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A. STUDY WITPL HIGH AND LOW FAT RATIONS 
FOR DAIRY COWS 

INTRODUCTION 

Of late years much attention has been directed to the quality of 

roughage fed the dairy cow. The attention has greatly increased owing 

to the economic need of reducing milk production costs and, also, that 

heavy grain feeding is not often the most economical method of obtain- 

ing maximum milk production. 

In the irrigated sections of Oregon alfalfa hay is grown in 

abundance and is the crop, nect to pasturago, in which nutrients for 

milk production can be produced at the lowest cost. In these regions 

dairy cows are fed rations consisting almost entirely of alfalfa hay. 

Although this heavy feeding of alfalfa has no apparent detrimental 

effects on the health of the cow, it is evident that maximum produc- 

tion of milk and butterfat is not obtained on a ration consisting 

solely of alfalfa hay. 

This apparent restricted production on alfalfa hay alone is due 

either to the absence of some nutritive element in the alfalfa hay, or 

to a lack of sufficient total digestible nutrients. 

In an effort to determine just what was responsible for this 

subnormal production of cows on alfalfa hay, experiments with various 

protein supplements to an all alfalfa hay ration have been conducted 

and the subsequent result on milk and butterfat production noted. 



Since 1937 the Oregon &gricultural Experiment Station has been 

concerned with the response of cows on alfalfa hay to supplements such 

as wheat bran, what, beet pulp, soybean meal and soybeans. 

Of the many supplements tried, the greatest response in milk and 

butterfat production resulted from the feeding of soybeans. Smith (23) 

reporting this work suggested that possibly the increase in milk and 

butterfat production was not due to the protein of the soybeans but, 

rather, to their fat content. 

Believing this to be probable the experiment was continued with 

the same group of cows. The plan was to determine the milk and 

butterfat production on rations high and low in. fat with alfalfa hay 

as the basal ingredient, and with the digestible protein and total 

digestible value of the ration kept at the same or nearly the same 

levels. 

REVIEW OF LITERATURE 

The literature having to do with alfalfa hay as a component of 

various rations and the use of fat in the dairy cow's diet is rather 

extensive. This review will be confined to the place of fat in the 

dairy ration with particular emphasis on the position of soybeans as a 

source of fat. 

,A.LFÂLFA HAY EXPERI]'1TS. Reed, Fitch and Cave (20) fed a group 

of six Holstein heifers on alfalfa hay exclusively from the age of six 

months through their first and second lactations. For the two 
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lactations they averaged L1,12L1. pounds of milk and 150 pounds of 

butterfat. Two of their heifers were later carried through a third 

lactation period wider full-feed conditions in which they received 

grain, silage and pasture in addition to alfalfa hay. On the full- 

feed ration the two heifers averaged 8,191 pounds of milk containing 

298 pounds of butterfat. Both heifers increased very materially in 

body weight. 

Woll and Voorhies at the California Agricultural Experiment 

Station (3), comparing production on alfalfa hay mith that on a mixed 

ration that included full-grain feeding, found the average production 

on the alfalfa ration was 6,L.92 pounds of milk and 259 pounds of 

butterfat. The animals on the alfalfa ration produced 88 percent as 

much milk and 80 percent as much butterfat as those on the mixed 

ration that included full-grain feeding. 

At the Oregon Agricultural Experiment Station (11) a comparison 

of fourteen cow lactations on alfalfa hay, and on alfalfa hay and grain 

showed that cows receiving hay only produced 67.2L percent as much as 

the cows fed alfalfa hay and grain on the basis of a ¿4. percent fat 

corrected milk for a 305 day lactation. 

Graves, Bateman and coworkers (9) determined the milk and 

butterfat production of dairy cows on four different planes of feeding 

and fed four distinct rations. The full-grain or control ration con- 

sisted of alfalfa hay, corn silage, pasture in season, and a grain 

mixture made up of 2 parts barley, 1 part oats, and 1 part wheat bran. 

The grain mixture was fed at the rate of one pound a day for each 
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pound of butterfat produced per week. Ration i consisted of alfalfa 

hay and pasture when good pasturé was available. Ralion 2 consisted 

of alfalfa hay and pasture th the addition of ground barley grain. 

The barley was fed on the average at the rate of 1 pound of barley for 

each 6.03 pounds of milk produced. Ration 3 consisted of alfalfa hay 

and pasture with the addition of corn silage. Compared to their 

production on the full-grain ration, the twelve cows on the experiment 

produced &9.75 percent as much milk and 65.77 percent as much butter- 

fat on ration 1; 86.03 percent as much milk and 80.2L1. percent as much 

butterfat on ration 2, and 73.57 percent as much milk and ¿9.93 per- 

cent as much butterfat on ration 3. 

Dawson, Kóoland and Graves of the U.S.D.A. (Lt), in an experiment 

to determine whether different stages of turity would 

improve its milk producing value, fed eleven cows alfalfa cut at three 

different stages of bloom. Milk and butterfat records on the cows 

when on full-feed were available. The full-feed ration consisted of 

good quality alfalfa hay and a grain mixture made up of 200 pounds of 

corn meal, 200 pounds of oats, 200 pounds of m!llfeed and 100 pounds 

of linseed meal. The average production of the eleven cows on the 

different cuttings of alfalfa hay, only, was 9,LlL. pounds of milk and 

3L3 pounds of fat. This production represents only 62.5 percent as 

much milk and 63.6 percent as much butterfat as ìhen they were on 

full- feed. 

Ileadley (10), reporting on the economics of feeding alfalfa hay 

and grain to Holstein cows, shows that during a period of eight years 
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production records were obtained for 52-cow-years of cows not 

receiving grain and for 5L.-cow-years of cows receiving grain in the 

ration. The average production of the cows receiving the all-roughage 

ration was 283 pounds of butterfat and 8,090 pounds of milk. The 

average production of the grain-fed cows was 331 pounds of butterfat 

and 9,398 pounds of milk. The all-roughage group produced 85.L. per- 

cent as much butterfat and 86.0 percent as much milk as the grain-fed 

group. 

Sherwood and Dean (22) compared the production of two groups of 

cows. One group was fed alfalfa hay alone; the other, alfalfa hay and 

concentrates. They found the average yearly production for four years 

of the hay group was )4,l92 pounds of milk and 238 pounds of butterfat. 

The average yearly productioh of the concentrate group was 5,358 

pounds of milk and 29L pounds of butterfat. The hay group produced 

78.2 percent as much milk and 89.8 percent as much butterfat as the 

grain-fed group. 

EFFECT 0F FT IN TI RATION ON MILK AND BUTTERFAT PRODUCiU. 

ìs early as l89L, 7ood (27) reported the first affect of adding oils 

or fats to a cow's ration was o increase the percent fat in her milk, 

but with continuance of such a ration the milk tended to return to its 

normal condition. 

Olsen (19) fed a group of eight cows alternately on ground soy- 

beans and old-process linseed oilmeal. The experimental period was 

for forty days, the first ten days of each period being considered a 

transition period. The remaining thirty days were divided into 



three-ten day periods. In the first period the cows were fed the oil- 

meal. hen the production of the first and second periods was 

averaged the cows produced 707.5 pounds of milk and 29.0L pounds of 

butterfat. The average on the soybean period was 738 pounds of milk 

and 30.0L1. pounds of butterfat. This represents a gain for the ground 

soybean period over the average of the oilmeal periods of 30.5 pounds 

of milk and one pound of butterfat. This indicates that the inclusion 

of the additional fat in the ration was of significant value. 

Reporting on the palatability and physiological effect of the 

soybeans, the report goes on to state that at no time did the animals 

refuse to eat the ground soybeans even when the soybeans made up 

100 percent by weight of the grain ration. Judging from the gloss of 

the coat and general appearance of the cows, there seemed to he no 

physiological difference between ground soybeans and the old-process 

ollineal. Soybeans did not seem to have as marked a laxative effect as 

olimeal, although the feces during the heavy feeding of the ground 

soybeans was softer than during the light feeding indicating that it 

does have a slight laxative effect. 

Ground soybeans did increase, temporarily, the percent of fat in 

milk with some cows. 

another aspect of feeding ground soybeans is the effect on the 

butter produced from milk of cows fed the beans. Olsen's (19) data 

indicates that at least 50 percent by weight of the ration must be 

made up of soybeans before any appreciable softness in the butter can 

he detected; and even when 75 percent and 100 percent of the ration 
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is made up of ground soybeans, the effect on the butter was not appar- 

ent unless on close inspection. 

However) when chemical analysis of the butter was made, decided 

changes were noted. Vhen the ration composed lL. percent soybeens, the 

iodine number was 36.02. At the 50 percent level the iodine number 

was 36.30 and at 100 percent the iodine number was 14.00. 

Fairchild and Wilbur (6) report that ground soybeans increased 

milk and butterfat production between 2 and 3 percent over linseed 

oilmeal. They found that 1 percent less grain was required for milk 

and fat production with linseed oilmoal, but between 5 and 6 percent 

less hay and silage was required with the ground soybeans. With both 

feeds the percentage fat in the milk was practically identical. 

