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INTRODUCTI011 

The composition of milk haa long been an object or acientifio investi­

gation. As milk is evaluated largely on the basis of ita composition, 

investigators have given considerable study to the factors causing vari­

ations in the amounts of its various conatituents. 

Although many scientific discoveries have been made relative to the 

mode of milk secretion, much yet remains to be done to satisfactorily 

explain this phenomenon. Early workers were of the opinion that while the 

composition of milk of individual cows varied within certain limits, the 

composition was determined by heredity and could not be affected appreciably 

by feeding. Present day evidence indicates that this early hypothesis is 

only partially true. It still appears to be a fact, however, that the 

normal composition of a cow's milk is largely fixed by heredity and cannot 

be changed beyond certain more or leas fixed limits. 



THE PROBLEI( 

There are two fundamental causes of variations in the composition of 

milk--heredity and environment. The variation in the composition of milk 

of animals of different breeds is largely due to hereditary differences 

between the breeds. The composition of milk of animals of any breed may, 

however, change considerably under different conditions of environment. 

Furthermore, there are a number of factors that operate during the 

dry period and throughout the lactation period that tend to alter the 

composition of milk. Some of these factors tend to lower the percentages 

of some of the constituents, while others tend to increase them. Some of 

these factors may be cl~saed under management and nutrition and ma.y be 

under tr.e control of the feeder and mil ker, while others may be classed 

as physiological factors and are due to changes in the internal condition 

of the cow. 

Extensive research has been conducted by experiment stations in the 

United States and in Europe, and this evidence indicate conclusively that 

the composition of milk cannot be appreciably changed permanently by any 

method of feedjng. Experiments have shown that certain feeds and galac­

tagoguea may effect a slight change in the composition of milk for only 

a short period of time. 

Recent research work has been presented that shows that the composition 

of milk might be materially changed for periods aa long as several lac­

tations by changing the physical condition and/or the quantity of roughage 

consumed. 

The object of this investigation is to study some effects of the 

quantity and physical conditions of the roughages fed dairy oows on the 

composition of the milk. 



REVIEW OF LITERATURE 

A study of the literatu re relative to investigations of the compo­

sition of milk as affected by the physical condition and/or the quantity 

of roughage consumed reveals a very small amount of data. all of which are 

the results of comparatively recent work. 

Studies by Powell (8) show conclusively that the physical character 

of the ration and the quantity of roughage consumed wil l significantly 

affect the composition of milk in both butter fat and solids-not-rat percent­

ages. His studies include thirty-one cows for sevent~nine lactations. 

The cowa received ample nutrients according to accepted atandarda and a 

later check-up on carotene content of the ration made up of the same fo ula 

as those that were used during the experiment. showed a daily intake up to 

560.000 micrograms of carotene per cow. 

Data preaented on results from eight individual cows. which were said 

to be typical of all results secured under like circumstances, show a range 

of decrease in butterfat percent of 0 .6 to 1.3 percent for lactations on a 

oheckered ration 1:/ as compared with a regular ration where natural roughage 

was fed ad libitum. 

In two cases reported when the entire ration was fed in the meal form 

for the entire lactation. the average butterfat tests were 2.9 percent and 

2.6 peroent as compared to butterfat tests of 3.4 percent and 3.3 percent. 

respectively, for auoceeding lactations on the regular ration. 

Two other animals received checkered rations plus five pounds of 

alfalf hay daily in rations that contained 21.9 and 14.7 pounds of roughage. 

respectively. 'lhe butterfat test was 2.9 percent as compared with 3.8 percent 

y 
A checkered ration is made by grinding the ingredients , mixing them. 
and running the mixture, through a machine that compresses it into 
checkers or cubes. 
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d1.tring the succeeding lactation on the regular ration, and 2.5 percent in 

the sixth 1 ctation as compared with 3.3 perce.nt on a regular ration in the 

third lactation. When another individual received 15.0 pounds of silage 

daily with a checkered ration which included 22.3 pounds of roughage, the 

butterfat test was 2.7 percent for that lactation as compared with butterfat 

teats of 3.1 and 2.9 percent for the two succeeding lactations. 

Studies with twelve Holsteins averaging more than sixty pounds of 

milk daily showed a decline in butterfat tests from approximately 4,0 per­

cent while receiving 25.0 pounds of hay daily to approximately 2.1 percent 

when placed on a ration including 6. 0 pounds of hay daily. When the cows 

were returned to 25.0 pounds of long hay daily, the butterfat test increased 

to approximately 3.2 percent. Graphic illustrations show that the trends 

of changes in the butterfat test closely paralleled trends of changes in 

hay consumption. 

Powell (9) reports that the reaction of the cowa in respect to butter­

fat content of milk was similar when the roughage allowance was kept the 

same but ground relatively fine, or when the total roughage allowed was 

reduced and the total digestible nutrients of the roughage deducted was 

replaced by increased concentrate allowances. 

By regulating the physical characteristics and the total intake of 

the roughage part of the ration, Powell (10), in a series of tests involving 

thirty-seven cows. mostly Holsteins . for a total of eighty-five lactations, 

varied the fat content of the milk at will as much as 60. 0 percent without 

materially changing the quantity of milk produced. He reported that a low 

fat test could be maintained for at least three complete lactations without 

apparent physical injury to the cow, and then restored to the nonnal fat 

percentage pennan~ntly by changing the ph 11ioal characters of the roughage 
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received and/or the amount of' ro\.\ghage consumed . The solids- not-rat also 

varied in the aame general manner as the butterfat. 

Ingham and Meade (4) fed ground and unground soybean hay to dairy 

cattle in a roughage ration of 1 , 0 pound of hay and 3. 0 pounds of silage 

per one hundred pounds live weight . The cowa were all owed a l l the concen­

trates they would consume . For grinding the soybean hay, a hammer type 

mill with 5/16 inch screen was used . The average butterfat teat was o.15 

percent to 1 . 0 percent higher on ground than on ungr ound soybean hay. 

Oleon {7) conducted four ninety- day feeding tri~l s comparing the 

value of ground and unground a l fa l fa hay, sweet clover hay, and alfalfa 

hay and oorn fodder . The animals were fed 30 .0 pounds of silage daily and 

the additional quantity of dry roughage they would consume . Concentrates 

were fed according to milk production. 

The butterfat test waa 0. 042 per cent higher on whole a l fa l fa than on 

ground alfalra, 0. 175 percent higher on gr ound sweet clover hay than on 

whole sweet clover hay, 0. 073 percent higher on ground alfalfa and corn 

fodder than on whole alfalfa and corn fodder in the first trial, and 0.021 

percent higher on ground alfalfa and fodder in the second trial. 

Morrow and LaJraster (5) studied the va l ue or ground and unground 

lfalfa hay, soybean hay. and oats and vetch hay for milk production. Two 

lots of five cows each were allowed all the dry roughage they would consl.Ulle 

a:f.'ter they were fed 3.0 pounds of com silage per one hundr ed pounda live 

weight . The concentrate mix was fed in proportion to prQduotion using the 

Henry and Morrison Feeding Standard for computing the feed requi rements . 

The butterfatttests were 0. 107 percent higher on ground alfalfa hay 

than on unground alfalfa hay; 0. 004 percent higher on ground soybean hay 

than on unground soybean hay; and 0. 024 percent higher on ground oata and 

vetch hay than on t.tnground oats and vetch hay. They con~luded that the 
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phyaieal preparation of hay had no effect upon the quantity or quality ot 

milk produc.ed . 

Reed and Burnett (11) fed ground and unground alfalfa hay in comparative 

rations to two groups of eix cows each for a period of ninety daya . !he, 

rations consisted of 1.0 pound ot hay and 3 . 0 pounds of silage per one hun­

dred pounds live weight, and 1.0 pound of concentrate per 3.5 pounds of milk 

produced by Holsteins. and l.O pound concentrate per 3 . 0 pounds of milk 

produced by Ayrshires . Samples for Babcock analyses were taken at each 

milking . The results show a 0 . 017 percent higher butterfat test for the 

ground hay periods than for the ungroum hay periods . 

Hayden and co-worker• (2) reported work in which ground and unground 

roughages consisting of two parts alfalfa and one part corn stover were 

fed to two groups of six cows each for one hundred and seventy-four daya . 

The hay and stover were rttn through a hammer mill with a 7/16 inch screen. 

The butterfat test was 0 . 017 percent higher on the ground hay than on the 

unground hay. 

In one feeding trial. Williama (12) compared the value of a grotmd and 

an unground roughage ration consisting of two parts alfalfa and one part 

oorn atover tor milk production. Two lots of six cows each were fed for 

about lix months . The coWB were given all the feed they would oonstU'll.e . 

Results show a butterfat test 0 . 059 percent higher for the ground roughage 

period than for the whole rOllghage period . 
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PLAN OF INVESTIGATIOW 

Experimental Setup 

Fourteen cows in the dairy herd of the Oklahoma Agricultural and 

techanical College were used in this sttldy to obtain additional information 

of t he effects of the quantity and physical condition or the rougr_age fed 

da i ry cattle on the butterfat percent and solids- not- fat percent of milk. 

These studiea include three experimenta, (l) in which different levels of 

prairie hay were fed in the ground and the unground conditions , (2) in 

whioh alfalfa hay was fed in the ground and the unground forms, and (3) in 

whioh the roughage oonsisted of a limited amount of alfalfa hay. 

In all e:xperimenta the single reversal plan of experimentation was 

used. The ordinary single reversal plan was used when a comparison between 

whole a nd ground hay wa& made and when a comparison was made between a full 

roughage ration and a limited roughage ration. The modified single reversal 

plan was used in Exper:iment 2 in which the relative effects or a .full rough­

age ration of ground hay and lil!lited rou ghage rations of ground and long 

hays were comp:ired with a full roughage ration of long hay. The idea of 
' 

an ord i1:19- ry single reversal pl~n and the modified sin~le reversal plan can 

easily be described diagrammatically. 

Ordinary single reversal plan1 

Lon hay Ground hay 

L.. .. . . Long hay 
,--,l 1'-' 1 

Mo ified single reversal plans 

4 l bs . 
Full ground hay Ground hay 

i- ------- -

Experimental Period• (1, 2. 3, 4, 5) 
Preliminary Perioda (1, 2, 3, 6) 
Prepreliminary P rioda 

Long hay 
3 
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The ordinary single reversal plan permits a comparison of the first 

and third exper1.mental periods with the second exper~ntal period, and the 

modified form of the single r eversal plan affords a comparison of the first 

and last experimental periods on the baaal ration with each of the inter­

mediate periods. It also permit• a comparison between the intermediate 

periods . The merits and disadvantages of these plans will not be discussed 

here. 

