Dutter Total 

: : :: I ;, :; ' ::: I;~·~~ ;:: :·::· ~)02 

7SU 

1·-!..67 7.18 7.4U 27.07 G.72 1.9S 

I ri~ ................. . 103.J. 13.S2 S.OG fl.7G 22.27 G.29 1.Sl 

'J' ru~t .............. . 

1 G . .J.~J 7.18 U.31 2.J..6.J. 
I 

G.19 1.90 

13.63 Ci.12 7.51 23.45 
: 

5.0G 1.77 

D2 L' 

.\ \"t•rage .......... . suo 1-1.36 6.9.J. 7.42 26.72 
i 

5.89 1.98 

TABLE XLIII.-Giving the Same for Group II. 

Net Nutrients to 
Nutrients For Main- For Pro- 1 lb 1 lb. 

Daily tenance duct lO<!lbs Butt~r Total 
Milk Fat Solids 

Weight 

, _____ , __ _ 
C(111ntess .......... 10.J.0 16.18 8.11 8.07 22.18 6.98 1.99 

I>(Jr·a 1:;- •.•.••.••••.. 1197 17.33 9.3.J. 7,99 21.41 6.G4 1.89 

1~:t y .................. 780 12.33 G.08 6 25 23.81 G.77 2.05 

Fl.1· T ................ 8GO 13.08 G.71 6.37 21.65 5.38 1.71 

IIu11ston ........... 811 12 . .J.7 6.32 G.15 26 . .J.7 G.31 1.89 

I 'ride ... ! .......... 7fiD 12.G3 6 00 6.63 21 87 1~ 1.66 

---
. .\ n·rage ...... . . . . . I DUD 1..1-.00 7.09 6.91 22.59 I G.9.J. 1.86 

TABLE XLIV.-Giving the Same for Group ill. 

Net Nutrients to 

CROUP III \Vcight Nutrients FtoernManacien- For Pro- 1 lb 1 lb. 
Daily duct 100.lbs Butt~r Total 

__________ 
1 
______ 

1 
_____ 1 ______ 

1 
__ M_'1_k _F_a_t __ s_o_l_ic_ls_ 

Jlclk II ........... .. 718 12.45 

Klondike ......... . ~1+:l 

LcLta .. 71 (i 11.S7 

s:i-1. 14-.70 

J~o~e ............... . 

'l'rkkscy .... S7.J. 1:1.su 

5.60 

7.Bfi 

G.50 

7.7+ 

6.Si'i 

7.19 

G.29 

S.29 

G.29 

6.98 

24.i58 6.14 1.93 

31.61 G.42 2.3.J. 

3') -•) 5.78 ~.1~) 

2;,:~: I :i.G.J. 1.93 

20.43

1 

:i.84- 1.GD 

2.J. . .J.9' 5.S:l ~ 
------- ---- ----1-----1---- I 

..\ycrage ........... . S.J.G lil.GS n.no 6.98 2G 00 I :i.90 l.US 
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TABLE XLV.-Giving·the Averages of the Groups in Weight, Total Nutrients Dailv, 
Nutrients for Maintenance, Nutrients Available for Product, 

and Nutrients to Products Yielded. 

I Total For For Group '"t. Nutrients :rvrainten- Product Daily a nee 
' 

-- --- - -- ! 

Net Nutrients to 

100 lb•. 1 lb Butter I 1 lb Tot;il 
Milk Fat Solid' 

----1----1 -----

8HU 1-J..:lG G.9.J., 7.-1-2 ~G.72 Ci.80 1 1.~1 . ...:. 

11 DOU 1.J..00 7.0~) n.91 

III .'"-j.f-(j 1 :1_37 6.GO n.D7 '.JG.00 ;'"),90 
I ------ -------------~-------- -

By eliminating the nutrients calculated for food of main
tenance at the rate of Pro .. 07, C.H .. 7, and ether extract 
.01 per cwt., it is found that the cows in Group I, that re
ceived 2.039 pounds of protein daily, returned a hundred 
pounds of milk testing 4.54 per cent butter fat to 26.72 
pounds of net nutrients; that the cows in Group II, that re
ceived 1.684 pounds of protein daily, returned a hundred 
pounds of milk, testing 3.8 per cent butter fat to 22.59 
pounds of net nutrients, and that the cows in Group III, 
that received 1.322 pounds of protein daily, returned a hun
dred pounds of milk testing 4-.4 per cent butter fat to 2G.00 
pounds of net nutrients. That is, ration III having 1.32 of 
protein and with a nutritive ratio of 1: 9.7 appeared as po
tent for milk production as was ration I having 2 pounds of 
protein and a nutritive ratio of 1: 6.3, and that the nutrients 
required in milk production were proportionate with the 
quality of the milk yielded. 

Also, comparing the nutrients available for product >vi th 
the butter fat yielded, it appears that the nutrients required 
to a pound of fat were very nearly the same with each group, 
regardless of the protein supply, since the milk testing 4 5-± 
per cent required 5.89 pounds of nutrients to a pound of fat, 
that testing 4.4 per cent required 5.90 pounds of nutrients 
to a pound of fat, and that testing3.8 required 5.94 pounds 
of nutrients. 

Again, comparing the available nutrients in the rations 
with thetotal milksolids returned, it appears thatthe group 
of cows yielding milk testing 3.8 per cent fat returned one 
pound of milk solids to 1.86 pounds of nutrients, that the 
group of cows yielding milk testing 4.40 and 4.54 per cent 
fat respectively returned a pound of milk solids to 1. 98 
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pounds of nutrients; that is, the milk solids produced did not 
depend so much on the protein content of the rations, as 
upon the total nutrients, and the character of the milk solids 
\\·ith reference to the per cent fat to solids not fat. 

Since the group of cows that received the rations differ
ing in protein content, differed in live weight, it may be ot 

· in tcrest to note the amount of protein they received and 
dairy products returned relatiYely. 
TABLE XLVI.-Giving Protein Received and Products Returned Daily per 1000 

Pounds Live Weight. 

( ~1{01' l' \\'cigh l Protein ;\!ilk Per Cent Butter Solids 
Fat Fat Not Fat 

--------- ·----
~DO 2. :.!~J :n.20 -1-.;""i.J.. 1.41G 2.G71 

11 ~)( )~) 1.S;) :3:L!HJ J.SO 1.280 2.811 

111 S.J.G 1.;')fi :._u.12 4,4.() 1.397 2.7G8 

The cows in Group I returned 31.20 pounds of milk, 
those in Group II 33.99 pounds and Group III 31.72pounds, 
hut since the milk yielded by Group I contained4.54 per cent 
lmiter fat, that of Group II 3.8, and Group III 4.4, compar
iscm cannot be made in yield of milk. If account is taken of 
the fat content it is found that 31.20 pounds of milk testing 
+.il-t per cent fat are equivalent to 37.27 pounds testing 3.8 
per cent fat, and to 32.19 pounds testing 4.4 per cent fat 
and that Group I made the greater return. But since the 
excess of yield of Group I over II is 15 times greater than its 
yield is over Group III the discrepancy in yield cannot be 
:tscribed to a shortage of protein because Group III received 
less than Group II. In comparing the butter fat yielded by 
the three groups we find that Group I gave .235 more than 
Croup II and .018 more than Group III. There was also a 
prudnct of milk solids not fat ·which must be taken into 
:tccotmt. It will be seen that when this product is made the 
l;asis, results are just reversed; that Group II yielded .14 of 
a pound more than Group I and .043 more than Group III; 
again showing that the difference in yield cannot be due to 
the difference in the protein fed. 

A better comparison can be made by reducing the nutri
ment consumed daily by each group to a starch or carbohy
drnteequivalent by multiplying the ether extract by 2.4-see 
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Henry's Feeds and Feeding, Article 132-und adding the 
product to the sum of carbohydrates and protein, showing 
total nutriment consumed daily per 1000 pounds 1ive\\·cight, 
also multiplying the butter fat by 2.5 and adding the prod
uct to the solids not fat for total product daily, and giving 
the net nutriment required to a pound of total product. 

'TABLE XLVII.-Giving Pounds of Nutriment Consumed and Total Product Yieltled 
Daily per 1000 Pounds Live Weight and Net Nutriment 

to a Pound of Total Product. 

II 

Ill 

Total 
Nutriment.. 