Bratten and coworkers (2) found that the inclusion of raw soy- 

beans in amounts equal to 25 percent of the grain ration caused a 

measurable increase in the fat test of the milk produced. Äthen soy- 

bean oil was fed, however, the increase in the fat test was not so 

great as when either raw or roasted soybeans were fed; but the compo- 

sition of the fat resembled that produced by feeding raw soybeans. 

Fat constants run on the butterfat showed that the iodine numbers 

increased and Reichert-Meissi numbers decreased appreciably when soy- 

beans were fed. 

Mamard and McKay (15) found that the replacement of one-half or 

more of the fat in a 6 or 7 percent fat-grain mixture by an isodynamic 

amount of starch has uniformly resulted in a lowering of the yield of 

milk and of fat. They suggest that the maximum milk secretion is 



favored by a fat intake which is sufficient to provide at least a 

najor part of the fat secreted in the milk. The percent fat in the 

milk tended to drop while the cows were on the 7 percent fat-grain 

ration and tended to rise when on the 3 percent fat-grain mix. On the 

low-fat ration the iodine numbers of the butterfat were distinctly 

lower than when the cows were fed the high-fat ration indicating a 

distinct change in the character of the fat secreted. 

Wïlliams Camion and Espe (26), comparing en all soybean and 

silage ration with a normal ration, found that the cows on the experi- 

meritai ration produced slightly less milk but more butterfat. The 

differences, however, were not statistically significant. The cows 

receiving the experimental ration did, however, produce milk with a 

significantly higher percentage of butterfat than did the cows on 

normal feed. 

when fat constants were run on the butterfat, significant dif- 

ferences in the iodine, Reichert-Meissl and Polenske numbers were 

observed. The iodine number was raised and the Reichert-Neissi and 

Poleneke numbers were lowered by the experimental feeding. 

In a series of experiments carried out by Iilliams and collabor- 

atcrs (2L) two groups of cows were used in a double reversal trial of 

four weeks each. The rations of alfalfa hay, corn or sorghum silage, 

and grain were identical except that the soybeans in one grain mixture 

(1 corn, i oats, 2 cracked soybeans) were replaced in the second by 

soybean oil meal and soybean oil obtained by processing part of the 

soybeans at a low temperature so as not to alter the biological value 



of the protein. Li1k production averaged 7.8 pounds per cow per week 

more when on the oil ration. Without exception, however, the cows 

produced more butterfat when the cracked soybeans were fed. Feeding 

of cracked soybeans decreased milk production and increased butterfat 

production and fat percentage; while the feeding of soybean fat as oil 

increased milk production, but decreased butterfat production and fat 

percentage. 7hen chemical and physical determinations were made on 

the butterfat, both rations were found to cause reat changes in the 

distribution of fatty acids as indicated by various constants. The 

"oil" ration caused the most profound changes. Yhen this ration was 

fed, iodine values were at their maximum and the Reichert-Meissi 

values as their minimum. This indicates that the nature of fat meta- 

bolism was affected by the method of feeding fa since the total 

unsaturation in the butterfat was greater when the oil was fed. The 

churning time of the butter was increased during the period of "oil" 

feeding over the "soybean" periods, and both rations decreased the 

color of the butterfat compared with normal rations. 

Allen (i) fed fats over five day periods in the following order: 

linseed oil, lard, corn oil, cottonseed oil, tallow and butterfat. 11e 

made no attempt to compensate for energy intake; but in order to 

determine whether increased energy was a factor, cane sugar was fed at 

the rate of 2.25 pounds per 10 pounds of grain. The oils were fed at 

the rate of one pound per 10 pounds of grain. Results showed that 

while no significant change in milk production was observed, butterfat 

percentage and production decidedly increased during the periods of 
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fat feeding. The effect of all the fats was quite similar. It was 

shown that increasing the energy intake by the addition of carbohy- 

drates in the form of cane sugar to a ration already adequate for the 

need of the cow had no effect upon the milk or butterfat production. 

Mthough no significant difference in milk production resulted when 

different levels of fat were fed, there was a definite increase in the 

butterfat percentage when the fat content of the feed was raised. In 

only one cae, of the almost two hundred short time experiments that 

the fat intake of individual cows was increased by more than pound 

daily, was there a failure to respond with an unmistakable increase in 

the fat content of the milk. 

Butterfat, lard, tallow, corn oil, cottonseed oil, linseed oil, 

soybean oil, peanut oil and cocoanut oil, when fed to adequately 

nourished lactating cows, were found to cause an increase in the fat 

content of the milk. This effect was secured either by adding the fat 

to an already adequate ration or by substituting the fat for ôarbohy- 

drate of equivalent energy value. 

The increase in butterfat production due to feeding fats was 

usually equivalent to but 10 to 20 percent of the additional fat inioh 

was fed. 

No significant or consistent effect was noted in the milk yield 

by any of the fats fed with the exception of the cocoanut oil which 

caused a depression in milk yield when fed at the rate of 1.25 pounds 

per day. 

Allen (1) concludes that the increase in the fat content of the 
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milk secured by feeding fats is due to the properties of the fat which 

render it more suitable material for milk-fat production than other 

nutrients. 

Gibson and lluffman (8) fed two groups of four cows each, alter- 

nately on high and low-fat rations consisting of alfalfa, molasses and 

solvent-extracted soybean oil meal with sugar beet pulp the variable. 

When soybean oil was fed, it replaced isodmamic amounts of beet pulp. 

Enough soybean oil was added so that the total ether extract was equal 

to the daily butterfat production. 

The addition of the oil resulted in a pronounced temporary 

increase in the fat percentage in the milk. The increase in fat per- 

centage following the addition of the soybean oil was of short dura- 

tion, lasting from Lj. to 12 days, when the tests returned to normal, 

nd then decreased slightly below normal. A decrease in milk produc- 

tion when the cows were fed the ration low in fat and an increase in 

milk when the cows returned to the ration containing the soybean oil 

was observed. 

Lindsay, Holland and Smith (12) in an early report found that 

the feeding of soybean oil had no effect on the fat percentage of the 

milk. When the oil was removed, however, there was a decided drop in 

the butterfat test which, after an interval of 10 days, returned to 

normal. This seemed to indicate to them that the oil helped in fat 

formation and when removed caused a decline in butterfat. After an 

interval the cow was evidently able to substitute from some other 

source. 
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The feeding of the soybean oil at the rate of 0.6 pounds per 

head per day caused striking differences in the character of the 

butterfat. The saponification number dropped 10 points below the 

value received on a normal ration, and the amount of soluble fats de- 

creased as indicated by the drop in the Reichert-b.eissl number from 

27.05 to 23.27. The iodine values of the butterfat increased from 

31.90 to L0.25. The soybean oil, therefore, depressed the volatile 

fats and noticeably increased the percentage of unsaturated acids. 

When butter was made from the cream of the soybean oil group, it 

was of a softer, more yielding character and contained, noticeably, 

more moisture. The increased moisture probably resulted from the 

difficulty in working owing to the soft, salV nature of the butter. 

Garner and Sanders (7) found that when different oils were fed 

to cows at the rate of l- pounds or less per day the fo1owin: results 

wore obtained: 

1. Cod liver oil definitely and seriously decreased the 
butterfat percentage, but did not effect the milk 
yield. 

2. Vha1e oil, linseed oil, soybean oil had little or no 
e £fe et. 

3. Cottonseed oil slightly increased the milk yield and 
slightly increased butterfat percentage. 

4. Lard, butter and palm oil increased butterfat percentage. 

They found that those oils containing high proportions of saturated 

acids in fatty acids produced favorable results. 

Nayflard, and associates (16) report the feeding of one group of 

cows a ration containing L. percent fat and a second group a ration 
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containing 6 to 7 percent fat. The group on the Lj. percent mixture 

produced on the average per day 37.36 pounds of milk and 1.370 pounds 

of fat; while the group on the high-fat ration produced 37.30 pounds 

of milk and 1.L1)43 pounds of fat. This represents a difference of 

-0.06 pounds of milk and -0.073 pounds of fat per cow per day on the 

high-fat ration. In a second experiment the group on the Lj. percent 

grain mix averaged 39.81 pounds of milk and 1.38L. pounds of fat, while 

the average of the high-fat group was L1.93 pounds of milk and 1.63L1. 

pounds of butterfat. The gain on the high-fat grain mix over the 

L1. percent grain mix in this experiment was 2.12 pounds of milk and 

0.25 pounds of butterfat. 

In 1939 kamard, -ardner and ilodson (i) inaugurated some exper- 

irn.ents to determine the usefuliness of soybeans as a source of fat in 

the dairy ration. In these studies they compared concentrate mixtures 

of 3 to 3- percent fat vdth those containing b to percent. The 

mixtures were made up alike with the exception that the one of the 

lower fat content contained solvent-extracted soybean meal, while the 

other contained the unextracted ground beans. To make up for the loss 

in total digestible nutrients in the medium-fat mixture, starch was 

added. Ten cows divided equally into two groups were used. The 

groups were fed, alternately, the two concentrate mixtures for periods 

of six weeks each. The concentrate was fed at the rate of one pound 

for each three pounds of milk produced. Changes from one ration to 

the other were abrupt. The data indicates that the increased fat 

yield resulted, primarily, from an. increased milk yield, rather than 
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from an increase in the fat component; but in the majority of cases 

the fat percentage was higher when the high fat mixture was fed. 