Cowa Used in Experimenta 

Eight grade Jersey con that were being used in a prair ie hay and 

cottonseed meal investigation were available for studying sane of the 

effects of' feeding prairie hay in the ground and in the unground conditions 

on the composition of milk. Three of these animals received 4. 0 pounds of 

hay daily, one B. O pounds of hay daily, and four approximately as much hay 

as they would cons'Ullle. 

Two Ayrshires and two Holstein• were used to study the influence on 

the butterfat and solids-not- fat content of the milk of a full roughage 

ration of long alfalfa as compar ed with a full roughage r ation of ground 

alfalfa hay and with a limited roughage ration of ground and long alfalfa . 

Two Holsteins that were finishing an experiment in which mungbean silage 

was compared with al:falfa hay for milk production offered an opportunity to 

compare the butterfat and solids- not-fat content of the mil k produced on a 

full and on a limited roughage ration of alfalfa hay. 

There were considerable variations in daily milk production. butterfat 

tests. stages of lactation. stages of gestation, live weights , and levels of 

feed intake among the fourteen animals used in the experiments. A de~crip­

tion of theae factors is given in Table l. 



Table l. Descripti f Animals at the B i f Experiment 
Stage Stage Daily 

AS,! Body ot ot Milk Butterfat 
Type of Weight Lactation Gestation Yield Teat 

Cow No . Hay RationY Breed Yrs. Mos . Lbs. Daya Daya Lbs. Percent 

36 Full prairie ha7 Grade Jersey 8 4 970 247 127 7.14 5 .8501 
38 Full prairie hay Grade Jersey 8 3 1016 29 0 21.98 4.3731 
us Full prairie hay Grade Jersey 10 9 1000 84 3 11.12 4 .5724 

40,4 Full prairie hay Grade Jeraey 5 0 961 221 24 15.82 5.9141 
331 8 lbs. prairie hay Grade Jersey 4 5 860 40 0 28.28 4.7546 
604 4 lbs. prairie hay Grade Jersey 2 11 949 296 157 10.08 6.7935 
431 4 lbs. prairie bay Grade Jersey 3 3 927 149 44 12.22 5.8219 
338 4 lbs. prairie hay Grade Jereey 4 3 871 134 0 22.56 4.5468 

1 Full alfalfa hay Holstein 3 11 1404 69 0 41.59 3.5779 
2 Full alfalfa hay Holstein 5 4 1602 47 0 56.19 3.4166 
3 Full alfalfa hay Ayrshire 6 3 1289 43 0 41.41 3.6491 
4 Full alfalfa hay Ayrshire 4 1 1149 130 41 23.49 3.7027 
5 Full alfalfa bay Holstein 6 6 1431 162 39 37.48 3.4308 
6 Full alfalfa hay Holstein 9 5 1524 115 29 60.41 3.4367 

Y A ~ll hay ration is the quantity of hay a cow will consume when dry hay constitutes the entire roughage. 
Thia is usually about 2.0 po~nda of hay daily for each 100 pounds body wei ght. 

(0 
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Feeds Used 

the feeda used in Experim.ent 1 were good quality Oklahoma prairie hay 

grown locally, molasses beet pulp, and cottonseed meal, 43 percent protein 

grade. In Experiment 2 good quality brown alfalfa hay was used. The con­

centrate mixture fed from February 20 to February 28 consisted of four 

parts corn, three parts wheat bran, two parts ~ts, and two parts cottonseed 

meal . The concentrate mixture fed from March 1 to :May 25 consisted of four 

parts corn, three parts wheat bran, two parts oats, and one part cottonseed 

meal. In Experiment 3, No. 2 grade alfalfa hay was fed. The concentrate 

mixture consisted of four parts corn, three parts wheat bran, two ~rta 

oats, and one part cottonseed meal . In all cases the eows were fed ample 

protein and total digestible nutrients t o meet their requirements for main­

tenance nd milk production as reqqired by the orrison Feeding Standards . 

Prepar tion of Haya 

The lfalfa and prairie haya fed in the ground condition from rch 

8 to April l ·ereground with a Jay Bee h.ammer type mill, size 2 U, using 

a 2,/32 inch screen. A thirty horse-power electric motor was the source of 

power. 

The ground alfalfa hay fed from April 2 to May 25 was ground with a 

John Deere hammer type mill, 10-inch size, using a 3/32 inch screen. A 15- 30 

horse- power cConnick Deering tractor was the so.tree of power. 

A sample was taken fro111 each bag of ground hay fed in the experiments 

for the pqrpose of determining the modulus of fineness . All samples of 

ground prairie hay were combined and thoroughly mixed by placing the samples 

of hay on a large paper and alternately pulling the opposite corners of the 

paper across eaoh other . Two representative samples were taken from the 

composite batch for determining the modulus of fineness by the method des­

cribed by Bohstedt (1) . 
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The same procedure was followed for mixing s ples and determining the 

modulus of fineness of the alfalfa hay ground by the Jay Bee hammer t~ 

mill , size 2 U, using the 2/32 inch screen and that ground with the John 

Deere hammer typ mill. 10-inoh size, using the S/32 inch screen. 

odulus of Fineneu of Ground Hays 

Table 2 shows the average percent of hays retained on the different 

Tyler standard screen scale sieves and the modulus of fineneas of the hays 

fed in the experiment. 

The prairie bay ground with the Jay Bee hammer type mi ll, size 2 u, 

using a 2/32 inch screen had an average modulus of fineness of 1.4587, 

while the alfalfa hay ground with the aame equipnent had an average modulus 

of fineness of 1.3009. The alfalf hay ground with the John Deere hammer 

type mill. 10- inch size, using the 3/32 inch screen had an average modulus 

of fineness of 2.1923 . 

Powell (9) stated that part of the hay used in his experimental work 

was No. 2 grade. submitted to a 1/4 inch grind . Eighty peroent of this 

material would pass through a 10 mesh screen. In other parts of his investi­

gation, No . 1 grade hay ground fine enough for ninety percent to pass through 

a 24 mesh screen was fed . 

Analysis of the ground hays used in Experiments 1 and 2 sho~ that the 

prairie hay was ground fine enough for ninety percent to pass through 28 

mesh screen. The alfalfa bay ground with the Jay Bee hammer type mill, Size 

2 U, using the 2/32 inch screen was fine enough for ninety-five percent to 

pass through the 28 mesh. The alfalfa ground with the John Deere hammer 

type mill, 10-inoh size, using a 3/32 inch screen was tine enough for seventy­

three i:ercent to pass through the 28 mesh screen. 

Thua it appears that the ground prairie hay used in Experiment land 

the more finely ground al.f'al:f'a hay used in Experiment 2 were of finer grind 



Table 2. Modulus of Fineness of Ground Ha]! Cons\.lllled in Experiments 

Average Percent of Hay Retained on Screens 
I Screen Sizes 

3/8 mesh 4 mesh 8 mesh 14 mesh 28 mesh 48 mesh 100 mesh Bottm 

Prairie Y o.oo 0 . 01 0.12 0. 47 9. 19 42 . 97 29 . 46 17. 75 
Added total s o.oo 0 . 01 0 . 19 0 . 66 9. 85 52 . 82 82 . 28 

Alfalfa Y o.oo o.oo o.oo 0 . 21 4 . 78 48 . 09 18. 49 28 . 38 
Added total a o.oo o.oo o.oo 0. 27 5 . 06 53 .14 71 . 63 

Alfalfa!/ o.oo o.oo 0 . 02 9.85 26.74 41 . 26 16.99 14 . 03 
Added totals o.oo o.oo 0 . 02 9.87 36.61 77.87 94.86 

Y Jay Bee, Size 2 U, hammer type mill, 2/32 soreen. 

!/ John Deere hammer type mill, 10-inch size, 3/32 screen. 

Total 

100. 00 
145.87 

100. 00 
130. 09 

100 . 00 
219.23 

Moduh11 

1. 4587 

l.3009 

2.1923 

.... 
N 
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than that used in Powell's investigation. One would estimate that the more 

coarsely ground alfalfa hay used in Experiment 2 wa1 coarser than the finer 

ground hay used by Powell. 

Management of the Cows 

The cows were stanchioned in individual stalls with special box- mangers 

designed to eliminate wasting or feeds and to prevent the exchange of feeds 

between mangers. Water bowls were located at each stall to provide water­

Water was also &'Vflilable in the outdoor lot. 

The feed allowances were weighed out each a:f'ternoon for the evening 

feeding and for the following moming feeding. Orts were removed and weights 

recorded each a:f'ternoon before the evening feed allowances were placed in 

the mangers. The con were kept outdoors in dry lot all d.aya when weather 

was favorable. 

All oon in the experiments were milked twice daily and the weights 

of milk were recorded at each milking. 

Sampling and Analyses or Milk Samples 

A representative sample of milk s taken from each cow im.m.ediately 

after each milking for analyai1 of butterfat percent and for making lactcm­

eter readings. 

Duplicate butterfat determinations by the Babcock method were made on 

all samples. The test bottles used were calibrated and all duplicate 

analyses checked within O. l peroent. The daily butterfat production and 

daily butterfat tests were calculated using the average results or the 

duplicate determinations for each milking. 

Laotometer readings were made on all samples of milkwith a Quevenne 

lactometer calibrated to be read at the level of the surface of the milk 

according to Hereford (3) . Lactometer readings were taken at the top of 
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the meniec:us and re-corded. The temperatQre or the milk was also recorded. 

Correotions for tempera.ture and reading; at the top ,of the meniscus were 

made as described by Nawlander (6). The Ba.boook Formula. Solids-Not-Fat 

Percent = Lac~o:mater Reading + o •. 2 x Butterfat Percent, ws.s used for 
4 

calculating percent of solids-not-rat. 