Daily 

1G .. '<8 

1 G.28 

lG.88 

Total 
Prod net 

Daily 

G.208 

G.011 

G.2GO 

Nu lrimen L 
to l lb 

of Product 

1 .-lli 

l .-1-1 

1.-l·:i 

By this it is clearly shown that the three groups yielded 
dairy products in proportion to the nutriment available for 
product, and not according to protein supply, and that the 
amount of nutriment required to a pound of total product 
depended upon the ratio of butter fat to milk solids not fat. 

The following table gives the daily average ration fed 
during the three winters, reduced to a basis of 1000 pounds 
liYe weight; total nutrients and the Wolff standard: 

TABLE XLVIII.-Giving in Pounds Average Daily Ration Fed, and the Wolff 
Standard. 

YEAR 

18(J.l.-5 .................. .. 

Nutrients Datlv per 1000 lbs. r I 
LiYe \\reight 11 Total Nuiriti\c 

Protein h~cf:t~toe-s E~f~~~t /Nutrients I Ratio 

I ') G'' -1''---:-:-- --f.~)--1-1~ -=-6 -1---.-, -- )d :-~~· ·~· ~- ( ·:·d 
2.IHJ 1.\.0.3 ·"8 l;>.Sl 1.fJ.8 

1.no 1 :i.3:-i / .no 1 s.ss 1:7.7 

1 SH.J-C . .. 

1901-2 ................. .. 

'\Vol ff Stctnrlanl ............... .. -~.::-~~ 1--.+-u-~:;-~ -;~~.-:i --
---------·-----

Comparing the rations fed during the winters 1894-5, 
1895-6 and 1901-2 with the Wolff Standard we find little 
·difference so far as total digestible matter is concerned; the 
rations exceeding it by about .4 of a pound. They contain 
about 50 per cent more ether extract. The carbohydrates 
.also exceed those given in the standard, except for the win-
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ter 1895-6 when they fell slightly below it, but this was 
more than made good by the excess of protein. In the pro
tein 'Ne find the greatest variation; that fed during the win
ter of 1901-2 falling .6 of a pound below the Wolff Standard 
\Yhile one of the groups had .65 of a pound less and another 
. 9-±- of a pound short. The uniformity in total nutrients used, 
is especially noteworthy from the fact that the cows were 
not fed by the standard, but simply according to each ani
mal's needs, so far as amount of food consumed was con
cerned. Each cow was fed to her foll limit and shows that 
\ \' olff's finding in this respect was wonderfully in accord with 
the average needs of cows. The apparent defect in the Wolff 
Standard is in the amount of protein prescribed, and not 
licing applicable to the needs of the individual cow. 

TABLE XLIX.-Giving Net Nutrients to a Pound of Milk, and the Lehmann 
Factors. 

_N_E_·T_N_r_T_RI_E_xT_s___ 1,.;~l;)-Ci I lSQ.Jc.-.) ! lQOl- 2 I L~hmann 
· Factors 

2.09 --1---l~(-) -- ------
Prntdn Daily .......................... . 

I'1·otdn to 1 lb. ~Jilk... ...... .07G:> .O:il O .081 .. , 

Carllohydrates to 1 lb. Milk.... .20S:.! . .'..!'...!11 .1969 .2.J.UO 

Etlic·r Extract to 1 llJ. Milk .... .. .01 77 .0156 .oum 

.~:«,~.:!Net Nutrients .................. 1 

-- ---------- -----
.:W61 .289S .2500 .33QR 

Comparing the protein and other nutrients consumed to 
a pound of milk yielded 'vi th that prescribed in the Lehmann 
sta.ndard, it is found that each winter the cows used less of 
c:ach nutrient than the standard provides; and that in ap
plying the two standards, that formulated by Wolff comes 
nearer the average requirements. The Lehmann standard 
seems specially faulty in the assumption that it requires 
.mn of net protein to a pound of milk, and in not recogniz
inp; that nutrient requirements vary with the quality of the 
milk yielded. 

To make further comparisons in regard to the nutrients 
rcq uired in milk production a table is submitted giving the 
net nutrients used to a pound of butter fat yielded, the daily 
nYerage yield of milk and butter fat and the daily average 

,.i 
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gam or loss in body weight during the three periods under 
rev1e\\'. 

TABLE L.-Giving Net Nutrients to a Pound of Butter Fat, and Daily Yield of 
Products. 

------·-==-=--c::==----'-~====-=-=-=-=-:--=-======-

1 

1!'9:;-G 18U.J,·,"i i l ~IUl-=--
- ---- -------1---
Protein used daily tin 11)8.).................. 2.6:~ 2.09 1.QO 

Protein to 1 lb. Butler Fat.. .............. . 1.Ll20 

Carbohydrates to 1 lb. Butter Fat.. .. . !1.295 

Ether Exlrad to l lb. Butter Fat ...... . .G70 

1.244 

fi.39;"i 

..J,3.J, 

-~8.J 

----------1-----
Total ..................................... . 7.783 7.073 ~.007 

----- ---------- ----- -----1-----

Yield of Mille...................................... 2:i. 71 26.0U 28..-1-IJ 

Yield of Dutter Fat............................. 1.011 1.0GU 1.:.!02 

Daily Gnin or Loss in Body \Vcight.... +.20 +.12 

----------------'-------'-------------
Since no standards have taken butter fatand the quality 

of milk yielded into account, comparisons can only be made 
\vi th results obtained during the three winter's work under 
re·dew. '\Vhen the cows had a daily allowance of 2.63 
pounds of protein they returned a pound of butter fat to 
1.92 of net protein; when they received daily 2.09 lbs. they 
returned a pound of butter fat to 1.244 of protein and when 
they received 1.90 they returned a pound of butter fat to 
.885 of protein and that it required 7.785 of net nutrients 
to a pound of butter fat when receiving 2.63 pounds of pro
tein, 7.073 when receiving 2.09 and 5.907 when receiving 
1.9 of protein; that is, the greater the protein supply, the 
more nutrients were used to a pound of butter fat yielded. 

From the last sub-division of the table, it is seen that 
the winter the cows received 2.63 of protein they yielded 
daily 2.5.71 pounds of milk; when receiving 2.09 pounds of 
protein they gave 26.09 pounds and when receiving l.~) of 
protein they gave 28.40 pounds. But since the milks differed 
in quality the yield is not comparable, Lut the daily yield in 
butter fat was 1.011, 1.069 and 1.202 respectively; that is, 
the yield of butter fat, as well as milk 1 was inversely to the 
protein supply. In examining the record as to the gain or 
loss in weight of cows it is shown that the winter they re-
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cci\·ed 2.63 pounds of protein they made a daily average 
gain of .2 of a pound, when receiving 2.09 of protein they 
gained .12 of a pound and when receiving 1.90 they lost .13. 
of n pound daily. Whether the decrease in gain the second 
ycnr and the loss in weight the third year was due to the de
crease in the protein supply or for some other cause does not 
appear. But it is possible, it might be said quite probable, 
that it was due to the difference in the ratio of grain to· 
roughage. During the winter 1901-2 two-thirds of the nu
trients in the rations were provided by the roughage, while 
during the winter 1894-5, just half the nutrients were in the 
roughage, and during the winter 1895-6 less than half. The 
fact that the loss in weight during the winter of l 901-2 oc
curred with all groups indicates that the cows were required 
to take so much of the daily ration in roughage that the 
nutiient content did not quite meet the requirements of the 
co\\'S for the work they were doing and maintain their 
weight, though they ate to their full limit. 

Reviewing the results obtained, it appears-
That the rations having a nutritive ratio of ;t: 7.7 and 

1 : \l.7, respectively, were as effective in the production of 
milk, butter fat and milk solids as was the one having a nu
tritive ratio of 1: 6.3. 

That the protein required in milk production depends 
l1pon the quantity and quality of milk yielded. 

That in the production of butter fat, actually more 
hnt relatively less protein and other nutrients were required 
lo a pound of butter fat with cows giving milk containing a 
high per cent of fat than with those giving milk containing 
a low per cent of fat. 

That in the production of milk solids less nutrients were 
required to a pound with cows giving milk having a low per 
cent of butter fat than with cows giving milk having a high 
1)er cent of fat. 