Of eight comparisons in this experiment considered re1ia1ie, the 

yield of fat-corrected milk was larger with the high-fat mixture in 

all but one case. The net gain on the high-fat micure was 0.56 

pounds of fat-corrected milk per cow per day. 

In a second experiment Líaiard and his associates (l),using 

twelve cows fed, alternately, on a high and medium-fat concentrate 

mixture, obtained a gain in fat yield and fat percentage in eleven of 

twelve cases and in milk yield in eight of twelve cases. 

Using the double reversal system the two experiments furnish a 

total of eighteen comparisons. 0f these the high-fat level was 

favored by the data for fat yield in fifteen cases, milk yield in 

twelve, fat percentage in fourteen and fat-corrected milk in sixteen. 

The net gain in fat-corrected milk of the high-fat group over the low- 

fat group in the two experiments was 0.77 pounds per cow per day. 

These investigators found that ground soybeans could not be include. 

in the concentrate rnix-ture in unlimited quantities without producing 

a butter which is noticeably soft. This is a contradiction of the 

work of Olson (19). Although the butcer may he soft, the flavor and 

odor of the milk and crear:, however, remain unaffected. 

In continuance of their studies Uaynard and associates (iL1.), 

using a medium fat concentrate rüxtur obtained by extracting the 

high-fat supplement by pressure means rather than the solvent process, 

found that milk and butterfat production was benefited by the high-fat 
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coneentrale mixturo. The high-fat group, consisting of eight cows 

averaged 53.15 pounds of milk and 2.O2L. pounds of butterfat per cow 

per day; whereas, th medium-fat concentrate group, also, consisting of 

eight cows, averaged 50.90 pounds of milk and l.9L.8 pounds of fat. 

This represents a gain of the high-fat group over the medium-fat group 

of 2.25 pounds of milk and 0.076 pounds of butterfat per cow per day. 

The high-fat group received from the feed 83 percent as much fat as 

they secreted, while the medium-fat group consumed only 53 percent as 

much fat as they gave in the milk. 

& summary of the vast amount of work done by Maynard and cowor- 

kers (lL) on the effect of fat in the diet of the dairy cow shows a 

total of 105 cows used in nine different comparisons. Three experi- 

ments with 6 cows were of the continuous type and of 12 to iLs. weeks 

duration. bix double-reversal experiments using L9 cows were, also, 

conducted. Concentrate mixtures as low as 0.7 percent of fat and as 

high as 7.5 percent were used. In all experiments, except one, more 

milk and fat were produced as a result of feeding the high-fat concen- 

trate mixtures. In every experiment the cows fed the high-fat mixture 

produced more fat-corrected milk. In threetests the fat percentage 

was lower on the high-fat rnixture in seven tests it was slightly 

higher, but the difference was usually small, which indicates that the 

milk yield was primarily affected. 

1though no details of the study have as yet been published, 

Monroe and Krause (17) report no significant differences in milk and 

fat production when concentrate mixtures containing L.9, 3.5 and 
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2.8 percent of fat wore compared. In a brief report in 19LO Schubert 

and Wells (21) show no inrease in milk yield when they replaced 

solvent-eracted soybean oil meal with soybeans asa supplement to 

barley for dairy cows. 

From the review of literature it is evident that of the many 

investigations reporting the effect of fat in the diet of the dairy 

cow the results are somewhat conflicting and that further evidence is 

required. 

OBJECT OF THE INVESTIGATION 

This study was undertaken to determine the value of soybeans as 

a high-fat supplement and soybean meal as a low-fat supplement in the 

dairy ration using alfalfa hay as the basal feed. The primary object 

was to note the effect of the fat in the ration on milk production, 

and on the percentage of fat in the milk. Other factors to be con- 

sidered were: (i) the value of the soybean meal and soybeans as a pro- 

tein supplement and (2) the effect of the dietary fat on the chemical 

and physical properties of the butterfat. 

EXPERIMSNTAL PROCEDURE 

ANIWLS USED. In this experiment fàur purebred Holstein- 

Friesian cows were fed alfalfa hay as a basal ration with soybeans and 

soybean oil meal as high and low-fat supplements, respectively. 
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Table i gives the herd number and history of the different experimente]. 

animals at the beginning and durin7 the experiment. 

FEEDING OF IIvALS. The allowance of alfalfa hay for each cow 

was weighed daily into canvas bags and fed morning and evening except 

for a short time when the hay was fed four times daily in an attempt 

to get tue cows to consume their full allottment. Weighed amounts of 

concentrates were, also, fed in equal portions morning and evening. 

The refused feed was weighed daily. The supplements were introduced, 

as soon as it as deemed advisable, after the cows had calved. Each 

feeding period was of six weeks duration with a transition period of 

one week in all but a few exceptions. The amount of alfalfa hay each 

cow received remained constant throughout the experiment. The supple- 

ment varied with the requirements for maintenance and milk production. 

The supplement was so regulated that the cows at no time received more 

digestible protein and total digestible nutrients in any one period 

than they had received in the preceding period, with but a few excep- 

tions. The rations were calculated on the basis of the average body 

weight and nûlk production of the three days prior to the beginning of 

each period. 

Because of the nature of the investigation it was impossible to 

maintain the fat content of the rations at a constant level throughout 

the course of the experiment. The aim, however, of comparing a rtion 

high in fat with a subsequent ration low in fat and vi ca versa was 

maintained. The mean value of the percent fat of the dry matter in 

the high-fat ration was 5.12 as compared to 2.55 for the low-fat 



T,ABL I--DATA ON EXPERINTAL ANIMALS 

Cow Born Calving History of Animals Breeding Record 
Date 

3L 9- 6-L3. 6-27--6 First lactation--full feed for four months, then normal 
on alfalfa hay alone 

5-2-38 Second Lactation--Íll feed normal 
5-26-39 Third lactation--full feed for five months normal 

7- 6-LjD Fourth lactation--alfalfa hay with various con- normal 
centrates 

2-l7-L2 Fifth lactation--alfalfa hay with soybean and normai 
soybean oil meal supplements 

3)4 11- 6-3LIL 6-2--56 First lactation--full feed for five months, then normal 
on alfalfa hay alone 

8-21-37 second lactation--alfalfa hay alone normal 
12- 6-38 Third lactation--alfalfa hay and limited con- normal 

centrates 
2-i9-LO Fourth lactation--alfalfa hay with various con- normal 

centrates 

5- 9-L.l Fifth lactation--alfalfa hay with soybeans and normal 
soybean oil meal supplements 

6- 9-L Sixth lactation--alfalfa hay with soybeans and normal 
soybean oil meal supplements 

(D 



TABLE I (continued) 

Cow Born Calving History of &iimals Breeding Record 
Date 

3Lj8 9-30-35 3-15-38 First lactation--full feed 
5-25-39 Second Lactation--full feed and alfalfa with 

supplements for the last six months 

9- 9-L.0 Third lactation--alfalfa hay with limited 
supplements 

l-23-L2 Fourth lactation--alfalfa hay with soybeans and 
soybean oil meal supplements 

356 2- 7-36 5- 7-38 
5-17-39 
5-lLi-.ü 

11-26-Ll 

10-30-Lj.2 

First lactation--full feed 
Second lactation--full feed 
Third lactation--alfalfa hay with various con- 

centrate s 
Fourth lactation--alfalfa hay with soybeans 

and soybean oil meal supplements 
Fifth lactation--alfalfa hay vdth soybeans and 

soybean oil meal supplements 

normal 
normal 

normal 

three services 
required 

normal 
normal 
normal 

five services 
required 
normal 
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ration. The extreme values of the high-fat ration were and 6.01; 

whereas, those of the low-fat ration were 1.92 and 2.92. It would 

have been desirable to secure the soybean meal from the same crop of 

soybeans, so as to reduce the variation in the biological value of the 

protein, but this was impossible due to the scarcity and excessive 

cost of soybeans at the time the experiment was begun. 

Minerals in the form of salt and disodiurn phosphate were avail- 

able in boxes in the yard in which the cows were turned out for exer- 

cise each day. 

HI)LING 0F .4UIIMALS. Throughout the entire experiment the cows 

remained in stanchions with the exception of two hours each day when 

they were turned out in a concrete yard for exercise. Water was 

supplied in individual drinking fountains. Each manger had a concrete 

bottom and was walled on either side to facilitate accurate feed 

intakes. The cows were milked twice daily by machine. 

RECORD KEEPING. Throughout the experiment the cows were weighed 

daily. Nilk was weighed and aliquot samples taken at each milking. 

The milk samples were preserved with corrosive sublimate tablets. 

Butterfat tests were made weekly by the bcock method using con- 

trailed temperatures in all water baths and equipment. Feed intakes 

and refusals were recorded daily. 

FEED AN,ALYSIS. The chemical analyses of feeds used in the 

experiment are shomn in table 2. Representative samples of each 

year's crop of hay wore taken and analyzed for ash, moisture, crude 

protein, ether extract and crude fiber. Samples of soybeans and 
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soybean oil meal were analyzed for similar factors. 