Live Weights 

Live woights of' individual cows were taken at the beginuing and at the 

end of each preliminary and G%perimental period. The plan was to have the 

second of the thNe weighin~ days fall on the first or last day of each 

prel:i.!ilinary or experimental period as the ease might be. The am.mals were 

woighed on suocessive days until three wei~hts within a range of twenty 

pounds were obtained. The average of these three weigh ta was used as the 

average body weight. 
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PRESENTATIOiJ AI'ill DISCUSSION OF EZPERD111ilJTAL DfiTA 

Feed Records 

The average daily ration offered emch eow, the feeds refused, e.nd the 

.feeds consumed are .B~Im"'...arized i:n table 3. 

In Experiment 1, Cow ~fo. 604 :received 4.0 pounds of hay daily. From. 

the beginning of Period 3 on. January 11 to January 20, oottom eed meal was 

fod mixed with gro-und hay. During the remaining portion of ·the experiniental 

period, each feed was fed separately. ~ring the entire experimental period 

portions o.f' the g;rou.nd hay were refused whether fed mixed with the ootton ... 

seed meal or fed alone. Average daily hay refusal for Period l on long hay 

was 0.24 pounds; for Period 3 on grot\nd hay .. 2.33 potmdSJ and for Period 5 

on long hay there were no hay refusals (Table 3). 

On the other hand. Cow No. 36 refused en average of only o.oo pounds of 

ground hay daily duTing Poriod 3 as compared with average daily refusals ot 

2.36 poi.mas of long hay in Period l and 1.49 pounds of long hay in Period 5. 

Cow No. 13 refused no hay dQring Period 3 on the ground hay rati(.\n. 

During Period l on lo11g hay there \VBS an average daily refus.al of 2.10 pounds 

of hay and <luring Period 5 on long hay thoye was an average daily ref\laal 

of 3.73 pounds of hay (Table 3). 

With the excep'i:;ion of an average daily ha.y refusal of 3.30 pounds of 

long hay for Cow ~fo. 404 during Period l, thora were no appreciable daily 

hay refusals during any poriods for the other cows on the experiment. 

Difficulty -vras enoo1.ux~ored ill getting Cow Mo. 3 in Ex~riment 2 to 

consume tho hay in the ground condition. During Period 3 in which s.o 

pounds of' long hay and 18.0 pounds of ground hay were fed., she rofusecl an 

~verage of 2.38 pounds of ground hay daily. For Period 4 in which 18.0 

po-untis of ground hay were fed, the average daily refusal was 4.06 pott:nds• 

and for Poriod 5 in which 4.0 pounds of' e:rou:nd hay were fed daily, the 



.ble 3. A 
~ 

Feeding 
Period Ration 

Cow No. 36 
l Full long hay 
3 Full grOQnd hay 
5 Full long hay 

Cow No. 38 
l Full long hay 
3 FQll ground hay 
5 Full long hay 

Cow No. 13 
1 Full long hay 
3 Full ground hay 
6 Full long hay 

Cow No . 404 
1 Full long hay and 

beet pulp 
3 Full ground hay anc 

beet pl.llp 
4 Full ground hay 
6 Full long hay 

- . . . a.i ly Ration Of fered. Feeds Refused .d Feeds C d by Intii vidl.lal 
Leng,;.t1 Pre. ir ie Re. y Beet Pulp Cottonseed Ueal 

of 
Period Offered Rer,used Consumed Orrered Refused Consumed Offered R3~aed Consumed 
De.ya Lbs. Lbs. lbs . Lbs. Lbs. Lbs . Lbs. Lbs. Lbs. 

5 15.00 2.38 12.62 s.oo o.oo s.oo 
26 12.46 0.09 12.37 6.46 o.oo 6 . 46 
12 13.00 1.49 11.51 6.00 o.oo s.oo 

5 23.00 0.10 22.90 8.24 o.oo 8.24 
24 20.00 o.oo 20.00 10.00 o.oo 10.00 
18 22.00 0.43 21.57 10.00 o.oo 10.00 

5 20.00 2.10 17.90 9.76 o.oo 9 .76 
50 18.00 o.oo 18.00 10.00 o.oo 10.00 
11 18.00 3.73 14.27 10.00 o.oo 10.00 

5 19.00 3.30 15.70 4 .40 o.oo 4.40 6 .60 o.oo 6. 60 

25 17.88 0.2s 17.62 4.00 o.oo 4 .00 6 .08 o.oo 6 .08 

18 17.50 o.sa 16.92 7.58 o.oo 7.58 
25 18.00 0.32 17.68 7.00 o.oo 1.00 

.... 
CJ) 



. 
' ting~n :: . 

of Prairie Hay 
Feeding Period Offered Re~1ed ConstUned 
Period Ration Daya Lbs . Lbs . Lbs . 

Cow No . 331 
1 8 lbs . long hay 8 8. 20 o.oo s.20 
3 8 lbs . ground hay 35 8. 17 0 . 20 1. 91 
5 8 lbs . long hay 15 · s ~19 o.oo 8.19 
7 8 lbs. ground hay 14 8. 04 o.oo 8. 04 
9 8 l bs . l ong hay 10 s.oo 0 . 10 7. 90 

Gow No. 604 
1 4 lbs . long hay 5 4 . 00 0. 24 3 . 76 
3 4 lbs . ground hay 30 4;00 2. 33 ··1_. 67 
5 4 lbs . long hay 16 4 . 00 o.oo 4. 00 

Cow No. 431 
l 4 l bs . long hay 5 4 . 00 o.oo 4 . 00 
3 4 lbs , ground hay 49 4 . 00 0. 04 3. 96 
5 4 lbs . long hay 18 4. 00 c.oo 4 . 00 

Cow No. 338 
1 4 lbs . l ong hay 5 4 , 00 o.oo 4. 00 
3 4 lbs . ground hay 49 4 . 00 0 . 02 3. 98 
5 4 lbs . l ong hay 18 4 . 00 o.oo 4.00 

. 
Beet Pulp 

Jffered Refused Consumed 
Lbs . Lbs . L'bs. 

15 . 75 o.oo 15. 76 
14. 00 o.oo 14. 00 
14 . 00 o.oo 14 . 00 
14. 00 o. oo 14 . 00 
14 . 00 o.oo 14. 00 

9 , 00 o.oo 9 . 00 
a.so o.oo 8. 50 
a.oo o.oo a.oo 

12. 00 o.oo 12. 00 
11, 15 o.oo 11. 15 
11.00 o.oo 11. 00 

12. 00 o.oo 12. 00 
12 . 00 o.oo 12. 00 
12 . 00 o.oo 12. 00 

:i: 

Cottonseed Meal 
>!'rered Rerused consumed 

Lbs. Lbs . Lb,. 

9 . 00 o.oo 9.00 
s.oo o.oo a.oo 
s.oo o.oo s.oo 
s.oo o.oo a.oo 
s.oo o.oo s.oo 

6 . 40 o.oo 6 . 40 
6 ,20 1. 03 . i1 ~17 
6 . 00 o.oo s.oo 

s.oo o.oo 5.00 
5.00 0 . 02 4.98 
5.00 o.oo 5 , 00 -
s.oo o.oo s.oo 
5 . 00 o.oo s.oo 
s.oo o.oo 5. 00 

,-J 
-.:a 
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~ng~h 
T . 

Prairie Hay 
of 

Feeding Period Offered Refused Consmnea 
Period Ration Daya Lbs. Lbs. Lbs. 

Cow No. 1 
l Full long hay 8 28.00 o.oo 28.00 
3 :full ground hay 30 28.00 0.1s 27.81 
5 Limited ground hay 10 4 .00 o.oo 4.00 
6 Limited long hay 10 4 .00 o.oo 4 .00 
8 Fi.Ill long hay 10 28.00 4 .50 23.50 

Cow No. 2 
1 Full long hay 8 32.00 0.12 31.88 
3 Full ground hay 30 32.00 · 2.02 29,98 
5 Limited ground hay 10 4 ,00 0,00 4.00 
6 · Li.mi tad long hay 10 4.oo o.oo 4,00 
8 Fttll long hay 10 32 . 00 7.84 ~4.16 

Cow No. 3 
1 Full long hay 8 26.00 0.25 25.76 

3 8 l bs . long hay 20 8,00 o.oo a.oo 
18 lbs. ground hay 18,00 2,38 15.62 

4 18 lbs. ground hay 10 18.00 4.06 13.94 
6 Limited ground hay 10 4 .00 2.6S 1.37 
7 Limited long hay 10 4 .00 o.oo 4 .00 
9 18 lbs. long hay 10 18.00 s.s9 14.31 

Cow No, 4 
1 J'Qll long hay 8 24.00 0.24 23,76 
3 Full ground hay 30 24.00 0.04 23.96 
5 Limited ground hay 10 4 .00 o.oo 4 .00 
6 Limited long hay 10 4 .00 0,00 4 .00 
8 Full long hay 10 24.00 4.31 19.69 

. 
Beet ~lp 

::>f1'ered Refused Consumed 
Lbs. Lbs. Lbs. 

16.20 o.oo 16.20 
16.20 o.oo 16.20 

19.00 o.oo 19.00 
19.00 o.oo 19,00 

9,40 0.20 9,20 
9.40 o.oo 9,40 

' 

13.60 o.oo 13.60 
13,60 o.oo 13,60 

X 

>f:f.'ered 
Lbs. 

12.00 
12.00 
12.00 
12.00 
12.00 

16.00 
16.00 
16.00 
16.00 
16.00 

1~.00 

13.00 

24.00 
23.32 
20.60 
20.60 

4.00 
s.oo 
s.oo 
s.oo 
s.oo 

Concentrate 

Ret'Used Conel.Ulled 
Lbs. Lbs. 

o.oo 12.00 
0.07 11.93 
o.oo 12.00 
o.oo 12.00 
o.oo 12.00 

o.oo 16.00 
1.01 14,99 
o.oo 16,00 
o.oo 16,00 
o.oo 16-,00 

0,00 13.00 

1,19 11,81 

5 .40 18.60 
7.89 15.43 
7.83 12.71 
0.42 20.18 

o.oo 4 ,00 
0,03 5 . 97 
o.oo a.oo 
0 .20 5 ,60 
0,10 5.90 

.... 
CD 
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Leng'tih Prairie Bay 

of 
Feeding Period Offered Refused Jonsumed 
Period Ration Daya Lbs. Lbs. lbs. 