It is not held that the decrease in the average daily yield 

anc1 increased nutriment required to a given product was 

caused by the increase in protein supply, or that the in
crease in daily yield and decrease in nutriment required to a 

gi \·en product was caused by the decrease in protein supply, 

.1 
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but that a maximum yield is secured at a mi~1imum cost of 
food by a proper adjustment of the amount of nutriment in 
the ration to the animal's needs for maintenance and for 
product yielded, and the bulk of the ration to its Jeeding 
capacity. An excess of nutriment in a ration does not seem 
to increase materially the flow of milk or yield of butter fat, 
but results in an increase in body weight and a relative de
crease in dairy products; while a diminished nutriment sup
ply resulted in a decreased gain in live weight and a relatfre 
increase in dairy products. The record for 1901-2 also shows 
that when a ration is short of nutriment because of excess 
bulk the cows maintained their flow at the expense of live 
weight, and that it was not because of the shortage of any 
particular component in the ration-for if such had been the 
case there would have been a decrease in the yield of milk 
because of lack of material for its production . 

• 
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fo;hed an equilibrium between the in-go of nutrients and out
go of dairy product. She was in good flesh when she calYed, 
a]](l having stored in her body a large excess of body fat and 
other substances, she was enabled for ten consecutive weeks 
to _\-ield more dairy products than the food supply would, 
under normal conditions, produce. The sudden shrinkage 
llic fonrth week in milk flow cannot be accounted for, but 
:111 examination of the record of the herd would probably 
show. Her average daily loss in weight during the first 42 
days was 3.33 pounds. The extra ten pounds in weight the 
9th week was probably caused by drinking more than the 
ordinary amount of water the day previous. 

The following gives a similar record of Pride, covering 
the first 11 weeks of her lactation. 

l'RIDE, CALVED NOV. 29th. 
TABLE LIL-Giving Weight, Nutrients Consumed and Products Yielded from 

1st-11th Week of Lactation. 

i Nt.TIHEXT~ DAILY PH:ODUCT YIELDED 
Nutrients to 

I 
1 lb. 

\\-EEK \\'EIGll'l' 

Pro-
C.H. Fat M'lk I Butter Total Butter Total 

tein 1 Fat Solids Fat Solids 
-- ----- -- -- --- ---- ----

1 :-;t ~-t.7 1 .:~o~' D.42 .-:1..7 :!H.7--J. [ 1.4'83 4'.288 3.09 1.07 

~tld t-:25 l .~~ :2:2 U.:l;i .±7 :ll.4'7 1.4'97 .J,,308 3.28 1.1.J, 

::1-d k'J') 1 . .J,t>S 10.27 .Gl :w.1.i, 1.4'58 4.198 4'.00 1.:l9 

Ith 8U.i 1.4'SG 10.4'0 .GO 32.0G 1.4'61 4'.213 4,18 1,.j,;) 

.-,Lh j,'-1,:J 
I 1.4'S<i 10 . .J..Q .GO :~i.ao 1.4'23 4'.11G .J,,.J,2 1.4'9 

j\th 77tl 1.012 HY.G9 .51 :i2.01 1.:!57 .J,.09.J, 4'.94 1.l).J.. 

~th 7t)'.2 1 .• 112 10.6Q .51 :rn.78 1.407 4'.124' 4.81 1.ll.J, 

·'-th 76;) 1.;)1:2 10.G9 .Gl :io.2.i, 1.:l23 4'.01() 5.10 1.GS 

Dth /()7 1.;)l !} 10.69 .31 2Q.10 1.228 3.925 5.4'8 1.71 

lllth /,)/ 1.G1:2 10.6Q .Gl :28.7G 1.270 3.819 5.36 1.78 

11 lh 7-J.7 1.:it 2 10.69 .Gl 28 28 1.241 3.684 5.54 1.86 

:\\"CJ':tgC .•• 1 .. 1G; 1 o.:is .Go :w.:1;-; 1.3G8 4.071 .J..10.J.. i.:1s7 

Pride weighed 847 pounds at the beginning of her lac
tation, received daily the first week 1.309 of protein, 9.42 
pounds of carbohydrates and .4 7 of a pound of ether extract 
and gave 29.74 pounds of milk, 1.483 of butter fat and 
+.288 milk solids, and returned a pound of butter fat to 3.09 
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pounds of net nutrients and a pound of milk solids to 1.07 
pounds of nutrients. Her decrease in weight was more 
gradual and contin11ed during the 11 weeks when she had 
lost 100 pounds. She did not sacrifice so much in weight in 
any one week as did Trust, nor did she yield products so 
much in excess of nutrients consumed. This was due to her 
temperament-not being so pronounced a dairy type. She 
is not as great a feeder as Trust and after the 5th week had 
reached her normal ration. As her weight decreased the 
nutrients required to a pound of product increased, but she 
had not by the close of the 11th week reached an equilibrium 
between the in-go of nutrients and out-go of product, for 
under normal conditions it requires over 6 pounds of nutri
ents to a pound of butter fat and about 2.45 to a pound of 
milk solids. During the 77 days covered by the record she 
lost on an average 1.4 ponnds per day and had not reachcr1 
her normal working weight. 

EURO!l:L\., CALVED OCT. 16. 
TABLE LIIl.-Giving Nutrients Consumed and Products Yielded from 5th-18th 

Week of Lactation. 

NCTRIEXTS D.l..ILY PRODUCT YIELDED I 
Nl''J'h'IEXT.S 

i 
TO 1 LB 

Weck Weight 

I Pro-1 I 
MHk ""''"I ''"'"' I "'"'''I ''°'•' ! tein C.H. Fat Fat Sollds !<at Rohds 

------. --
23.87 1.348 113.6GO 4.18 ~ .Ith 79!') 1.760 ! 9.:""i7 ! .49 

I ' 

~4.~6 1 1.390 I S.73~ ! 4.7.> 1.7G ' ' l)t11 807 1.84-7 ' 10.5:! .52 I , 
7th 812 ! 1.847 10.53 I .52 -3., :l 1.33G 13.63::> 14.91 1.8< > 

I 
! 3.521 8th 787 11.847 10.53 Ji2 22.9-1- 1.304 5.12 1.,'<9 
I 

9th 792 1' 1.79~ 9.95 . .1-9 22.06 1.311 3.-1-57 4.G.2 1.7ti 
I 

10th 800 1.821!\ 10.30 .49 21.31 1.283 ! 3.40!! 4.97 1.87 

11th 7R7 1.82"4 10.30 .49 21.38 1.188 3.1G1 5.4!5 :!.OS 

12th 772 
1

1.850 f 10.59 .50 21.38 1.101 2.90U 6.28 !.! . ;~ 1 

l:lth 772 1.8110 10.59 .50 21.76 1.126 3.179 G.1-l· 2.11 

14th ... 1.81\(i) 10.59 .50 21.94 1.150 3.221 fi.U8 2.1 (I 

15th 787 1.350 10.59 .50 21.21 1.19:! 3.211 5.70 2.11-

19th 78~ ' 1.850 10.'19 .fiO 20.93 1.198 3.1S5 5.(iD 2.10 
i 

17th 777 ' 1.850 10.59 .50 20.:16 1.1-G7 3.109 5 :-;7 2 :.!1 

18th 7S2 1.850 10.59 .50 21.2+ 1.HlG 3 ')'J..j. I - -·) :!.12 ·-- I .... -
--- -- ----- -- ---

1.83'1 J Ave. 7~D 10.42 .:>o 22 05 1.235 3.334 5.34 1.D8 
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Euroma came in four weeks beforethe feeding experiment 
began, so we have here a record covering a period from the 
:ith to the 19th week of lactation, leaving off the greater 
portion of the natural "milking down" period, so there are 
no such marked changes in weight as was shown in the ta
bles preceding it. As the period of lactation advanced the 
nutrients required to a pound of product increased and dur
ing the 14 weeks she used on an average 5.34 pounds of nu
trients to a pound of butter fat, while Pride required 4.104 
and Trust 3.79. She returned a pound of milk solids to 1.98 
pounds of nutrients, while Pride required 1.39 and Trust 
1.:14. This difference seems to be due to the difference in the 
rate of decrease of body weight and with Euroma, also, to 
the farther advance in lactation. 

DORRIT, CALVED SEPT. 16, 1901. 
TABLE LIV.-Giving Nutrients Consumed and Products Yielded from 9th-23rd 

Week of Lactation. · 

NUTRIENTS DAILY 

\Yeck \Vt. 