TM3LE Il--ANALYSIS OF FEEDS USED IN EXPERThNT 

Feed Ash Mois- Crude Crude Crude NFE 
ture Protein Fiber Fat 

Alfalfa hay-l9Lj.O crop 7.7 7.79 lL..7l 30.63 2.L!j. 36.66 
Alfalfa hay-19L2 crop 9.16 8.23 12.L1.8 25.23 2.é9 L.2.o6 

dry land hay 
Alfalfa hay-l9L.2 crop 7.98 6.9L. 1L..23 32.L.5 2.09 36.31 

irrigated hay 
Soybeans L.l3 11.30 35.59 5.79 19.32 23.87 
Soybean oil meal 5.23 13.L.8 L1.O.38 5.9L. L1.l7 30.80 

The average digestible coefficients reported by Morrison (la) 

were used in calculating the total digestible nutrients and digestible 

protein of the feeds as shown in table III. 

TABLE Ill--DIGESTIBLE-NUTRIENT CONTENT OF FEEDS 
USED IN TFE EXPERIL'flNT 

Feed Digestible Total 
Protein Diestib1e Nutrients 

Alfalfa hay-l9LO crop io. 51.11 
irrigated hay 

Alfalfa hay-19L.2 crop 9.36 52.28 
dry land hay 

Alfalfa hay-19L2 crop 10.2Li. 51.57 
Irrigated hay 

Soybeans 31.67 88.05 
Soybean Oil Meal 3L.32 76.59 
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RS LITS 

The cows were changed abruptly from one experimental ration to 

the other. Under these conditions there was no evidence of any diges- 

Uve disturbance or of any lack of palatability in either experimental 

ration even when ten pounds of ground soybeans were fed. 

The data for milk and fat production averaged by periods are 

presented in tables VI., VIII, X and XII. The calculations, here pre- 

sented are based upon the fact that with three or more experimental 

periods of equal length lying within the total experimental period, a 

comparison of the yields during the middle periods with the average of 

the yields during receeding and succeeding periods is justified. The 

combined effects of the milk and fat yields are brought out by the 

data for fat-corrected milk in the last column of each table. These 

data were calculated by Gainest formula: 

¿4 percent milk O.14I 15F 

The average daily milk yield for 25 cows on official test as 

given by Eckles (5) is shown in table IV. The table shows that a cow, 

generally,reaches her highest production the second month of lactation. 

In this experiment the cows reached their highest production in the 

first period of six weeks with the exception of cow 3LjJ. which reached 

her maximum in the second period. 

Production is maintained at a hiher level and for a longer 

period when cows are on official test, and the cows, generally, do not 

calve within 365 days. The drop in production towards the end of the 
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TA3 IV--RELATION OF STAGE OF LACTATION TO iiIU( YIELD 

Month of Average Daily Month of Average Daily 
Lactation Milk yield Lactation Milk Yield 

(pounds) (pounds) 

1 ¿47.5 7 ¿41.0 

2 8 38.5 

3 53.0 9 36.7 
¿4 ¿48.7 10 3L..7 

11 32.5 
6 12 29.8 

lactation of the cows in this experiMent is probably explained by the 

decided advance in gestation. The experimental cows all calved within 

a year. The curve plotted from the figures in table 1V might repre- 

sont the expected rate of decline in production of cows under similar 

conditions as cows on official test. This curve, which is practically 

a straight line, is Efted to the production level of the experimental 

cows. In Figures 1, 2, 3, ¿4 the curve has been plotted and used as a 

measure in determining the rate of decline during the various periods 

on the different feeds. 

Table V gives the relation of the stage of lactation to fat per- 

centage of 76L. Holstein cows on official test as given by Eckles (5). 

The fat percentage curve derived from the figures given in table V is 

plotted in each figure for each cow together with curves representing 

the pounds of actual milk produced, pounds of fat-corrected milk pro- 

duced and the percentage butterfat in the milk. 
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TABLE V--RELATIOIT OF STAGE OF LPCT.&TIOIT TO FAT RCENTAGE 

Month of 7 Holsteins Month of 7 HsIns 
Calving Official Test ________Calving Official Test 

i 3.55 7 3.3L 
2 3.36 8 3.38 
3 3.25 9 3.Li.7 

L. 3.29 10 3.52 
5 3.27 ii 3.56 
6 3.29 12 3.63 

EXPERIITAL COW 33L.. Figure 1 and tables VI and VII present 

graphically and numerically the production and feed consumption of cow 

33L. during the experimental lactation. 

During period I cow 33). received soybean meal. This together 

with the hay allotment did not provide sufficient total digestible 

nutrients to meet her requirement for maintenance and milk production. 

During this period maximum milk production was reached. Production 

rose from the fifth to the eighth week and then dropped for the 

remaining three weeks of the period. The rate of decline, after 

reaching the peak of production at the eighth week, was more rapid 

than expected. Fat percentage during this period was normal. 

At the beginning of the eleventh week, soybeans were substituted 

for the soybean meal. Total digestible nutrients sufficient to meet 

the requirements were supplied during the period. Production dropped 

the first week of this period; levelled off for three weeks; then made 

an unexplainable drop in the sixteenth week, and in the final two 
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TABLE VI--AVERAGE DAILY PRODUCTIOIi 

Average .&verage Average average DaiI 

Cow Period Daily Fa1 Per- Daily Yield of Fat- 
Milk Yield centage Fat Yield Corrected Milk 

(pounds) (percent) (pounds) (pounds) 

33L. I. Soybean 67.7 3.L67L. 2.357 62.7 

II. Soybeans 56.1 3.3576 1.953 52.6 

III. Soybean meal 52.8 2.7219 l.L.39 L.2.6 

Average of 60.2 3.09L1.6 1.898 52.6 
periods I & III 

Gain on high fat - L.i 0.263 0.055 0.0 

DT. Soybeans L1.6.9 2.829 1.299 37.8 

Average of 51.5 3.0922 1.626 L5.2 

periods II & Iv 
Gain on high fat - 1.3 0.3703 0.187 2.6 

V. Soybean meal 36.1 2.5L1.&4 0.9211 28.2 

Average of L1L..)4. 2.6691 1.180 35.L. 

periods III & V 
Gain on high fat 2.L. 0.1578 0.119 2.L1. 

VI. Soybeans 20.1 3.09L9 0.62L.7 17.L1. 

Average of 33.5 2.9609 0.961 27.6 
periods IV & VI 

Gain on high fat - 2.6 0.L.1L1.5 o.oL.o - 0.6 



TABLE Vu--AVERAGE DAILY REQ,UIRE1\AEI\TT AND CONSUT'JIPTION 

AND PERCENT FAT IN RATION 

FEED DI GESTI ELE NUTRIENTS 

Total Protein 
Cow Period Alfalfa Hay ConoentrE Fat in Required Consumed Required Consumed 

(pounds) Ration (pounds) (pounds) (pounds) (pounds) 

33L1. I 39 8 Soybean meal 2.88 31.03 26.63 3.9L4. 6.62 

lu L1.O 8 Soybeans 5.73 27.51 27.L.8 3.L3 6.73 

III L.O & Soybean meal 2.92 2L..L1.O 28.03 2.95 6.t.8 

nr 7/r Soybeans 5.L11) 22.85 27.07 2.72 5.96 

V LO 4 Soybean meal 2.00 19.90 23.05 2.26 5.8L. 

VI 39 5j Soybeans 3.57 16.78 2L.8O 1.76 5.77 

I\) 
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weeks returned to the level of the middle three weeks. The rate of 

decline, as compared to the expected, was not as rapid. 

Fat percentage and pounds of fat produced in period II was below 

that of period I. The difference, probably, is explained by the high 

condition of the cow immediately following calving, which is reflected 

in the percentage fat and thus the pounds of fat produced. Fat per- 

centage during this period was decidedly above normal. 

In period III the animal was returned to soybean meal, the low- 

fat ration. Total digestible nutrients beyond the requirement were 

supplied during this period and throughout the remainder of the exper- 

iment. The decline in production during period III was much more 

rapid than during period II, and was greater than expected as can be 

seen by Figure 1. 

The percentage fat in the milk in period III was definitely low 

than that of period II and was very much below normal. 

lMen period I and III are averaged for the various factors and 

compared with period II, it is found that the high-fat ration resulted 

in a loss in milk production, a gain in fat percentage, a gain in 

pounds of fat produced, and neither a gain nor a loss in pounds of 

fat-corrected milk. 

During period IV soybeans were fed. The decline in production 

was more gradual than in period III, closely resembling the rate of 

decline of period II. When compared to the normal declino, it was 

found to be the same. 

Fat percentage was higher, but not a great deal higher, in 
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period IV than in period III. Figure 1 shows the fat percentage of 

period ri is not as far below normal as that of period III. 

Vhen periods II and IV are averaged and compared ith period III, 

the high-fat ration shows a loss in milk production, a gain in fat 

percentage, a gain in pounds of fat and a gain in pounds of fat- 

corrected milk. 

During period V soybean meal was fed. The rate of decline during 

this period was at a riore rapid rate than during the previous period 

and much greater than expected. Fat percentage dropped nearly. 0.3 per- 

cent below that of period fi and was much below the expectéd value. 