Cow No . 5 
l Full long hay 20 29.00 0.15 28.85 
3 Limited long hay 10 8 . 00 o.oo s.oo 
5 Full long hay 10 29 . 00 0 . 13 28 . 87 

Cow Ny 6 
l 5 Long hay plus silage 20 1s.oo 0. 49 14.51 
3 Limited long hay 10 a.oo o.oo a.co 
5 Full long hay 10 30. 00 3.09 26.91 

!/ 44. 97 pounds of mungbean silage consumed daily. 

-
Beet Pulp 

Offered Refused :onsl.Ulled 
Lbs. Lbs. Lbs. 

14.00 o.oo 14.00 

15.40 o.oo 15 . 40 

Concentrate 

orrered iefused Con&l.Ulled 
Lbs. Lbs. Lbs. 

14. 00 o.oo 14. 00 
14.00 o.oo 14.00 
14.00 o.oo 14. 00 

20 . 00 o.oo 20. 00 
20 . 00 o.oo 20.00 
20.00 0.15 19.85 

.... 
co 
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average daily refi.1sc.l VJt:..fl 2.63 potu1ds of ground hay ('fable 3). 

Cow lfo. 2 refused portions of the mixed ground hay and conosntrate 

occasionally during Period .3 on groqnd hay. Cows Nor;; .. land 4 refused no 

ap precie.ble quantities of hay during the ground bay period (Table 3) .. 

Dttring the initial ground hay periods every animal in the experiment 

oons~raed practically all the alfalfa hay offered. The qi..tality of hay 

offered dur:l.ng the final long h&y period appeared to be scmewb.at r110re 

coarse ,the.n that fee dt;ring the initial long hay period. there were a.verage 

daily hay refusals for Oovis 'Nos. 1. 2, 3, antl 4 of 4.50,, 7.84,S.69., and 4.31 

p01.rnds of' long; hay, respectively, for Per:1.od 8 (Table 3). 

Animal No. 6 in F.btperi.ment 3 went off' feed and refused large quantities 

of' hey during the last few cays of Period 5 on long hay. V~'ith. this excep­

tion there were no eppreciable quantities of hay refused during any of the 

fe-edi:.'1.g parioo.s in Experiment 3,. 

\\'11:;h a rev1 exceptions, the cows conswned :most of the roughages offered .. 

during the different feeding !)6riods.. '.there was little di!'fere.nce in the 

palatfoility o:f' the hays whether fed in the ground or \lnground condition .. 

Vlith the exception of Cow ?fo. 604 in Expor:iment l and Cow No. Z in Jib...1>c;r:i.:ment 

2, Httlo difficulty was experienced in getting the oows to oons"Qme b.e.y in 

the ground condi·Hon. 

Changes in Liw WeiGhts 

The changes in live weight o:f' individual cows on the different roughage 

rstione during the exp0rj.monts are recorded in Table 4. 

Ani."l".als Iios. M, 13, and 404, receiving the f'..::.11 ration o.f prairie hay 

showed small do.ily losses during Period l on long hay. Cow ?fo.. 313 m~de en 

a.vorl:l.ga gain of 1.0 pound daily during the period. While on grotlnd hay 

(Period 3) ull thr~e aninals s,howed small average daily losses1 and during 

Period 5 on long hay all animals made small daily gains. 
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T bl 4 Ch a • • anges i Li W i ht f C n ve ·e I!:, 8 0 ows on Diff eren t R ha Rt· oug ge a 1ona 
Ave. 

Daily 
Length Ave. Ave. Ge.in Ge.in 

ot Initial Final or or 
Feeding Period Weight Weight Losa Losa 
Period Ration Daya Lbs . Lbs . Lbs . Lbs . 

Cow No. 36 
l Full long hay 5 970 968 ... 2 - 0. 40 
3 ll ground hay 26 967 956 -11 - 0. 42 
5 Full long bay 12 949 956 + 1 +0. 58 

Cow No, 38 
1 FUll long hay 5 1016 1021 + 5 +1.00 
s Full ground hay 24 993 sn - 22 - 0. 92 
5 Full l ong hay 18 967 970 + 3 t 0 . 11 

Cow No . 13 
l fQll long hay- 5 1000 990 - 10 - 2 .00 
3 Full gro'lnd hay 50 966 935 .;.31 .;.0 . 62 
5 Full long hay 11 930 945 t l5 +l . 36 

Cow No. 404 
1 Full long hay 6 961 953 - 8 -1.60 

3 and 4 Full ground hay 43 956 940 - 16 -0. 37 
6 Full long hay 25 909 937 +28 +1.12 

Cow No. 331 
l 8 lba . long hay 8 860 866 + 6 +0 . 75 
3 8 lbs. ground hay 35 866 850 .;.16 -0. 46 
5 8 lbs. long hay 15 864 889 +25 +l . 67 
1 8 lbs. ground hay 14 889 902 +13 +0.93 
9 8 lbs. long hay 10 902 886 -16 - 1. 60 

Cow No. 604 
1 4 lbs . long hay 5 949 955 + 6 +l . 20 
3 4 lbs . ground hay 30 955 941 - 14 - 0 . 47 
5 4 lbs. l ong hay 16 942 946 .. 4 +0. 25 

Cow No. 431 
l 4 lbs . long hay 5 927 939 +12 +2. 40 
3 4 lbs. gro1.md hay 49 939 925 -14 - 0 . 29 
5 4 lbs. long hay 18 931 961 +30 +1.67 

Cow No. 338 
l 4 lbs . long hay 5 871 897 . 26 +5. 20 
3 4 lbs. ground hay 49 897 859 - 38 -0.78 
5 4 lbs. long hay 18 859 834 -25 - 1.39 
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',i'eble 4 (Continued). Changes :i.n :J.A.ve Weights of Cows 

II'-~~- ~~ • -.:ns;e -
! Ave. 

Daily 
i Length Ave. Ave, Gain Gain 

on Different Rouwhage Rations 

I'eedini of Initial Final or or 
Period Eni:iion Period Weigh\. Weight Loss toss 

rowt 
Days Lbs:, Lbs.- Lbs. Lbs. 

l 
Full long; hay 8 1602 1600 -102 -12.75 
Full grol{nd hay 30 1448 1448 + 0 ! 0~00 -l 5 I,irnited zra<llld hay 10 11.86 1498 + 12 + 1.20 

j a Limited long hay 10 1498 1480 ~ 18 -1 .. 80 

I 8 llull long hay 10 1481 1463 - 18 - 1.eo 

!cow Ho, 2 

I : Full long hay 8 1'±04 1262 ..:.142 -17 .. 75 
Full f,;'OUlld hay 30 1237 1230 - 1 • 0.23 

. 5 Limited ground hay 10 1214 1200 • 14 - 1.40 
G Lilnited long hay 10 1200 1232 + 32 + 3.20 
8 Full long hay 10 1251 1262 + 5 + 0.50 

Cow ro. 3 
l F-ull lo:ng hay 8 1289 1180 -109 -13.G3 

3 and 4 18.0 lbs. ground hay 30 1161 1149 • lZ • 0.40 
G Limited groc.tnd hay 10 1155 1125 • 30 ... 3.00 
1 Limited long hay 10 1125 1190 + 65 + 6.50 
9 18.0 lbs. long hay 10 1183 1194 + ll + 1.10 

Oow No. 4 
l F-nll long hay 8 1149 1149 + 0 ! o.oo • 
3 Full ground hay 30 1078 1182 + 84 + 2.80 
5 Limited ground hay 10 1100 1117 + 17 + l.70 
s Limited long hay 10 1117 1132 + 15 . + 1.50 
a Full long hay 10 1130 1119 - 11 - 1 .. 10 

Oow No. 5 
l Full lone hay 20 1431 1446 4o 15 • 0.75 
3 Limited long hay 10 1431 1445 ... 14 + 1 .• 40 
6 Full long ha.y 10 1457 14.-62 .,. 5 + o.so 

Oow }fo. 6 
1 Long hay plus silage 20 1524 1526 + 2 + 0.10 
3 Limited long hay 10 1466 1457 - 9 - 0.90 
5 F-ull long hay 10 1472 14'12 + 0 ;t 0,,00 .. 
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Cow No .. 331 tod 8.0 pounds of hay and Cows lb$. 604,. 431, and 338 

fed 4.0 pounds of hay showed small daily g;ainS during Period l on long ha.ya 

irtm.11 daily losses during Period 3 on ground. hay; while all made slight 

t.fo:ily gains dt1ring Period 5 on long hay with the e:xoept1on of Cow No. 538. 

Cow No. 338 showd nn average daily loss of 1.39 pounds, during Period 5. 

Cow No. 331 showed an average daily gain of O.S3 pound during Period T on 

ground llay and an average daily loss of 1.60 pounds during Period 9 on long 

hay. 

Animals Nos. l, _2,, 3. and 4 in Experiment 2 showe.d wider variations 

in live weight than did the animals in the other exporimentB, as revealed 

by To.ble 4. Some i.ndi vidur.ls gained weight while others lost weight during 

most of the feeding periods. !he ehangaa in li va weif;hts were not a.cc am .. 

panied by corresponding ohnnges in eonditioxtJ but perhaps represent a 

difference in fill of the animals. Milk prochiction was not; appreciably 

affected by the changes in live weights of the animals. 

Cows Mos. 5 and 6 showed smll ~aily gains during Period l on tho full 

roughage re:l;ion and cmall daily losses dtlring Period 3 on the reduced hay 

ration. Puring Period 5 on the ftlll long hay ration,, Cow No. 5 showed small 

gains 1:u1a Cow i!o. 6 maintained the same live waie;ht. 

With few exceptions.,, there were no significant dc.ily variations in 

live weight du1$ing the different :£'coding periods in Experiments l, 2, and s. 

The low live wei~)1ts of Cows !los. 1. 2, and 3 in Experbi,ent 2 during Perioi 

l might be o.ooounted for, at least partially, by the fact that they had been 

receiving an allowance of' Sargo silage in the ration prior to ·the beginning 

oi' this period. 