Protein C. H. Fat 

;)th I 897 2.111 12.03 .61 

11lLh HO!.:! :2.1.11 

J Ith ~102 2.111 

1 :.:th 897 2.012 

1::th 892 '..!.!J12 

1 I th !100 2.04-1 

1.-.th 912 2.076 

17th t--193 ~.07G 

l~th 89Ci 2.11-1· 

1:)~11 sn2 2.11-1 

'.2~lth 807 2.11.t 

:.:ht !llO 2.11.J, 

~~nd D10 2.11-!-

12.03 

12.03 

10.D7 

10.97 

11.:!3 

11.64-1 

11.6.J, 

11.64 

12.11 

I 12.11 

12.11 

12.11 

1 :.r.11 II 

12.11 

-:~"-~T!l;~- -- 2.08" -l~--::781 

.n1 

.fil 

.GG 

.GG 

.GG 

.SCi 

.GG 

.Ci7 

.G7 

.57 

.G7 

.G7 

PRODUCTS YIELDED 
NUTRIENTS 

TO 1 LB. 

Milk 
Butter Total Butter Total 
Fat Solids Fat Solids 

----1--- ---

25 60 1.489 3.953 5.23 

24.81 

24.8 t 

21.8.J. 

2:1.00 

22.GO 

!21.9G 

22.G1 

22.40 

22.37 

2 i.:rn 

21.17 

21.70 

1.-:1,77 3.821 fi.23 

1.477 3.821 5 23 

1.:!11 3.407 4.99 

1.aa7 3.501 4.92 

1.344 3.474 5.14 

1.258 3.391 5.70 

1.280 3.307 5.64 

1.180 3.189 6.18 

1.233 <l.233 6.34 

1.167 '3.163 6.71 

1.176 3.302 6.63 

1.137 3.138 G.77 

1.1.J.8 3.1:35 6.70 

1.168 3.181 G.Ci9 

-i--1 ''G- ., ·i-1 I - 0
-·- ~) u . .._ I .J.o~ 

1.96 

2.02 

2.02 

1.92 

1.87 

1.99 

2.11 

2.18 

2.28 

2.41 

2.47 

'.l.3G 

2.4-G 

2.45 

2.41 

2.19 

Dorrit calved September 16th so she wasin her 9th week 
of lactation on the 11th of November when the feeding ex
periment began, and the record covers her work from the be-

( 

) 

I .•. 
fir I •,. ,t 

:r.; ! 
, ·I 
~~: 

c.r 
r; 
I'' 

j1 ' 
i 

1i 

i~ 
:~ 
1;; 

;:j 
d 

h 
i,: 

): 
1· :• .. 
'· 

: 

/-: 

'.: 
i 

;.:: 
~ 



INFLUENCE OF STAGE OF LACTATIOl\. 

ginning of the 9th week to the close of the 23rd week. By 
taking the average weight of the first four weeks of the rec
ord and the last four, we find that she weighed 10 pounds 
more two \veeks before the record closed than she did two 
weeks after it began, being a daily average gain in weight of 
.10 of a pound; that she required only 5.23 pounds of nutri
ients to a pound of butter fat the 9th week, and the 18th, 
when an equilibrium had been obtained between the food 
consumed and products yielded, she required 6.34 pounds 
and for milk solids 2.41 pounds. From the 18th to the encl 
of the 23rd she required on the average more than the nor
mal amount, because some was diverted to gain in weight, 
though the excess was very slight. It will be observed that 
there was a decrease in the nutrients in the rations feel dur
ing G weeks of the experiment, this is the case with all the 
co\vs in the herd and was an unfortunate occurrence for the 
character of the work in hand. It was caused bv introduc
ing beet pulp in the ration and resulted in a de1;ression in 
both yield of milk, per cent fat content, and per cent of total 
milk solids. 

TABLE LV.-Giving Record of Klondike from the 29th-42nd Week of Lactation. 

·week Weight 

----
29th 952 

30th 975 

31st 972 

32nd 967 

33rd 952 

34th 942 

35th 940 

3Gth 945 

37th 940 

38th 937 

39th 947 

40th 947 

41st 950 

42nd 942 

A. ve. 951 

I 
NcTRIExTs 

NUTRIEXTS D.l.ILY PRODUCT YIELDED TO l LB 

I 
Pro- I [ . Butter I Toto.I Butter Total 
tein C.H. 1 Fat :Milk Fat I Solids Fat Solids 

1.330 II 11.:iG I .5G 22.37 ~ 13.080 ~ ~ 
1,429 12.62 i .GO 22.88 1.144 3.123 G.16 2.2G 

I I 
1.429112.62 I .60 ::!2.08 1.100 13.009 6 . .J.3 2.3.) 

1.330 11.56 ,:;:; 23.58 1.173

1

3.183 5.03 1.S:i 

1.362111.92 ·"" 22.41 1.177 3.142 5.4£> 2.0.1, 

1.426 12.27 .5£> 22.48 1.117 I 3.186 G.17 2.16 

1.426 12.27 i .:Jc> 23.00 1.084. 2.972 G.38 2.:~3 

1.426 12.27 .<"i5 .'.H.33 1.0GO 2.860 6.49 2.+o 

1.432 12.70 .i"i(j 22. 71 1.086 3.070 G.78 2..J.O 

1.4.32 12.70 .<>G I 23.2.J. 1.161 3.188 <L3-b 2.32 

1.432 12.70 .<><> 122.88 1.176 :-i.128 G.21 2.:-!3 

1.±20 12.56 ,::-;6 
1

22.23 1.094. 3.o:~g 6.5~~ 2.~:; 

1.420 12.:iG .56 12:;.14 1.14.J. 3.112 6.23 2.29 

1.432, 12.70 ~ 2J.48 1.1:33 3.221 G.:_~7' ~ 

11.409 J 12.3G .. >G J 22 4D 1.129 3.09.J. G.12 2.23 

•. 
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The record of Klondike affords most excellent data for 
the study of nutrient requirements near the close of a year's 
lactation. The food given was quite constant as to quanti
ty, showing that the bulk of the ration fairly met her feeding 
~·cqiacity, and that there was no shrinkage in the flow of 
milk or yield of butter fat, shows that there was no serious 
lack in nutriment, though there was a slight shortage to the 
:\7th week, as is shown by the weekly weighings. Her aver
ag·e weight the first four weeks was 966, and the last four, 
~l-H), being a loss of 20 pounds in 70 days. The nutrient re-
11nirements to a pound of butter fat and milk solids were as 
uniform as could be expected, in view of the constant varia
tions that occur in the percent fat in milk. During the 29th, 
:;'..?nd and 33rd week there was a decrease in the nutrients to 
a nound of butter fat and milk solids, but this wa$ due to a 
reduction in the feed. The food was increased during the 
:w th and 31st week and decreased the 32nd. With the in
crease of feed she decreased in product and the 32nd -..veek 
she gained in milk and butter fat on the diminished ration, 
but this was the residual effect of the over-supply of nutri
ment the week previous. 

A similar result is observed with Duchess the 70th and 
71st week of lactation. There was a decrease in butter fat 
the 33rd, when the feeding of beet pulp began, to the close 
of the 36th week. This decrease was checked by adding 6 
pounds of pulp to the ration~ but when it became necessary 
to reduce the ration the 40th week, a diminuation in butter 
fat again occurred, but with a gain in weight. A careful 
study of the food supply, product yielded, and nutrients re
c111ired to a given product, shows tbattbe food provided was 
Yery close to her actual requirements. Special attention is 
invited to the daily protein supply, being on an average 
1.409 pounds and leaving only .743 of a pound of protein 
available for product and she returned a pound of milk to 

.03 of protein, while the ·wolf-Lehmann standard prescribes 

.08. The average test of the milk during the time covered 

by the record was 5 per cent. Table XXVI in the 2nd Article 

gives the nutrients used to a pound of 5 per cent milk .053 

1wotein, .24-7 corbohydrates and .018 of ether extract. 