In this period the fat percentage was farther below normal than it was 

in period IV. 

Averaging the factors of period III and V and comparing them 

with period IV finds a gain in milk production, a gain in percentage 

fat, a gain in pounds of fat and a gain in pounds of fat-corrected 

milk on the high-fat diet. 

During the last experimental period soybeans were fed. The rate 

of decline during period VI was very rapid, no doubt due to the 

advanced stage of gestation. Fat percentage during this period was 

much higher than the previous period and was more nearly normal, 

although still below the expected. The increase in fat percentage 

could quite possibly be the increase generally found with advancing 

lactation. 

The high-fat ration, when periods IV and VI were averaged, shows 

a loss in milk production, a gain in fat percentage, a gain in pounds 
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of fat and a loss in pounds of fat-corrected milk. 

Throughout the lactat3.on, actual production was very much above 

that given as normal by Eckles (5) as presented in table 1V. 

EXPERI1NT.L COW 3)4. Figure 2 and tables VIII and IX present 

graphically and numerically the production and feed consumption of cow 

3)4 throughout the experimental lactation. 

In period I cow 3)4 received soybeans which, with the hay, pro- 

vidod just sufficient total digestible nutrients for maintenance and 

milk production. Maximum milk production was not reached until the 

second period. In the third week production was at a very high level, 

dropped during the fourth and fil'th weeks, rose again during the sixth 

week and then dropped rather severly in the eighth and ninth weeks. 

This sever drop might be explained by the failure of the cows to haïe 

access to mineral for a period of six days. Cow 3)4 continually has 

been a low testing cow and during the experimental lactation at no 

time did her test equal or exceed the normal. 

Beginning the tenth week soybean meal was feo. Total digestible 

nutrients consumed exceeded the requirements and continued to do so 

throughout the entire experimental lactation. During this period 

maximum milk production was attained. Production rose from the low 

level of the ninth week through the eleventh week, then began to drop 

gradually. fter the peak of production was reached, the rate of 

decline was a little more rapid than the noraml. In spite of the 

higher production during period II, fat percentage and pounds of fat- 

corrected milk were lower than they were in period I. The percentage 
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TABLE VIII--JWERÉ.GE DAILY PRODUCTION 

Cow Period 
Average 
Daily 

Milk Yield 
(pounds) 

Average 
Fat Per- 
centage 
(percent) 

Average 
Daily 

Fat Yield 
(pounds) 

Average Daily 
Yield of Fat- 
Corrected Milk 

(pounds) 

3Lj.]. I. Soybeans 68.1 2.L1.182 l.6LE31 51.8 

II. Soybean meal 71.0 2.OL19L1. l.L82 L9.9 

III. Soybeans 59.Lj. 2.L1.325 l.LJ472 L4.5.L1. 

Average of 63.7 2.)253 1.5tj76 L8.6 
periods I & III 

Gain on high fat - 7.3 0.375L1. O.099L. - 1.3 

1V. Soybean meal ¿.i.7.l 2.5813 l.2l7L. 37.0 

Average of 59.0 2.3153 1.3328 L1.3.L1. 

periods II & IV 
Gain on high fat 0.L4. 0.1172 O.11L424. 2.0 

V. Soybeans 36.0 2.7271 O.96L15 29.1 

Average of L7.7 2.5799 1.2058 37.2 
periods III & V 

Gain on high fat 0.6 -O.00ii. -0.0116 0.2 

VI. Soybean meal 26.7 2.8839 0.7719 22.6 

Average of 36.9 2.7326 0.99L6 29.8 
periods IV &VI 

Gain on high fat - 0.9 -0.0055 -.0314 - 0.7 



TABLE IX--AVERAGE DAILY REÇUIRENENT AND CONStJNPTION 
AND PERCENT FAT IN Rt.TION 

DIGESTI ELE NUTRIENTS 

Total Protein 
______________ 
Cow Period 

________________ iI?1fa IIayConThiate ___________ 
Fat in jiired Consui Required Consumed 

(pounds) Ration (pounds) (pounds) (pounds) (pounds) 

3)4 I 35 Soybeans 5.26 26.95 26.91 3.37 6.28 

II LO Soybean meal 2.92 26.Lt2 28.03 3.28 6.LiB 

III L0 1 Soybeans 5.50 24..99 29.L.1 3.06 7.12 

1V 36 8 Soybean meal 2.08 22.L1.0 25.07 2.67 6.11 

V 36 j Soybeans 3.23 19.91 22.13 2.28 L.96 

VI 35 Soybean meal 2.00 19.11 22.97 2.1L1. 5.66 
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fat in period II was farther below normal than in the previous period. 

In period III soybeans were fed. The rate of decline during 

this period was simHar to that of period II. The percent fat in 

period III was closer to the normal than the previous period. 

Vhen period I and III are averaged and compared with period II, 

the high-fat ration shows a loss in milk production, a gain in fat 

percentage, a gain in pounds of fat produced and a loss in pounds of 

fat-corrected milk. 

During period IV the low-fat supplement, soybean meal, was fed. 

The rate of decline during period IV was very rapid and much greater 

than expected. Fat percentage was higher in period IV, but not a 

great deal higher than that of period III and still below the normal. 

Jveraging periods II and IV and comparing the averages with period II 

shows the high-fat ration favoring pounds of milk produced, percent 

fat, pounds of fat produced and pounds of fat-corrected milk. 

In the fifth period soyheons, the high-fat concentrate, were 

fed. The rate of decline, however, was not nearly as severe as that 

of the previous period and resembled the rate of decline of period III, 

althoug1n it was slightly below normal. Fat. percentage continued to 

rise during this peiod and was higher than that of period IV. 

comparison of period IV with the averages of periods III and V 

shows a gain in pounds of milk, a very slight loss in fat percentage, 

slight loss in pounds of fat and a gain in fat-corrected milk. 

In the final period of the experimental lactation of cow 3141 

soybean meal was fed. The decline in production was quite rapid and 
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was quite similar to the rate of decline of period IV. Eow much of 

this decline can be attributed to the feed and how much to the advance 

in gestation is difficult to say. Fat percentage was higher in period 

VI than in period V. A loss on the high-fat diet in milk production, 

fat percentage, pounds of fat produced and pounds of fat-corrected 

milk is demonstrated when period V is compared with periods IV and VI. 

Despite the fact that the rate of decline in production obtained 

in the various periods is below the expected production was still 

above the normal in pounds of milk produced as given by Eckles (5) in 

table IV. 

EX.PERflENTAL COW 3L8. Figure 3 and tables X and XI present 

graphically and numerically the production and feed consumption of cow 

3L1.8 during the experimental lactation. 

During period w 3L8 received the high-fat ration--alfalfa 

hay and soybeans. Total digestible nutrients consumed were consider- 

ably below the required during this period, because of the low level 

of production at the beginiing of the period when the requirements 

were calculated. Production increased rather markedly during the 

period, thus increasing the requirement for nutrients beyond that 

suppled in the ration. Production during the first five weeks of the 

period rose steadily then leveled off for the last two weeks. At the 

time of calving, cow 3L8 was in hig'n body condition which was reflected 

in the butterfat test during the first experimental period. The 

average test for the period was .32 percent which is considerably 

above the normal. 
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TABLE X--AERGE DaILY PRODUCTION 

Average Average Average Average Daily 
Cow Period Daily Fat Per- Daily Yield of Fat- 

Milk Yield centage Fat Yield Corrected Milk 
(pounds) (percent) (pounds) (pounds) 

I. Soybeans 53.0 L1..32L6 2.293 55.5 

II. Soybean meal 53.1 3.5978 1.913 14.9.9 

III. Soybeans 14.5.3 3.7721 1.860 14.3.8 

Average of 14.9.1 L.OLjl33 2.076 14.9.6 

periods I & III 
Gain on high fat - L.o o.)4o 0.163 - 0.3 

DT. Soybean meal 314.9 3.0225 1.056 29.7 

Average of 14)4.0 3.3101 l.L84. 39.8 
periods II & IV 

Gain on high fat 1.3 0.14.é20 0.376 14..0 

V. Soybeans 23.0 3.1593 0.782 21.5 

Average of 314..1 3.14.657 1.321 32.6 
periods III & V 

Gain on high fat - 0.8 O.L32 0.265 2.9 

VI. Soybean meal 12.0 3.1272 0.378 io.14 

Average of 23.14. 3.0798 0.717 20.0 
periods IV & VI 

Gain on high fat - 0.14. 0.0795 0.065 1.5 



T,&J3LE XI--AVERAGE DAILY REQ.UIREMENT D CONSUTION 
AND PERCENT FAT IN RATION 

FEED DIGESTIBLE 1IJTRIENTS 

Total Protein 
Cow Period Fat in Required Consi.i Required Consumed 

(pounds) Ration (pounds) (pounds) (pounds) (pounds) 

3)48 I 30 Soybeans 5.66 28.L3 21.90 3.57 5.51 

II 35 Soybean meal 2.91 26.20 3.26 6.11 

III 35 , 
Soybeans 5.66 23.98 2Li..50 2.95 5.98 

W 35 jj Soybean meal 2.90 18.Lj7 2L1..22 2.26 5.50 

V 36 5 Soybeans L..9O 17.2L1. 23.2L. 1.89 L1.96 

VI 36 Ldj Soybean meal 1.92 1L1..31 21.80 i.Lo L.8i 

o, 
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In period II soybean meal was fed, but did not supply the animal 

with sufficient total digestible nutrients to meet her requirements 

for maintenance and production. Period II was the highest milk pro- 

duction period. Production declined gradually except for two 

unexplainable abrupt rises at the eighth and eleventh weeks, and was 

slightly greater than expected. Fat percentage dropped considerably 

below the previous period, but was appreciably above the normal. 