Production of Cows 

Records of milk yield, butterfat production,, and solids-not.fat pro­

d-qction for the indi viclual oows are st1mmo.rized by f'i ve ... day periods in Table 5 



Table 5. Hilk, Ilutterfo.t, and Solids-m::it-Fat Proch.wt ion b.:'L F!.vo-Day Periods 

Cow Ifo. 36 Cow No. 38 
1:>ouas- liolitlS• 

Five• Milk :Butterfat Solids- · Not-Fat Milk Butterfat ·Solids- Not-Fat 
Da1 Yield Fut Production Not ... Fi::.t Production Yield Fat Prod'Uotio:n . Not .. Fs.t Proch.'\ cti o:a 

Period Lba. Percent Lbs. Percent Lbs. Lbs. Percent Lbs. Percent Lbs. 

l 35.1 5.860 2.osas. 10.141 3.6202 109.9 4.373 4.8060 9.585 10.5342 
2Y 35.6 5.716 l.4G33 10.033 2.5685 89.6 4.919 4.4018 9.627 8.6253 
3 31.8 6.196 1.9702 9.876 3.1406 112.1 4.64:3 5.2063 9.410 10.5491 

4 30.9 5.772 1. 7837 9.498 2.9350 107.9 4.380 4. 7262 9.204 9.9315 

5 31.1 5.465 l.Gt.l96 a.910 2.7897 106.2 4.413 4.6882 8.719 9.2592 
6 30.l 5.394 1.6237 9.395 2.8280 101.2 4.476 4.7986 a.909 9.5507 
1 29.S 5.602 1.6695 9.534 2.8411 104.0 4.47'1 4.6565 9.293 9.6648 

8 28.2 5.987 1.6884 9.328 2.6304 lOl.6 4.846 4.9234 8.999 9.1432 
9 24.7 5.901 1.4576 9.354 2.3104 95.7 4.782 4.5766 8.968 8.5829 

10 23.3 5. '790 1.3490 9.547 2.2245 98.7 4.910 4.8462 s.as3 8.7671 

11 21.a 5.780 

I 
1.2601 !h576 2.0876 99.l 4.758 4.7151 .8.577 S.499S 

12 100.2 4.649 4.6585 8.511 8.5278 

§./' Only four days• data eolleeted d'Qring period. 

~ 



- - -l { } lk. Butterf. d Solids- Not-Fat Prod~ot 

Cow No. 13 
Solids-

Five- tilk B-utterf'a t Solid•• Not- Fat Milk 
Day Yield Fat Prod-uction Not- Fat Production Yielii Fat 

Period Lbs . Percent Lbs . Percent Lbs . Lbs . Per cent 

l 85 . 6 4 . 573 3. 9141 9 . 388 8 . 036-4 79 .l 6 . 914 
2 87. l 4.837 4 . 2127 . 9 . 227 8. 0369 83 . 5 5. 097 
3 81.8 4: . 758 3 . 8923 9.103 7.4466 82 . 6 5 . 255 
4 83 .2 4 .4:21 3 . 6781 9 . 023 7. 5069 82 . 3 5 . 046 
5 81 . 7 4 . 336 3. 5425 8.666 7. 0796 ao.s 5. 080 
6 82.4 4 . 361 3. 5938 8. 646 7. 1239 80. 7 4 . 982 
7 81 . 0 4 . 352 3 . 5253 8. 884 7.1960 83 . 3 5 . 028 
8 77. 9 4.756 3. 7061 8. 933 6 . 9587 78 . 9 5. 368 
9 79 . 0 4 . 503 3 . 5575 8. 899 7. 0303 75 . 8 5 . 257 

10 73 . 9 4 . 922 3.6372 8. 858 6 . 5468 69 . 5 5 . 153 
11 75 . 7 4 . 570 3. 4592 8. 699 6. 5853 72 . 9 5.160 
12 '75.6 4 . 671 3 . 5316 8. 131 6 . 1471 77. 3 5. 056 
13 75 . 9 4 . 471 3 . 3938 8 . 152 6 .1874 77. 8 4.740 
14 75 . 1 4 . 643 3 .48'70 8. 297 6 . 2310 76 . 8 4 . 855 
16 '70.2 4 . 895 3. 4361 a.us 5 . 8603 74 . 2 4 . 820 
16 66 . 1 4.496 2. 9990 8. 624 5.7522 75 . 7 4 .512 
17 68 . 8 4 . 879 
18!/ 58. 8 4.912 

2/' Only tour days ' data collected during period . 

b -· - Dav Period -
Cow No. 40. 

Butterfat Solids-
Prodt1otion Not- Fat 

Lbs. Percent 

4.6783 9 . 739 

4 . 2558 9. 681 
4 . 3355 9.585 
4 . 1531 9 . 369 
4.0795 9 . 085 
4 . 0207 8. 854 
4 . 1886 9 . 165 
4 .2276 9 . 238 
3 . 9845 8 . 984 
.3. 5811 8. 960 
3 . 7615 8 . 551 
3. 9082 8 .422 
3.G878 B. 213 
3 . 7286 8 . 379 
3. 5761 8 . 553 
3. 4156 8 . 494 
3. 3568 8. 671 
2 . 8884 8. 758 

Solids-
Not-Fat 

Production 
Lbs . 

7. 7036 
8 . 0838 
7.9075 
7. 7109 
7.2953 
7. 1455 
7. 6344 
7. 2890 
6 . 8101 
6 . 2199 
6 . 2333 
6 . 5098 
6 . 3900 
6.4353 
6 . 3462 
6 . 4300 
5.9655 
5.1497 

N 
en 
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Cow No. 331 Cow No. 604 
ijol1d1-

Five- Jlilk Butterfat Solids- Not-Fat Milk Butterfat Solids-
Day Yield Fat Production Not-Fat Production. Yield Fat Production Bot-Fat 

Period Lbs. Percent Lbs. Percent Lbs, Lba. Percent Lbs. Percent 

l 142.S 4.738 6. 7f22 9.021 12.8369 so ... 6.793 3.4239 10.640 
2 139.0 4 .722 6.6637 8.778 12.2020 48.3 6.841 3.3044 10.472 
3 141.2 4 .612 6.5124 8.566 12.0949 38.9 7.138 2.7765 10.108 
4 137.6 4.569 6.2737 8.566 11.7861 37,.4 6.711 2.5100 9.900 
5 141.7 4.427 6.2729 8.610 12.2002 35.9 6.411 2.3017 9.504 
6 143.4 4.439 6.3663 8.769 12.5740 33.6 6.594 2.2156 9.587 
7 135.6 4 .357 5.9076 8.790 11.9190 32.8 6.932 2.2737 9.720 
8 134.4 4.391 6.9015 8.980 12.0690 27.7 7.180 1.9889 9.624 
9 131.4 4.468 · 5.8710 9.127 11.9932 28.9 6.95" 2.0097 9.614 

10.¥ 109.2 4.468 4.8792 9.071 9.9059 26.l 6.763 1.7652 9.918 
11 132.6 4 .944 6.5510 9.213 12.2072 24.3 6.925 1.6827 9.713 
12 130.5 4.849 6.3279 9.305 12.1428 
13 .o/ 104.0 4.896 5.0915 9.287 9.6587 
14 128.l 4.904 6.2816 9.436 12.0876 
15 124.9 4.627 5.7787 9.486 11.8463 
18 _¥ 99.4 4.645 4.5173 9.643 9.4858 
17 y' 101.3 4.767 4.8288 9.830 9.9576 
18 126.7 4.857 6.1532 9.585 12.1440 
19 126.0 4.897 6.1698 9.356 11.7884 

y' Only fo~r days• data collected during period. (Cow No . 331, Perioda 10, 13, 16, and 17) 

Solidi-
Hot-Fat 

Production 
Lb,. 

5.3626 
6.0680 
3.9313 
3.7025 
3.4118 
3.2212 
3.1882 
2.6380 
2.7783 
2.5886 
2.3603 

NI 
0, 
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Cow No. 431 

50l1d.s-
Five- Jlilk Butterfat Solids• Not-Fat 
Day Yiel d Fat Production Not-Fat Production 

Period Lbs . Percent Lbs . Paroent Lbs . 

1 61 .1 5. 822 3 . 5572 10 . 504 6 . 4180 
2 59. 0 6. 722 3 . 3759 10 . 153 s . 9904 
3 57. 4 6. 036 S . 4646 10. 167 5 . 8359 
4 58 . 6 5 . 441 3. l.851 9 . 702 5 . 6759 
5 57. 5 5 . 374 3 . 0902 9 . 467 5.4375 
6 59. 5 5. 246 3 . 1210 9 . 276 5. 5191 
7 59. 0 5,377 3 . 1727 9.666 5. 7027 
8 56 . 0 6. 552 3.0537 9.640 5 . 2469 
9 56 .4 5.549 3.1297 9. 646 6 .4346 

10 53 . 2 5.614 2. 9868 9. 44S 5. 0239 
11 64 . 9 5 . 427 2. 9793 9.320 5. 1166 
12 56. l 5.406 3. 0321 8. 945 5 . 0179 
13 57. 8 5.279 3. 0615 8. 759 5. 0625 
14 57.9 5. 152 2. 9831 8 . 989 5 . 2046 
15 67. 6 5.234 3. 0147 9. 248 5. 3271 

llilk 
Yiel d Fat 

Lbs . Percent 

112. 8 4 . 547 
115. 8 4 . 227 
116 . 2 4 . 637 
109 . 9 4 . 078 
110. 3 3. 935 
106 . l 3 . 932 
102 .,6 4 . 0 33 
102 . 9 4 . 044 
103 . 5 3 . 960 
102 . 7 4.113 
103. 2 4 . 163 
103. 4 4.118 
111. , 4 . 026 
112. 2 3. 834 
112 . 3 4.028 

Cow No. 338 

Butterfat Solids-
Production Not- Fat 

Lbs •. Percent 

5. 1288 9 . 297 
4 . 8951 9. 288 
s.22n 9 . 247 
4 . 4820 8. 822 
4 . 3403 8. 705 
4 . 1721 8. 820 
4. 1382 8.820 
4.1617 B. 696 
4 . 0989 B. 799 
4 . 2239 8. 765 
4 . 2962 8. 467 
4 . 2581 8. 331 
4 . 4844 8. 315 
4 . 3018 8. 400 
4 . 5236 8. 720 

ao11ds-
Not-Fat 

Production 
Lbs . 