Ii 
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Klondike returned a pound of milk to .03 protein, .253 car
bohydrates and .020 of ether extract. She received .303 lbs. 
net nutrients to a pound of milk and lost .29 of a pound 
daily in body weight, while the table referred to prescribes 
.318 of a pound of net nutrients to a pound of milk. For 
the present it is not recommended that cows should be fed on 
a ration having so little protein, that is, with a nutritive 
ratio of 1:10, for it might ultimately cause a depression in 
milk giving functions and deterioration in dairy tempera
ment in the off.spring. However, as yet no ill effects have 
been manifested from feeding the wide rations. The most 
surprising feature is a shrinkage in weight with wide rations 
as shown in Table L. 

DUCHESS. 
TABLE LVI.-Giving Nutrien.ts Consumed and Products Yielded by Duchess from 

her 58th-7lst Week of Lactation. 
----------=-----_-_-cc-=-=-========-=-=-=--==-=-=-=-==:.==-==· =-==-==-== 

\Veek 

5Sth 

59th 

GO th 

Glst 

6'.lnd 

6ilrd 

I NUTRIE'.--Ts IJ 'ILY" .l.'cTHIE~Ts I _, -~--. PRODUCT YIELDED 'l'O 1 LB 
\\'eight 

! tein C.H. ! Fat Milk Fat ! Solids Fat Solids 
Pro- I I . Butter i Total Butter Total 

----1--1--1-- ----

i 1.2541 9.6'.l .45 13.83 .856 2.167 5.74 2.'.l7 

I 1,509 10.63 .53 13.36 .871 2.160 7.09 2.SG 
l 

8')') 

8il'.l 

830 

835 

SGO 

1.25± 9.62 .45 13.G3 .844 2.1+7 5.7:3 2.2G 

1.254. 

1.267 

1.286 

9.62 

9.76 

9.98 

.45 

.45 

13.53 

13.33 

12.41 

.821 I 2.117 

.871 12.146 

.798 1.970 

5.82 

5.Gl 

6.37 

•) ..,,... 
-·-' 
2.28 

2.57 

64th 83G 1.231 9.39 .42 12.77 .784 1.966 5.78 2.30 

63th 820 1.231 9.39 .42 13.48 .74.1 1.94.4 6.26 2.:l\1 

G6th 807 I 1.257 9.68 .43 13.52 .7~1 1.974 6.7-1 2.53 

()7th 

GS th 

69th 

70th 

71st 

812 

S')'> 

825 

822 

I 1.257 9.68 

l i.25711 !J.68 

1.257 9.68 

1.512110.69 

• 1.257 9.68 

.43 113.63 

.43 . 14.18 

.43 

.51 

.43 

i 13.87 

l 14.23 

15.17 

.684 1.919 7.36 

.788 2.147 6.29 

.770 2.018 6.41 

.773 2.060 S.15 

.854 2.278 5. 78 

--------~-1--1-- ---- --

2.G2 

2.31 

2.45 

3,06 

2.17 

Ave. 837 11.292 j 9. 79 .45 13.63 .800 2.073 6.35 2.-t..i 

The heifer Duchess aborted and was in her 58th week of 
lactation when the feeding experiment began. Her average 
weight during the fint three weeks was 828 pounds, and the 
last three, 824 pounds, being a decrease of only 4 pounds, 
taking the three first and three last weighings as a basis. 
There \vas, however, quite a change in her weight, gradually 
increasing to the 63rd week and then decreasing to the 66th 
\Veek and this was probably due to the reduction in her feed, 



lNVJ!;i::>TIGATlON lN MILK PRODUCTION. 

for when it was increased she regained her weight. The de
crease in total nutrients at this stage of the experiment was 
due to the reduction in silage and at attempt to replace it 
it with beet pulp. The change in the amount of nutriment 
was due to the addition of 4 pounds of pulp and resulted in 
an increase in the flow of milk, but there was an abnormal 
depressionin the fatcontentwhich raised the nutriment used 
to 7.36 pounds to a pound of butter fat. The increase in 
11 utriment the 59th and the 70th week was due to an error 
in feeding 7 pounds of grain instead of 5, the amount as
sig·ned to her. Duchess and Leeoma were the only cows in 
the herd that were feel according to yield of milk and butter 
fat, and the result was that both returned butter fat and 
milk solids for the normal amount of nutriment regardless 
of advanced stage of lactation. Duchess returned a pound 
of butter fat to 6.35 pounds of nutriment, while Leeoma re
quired .14 less; though this would naturally follow because 
Duchess' milk contained more solids not fat, and on this ac
count she was enabled to return a pound of total solids to 
2.-±5 of nutriment, while Leeoma used 2.47. 

LEEO~IA, ABORTED AUG. 3, 1900. 
TABLE LVII.-Giving Nutrients Consumed and Products Yielded from 119th-132nd 

Week of Lactation. 

I 
NUTRIENTS DA.ILY PRODUCT YIELDED NUTRIENTS 

TO 1 Lil 
\\'eek "\Veight 

I Pro-1 [ Milk 
Bntter i Total Butter Total 

~C.H. 1~ Fat I Solids 1;·at Solids 
- ---

8G5 I 1.12G I 9.12 I .-J.1 .610 ! 1.523 2.41 1 l fJth S.90 G.03 
i 

1 20th 902 '1.12G 
1 

9.12 .41 G.UG .G23 l 1.5G5 5.82 2.32 
i 

! 21st 902 1.12G 9.12 .4-1 8.88 .604 1.519 6.00 2.3G 

l '..22nd 900 1.03() 8.18 .38 8.77 .607 1.499 4.25 1.72 

123rd 900 1.139 9.26 .4l 8.Gl .598 1.484 6.34 2.G5 

1 :!4th 902 1.158 9.48 .41 8.27 .583 1.420 6.89 2.82 

1 '.2:lth 8()0 1.071 8.54 .38 8.47 ,541 1.355 5.64 2.25 

1 '.:6th 882 1.103 8,89 .38 8 31 .554 1.372 6.30 2.55 

1 '.!7th 895 1.129 9.18 .39 8.61 .546 1.398 6.81 2.66 

1 '.28th 900 1.129 !) 18 ,39 8.7G .553 1.387 6.6:> 2.G5 

I '.29th 905 1.129 9.18 .39 8.!)3 .580 1.456 G.27 2 .. )0 

i::ot11 902 1.129 !J.18 .39 8.94 ,;')91 1.47G 6.21 2.48 

1 :ast 887 1.257' !J.G8 .43 9.11 .587 l.G18 · 7.57 2.D3 

132nd 890 1.129 !J.18 .39 9.44 .604 1.r>5S 6 ')'l 2.41 

---- ------ ------
Ave. 896 1.128 9.09 .40 8.78 .584 1.467 6.21 2.47 

.,. 
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The foregoing table covers the record of the daily aver
age for each week beginning with the 119th week of lacta
tion to the close of the 132nd week. \Vhile there was some 
variation in the weight from week to week there was no 
marked gain or loss. Twice herfeed was reduced, the 122nd 
and 125th, the latter time it covered two weeks. The 127th 
it was again raised and for 28 consecutive days there was 
no change. It was then raised and the \veek following it 
was again found necessary to reduce it. She maintained her 
Bow in milk but there was a i;light decrease in lmtter fat. 
\Vhen her feed was lowered she used less than the normal 
amount of nutrients, about 6 pounds, to a pound of butter 
fat yielded. During the 13lst week of lactation when her 
feed was raised, she returned a pound of fat to 7.57 pounds 
nutriment and did not increase in yield of fat, but the week 
following there was a slight increase. Notwithstanding 
that the record covered a period from the 119th to the 
132nd week of lactation she required only 6.21 pounds of 
nutriment to a pound of butter fat and 2.4 7 to a pound of 
milk solids being the normal amount required by cows when 
no change in body weight takes place. 

BESS, CALVED JULY 9, 1897. 
TABLE LVIII.-Giving Nutrients Consumed and Products Yielded from 237th-248th 

Week of Lactation. 