In period III cow 3L8 was returned to soybeans. Total diges- 

tible nutrients consumed were in excess of the requirements during 

this period id remained so throughout the remainder of the experi- 

mental lactation. The rate of decline during period III was not as 

rapid as it was during period II, and very closely resembled the 

expected. Production dropped the first two weeks of this period, 

increased above what it was at the outset of the period, then dropped 

off the remaining two weeks. Fat percentage was above that of 

period II and was considerably above the normal. Although the percen- 

tage fat in period II was above normal, it was not as far above as 

was the fat percentage of period III. 

1hen the averages of periods I and III are compared with period 

II, the high-fat ration showed a loss in milk production, a very 

significant gain in fat percentage, a gain in pounds of fat produced 

and a loss in production of fat-corrected milk. 

In period IV soybean meal was fed. In this period the rate of 

decline was much more rapid than that of the previous period and much 

greater than Eckles (5) normal. With the exception of one week when 
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the percentage fat was above normal, the fat percentage was consider- 

ably below the previous period and below the expected value. 

On averaging periods II and ri and comDaring with period III, it 

is found that the high-fat diet gained in milk production, fat percen- 

tage, pounds of fat produced and production of fat-corrected milk. 

In period V the high-fat ration of soybeans was again fed. The 

rate of decline during this period was no more rapid than the previous 

period. Despite the fat percentage being below the normal value, it 

was above the value of the previous period. 

i comparison of the averages of periods III and V with period ri 

favors the soybean meal in pounds of milk produced and the soybeans in 

fat percentage, pounds of fat produced and pounds of fat-corrected 

milk produced. 

In the sixth and final period soybean meal was fed cow 3L1B. The 

rate of decline was very similar to the two previous periods. In 

previous lactations on normal rations this cow has been recogiized as 

a short-time milking animal, hioh may well account for the rapid 

decline in production of the last two periods. Fat percentage was, 

only, slightly less than in the previous period on soybeans and was, 

as before, below the normal. 

When the averages of periods IV and VI are compared with period 

V, soybeans show a loss in milk production, slight gains in fat per- 

centage and pounds of fat produced, and a gain in pounds of fat- 

corrected milk produced. 

Throughout the experimental lactation of cow 3L.8, the actual 
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pounds öf milk produced were much above the normal value as given by 

Eckles (5). In contrast to this, however, the rate of decline was 

more rapid than expected. 

EXPERIMENTAL COW 356. Figure L. and tables XII and XIII present 

graphically and numerically the production and feed consumption of cow 

356 during the experimental lactation. 

Cow 356 began the experiment on the low-fat diet of alfalfa hay 

and soybean meal. During this first period less total digestible 

nutrients were consumed than were required. Milk production was at 

its peak during this period and was fairly constant throughout the 

period. The rate of decline was less than expeted. Fat percentage 

was below the normal during this period. 

In period II soybeans replaced the soybean meal. Total diges- 

tibie nutrients consumed in this period met the requirements and did 

so for the remainder of the experimental lactation. Production 

declined the first three weeks and rose the last three weeks, and the 

rate of decline over the whole period was slightly greater than expec- 

ted. Fat percentage rose considerably during this period on soybeans 

and was siguificantly above the normal value. 

During period III soybean meal was fed. The rato of decline in 

this period was not as rapid as the previous period on soybeans, but 

was a little more rapid than expected. Fat percentage during this 

period dropped rather significantly below the normal value and consid- 

erably below the fat percentage of the previous period. 

A comparison of the averaes of periods I and III With period II 
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TABLE XII--AVERAGE DAILY PRODUCTION 

Cow Period 
Average 
Daily 

Milk Yield 
(pounds) 

Average 
Fat Per- 
centago 

(percent) 

Average 
Daily 

Fat Yield 
(pounds) 

Ave Daily 
Yield o1 Fat- 
Corrected Milk 

(pounds) 

356 I. Soybean m.eal 61.0 3.0602 1.870 52.2 

II. Soybeans 52.L1. 3.L183L. 1.828 

III. Soybean meal L8.9 3.1165 1.527 L2.Lj. 

Average of 5L..9 3.0883 1.698 L1.7.3 

periods I & III 
Gain on high fat - 2.5 0.3951 0.130 1.0 

rl. Soybeans L2.6 3.7561 1.603 tO.3 

Average of ¿47.5 3.6197 1.715 
periods II & ri 

Gain on high fat - 1.)4 0.5032 0.188 1.7 

V. Soybean meal 36.0 2.7)i.98 0.992 29.2 

Average of L12.4. 2.9331 1.259 35.8 
periods III & V 

Gain on high fat 0.2 0.8230 O.3Lh 4.5 

VI. Soybeans 25.2 3.05L19 0.771 21.6 

Average of 33.9 3.L1.055 1.187 30.8 
periods IV & VI 

Gain on high fat - 2.1 0. 6557 0.195 1.6 



TAHLaE XII--( continued) 

Aiige Average Average Average DaiI 
Cow Period Daily Fat Per- Daily Yield of Fat- 

Milk Yield oentae Fat Yield Corrected Milk 
(pounds) (percent) (pounds) (pounds) 

VII. Soybean meal 15.1 3.5514 0.5516 lL.7 

Average of 25.5 3.1519 0.771 21.9 
periods V & VII 

Gain on high fat - 0.3 -0.0970 0.0 - 0.3 



TABLE XIII--AVERGE DAILY REUIREIVJENT AND CONSUMPTION 
AND PERCENT FAT IN RATION 

DIGESTIBLE NUTRIENTS 

. 

Total Protein 
Cow Period Ialfa Hay Concentrate ZWE in Required Coiurned Reuiredonsumed 

(pounds) Ration (pounds) (pound8) (pounds) (pounds) 

356 i 32 8j& Soybean meal 2.91 26.82 2Li.63 37 5.99 

II 35 e Soybeans 6.01 25.21 25.31 3.15 6.28 

III 35 8 Soybean meal 2.91 2L..69 2.87 6.16 

Iv 35 * Soybeans 5.66 23.06 2Lj..37 2.81 6.81 

V 35 Soybean meal 2.87 l9.Lj7 23.28 2.25 5.15 

VI 36 5 Soybeans L.9O 17.30 23.22 1.90 L.95 

VII 36 L Soybean meal 1.92 15.55 21.80 1.59 L.81 



Lt.6 

favors the high-fat diet in fat percentage, pounds of fat produced and 

pounds of fat-corrected milk produced. Soybean meal is favored in 

actual milk production. 

In period 1V the high-fat supplement of soybeans was again fed. 

Figure ¿4 shows how production leveled off during this period as corn- 

pared to the preceding and succeeding periods, the rate of decline 

being what is considered normal. Fat percentage rose considerably 

above normal and, also, above the fat percentage of the previous per- 

iod when soybean meal was fed. 

Comparing the average production of periods II and IV th 

period III shows for the high-fat diet a loss in milk production, a 

decided gain in fat percentage, a gain in pounds of fat produced and a 

gain in production of fat-corrected milk. 

In period V soybean meal was fed. The rate of decline during 

this period was much more rapid than during the previous period and 

much greater than the expected rate. Fat percentage dropped consider- 

ably below the previous period on soybeans and, also, below the 

normal value. 

Then the average values of periods III and V are compared with 

period IV, the soybeans are favored in actual milk production, fat 

percentage, pounds of fat produced and in fat-corracted milk produc- 

tion. 

In period VI soybeans, the high-fat concentrate, was again fed. 

The rate of decline in production during this period was more gradual 

than the preceding period. Fat percentage was higher than the 
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previous period on soybean meal, but was below the normal value. 

Averaging periods IV and VI and comparing with period V shows a loss 

in milk production, an appreciable gain in fat percentage, a gain in 

pounds of fat produced and a gain in fat-corrected milk production for 

the high-fat diet. 

The seventh and final period in the experimental lactation cf' 

cow 356 soybean meal, the low-fat concentrate, was fed. The rate of 

decline in production was very rapid, no doubt due to the stage of 

lactation and the advance in gestation. As this cow calved within 

eleven months, the fat percentage was higher in this period than the 

previous period on soybeans, also, probably due to the stage of lacta- 

tion. 

A comparison of the averages of periods V and VII and period VI 

shows a loss in milk produoion, a slight loss in fat percentage, 

neither a loss nor a gain in pounds of fat produced, and a loss in 

pounds of fat-corrected milk produced. 

As with the three previous experimental cors, the rate of 

decline in milk production is more often below than above the expected 

rate; however the actual pounds of milk produced is much above that 

given by Eckles (5) as normal except towards the end of the lactation 

when the advance in gestation begThs to show an effect on production. 