10-. 4872 
10. 7491 
10. 6527 
9 . 6957 
9. 6015 
9 . 3579 
9 . 0491 
8 . 9467 
9 . 1065 
9. 0018 
s . 7378 
8 . 6142 
9 . 2624 
9,4245 
9 . 7928 

N 
~ 
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Oow No. l 

aouas-
Five- )(ilk Btltter.tat Solids- Not-Fat 
Day Yield Fat Prodtl otio:n Not-Fat Production 
Period Lbs. Percent Lbs. Percent Lbs. 

l 210.6 3.562 7.5014 8.652 18.2216 
2 203.4 3.603 7.3293 8.594 17.4792 
s.2/ 163.3 3.768 6.1635 8.227 13.4353 

' 201.3 3.471' 6.9989 8.492 17.0948 
5 201.a 3.401 6.8637 8.591 17.S364 
6 192.4 3.249 6.2520 8.480 16.3151 
7 186.4 3.368 6.2779 8.605 16.0395 
8 176.9 3.257 5.7610 9.141 16.1737 
9 184.8 3.275 6.0523 8. 752 16.1738 

10 186.3 S.393 6.3208 8.656 16.1260 
11 181.3 3.359 6.0894 8.748 15 .8597 
12 177.7 3.314 5.8888 8.905 15.8241 
13 186.3 3.418 6.3677 8.949 16.6727 
14 165.0 3.349 5.5252 8.846 14.5966 
15 168.4 3.428 5. 7697 8.683 14 .6222 
1s.V 130.9 3.213 4.2062 8.860 11.5975 
17 159.7 3.605 5.7564 8.835 14.1093 
18 160.4 3.702 5.9388 8.836 14.1732 
19 145.9 3.403 4.9651 8.408 12.2678 

2./ Only fo\U" days• data collected during period. 

Mille 
Yield Fat 
. Lbs. Percent 

285.2 3.407 
268.5 3.495 
217.l 3.438 
265.0 3 .. 374 
259.2 3.01, 
242.7 3.054 
243.l 2.964 
224.2 2.966 
201.a 3.088" 
207.9 3.289 
216.2 2.822 
219.3 2.065 
209.9 1.896 
201.2 1.532 
206.5 1.849 
157.3 2.438 
191.S 2.904 
187.4 3.084 
185.8 3.093 

-
Cow ?io. 2 

Butterfat Solids-
Prodttotion Not-Fat 

Lbs • Percent 

9. 7164 7.708 
9.3Sff 7.903 
7.4646 7.546 
8e9412 7.662 
7.8135 8.006 
7.4125 8.026 
7.2051 8.045 
6.6506 7.989 
6.2281 8.117 
6.8388 7.924 
6.1020 7.899 
4.5072 7.942 
3.9774 7.971 
3.0818 8.099 
3.8192 8.115 
3.8350 8.166 
5.6609 8.234 
5.7789 8.197 
5 .7473 7.899 

Solids-
Not- Fat 

Production 
Lbs. 

21.9772 
21.2195 
16.3814 
20.3046 
20. 7526 
19.4799 
19.5570 
17.9118 
16.3806 
16.4741 
17.0779 
17.4167 
16, 7308 
15.2994 
16.7583 
12.8292 
16.7684 
15.3611 
14.6763 

N 
CD 



Table 5 {continued}.~· Milk., Butterfet, a:ndytll.?s-1:ot-Z.ht Pl•oouction by Fivc•~~Y: Periods 

Cow 'NoQ 5 Cow E"o. 4 
ao11ds- tialids-

Five- ililk Bi.,tterfat Solids• Not-Fat Milk Butterfat Solida- Not-F@.t 
Day Yield Fe.t P1·oductio1'1 liot-rat Prodttotion Yield Pat Production ?Jot-Fat Prodtlotion 
Period Lbs. Percent Lbs. Percent Lbs. Lbs. Percent Lbs. Percent tbs. 

1!2/ 206.'1 3.546 7.3297 8.734 18.0526 93.8 3 .. 645 3.4194 s.804 8.2584 
2 207.4 3.723 7.'1206 a.e2s 17.8951 116.9 3.849 4.4992 8.573 10.0218 
3 209.0 3.689 7.7108 0.511 l 'l .8003 122.1 S.651 4.4'198 8.414 10.3238 
4 190.9 S.439 6.5641 8.509 16.2433 121.4 3.65.S 4.4378 9.220 ll.1931 
5 195.l 3.610 7.0438 8.509 16.6009 123.5 3.611 4.4601 8.844 l0.6'156 
a!Y 188.1 3.617 6.8260 8.814 18.6327 98.4 3.464 3.4086 8.872 8. 7299 
7 191.0 3.499 6.6838 8.835 1$.8746 117.4 3.612 4.2410 8.761 10.2649 
8 188.6 3.077 6.8036 8.885 18.7512 107.4 3.679 3.9511 8.986 9.8508 
9 181.7 S.184 5.7845 a.s11 16.0208 112.a 3.588 4.0469 8.925 10.0670 

10 171.G 3.427 5.8803 0.694 14.9192 115.S 3.485 4.0283 8.826 10.2024 
11 169.9 3.378 5.7392 8 .. 819 14.9827 114.8 3.467 3.9682 a.aoo 10.1021 
lZ 160.0 3.194 5.1102 B.796 14.0733 110.a 3.382 S.7476 8,965 9.9332 
13 151.5 2.968 4.4815 8.G96 13.1747 111.s s.asa 3. 7491 s.010 10.027G 
14 145.7 3.167 4 .. 6137 B.805 12.8293 106.l 3.463 3.6743 9.141 9.6990 
15 157.l 3.143 4,-9378 8.747 13.7421 89.2 S.653 3.2403 8.879 7.9201 
16 !/ 131.0 2.aa1 3.7560 8.863 11.6101 76.7 3.864 2.9634 s.103 6.9820 
11 159.2 3.081 4.9145 8.897 14.1647 67.7 3.869 3.3934 9.154 a.02a1 
18 154.9 3.060 4.7394 8.807 13.6420 ss.2 4 .. 003 3.4509 8.964 7.7269 
19 146.9 3.0S2 4.4536 8.648 12.7046 81.6 3.806 3.1061 8.668 7.0649 

Y Only fo'ltr days' dattl oollected during period (Periods l and 6 for Cow No. 4; Period 16 for COWi 3 and 4) 

N 
e,o 



----- - ,---------,- ---, ---------· --- ------ --- -- - --- ------- -., ---- - ·-., - - -----

Caw ?lo. 5 Cow No. 6 

Solidi• Solid•• 
Five- Jlilk Butterfat Solid a- Not-Fat )(ilk Butterfat Solids- Not-Fat 
Day neld Fat Production Not-Fat Production Yield. rat Production Bot-Fat Production 
Period Lbs. Percent Lba. Percent Lbs. Lbs. Percent Lbs. Percent Lbs. 

1 188.0 3.301 6.2176 295.7 3.527 10.4296 
2 189 .3 3.480 6.5816 301.7 3.476 10.4849 
3 187.7 3.562 6.6850 304.9 3.469 10.5775 
4 y' 147.2 3.361 4 .9419 245.5 3.240 7.9547 
5 180.7 3.123 5.6427 305.4 3.093 9.4454 
6 196.2 3.273 6.4208 8.478 17.0580 :no.s 3.046 9.4569 8.771 27.2338 
7 204,. 2 3.044 6.2168 8.416 17.1866 299.4 2.940 B.8025 8.567 25.6500 
8 177.7 2.960 5.2608 8.272 14.6987 272.7 3.082 8. 4039 8.745 23.8465 
9 160.0 3.126 s.0011 8.298 13.2764 257.6 3.121 8.0387 8.611 22.1807 

10 .2/ 123,5 3.403 4.2026 8.518 10.5203 201.2 3.439 6.9188 8.635 17.3738 
11 153.8 3.356 5.1621 8.437 12.9758 235.9 3.347 7.8952 8.754 20.6513 

y' Only four days' data collected during period . 

~ 



31 
G.nd in Figi.,res l to 14, inolusi ve. Table 6 presents the a.varage daily 

milk yield, bu.tterfe.t percent, bu~erfat proclt1ction, solids-not-fat per­

cont, and solids-not.fat production for the individt1al ~nimala by feeoing 

period~. 

Expiariment l, Long Vs. G:round Prairie liay 

Cows Nos._ oo, SS., and 13 showed reductions of 0.1446, 0.1069, and 

0.0022 percerrt b~tterfad:;, respectively, e.:nd red1.1ctions of 0~4251., 0.0680, 

and o.2156 percent solids-not-rat, respeoti vely., on ground hay {Period c) 

as oo:mparod with ·1:ihe averages of Periods l and 5 on long ha.y. ~ring the 

experi~.ent these cowa 1nait1tained fairly uniform levels of milk production 

as shown by Table 5. Trends of cl:urng;es in butterfat teats, solids.not-fat. 

pareo:nt;ae;es, a.1':ld milk yields for each oov.r are shown in Figures l, 2, and 3. 

'.i'ho uilk of Cow No. 404 tested o.856~ percent lower in bqtt-e.rfat and 

0.6894 percent lower in solids-not,,.fe.t when ground fu\y replaced the long 

hay and uppro:id.me.toly the same allowance of boet pulp was fed {Periods l 

~nd. s). :B'or Period 4 in which the gro'l.llld hay was f'ed without the beet pulp_ 

allowunco, the btltter:fat test increased 0.1694 percent while tho solids-n.ot ... 

fat percent decreased 0.2138 percent. VJhen the ground hay was replaced by 

long he.~-. the butterfat and solids-not-~t were lowered 0.4428 and o.3994 

peroeut, rospecti vely. llilk production d-uring the experiment was very 

uniform as shown in fable 5. Trends in butterfat tests, solids-not-fat 

percaulia.ges. and milk yields a:re shown in Figu.re 4. 

Cow No. 331 rooeived e.ppro:ximato-ly s.o pounds of prai:dc hay daily 

during the entire exper.i:rr..en.t.. During tho inH;ial long hay period she oon .. 

sumed 15.75 po-unds of beet plllp and 9.0 pounds. of cottonseed meal dally. 

Dur:l:ng tha sttoeeeding periods she oo:nsumed 14.0 pol4nde of molasses beet 

pulp and a.o pountla of cottonseed mBal d!:!.il:y (Table s). The butterfu.t and 

solids-not-fut ware 0.3576 poroent and 0.3096 percent 101'.'Jer., respectively. 