NUTRIEXTS DAILY PRODUCT YIELDED NUTRIENTS 
TO 1 LB 

·week Weight ---
Pro-

C.H. 
Ether 

Milk I Butter Total Butter Total 
tein Ex. Fat Solids Fat Solids 

---------- ----
2:~7th 1050 1.770 10.8G .57 14.00 .690 1.9G 7.2G 2.60 

2:i8th 10()5 l,71G 11.00 .G5 12.77 .661 1.83 7.51 2.70 

:.!:~Qth 1-072 1.897 12.09 .58 14.30 .690 1.98 8 99 n.53 

240th 1075 1.897 \ 12.os i .GS 114.~3 I .723 2.03 8.54 3.04 

24·1St 1075 1 897 12.09 .58 14.:>l .696 1.99 8.87 3.10 

24:-2nd 1077 1.897 12.08 .GS 14.97 .698 2.05 8.54 3.00 

243rd 1085 1.873 11.70 .G7 15.48 .718 2.13 7.Ul 2.66 

244th 1085 1.873 11.70 .57 14 14 .698 1.96 8.11 2.90 

2--1-.Jth 
I 

110;, '...?.18'...? 1'...?.75 .G3 1:-3.41 .GS7 1.90 10.11 3.6ti 

2+nth I 1122 1.940 11 34 .5G 14.17 .703 1.93 ,,.... 'J') '·-- 2.G::1 

:.!47th I 1125 2.142 12.55 .6:l 15.5G .711 2.12 9.'..!0 3.0S 

'.2-1-:--:th 
I 
I 

I 
1130 1.904 11.1[) .5G lli.40 .7BG 2.lS G.52 '.2.20 

I 
-- ------ -- -- -- -- ~----

.\ve. 1088 1.915 11.78 .GS 15.89 .701 2.00 S.01 
I 

2.SD 



J::~ lNYE:::iTlGATlON lN 1llLK fi-tODTJCTION. 

In the record of Bess data are presented covering a peri
od from the beginning of the 237th to the close of the 248th 
week of lactation. It is not expect<d that in a cow, farrow 
so long, the lacteal functions would be very active, or that 
on full feed she would make normal return in dairy products. 
At the beginning of the record presented, she weighed 1050 
pounds and at the close 1130, being a daily gain of 1.04. 
Her daily yield of butter fat ·was . 701 of a pound and 2 
pounds of milk solids. She returned a pound of fat to 8.01 
pounds of nutriment and a pound of milk solids to 2.89 
pounds. She evidently received more nutriment than she 
needed for the work she was doing in the dairy and placed 
the surplus to her credit in gain in weight, though she made 
a slight gain in flow of milk, and yield of butter fat and milk 
~;olids. There was no attempt to feed her according to her 
yield, but she received full feed for the group she happened to 
be with during the winter of 1900-1, and the same data are 
used in different form in Bulletin 71. The ration was small 
in bulk and strong in nutriment when she was so fed that 
she was satisfied with the bulk; by the end of the week she 
would show signs of going off her feed because there was too 
much nutriment; when it was decreased in quantity by the 
end of the week she wanted more because it lacked in bulk, 
though the nutriment was ample. This made her receive a 
light ration one week and a heavier one the next, as is shown 
by the latter part of the table. Bess dropped her calf when 
she was two years old and this was in the fifth year of lac
tation. 
TABLE LIX.-Giving Stage of Lactation, Loss or Gain in Weight, Yield of Butter 

Fat and Total Solids and Net Nutriment to l lb. of Butter 
Fat and 1 lb. of Milk Solids. 

I 

Tnm I Daily I . ' . ' .. ;'ET . 
OF LAC'rATION 1 Gain ,DAIL\: YII:..LD NLIRn.rExT 

From To_ I' L{[:s !Butter Total Bu:~e~ ~!~~al 
i_,_v_ee_k_· _ Week Weig'tf~ Solids Fat Solids 

'['1·t1-st .......... -. -... -.. -.-......... -... !, Lbs. I Lbs. Lbs. Lb•. Lbs. 1st ltth ;-~.oo, 1.591 4.494 3.ni 1.3.J, 

Pride .............................. I 1st J 1th 
1
-1 . .J,O 11.31lS 4.071 +.10 1.39 

Eurorna ....... ··················! 
Ilorrit ........................... : 

I 

5th 18th '- .:~o 

1

1.23,, . :L33.J. 5.:~·t 1.98 I 
9th .'.23rd -1- .10 i l.265 :l.371 ,).H5 2.19 

I 

Klondike ........................ ' 

!Jnchess .......................... / 

Leco1na .......................... J 

Dess .............................. / 
I 

29th 4'.2nd - .<W 
1

1.129 :1.<>9.J. G.12 :.! .'...!;~ 
' 58th 71st - .U;): .800 '.2.073 6.3.> :.! . .+G 

119th 132ncl 
I 

.00 ,;'i84 
1.+671 

n.21 2.47 

237th 248th :+1.04 .701 2.000 8.01 2.HD 
I 

' 
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During the first eleven weeks one cow returned a pound 
of butter fat to 3.79 pounds of net nutriment, and lost daily 
in weight 2 pounds, while another cow required 4.10 
pounds and lost 1.4 pounds daily in weight. That from the 
5th to 18th week one required 5.34 pounds of nutriment to 
a pound of butter fat and shrunk in weight .30 of a pound 
daily; another from the 9th to the 23rd weeks required 5.8G 
pounds of net nutiment to a pound of butterfat and gained 
.10 of a pound daily; another from the 29th to the 42nd 
week returned a pound of butter fat to 6 .12 pounds of avail
able nutriment; that from the 29th to the 132nd week there 
was little change in nutriment requirements to a pound of 
butter fat, the range being from G.12 to 6.35 pounds, and 
that if a co\v is fed more nutriment than she needs normally 
for dairy products she will convert the surplus to gain in 
weight. During the early stages oflactation she may return 
more than twice the product that the net nutriment would 
provide for, unclernormal working condition of body weight. 
If a cow is in good condition when she drops her calf, the 
yield is largely in excess of the nutriment supply in the ra
tion, and will be in excess until she has milked clown to nor
mal weight, after which the nutriment required to a pound 
of butter fat will remain quite constant for an indefinite 
time under proper management. 

It has been shown that the rate of decrease in lfre weight 
when cows are fresh in milk varies with different individuals, 
and that it gradually decreases as the period of lactation 
advances. Also that the excess of yield in dairy products 
decreases from week to \Yeek until the yield, especially of 
butter fat, is fully provided for by the available or net nutri
ment consumed; but that the excesss of yield in total solids 
is prolonged for a time after a stationary body weight is 
reached. To further illustrate this peculiar phenomena, and 
to show the average rate of increase in nutriment require
ments for a pound of butter fat and a pound of total milk 

solids, as the lactation period advances, a table is submitted 

showing the average weight after calving of 15 cows, their 

average weekly weight for the first nine weeks, their average 

daily yield of butter fat for each week and net nutriment to 
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a ponnd of bn tter fat and total solids; also the nutriment re
quirement for the three cows that were far advanced in lac
tation. 

TABLE LX.--Giving Average Weekly Weight of 15 Cows. Average Daily Yield 
of Butter Fat and Average Net Nutriment Required to 1 Pound 

of Butter Fat and 1 Pound of Total Solids. 

Lactation Weeks] 

1st 

'..!nd 

ilrd 

4.th 

5th 

nth 

7th 

.Sth 

9th 

Averai;:e Butter Fat 
Weight Daily 

9G6 i.us:~ 

917 1.36() 

900 1.323 

,,--• 11 1.2B:5 

873 1.259 

8G3 1.2B2 

SG5 1.202 

858 1.159 

8:i3 l .120 

Net Nutriment to 1 lb. 

Butter Fat Total Solids 

a 2,1. .92 

:~.GO 1·.1 :~ 

4..2.J. 1.;~;") 

4.71 1.:il 

G.38 l .G:l 

G.07 1 -·> .1-

G.18 1.7:> 
' 
6 2-t 1.81 

6.25 1.89 

-------------------------- ------
1 Cow 29tl) to .J.2nd .......... . 9G1 1.129 G.12 

1 Cow :"iSth to 71 st .... . 827 .800 2.-1-5 

1Cow119th to 1:;211d .. 8DG .5F:+ G.21 

The cows weighed on an average 966 pounds at the be
ginning of lactation and 853 the 9th week being an average 
daily loss per cow of 2 pounds. The first week they return
ed a pound of butter fat to 3.24 pounds net nutriment, and 
a pound of milk solids to .92 of a pound, and as the cows 
decreased in weight the nutriment required to a given pro
duct yielded increased up to the 9th week when a pound of 
butter fat was returned to 6.25 pounds of nutriment, but 
then the nutriment required to a pound of total solids had 
reached onlyl.89 pounds, showing that while an equilibrium 
had been reached between the daily nutriment supply and 
butter fat yielded, such was not the case with reference to 
the nutriment required to a pound of milk solids, for as will 
be seen by comparing it with the amount required by the 
three cows, ranging in lactation from the 29th to the 133rd 
week the normal requirement is 2.4 pounds. 