BODY EIGHT. Table XIV presents the average weight of the cows 

during the various periods of the experiment. It will be seen that 

the cows dropped in weight from the first period to the second, then 

gained steadily, thereafter. Cow 3Ll, who was not in very high 



TABI2 XIV--DDDY WEIGHT ACCORDING TO PERIODS 

Cow Period T. Cow Period 

3)4 I. Soybeans l32L. 356 I. Soybean meal 1273 
II. Soybean meal 13)4 II. Soybeans l23L. 

III. Soybeans 134 III. Soybean meal 1256 
IV. Soybean meal l3L.9 IV. Soybeans 1270 
V. Soybeans 1375 V. Soybean meal 1301 

VI. Soybean meal lL29 VI. Soybeans 1350 
VII. Soybean meal l.!435 

33L I. Soybean meal lLj2l 3L8 I. Soybeans 1361 
II. Soybeans 1381 II. Soybean meal 1299 

III. Soybean meal 1391 III. Soybeans 1268 
IV. Soybeans l39Lj. ri. Soybean meal 1287 
V. Soybean meal 1147 V. Soybeans l32 
VI. Soybeans VI. Soybean meal 1)14 

condition at the start of the experiment, was an exception. Figure 5 

presents graphically by weeks the weight of the cows throughout the 

entire experimental lactation. It may be said. that neither the high- 

fat nor the low-fat ration influenced the body weight of the cow, other 

than what would be expected on a normal ration. 

TI EFFECT ON THE BUTTERFAT OF FEEDING JLFALFA HAY SUPPLEMENTED 

WITH GROUND SOYBEANS OR SOYAN MEAL. In order to furnish a compari- 

son wìth the butterfat produced by cóws fed alfalfa hay and soybean 

meal or ground soybeans, a purebred Ayrshire cow which had been fed. 

alfalfa hay, only, for three weeks was used. 

For seven days two cows were fed. soybeans, then were changed 

to soybean meal. Two other cows began on soybean meal and after 

seven days were changed to soybeans. Sufficient time between taking 
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samples was allowed to eliminate any transitional effect of the feeds. 

Immediately after milking in the rornin, the milk from the cows 

on the three rations was separated in the following order: alfalfa hay, 

alone, alfalfa hay and soybean meal, and alfalfa hay and ground soy- 

beans. The separator was rinsed with water between the separating of 

each kind of milk. The creari from the morning milking was placed in a 

cold room at LO degrees Farenheit until the evening milking. 

The evening milk was separated into the respective cans, and then 

brought to the laboratory where it remained at room temperature for 

two hours before churning at which time the temperature was approxi- 

mately 60 degrees Farenheit. 1'wo pounds of cream were then churned in 

an electrically driven, one gallon glass churn. The butter was washed 

twice with water at E3 degrees Farenheit and as much of the water 

worked out as possible. 

ïhen fourteen snples of cream from the Ayrshire cow fed alfalfa 

hay, only, were churned, butter gramules formed in 17 minutes at a 

temperature of 63.5 degrees Farenheit. The body of the butter was 

soft and difficult -to work out -the water. The color of the butter was 

quite white. The iodine numbers of the fourteen semples ranged 

between 3.6O and 37.89 and averaged 35.L9. 

The average churnin time of the fourteen samples of cream from 

the cows receiving alfalfa hay and soybean meal was LJ4 minutes at a 

temperature of 65.8 degrees Farenheit. The body of the butter was 

hard and firm and often crumbly and sticky. Of the three butters this 

was the easiest to work. This butter was of excellent color, easily 



the best of the three. hfter holding at LO degrees Farenheit, it was 

found to be hard, crumbly and sticky to spread. The iodine numbers of 

the fourteen samples ranged between 23.57 and 28.98 and averaged 

26.L6. 

The average churning time of the cream from the cows fed soybeans 

and alfalfa hay was 28 minutes at a temperature of 6L1..8 degrees Faren- 

hait. The butter was soft, greasy and very difficult to ork. The 

color was poor, although it was not as white as the butter from the 

cow fed alfalfa hay, only. After holding at L.O degrees Farenheit for 

some time the butter spread easily and was criticized as being cuy. 

The iodine number of the fourteen samples ranged between 35.11 and 

39.95 and averaged 38.23. 

DISCUSSIOI\T 

EFFECT OF HIGH D LOW-FAT LT LS ON PRODUCTION. This experi- 

ment was devised mainly to study the effect of different levels of fat 

in the ration upon milk and butterfat production. The alternate 

system of feeding was used as in this system each cow serves ao her 

own control. When an experiment is carried throughout the lactation, 

one is aale to determine the effect of the ration fed under all stages 

of lactation. 

There are available for analysis a total of seventeen compari- 

sons of six week perioas each, when the cows were fed high and low-fat 

rations. Of these seventeen, milk yield was higher in five, fat 
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percentage in fourteen, fat yield in fifteen and L. percent fat-correc- 

ted milk in twelve when the high-fat ration was fed. 

hilk production on the high-fat ration varied from a gain of 2.L. 

pounds per cow, daily, to a loss of 7.1 pounds per day. In the five 

cases showing a gain the average was 0.96 pounds per cow, daily. In 

the twelve comparisons shomng a loss the average was 2. pounds per 

day. It would seem that milk yield is not affected by varying the fat 

content of the ration between 5.12 per cent and 2.55 percent of the 

dry matter consumed. 

Fat percentage is favored in fourteen of the seventeen compari- 

Sons and varies from a gain of 0.8230 oC a percent to a loss of 0.0970 

of a percent. The average increase in fat percentage amounted to 10.7 

percent. Yhen Smedecor?s "chi squaret' is applied the results are 

found to be highly significant. 

statistical analysis of the pounds of fat produced shows the 

results on the high-fat ration to be highly significant. Fifteen corn- 

pansons showed an average gain of 0.156 pounds of fat per day, and 

two comparisons showed a loss of 0.0228 pounds of fat per day. 

The combined effects of the milk yield and the fat percentage is 

brought out when the fat-corrected milk yield is calculated. Twelve 

of the seventeen comparisons favor the high-fat ration with an average 

gain of 2.3 pounds of L. percent fat-corrected milk per cow, dai1y. 

The average loss in five comparisons was o.6L1. pounds per cow, daily. 

These results cannot be demonstrated to be significant probably due to 

a lack of sufficient numbers. 
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There was a total of twelve periods of six weeks each when the 

cows were fed soybeans and thirteen periods when they were fed soybean 

meal. Table presents the average daily production when the periods 

are grouped according to the feeds. 

TABLE XT--AVERGE DAILY PRODUCTION BY FEEDS 

Milk Fat Fat Fat-corrected 
Period (pounds) (percent) (pounds) Milk 

_____________________________ (pounds) 

Soybeans 3.2006 l.L.11O 38.7 

Soybean meal L1B.9 2.9606 l.20 36.2 

Gain on high fat - L.6 O.2L.00 O.iL60 2.5 

It will be seen that the soybean meal, the low-fat supplement, was 

responsible for an increase in milk production; and the soybeans pro- 

duced a higher fat percentage, more pounds of fat and more pounds of 

fat-corrected milk. The actual increase in percent of fat was 0.23 

whieb is an 8 percent increase in the butterfat test. The average in- 

crease of fat per cow per day was o.iL.6 pounds when soybeans were fed. 

Fat-corrected milk shows an advantage for the soybeans of 2.5 pounds 

per cow, daily, or about a 7 percent increase. 

The including of data from early and late lactations may oomph- 

cate the interpretation of the results. Immediately following calving 

the condition of the cow is 1morn to influence the level of production 

and the fat percentage of the milk. Pn accelerated rate of decline in 
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milk yield is experienced late in lactation with cows in an advanced 

stage of gestation. In an experiment in which milk yield and fat 

percentage are the measures whereby a ration is judged to he beneficial 

or otherwise, it is probable that the results during early and late 

lactation should be excluded. 

Table XVI presents the data when periods of early and late lac- 

tation are excluded. 

As indicated iii table XVI, the high-fat ration favors milk yield 

in five of the eight comparisons, fat percentage in seven of the 

elgi-it, fat yield in seven of the eight and pounds of L. percent fat- 

corrected milk in all eight comparisons. The effect of the high-fat 

ration on milk yield, due to the small number of oases, cannot be 

demonstrated to be significant. 

Fat percentage and pounds of fat produced are favored by the 

high-fat diet in seven of the eight cases. The increase in fat per- 

centage ranged between 0.0 and 0.82 and averaged O.59L. This repre- 

sents an average increase of 12.8 percent in the percentage of fat 

produced by cows on the high-fat compared vdth the low-fat ration. 