-Table 6 Dai!_y Produoti f C 
Lengi;n 

of 
Period 

Period Ration Da)'S 

Cow No . 36 
1 Full long hay 6 
3 Full ground hay 26 
6 Full long hay 12 

Average Periods l and 5 
Differ ence due to grinding 

Cow No . 38 
1 Full long hay 5 
3 Fu 11 ground hay 24 
5 Full long hay 18 

Average Period• l and 5 
Differencendue to grinding 

Cow No . 13 
l Full long hay 5 
3 Ft.tll ground hay 50 
5 Full long hay 11 

Average Periods land 5 
Difference due to grinding 

Cow No . 404 
l Full long hay plus heat pulp 5 
3 Full ground hay plus beet pulp 23 

' Full ground hay 20 
6 Full long hay 25 

Durinp,: Ex 

Milk 
Yield Fat 
Lbs . Percent 

7.14 5. 8501 
6 .11 5 . 6902 
4 . 64 5. 8194 
6. 84 5. 8348 

- 0.1446 

21.98 4 . 3731 
21.28 4 . 4629 
19.84 4 . 7666 
20. 91 4 . 5698 

- 0 .1069 

17.12 4 . 5725 
15.78 4 . 5365 
13.53 4 . 6829 
15.33 4 . 6277 

- 0 .0922 

15.82 5. 9147 
16.30 5.0568 
14.83 5.2252 
14 . 80 4 . 7824 

tal Period 

Butterfat Solidt• 
Production Bot-Fat 

Lbs . Percent 

0 . 4177 10.1401 
0. 3478 9. 4042 
0 . 2642 9 . 5184 
0 . 3410 9.8293 

- 0.42$1 

0 . 9612 9. 5853 
0. 949'7 9. 0291 
0.9456 8. 6088 
0.9534 9 . 0971 

• 0 . 0680 

0 . 7828 9 . 3884 
o.n51 8. 7288 
0.6S36 B. 5004 
0. 7082 8. 9444 

• 0.2156 

0.9357 9. 7391 
0. 8241 9 . 1497 
0.7749 8.9359 
0.101a 8. 5365 

Solids .. 
Not-Fat 

Production 
Lbs . 

0 . 7240 
0.5746 
0 . 4323 
0.5782 

2.1068 
1.9214 
1.7080 
1.9074 

l . 607S 
l . 3774 
1.1501 
1.3787 

1.5407 
1.4914 
1. 3252 
1.2634 

(A 
N 



Table 6 (Cont_inued). Average Daily Producti_o!! of Cows During Experimental Periods 

Feeding 
Period 

Cow No . 331 
1 
3 
5 
7 
9 

Cow No. 
1 
3 
5 

604: 

. : 

Ration 

8 lbs. long hay 
8 lbs. ground hay 
8 lbs. long bay 
8 lbs. ground hay 
8 lbs. long bay-
Average Periods 1 and 5 
Difference due to grinding 
Average Periods 5 and 9 
Difference dl.te to grinding 

4 l bs . long hay 
4 l bs . ground hay 
4 lbs. long hay 
:4-verage Periods l and 5 

~ Difference due to grinding 

Cow No .. 431: · : · • · 
l .. f ·*· lb.i- long hay 
3 ,•. ·~ lb's. ground hay 
5 .:::~ ' ·4. 16s' .. long hay 

•• •• : '. ·Averae;e Periods 1 and 5 
~.:.: :- ·.Di.f.ference due to grinding 
.. • • •r . ' ( . 

.!. . • 

Cow No . .~3f3 ' . 
1 , - ,4 1 bs • long hay 
3 :::: .'-, ·4. lbs. ground hay 
6 ~ ··-- ' ; 4 lbs. long hay 

· Avera ge Periods l and 5 
,:., Difference due to grinding 

Length 
of I Milk !Butterfat 

Period Yield Fat Production 
Days Lbs. Percent Lbs. 

8 
35 
15 
14 
10 

5 
30 
16 

5 
49 
17 

5 
49 
17 

28.28 
27.54 
26.29 
25.10 
25.27 
27.29 

25.78 

10.08 
7.30 
5.31 
1.10 

12.22 
11.35 
12.26 
12.24 

22.56 
21.37 
23.56 
23.06 

4. 7546 
4.4597 
4.8764 
4.7303 
4.8730 
4 .8165 

-0.3576 
4.8747 

-0.1444 

6. 7935 
6. 7890 
6.8832 
6.8i84 

-0.0494 

5.8219 
5.5286 
5.2423 
5.5321 

-0 .. 0035 

4.5468 
4.1042 
3.9813 
4.2641 

-0.1599 

1.3446 
1.2282 
1.2820 
1.1873 
1.2314 
1.3133 

1.2567 

0.6848 
0.4956 
o.:ssss 
0.6252 

0.7114 
0.6276 
0.6427 
0.6771 

1.0258 
0.8771 
0.9380 
0.9819 

Solids­
Wot-Fat 
Percent 

8.9413 
8. 7727 
9.2233 
9.4341 
9.4769 
9.0823 

-0.3096 
9.3501 

,-+0.0840 

10.6401 
9.8523 
9. 7232 

10.1817 
-0.3294 

10 .. 0621 
9.6282 
8.964b 
9.513F-

+0.ll5l 
l\; 

9.297:k 
8.840~ 
8.4244 
8.8608 

-0.0207 

Bolids­
Not-Fat 

Prodl.tction 
Lbs. 

2.5286 
2.4160 
2.4248 
2.3680 
2.3948 
2.4767 

2.4098 

l.0726 
o. 7192 
0.5163 
o. 7944 

>-
1~296 
1~928 

ti~990 
~;643 
t:o ""'"' ~ 
:::0 :". ~ 
>~ ~ 

~~T4 
~93 

1~847 
21424 

c,;i 
c,;i 



- -Table 6 (Contimed}. A· Daily Product' f C Durin~ E imental Period 
Lengtll Solids-

ot Milk Butterfat Solids- Bot-Fat 
Feeding Period Yield Fat Production Wot-Fat Prodwtion 
Period Ration Da:YS lbs. Percent Lbs. Percent Lbs. 

Cow No. 1 
l ;Full long hay 8 41 . 59 3.5779 l.4880 8.6804 3.6100 
3 Full ground hay 30 38.06 3.3418 1.2719 8.5959 3.2704 
5 Limited ground hay 10 36.40 3.3872 l.2257 8.9271 3.2497 
6 Limited long hay 10 33.34 3.3878 1.1295 8. 7639 2.9219 
8 Full long hay 10 31 .03 3.5442 l . 0998 B.6336 2.6790 

Average Periods 1 and 8 36 . 31 3.5611 1.2939 8.6570 3.1445 
Difference due to grinding 

(Period 3 and Period• 1, 8) -0.2193 - 0.0641 
Difference due to grinding and limit-

ing hay (Period 6 and Perioda 1.a) -0.1939 +0.2707 
Difference due to limiting hay 

(Period 6 and Periods 1.a) - 0.1733 +0.1069 

Cow No . 2 
l Full long hay 8 56.19 3.4166 1.9197 7.8037 4.3849 
3 Full ground hay 30 47.5S 3 .0880 1.4676 7.9709 3.7886 
s Limited ground hay 10 42.,92 1.9768 0.8485 7.9561 3.4148 
6 Limited long hay 10 40.77 1.6927 0.6901 8.1071 3.3053 
8 ~11 long hay 10 37.50 3. 0569 1.14.63 B.0481 3.0180 

Average Periods 1 and 8 46.85 3.2368 1.5330 7.9259 3.7015 
Difference due to grinding 

(Period 3 and Periods 1. 8) - 0.1488 ,+,0.0450 
Difference due to grinding and limit-

ing hay (Period 5 and Periods 1.e -1.2600 +0 •. 0302 
Difference due to limiting hay 

(Period 6 and Periods 1.8) - 1.5441 . o.1a12 
' 

~ 



Table o (Co:o:t:1.nu~d). Av0~ Prod1..1otion of Cows J) . .1ring Expe:r:n:nen:bal ?eriods ----~-r~--~-~---- . 'ILEJ-np;t:fi 1 --l . , - a ·---"---, -""'~:-·o .... 1 ..... ""', '--

Feedh1g 
Period Ration 

=========tl:=:::::"'~~o<.W."'-4\ . ---.,~~~= -. 
(fo't:J 1(':0 • 3 

l 
3 
4 
0 
7 
9 

:E'Qll lonr; hay 
18 lbs. grotmd hay and S lbs. 
18 lbs. gron.l'.td hay 
L:ilhi ted grotrnd he.y 
L:ilr.ited lonc; hay 
18 lbs. long hay 

long hay 

--------1---------------------~~ - . 

. Cow No .. 4 
l 
3 
5 
6 
8 

Full long hay 
ll'ull ground hay 
Limited ground hay 
Limited long hay 
Full long hay 
Average Periods l and 8 
Difference due to grinding 

(Period 3 a.11d Periods 1,8) 
Differe:noec due to grinding an, 

ing hay (Period 5 and Period 
Di f'ferenoe due 'b o 1 il'll.i ting ha 

( Pe:r:l od 6 and Periods l., 8) 

l:lmit-
s 1,. 8) 

--

or I 
Period 
De.ya 

8 
20 
10 
10 
10 
10 

a 
30 

I 10 
10 
10 

IJilk I ~utterfat I Solids• rfot-Fa.t 
Yield I Fat Proch:i ct ion !'fo"i;-Fat Production 

Lbs. I Pe:r.c.ent Lbs. Percent Lbs. 
,,_.,._. ~-! 