Again referring to Table LI, to show the product re-

( ,, 
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turned to net nutriment available for product by the cow 
Trust, the following table is given showing the daily aver
age consumption of total nutriment during each week for 11 
consecutive weeks, the nutriment needed daily for mainte
nance,that available for product, total product yielded daily 
and nutriment to one pound of product. The total nutriment 
corisumed daily is obtained by multiplying the ether extract 
taken daily by 2.4 and adding the product to the digestible 
protein and carbohydrates taken daily; and the total JJJ'O

dud yielded by multiplying the butter fat yielded by 2.5 and 
adding the product to the milk solids not fat yielded daily. 

·while butter fat may have a uniform energy value, cows 
differ ·with reference to the per cent fat yielded to solids not 
fat, and so even total solids cannot be employed as a cor
rect measure of product yielded. It is for this reason that 
an attempt is made to reduce the two products, solids fat 
and solids not fat, to a common energy value by the method 
stated. 

TABLE LXI.-Showing Disposition Made of Nutriment Consumed by Trust 
During a Period of 77 Days. 

______ ,,.-------··===I ===~====;=====:;====== 

I 

Nutriment Nutriment Total Lbs. of Net 
Week 

1st 

2nd 

3rd 

4th 

.Sth 

6th 

Ith 

8th 

8th 

10th 

11th 

Total 
Nutriment 

Daily 

11.02G 

12.81il 

11.782 

11.782 

12.174 

12.5;)6 

1~L84-G 

13.845 

14.337 

14 :l:l7 

15.fi92 

~~-e1~age ... 1-·---

for for Product Nutriment to 
;\laintenance Product Daily l l~r~~~gttal 

7.21:3 :i.s11 6.633 .57 

G.523 G.3SS 8.209 .77 

6.4G5 3.327 7.491 .71 

G.25G G.52G 5.973 .92 

6.217 5.957 6.679 .89 

6.201 6.353 6.803 .93 

6.123 7.722 6.524 1.08 

6.12:~ 7.772 6.711 1.15 

6.201 8.136 6.502 1.25 

6.12~~ 8.214 
I 

6.834 1.19 

6.12:1 • 9.469 i G.140 1.54 

·-1--------1--------

I I G.788 I G.774 j 1.00 

Special attention is invited to the gradual increase from 
week to week of the amount of nutriment consumed daily as 
the period of lactation advanced, except the second week, 
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when she received more than she could take any of the four 
weeks following, showing that she was over-feel the second 
week; that she varied considerably from week to week in 
the daily average of total product yielded; that during the 
first week she yielded 1 pound of product to .57 of a pound 
of nutrirnen t, being nearly twice as much product as she had 
nutriment available for product; that for six consecuti\·c 
weeks the product yielded was in excess of the available 
nutriment; that during the 77 clays, covered by the table, 
she had available for product 522.7 pounds of nutriment 
and yielded 521.G pounds of product; that the daily average 
of net nutriment was 6.788 pounds; the daily average of 
product yielded was 6.774,and returned a pound of product 
to practically a pound of net nutriment. 

While it is clearly shown that the cow was enabled to 
make greater return in butter fat to nutriment consumed, be
cause of having stored surplus body fat during the time 
that she was dry, the question suggested is, was it economi
cal, considering the extra nutriment required, to provide for 
the gain in body fat sacrificed. By referring to table LX it 
will be seen that it required about 6.25 pounds of net nutri
ment to a pound of butter fat, ·where cows had been in milk 
for some considerable time, and were neither gaining nor los
ing in body weight. During 77 clays Trust yielded 121.8 
pounds of butter fat and had during that time 522.7pounds 
of net nutriment, which, under normal conditions, would 
have provided for 83.6 pounds of butter fat. But she lost 
in body weight 140 pounds and produced 38.2 pounds of 
butter fat above the normal yield, losing 3.66pounr1s in body 
weight to each pound of butter fat yielded in excess of the 
amount provided for in the net nutriment. 

By making similar calculations from table LII to ~how 
the influence on yield of dairy products by decrease in weight 
of body, the following table is submitted. 

! 
I. 

' 'I' 

! 
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TABLE LXII.-Showing Disposition Made of Nutriment Consumed During a 
Period of 77 days by Pride. 

Total I Nutriment : N:ntriment Total / Lb1~; 0 '. Net 
\Veck Nutriment for for Product Nut tnlcnt to 

Dail\· I :Maintenance Product Dailv 11 lb. of Total 
- J P1·oduct 

--------- -------- --------
1st 11.857 G.G07 5.!.!50 G.Gl 1 .81 

2nd 12.000 6 . .J.3:5 5.fJG,) 6.553 .88 

3rd 12.062 6.412 G.:150 6.380 1.02 

.J.th 13.081) 6.279 6.807 6.404 1.0G 

Gth 13.086 6.100 G.98G 6.250 1.10 

tlth 1:!..J.2G 6 006 7.-±20 6.12() 1.21 

7th 13.42() 5.94.4 7,[)82 6.33.j. 1.19 

8th 13.42() 5.957 7.469 6.oo:~ 1.2-1· 

9th 1:l.426 5.98:~ 7.4..J.3 5,767 1.29 

10th l:l.4.2G G.903 7.521 3.724. 1.il1 

__ 11:___\~4.2G ~826 ~~·--5-·~ __ 1_:1_• __ 

Average ... [ 6.!.J2G 6,145 1.127 
I 

In the performance of Pride it can be again seen that 
cows do not take full rations in the early part of the lac
tation period, and that when a cow's temperament is such 
that she does not decrease so rapidly iri weight of body, she 
will more quickly reach a stage when she will take a full 
ration as did Pride the 6th week, but while she received a 
full ration the last six weeks, she had not milked down to 
her normal working weight by the 11th, and was then re
turning a pound of total product to 1.37 pounds of nutri
ment, while at the same stage of lactation Trust used 1.54 
pounds. By referring to table LII it will be seen that she 
decreased in weight of body more slowly and that she used 
more nutriment to a given product yielded, and that the 1·ate 
of decrease in weight of body has a bearing on the amount 
of nutriment required in milk production. During the 77 
days she had 533.3 pounds of nutriment available for pro
duct which under normal conditions would have provided 
for a yield of 85.3 pounds of butter fat. But she lost 100 
pounds in bodyweight and produced 105.3pounds of butter 
fat, being 20 pounds more than the nutriment provided for. 
She therefore sacrificed 5 pounds in live weight to each 
pound of butter fat yielded in excess of that provided for by 
the nutriment consumed. 
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It is not expected that by making any one product the 
basis of calculation the exact results from decrease in weight 
of body can be shown, because dairy products have not a 
common energy value, and becaui5e all the solids yielded in 
milk are derived eitherfrom the nutriment consumed or from 
the substances stored in the body, but it would seem to be 
more in accord with the natural order of things that nearly all 
the milk solids are the direct product of the nutriment then 
taken, and the maintenance and energy expended are charge
able at least in part to oxidation of body tissue. 

l\1aking similar calculations from the records of the cows 
Klondike, Duchess and Leeoma, that were made from the 
records of Trust and Pride, it can be approximately de
termined what the nutriment requirements are where no 
material change in weight of body takes places. 
TABLE LXIII.-Showing Total Nutriment Daily, Nutriment Available for Product 

aud Nutriment Required to a Pound of Total Product Yielded. 

----------

I Total 

l

'Nutritnent 
Daily 

Klontlike ........................ J Li.113 

Duchess.......................... 1 ~ 162 

Leeoma .......................... 11.178 

Nutrirnent 

Mainte-
nance 

7 . .J.18 

G.4;)1 

G.B89 

Daily for 

Product 

7.GDG 

5.711 

.J..189 

Total Lbs. of Net 

Product Nutriment to 
Daily 1 lb. of Total 

Product 
----

.J..788 1.60 

:l.278 1.7.J. 

2.3.J.:l 1.78 

.. --·-------!---- -------- ---- ------

Total....................... :l8 . .J.33 20.808 17.GD5 10 .J.O.J. 