These are highly significant results. Fat-corrected milk shows a gain 

on the high-fat ration in all cases with an average increase of 2.5 

pounds per cow per day. This represents a 6.L. percent increase in 

fat-corrected milk. Jnder this method of analysis the results more 

nearly agree with the results reported by Iamard and coworkers (iL'.), 

who found the main influence of a high-fat ration was upon milk pro- 

duction. The increase in fat percentage, however, as in the previous 



TABLE XVI--&VERAGE DAILY PRODUCTION WHEN STAGE 0F LACTATION 
AND GESTAW ION ARE TAKEN INTO ACCOUNT 

Average Average Averij Average Daily 
Cow Period Daily Fat Per- Daily Yield of Fat- 

Milk Yield centage Fat Yield Corrected Milk 
(pounds) (percent) (pounds) (pounds) 

356 II. Soybeans 52.L1. 3.L1.83L1. 1.828 L8.3 
III. Soybean meal ¿43.9 3.1165 1.527 !42.Lj. 

Iv. Soybeans L2.6 3.7561 l.&3 L1.O.3 

Average of periods II & 1V Lj.7.5 3.6197 1.715 
Gain on high fat - 1.L. 0.5032 0.188 1.7 

V. Soybean meal 36.0 2.7L.98 0.992 29.2 

Average of periods III & V ¿42.L 2.9331 1.259 35.8 
Gain on high fat 0.2 0.8230 0.3Lk. 

33L II. Soybeans 56.1 3.3576 1.953 52.6 
III. Soybean meal 52.8 2.7219 l.L.39 L2.6 
IV. Soybeans L6.9 2.829 1.299 37.8 

Average of periods II & IV 51.5 3.0922 1.626 L.5.2 

Gain on high fat - 1.3 0.3703 0.187 2.6 

V. Soybean meal 36.1 2.5L.6L1. 0.9211 28.2 

Average of periods III & V LL.L1. 2.61 1.180 35.L4. 

Gain on high fat 2.5 0.1578 0.119 2.L. 



TABLE XVI--(continued) 

Average Average Avrage Average Daily 
Cow Period Daily Fat Per- Daily Yield of Fat- 

Milk Yield centage Fat Yield Corrected I]ulk 
(pounds) (percent) (pounds) (pounds) 

3L1B II. Soybean meal 5.l .5978 1.913 9.9 
III. Soybeans 145.3 3.7721 1.860 L3.8 
IV. Soybean meal 3L.9 3.0225 1.056 29.7 

Average of periods II A IV )4.0 3.3101 l.L8L. 39.8 
Gain on high fat 1.3 0.L620 0.376 

V. Soybeans 23.0 3.1593 0.782 21.5 

Average of periods III & V 3L.l 3.L657 1.321 32.6 
Gain on high fat - 0.3 0.Lk32 0.265 2.9 

314 II. Soybean meal 71.0 2.0Lj9L. 1.L82 L9.9 
III. Soybeans 59.L. 2.Li325 l.L)472 
r. Soybean meal L.7.l 2.5813 l.217L. 37.0 

Average of periods II IV 59.0 2.3153 1.3328 
Gain on high fat 0.L. 0.1172 0.l1LjL. 2.0 

V. Soybeans 36.0 2.7271 0.96L5 29.1 

Average of periods III & V 147.7 2.5799 1.2058 37.2 
Gain on high fat 0.7 -0.00lL -0.0116 0.2 0" 
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analysis, is shovrn to be the factor mainly influenced by the high-fat 

ration. 

SOYBNS ND SOYBEAN LDÄL Iß SUPPLEENTS TO ALFALFP. HAY . Cows 

on an exclusive diet of alfalfa hay produce anywhere from 50 to 70 per- 

cent of what would be expected on a full-feed ration. This restricted 

production results from the deficiency of some specific nutrient in 

the alfalfa hay or a lack of sufficient total digestible nutrients or 

both. Jones and coworkers (il) are rather inclined to believe the 

restricted production is due to a deficiency of specific nutrients. 

In the experiment herein reported, total digestible nutrients 

were consumed in excess of the requirements as calculated from 

horrison's (la) feeding standard except at the beginning of the lacta- 

tion. then soybeans and soybean meal, alternately, supplemented an 

alfalfa hay ration, production was decidedly above what would be 

expected on alfalfa hay, alone. Figures 1, 2, 3, and L. show that the 

cows starting lactation at a high level maintain their production, as 

well, as reported by Eckles (5) as being normal for cows on official 

test. The difference shown would be greater had not the Eckles normal 

been raised in Figures 1 to L. to a higher level of production than 

reported, so as to show the rate of decline more clearly. All of the 

cows oroduced over 1400 pounds of butterfat. Cow 33L1. producing 509 

pounds of fat in 3114 days, cow 3141 producing 1400 pounds in 281 days, 

cow 3148 producing 143 pounds in 291 days and cow 356 producing /496 

pounds of fat in 333 days. The average consumption of grain per cow 

for the entire lactation was 1900 pounds. Had the cows been on full 
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feed the amount of grain fed at their peak of production would have 

been considerably more than the 8 to 10 pounds of soybeans or soybean 

meal they received. 

The rate of decline of production was not as rapid as would be 

expected on alfalfa hay, alone. Smith (2) found that when cows were 

fed soybeans or soybean meal after periods of feeding alfalfa hay, 

alone, the decline in production was checked. 

The rapid decline towards the end of the lactation of the COWS 

used in the present investi&ation cannot be said to be due to the 

inability of the soybeans or soybean meal to maintain persistency of 

lactation, but results from the advanced stage of gestation. PJ.l of 

the cows calved within twelve months and cow 356 within eleven months. 

Cows, when fed and managed under conditions of official test, general- 

ly do not calve within twelve months. This accounts for the wide 

difference in the levels of production of the Eckles normal and the 

experimental cows in the late stages of lactation. Experimental cow 

)4:S, from previous lactations, is recognized as a short-time milker, a 

condition which further accentuates the accelerated decline in her 

milk production towards the end of lactation. 

Soybeens and soybean meal are effective supplements to alfalfa 

hay as indicated by the maintenance of production at a level above or 

equal to the level reported by Eckles (5) for cows on official test. 

From the results of this experiment it is apparent that the 

overall effect of the high-fat diet on production is not so much to 

increase the rn-ilk yield, but rather to siiificant1y increase the 



percentage of butterfat in the milk and, thereby, the pounds of fat 

produced. 1though these results do not agree with those of Maynard 

and coworkers (iL'.), they are in agreement with the work reported by 

Schubert and Wells (21) and Bratton et al (2). These conflicting 

results. are difficult to explain. Maynard (lLj.) in his work fed a 

ration with a higher percentage of concentrato feeds and considerably 

more variety as compared to the ration of this experiment. JUso, 

another reason that may account for the difference in the results is 

the wide variation in the percentage of soybeans in the ration. 

Maynard (iL') included 18 percent soybeans in his ration, whereas, in 

this experiment soybeans made up 100 percent of the grain fed. Bratton 

and associates (2) and Schubert and Wells (21), also, included a 

higher percentage of soybeans in their experiments. 

EFFECT OF TBJ FAT IN TI RTI0N ON T BUTTERFAT, The difference 

in churning temperature was not. great, whereas, the difference in 

churning time was quite wide. The churning temperature and time was 

highest when soybean meal was fed. Possibly the reason for the 

shorter churning time of the "soybean" butter is that the higher per- 

centage of unsaturated acids allows for quicker coalescing of the fat 

globules. 

The low iodine immibers of the fat from the cows fed sorbean meal 

is not what was expected. It was thought that the iodine numbers from 

this feed would fall somewhere between the values of the alfalfa hay 

and soybeans. Coinciding with the low iodine number of the soybean 

meal butterfat, however, was a crumbly, sticky, difficult to spread 



butter. The high moisture content of the "soybean't butter, probably 

results from the difficulty in working due to its soft, salvy nature. 

The high iodine number of the "soybean" butter indicates that the 

dietary fat imparts to the butterfat in rather a direct way a high 

percentage of the unsaturated acids. 

Possibly the explanation of the very low iodine number of the 

"soybean meal" butter is that in the process of extracting the oil 

from the soybeans some change takes place whereby the unsaturated 

acids in the oil are hydrogenated to saturated acids which in turn 

when fed would impart a higher degree of saturated acids to the but- 

terfat. &dditional work to determine why the "soybean meal" butter has 

such a low iodine number is necessary. 

S1ThAFY AND CONCLUS IOT\TS 

Four purebred Holstein cows were fed alfalfa hay supplemented, 

alternately, with either ground soybeans or soybean meal throughout an 

entire lactation. The double reversal system of feeding was employed 

with each period being of six weeks duration. W1'ìen soybeans were fed, 

the average fat content of the ration was 5.12 percent; and when soy- 

bean meal was fed, the ration contained 2.55 percent fat. Even when 

ten pounds of soybeans were fed, the beans were as palatable as the 

soybean meal. 

Milk production, beginning at a high level, was maintained above 

or eal to what is expected of cows on official test. 
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The high-fat ration did not sinificant1y increase milk produc- 

tion. Fat-corrected milk was favored by the high-fat ration in 

twelve of the seventeen comparisons available for analysis. 

Fat percentage showed an average gain on the high-fat ration of 

12.8 percent. 

Ground soybeans made a butter which was soft and greasy and in- 

creased the iodine number of the butterfat much above that of soybean 

meal and that of alfalfa hay. 

The results of this experiment show that a certain level of fat 

in the ration is necessary for maximum fat secretion. They, also, 

frnish evidence that ground soybeans are satisfactory as a supplement 

to alfalfa hay and for supplying the necessary fat in the ration. 
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