--------- --- ------- ---------
Average................. 12.818 fi.9G3 5.8!)5 3..J.68 .1 1.69 

------~----------------------

From this it is seen that it required from 1.60 to 1.78 
pounds of nutriment to 1 pound of product. By referring to 
table LIX it will be seen that the cow Klondike was really 
loosing weight at the rate of about a quarter of a pound a 
day, and this had a noticeable influence on the nutriment 
she used to a pound of product. Her system had the alter
native of using the full complement ofnutrimentrequired for 
maintenance and shrink in yield of dairy product, or main
tain the yield and shrink in body weight, but it chose to give 
full return in dairy product and draw on body tissue to 
make good the shortage in the nutriment supply, showing 
how wonderfully responsive the dairy bred cow is to the de
mands of her lacteal functions. 

The record of the cow Duchess gives a further illustration 
of the influence of change in body weight upon the return of 

I 

J 
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dairy products to food consumed. In her case, as may be 
seen by referring to table LIX, the slight daily loss of less 
than .1 of a pound in weight is reflected in the amount of 
nutriment required to a pound of product. There was 
doubtless a waste of nutriment during the 59th and 10th 
weeks of lactation because of the sudden increase in tbe 
rations fed during the two weeks. This is indicated by the 
fact that she stands charged in the table referred to, with 
6.35 pounds of nutriment to 1 pound of butter fat yielded, 
while Leeoma required only 6.21. 

Taking in to account the changes in the weight of the 
cows referred to, it is quite evident that it requires about 
1.75 pounds of available nutriment to produce 1 pound of 
product; that is, of the available nutriment, 43 per cent is 
expended ·in energy and 57 per cent is returned in the milk 
solids. ' 

Of the total nutriment consumed daily approximately 
54 per cent \Vas required for maintenance, 19 per cent for 
energy and 27 per cent was returned in the milk solids. 

Again taking the record of Trust during the first ten 
weeks of her period of lactation, showing the decrease in 
weight from week to week, the average daily nutriment 
available for product each week, the butter fat yielded, the 
normal daily yield, and average daily yield in excess, the. 
compensatory yield by virtue of a daily loss in weight of 2 
pounds is shown. 
TABLE LXIV.-Showing Decrease in Weight of Trust, Daily Average of Net 

Nutriment, Yield of Butter Fat, Normal Yield and Excess. 

Net Butter D.aily Dailv 
\Yeck \Yelght Nutri1nent Fat Normal Yield Excess Yield 

Daily Da\ly Butter Fat Butter Fat 

---- ---- ---- ----
1st 92:i 3 811 1.4t)2 .609 .8.J,3 

2nd 87.:) 6.:1ss 1.817 1.022 .795 

3nl 8.2;-) 5.327 1.7;)0 .852 .898 

.J,th 802 5.526 1.708 .88.J, 
I 

.82.J, 

5th 797 5.957 1.558 .953 I .G05 

Gth 795 6.3G5 1.573 1.017 

I 
.5G6 

7th 785 7.722 1.5.J,4 1.235 .309 

8th 7f'.G 7.722 1.531 1.23G 1· .296 
I 

.185 9th 795 8.13G 1.487 
1.302 I 

10th 78:> 8.21.J, 1.GlO ~114 -
.29G 

------ --------
Avcrnge ... 6.51G 1.603 1.042 I .GGl 
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The first week the cow received daily 3.811 pounds of 
nutriment available for product and yielded 1.452 pounds 
of butter fat. It bas been shown that the normal require
ments for a pouncl of butter fat is 6.25 pounds of nutriment 
and on this basis the nutriment available for product pro
,·ided for only .600 of a pound of butter fat and her daily 
~,·ield was .843 of a pound in excess. During the 70 days 
covered by the table she received daily on an average 6.516 
pounds of net nutriment and yielded 1.603 of butter fat-
1Jcing a daily yield in excess of that provided forin the ration 
or .561 of a pound. Since she decreased in weight on an aver
age 2 pounds per day, the excess yield of butter fat was .28 
ot a pound for each pound of body weight sacrificed, or a de
crease o~3.57 pounds body weight to a pound of excess 
yield of butter fat. 

The record of the 15 cows that came into milk from and 
after the 11th of November also gives some evidence in re
gard to the amount the daily yield of butter fat is increased 
1Jy virtue of the milking down of body weight, and the re
lation between the daily decrease in weight and excess yield 
or butter fat. 

TABLE LXV.-Sliowing Decrease in Weight, Daily Average Yield of Butter 

Fat. Normal and Excess Above Normal Yield. 

\\'eek \\'eight 

1st 966 

'.2nd D17 

3rd 900 

4th 877 

,-1th 873 

IJth 863 

Ith k(if) 

Sth 8El8 

~th 853 

Daily ~\verage ................ . 

Net 
Nutrirnent 

Daily 

4.648 

5.363 

5.989 

6.156 

6.500 

6.390 

G.Gll 

G.G3G 

G.011 

Butter 
Fat 

Daily 

1.369 

1.325 

l.29G 

1.259 

1.232 

1.202 

1.159 

1,120 

1.245 

Daily Normal Dailv 
Yield Excess Yield 

Butter Fat Butter Fat 

.744 .620 

.858 .467 

.958 .337 

.985 .274 

1.040 .192 

1.022 .180 

1.042 .11,-; 

1.045 .07Ei 

.962 .2s:; 

., 

,I 

;\ 
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The cows received daily on an average 6.011 pounds of 
digestible matter available for product, and yielded daily 
1.245 pounds of butter fat. The data already submitted 
shows that it requires 6.23 pounds of net digestible matter 
to a pound of butter fat, and upon this basis the nutriment 
proYided daily was only enough for a daily yield of .962 of 
a pound butter fat, while the ayerage daily excess yield per 
cow was .283 of a pound. Since the daily ayerage loss in 
body weight per cow was 2 pounds, the daily compensatory 
yield by virtue of decrease in liYe weight was at the rate of 
.14 of a pound of butter fat per pound of decrease in weight 
of body, being a sacrifice of 7 pounds of live weight to 1 
1)ound of butter fat yielded in excess of the yield provided 
for in the ration. 

The following deductions are made from the data sub
mitted: 

1. During the early stages of the period of lactation 
cows lose rapidly ii1 body weight; of 15 cows the average 
decrease per cow the first week was 49 pounds, and during 
56 days there was a daily average loss per cow of 2 pounds. 

2. During the time when the decrease in body weight 
takes place cows yield dairy product in excess of the amount 
provided for by the food consumed; the excess of yield de
pending upon the rate of loss in ·weight of body, in some in
stances it is more than twice the amount provided for hythe 
available nutriment. 

3. The excess yield of dairy products gradually decreases 
until about the 11th week when an equilibrium generally 
obtains between the nutriment consumed and dairy products 
yielded, though in this respect cows differ; those of a pro
nounced dairy temperament taking less time, while those 
not strong in dairy temperament decrease more slowly in 
weight and require more time to reach normal work in milk 
production. Before such equilibrium is reached the body fat 
and possibly other substances contribute directly or in
directly to product. 

4. The normal net nutriment requirements to a pound 
·of butter fat is approximately 6.25 pounds, with a slight in
-crease by cows yielding milk containing a low per cent butter 
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fat, and less with cows giving milk containing a high per 
cent of butter fat. 

5. The normal net nutriment requirements to a pound 
of milk solids yielded is approximately 2.4 pounds with a 
slight increase with cows yielding milk rich in butter fat and 
less with cows giving milk containing a low per cent of 
butter fat. 

6. When the daily nutriment available for prodnct and 
the products yielded daily are reduced to an approximate 
common value of energy, it is found that it requires about 
1.75 pounds of available nutriment to 1 pound of product; 
that is, of the available nutriment, 4~~ per cent is expended 
in energy and 57 per cent is returned in the milk solids. 

7. The daily yield of butterfat in excess of the nutriment 
supply, by virtue of an average daily loss per cow of 2 
pounds in body weight, was .283 of a pound, being a sacri
fice of 7 pounds in body weight to 1 pound of butter fat 
yielded in excess of that provided for in the ration. 

8. When the normal working condition of body weight 
is reached, the nutriment required to a pound of butter fat 
and a pound of milk solids remains quite constant for an in
definite time unde°r proper management. 
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