I 
l 
I 

41.41 3.6491 l.5111 8. '{304 3.6155 
38.27 3.5246 1.3489 8 .. 6870 3.3245 
36.55 3.1861 l.1646 8.8554 3.23137 
Sl.15 S.0793 0.9592 8. 74'14 2. 7248 
S0.28 3.1545 0.9552 8.7752 2 .65'11 
30.37 S.0641 0.9306 8.7597 2.6603 

23.49 3. 1021 t 0.6696 ! a.1231 I 2.0492 
23.33 3.5869 1 0.6367 1 8.'1788 j 2.0481 
22.21 s.3755 I o. 7.r.J:97 I 8.9874 ! 1.9961 
19.53 I 1 3.5407 ! 0.6915 9.0216 . l. 761~ 
16.95 3.8932 o.6599 I S.8360 \ 1.4077 
20.22 3.7960 0.7648 a. 7?99 l 1.7736 

... 0.2111 -0.0011 

-0.4225 
~ ' 

+0.2075 

... 0.2573 +0.241 '1 

----- ·" 

~ij:i 



rao1e o \Uon~1nuea1. Average va11° r .t'r'OOUC'tlOn or UOWB WrlnS 
Leng,m 

of Milk 
Feeding Period Yield Fat 
Period Ration Daya Lbs. Percent 

Cow No . 5 
l Full long hay 20 37.48 3.4308 
3 Limited long hay 10 39.04 3.0305 
5 Full long bay 10 Sl.37 3.3461 

Average Periods 1 and 6 34.4S 3 . 3885 
Difference due to limiting hay -0.3580 

Cow No . 6 
1 Long hay plus silage 20 60.41 3.4367 
3 Limited long hay 10 58.01 2.9697 
5 Full long hay 10 46.06 3.3607 

Average Periods land 5 53.24 3.3987 
Differenoe due to limiting hay - 0.4290 

' 

i!iXper1men~a1 t'er1oaa 

Butte1>fat Solids-
Production Not-Fat 

Lbs. Percent 

1.2859 
1.1831 8.3856 
1.0497 8.4680 
1.1678 

-0.0824 

2.0761 
1.7228 8.6423 
1.6480 8.7668 
1.a121 

-0.1145 

Solids-
Not-Ftlt 

Production 
Lbs. 

3.2737 
2.6564 

5.0134 
4.0334 

CH 
O> 



Average Butterfat Percent, Solids-Not-Fat Percent, 
and Milk Yield by Five-Day Periods 

Figure 1. Cow No. 36 
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Legend, --Butter:t'a t Percent 
--Solids-Bot-Fat Percent 
~-A"18rage Daily Milk Yield Pounds 

Amount and Condition ot Prairie Ha Consumed Dai 1 

l 
2 
3 
4 
6 

Cow No. 36 
12.62 lbs. long hay 
Change to ground hay 
12.37 lbs. ground hay 
Change to long hay 
11.51 lbs. lon ha 

Cow No. 38 
22.90 lbs. long hay 
Change to ground hay 
20.00 lbs. ground hay 
Change to long hay 
21.57 lbs. lon ha 

37 
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Average Butterfat Pero·ent, Solids-Not-Fat Percent, 
and Milk Yield by Five-Day Periods 

1 2 3 4 5 

:p ±.,. 

Fi re 3. Cow No. 13 

6 7 8 9 10 111213 14 15 16 17 18 
Five-Day Periods 

Fintre 4. Cow No. 404 

' ;: 

20.W ,... 
15=1 

• 
10! 

I I 5 
1 2 3 4 5 6 7 8 9 10 111213 14 15 16 17 18 

Five-Day Periods 

Legend: ~~ Butterfat Percent 
~ ~Solids-Not-Fat Percent 
~~ Average Dlily Milk Yield Pounds 

oun an on 1 ion o a r1e ay Consume Jun t d C a·t· f'Pri 0 R d Dail ,y 

38 

Feedin@ 
Period Cow No. 13 Cow No. 404 

1 17.90 lbs. long hay 15. 70 lbs. long bay, 4.00 lbs. beet pulp 
2 Change to ground bay Change to ground hay 
a 18.00 lbs. · grouhd· hay 17 .62 lbs. ground hay, 4.00 lbs. beet pulp 
4 Change to long hay 16.92 lbs. ground hay 
5 14.2i lbs. long hay Change to long bay 
6 17.68 lbs. long bay 
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Average Butterfat Percent, Solids-Not-Fat Percent, 
and Milk Yield by Five-Day Periods 

Figure ·5... Cow No. 331 

H 

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 
Five-Day Period• 

Fi EU1'9 • ow o. ··s. C N 604 

-

1 2 3 4 5 6 7 8 9 10 111213 14 15 16 17 18 19 
Five-Day Period• 
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Feec1ng 
Period Cow No. 331 Cow No. 604 

1 e.20 lbs. long haJ 3.76 lbs. long hay 
2 Change to ground hay- Change to ground hay 
s 7.97 lbs. ground hay 1.67 lbs. ground hay 

• Change to long 'hay Change to long hay 
5 8.19 lbs. long hay 4.00 lbs. long hay 
6 Change to grOQnd hay 
7 8.04 lbs. ground hay 
8 Change to long hay 
9 7.90 lbs. lone: hay 
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FigQre ~7. Cow No. 431 

1--l-

:j: 

• 
10 • :3 

6 
1 2 3 4 5 6 7 8 9 10 111213 14 15 

Five-Day Periods 

Figure · 8. Cow No. 338 --~--~----
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Amount and C ond ition of Prairie Hay Consumed Daily 
Feeding 
Period Cow No. 431 Cow No. 338 

l 4.00 lbs. long hay 4.00 lbs. long hay 
2 Change to ·ground hay Change to ground hay 
3 3.96 lbs. ground hay 3.98 lbs. ground hay 
4 Change to long hay Change to long hay 
6 4.00 lbs • long hay 4.00 lbs. lone: hay 
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Legend: ~~Butterrat Percent 
~~Solids-Not-Fat Percent 
~~-Average Daily Milk Yield Pounds 

Am t d Conditi oun an on o f Alfalf H C a ay OUS\llll8 d D il a 1 

Cow No. 1 Cow No. 2 
28.00 lbs. long hay 31.88 lbs. long hay 
Change to ground hay Change to ground hay 
27.87 lbs. ground hay 29.98 lbs. gro\Uld hay 
Change to 4.00 lbs. ground hay Change to 4.00 lbs. ground 
4.00 lbs. ground hay 4.00 lbs. ground hJy 
4.00 lbs. long hay 4.00 lbs. ~ong hay 

• 
4111 

:S 

hay 

7 Change to 28.00 lbs. long bay Change to 32.00 lbs. lOJlg hay 
8 23.50 lbs. long hay 24.16 lbs. lon;i: hay 
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Figure 11. Cow No. 3 
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ottn an on Am t d C diti on o a .y f .Alf' lf'a Ha C onsume d Dail .y 

Cow No. 3 Cow No. 4 
25.72 lbs. long hay 23.76 lbs. long hay 
Change to 16 .oo lbs. ground hay Change to ground hay 
15.62 lbs. ground hay, 8.00 23.96 lbs. ground hay 

lbs. long hay 
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4 13.94 lbs. ground hay Change to 4.00 lbs. ground hay 
5 Change to 4.00 lbs. ground hay 4.00 lbs. ground hay 
6 1.37 lbs. ground hay 4.00 lbs. long hay 
7 4.00 lbs. long hay Change to 24.00 lbs. long hay 
8 Change to 18.00 lbs. long hay 19.69 lbs. long hay 
9 14.al lbs. long hay 
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Cow No. 5 Cow No. 6 
28.86 lbe. long hay 14.Sl lba. long bay, 44.97 lbs. 

nu1gbean 11lage 
Change to 8.00 lbs. long hay Change to s.oo lbs. long hay 
8.00 lbs. long hay e.oo lbs. long hay 
Change to 29 .00 lbs. long bay Change to 30.00 lbs. long hay 
28 .87 lbs. long hay 26.91 lbs. long hay 
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for l?oriod 5 on the .c;ro1.md hay ration thtu1 tho averages of' Periods 1 and 5 

on th$ long hay ro.tion; and 0.1444 and 0.0840 percent lower for Period 7 on 

grotmd hay tis c:orq:nrad with the ave:ragea of Periods 5 and 9 on long hay 

(Table 6). Hilk producition, showed a .slow., uniform decline dtu•:i:ng the experi ... 

noi'.lt as shovm in Table 5. The course of' changes in butterfat tests, solids­

:not-fa:I:; percentag;as, a:ad :milk yields are shown in Figure 5. 

Animals Nos. 604., 431, and 338 which received roughage rations oonsis:t­

iug of 4l:.O pourldS of prairie hay daily shm'led reductions in butterf~t tests 

cf 0.0494, 0.0035, and 0.1599 percent. respeoti vely, on grot:tnd hay (Period 3) 

as compared with tho averages of' Periods 1 and 5 on long hay. Cows }los. 604 

u:nd 338 declined 0.3294 and 0.020•1 percent, respect:'bely, i:n solids-not-fat, 

~shile Cov;r !fo& 431 increased 0.1151 percent on ground hay (Poriod 3) e.s com­

pared with the average of Periods l and 5 on long hay. The animals :mai:n­

tainod :ratber unifo:rt"'l lovels of milk prof1uction during the experiment (Table 

5). Courses of changes :in butterfat and solids-not-fut percentages and in 

milk yields aro shown in Fig1.'lres 6.,. 7, and 8. 

Expo:riment 2, Full Vs. Ground Vs. Limited 
Alfalfa Hny Rations 

Animals J!!os. 1 and 4 showed reductions of 0.2193 e.nd o.2111 percent 

butterfc..t., e.nd 0.0641 and. 0 ... 0011 percent solids-not-fat when 'the i'ull long 

hay nllowances were :replaced by the st1me amounts of ground hay (Periods l 

and 3). When the full ground hay ~llowances were reduced to 4.0 pc,unds of 

g;rou:nd hay daily (Period 5L the milk of Cow No. l increased 0.0254 percent 

in butterfat and 0.3348 perc:ont in solids-not-fat v;hile thAt of Cow rfo. 4 

decre:nsad o.2114 percent in butterfat and increased 0.2086 percent in solids­

no"b-fnt. 'Vihen the 4:.0 pounds of ground hay were :replaced by 4.,0 pounds of 

long hay (Period 6)., the 'l:n;itterfat tests increased 0.020$ and 0.1652 p'3roent. 

respectively, while the solids-not-rat decreased 0.1638 percent for Cow Uo. l 
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and i~o:reased 0.0342 percent for Cow We. 4. liihan the cows were returned 

to full roughage rntions of long hay., the butterfat teats increased 0.1564 

and 0.3526 percen~respeotivoly, and the solids-not-fat decreased 0.1303 

aud 0.1856 percent, res~actively. 

Il'uto; to the striking manner in v1hicb the btrbterf&t oonter.:t of the milk 

was l~#ered by limiting the roughage intake of Cow No. 2, a more detailed 

disc:rnsiml cf this ease is oft'erod. During Period 1 in which 32.0 pol.'lnds of 

long hay vmre fed and auring the trnnsition period when this amount of long 

hay was grac1u.ally changed to 52.0 pounds of grolU'ld hay, Cow No. 2 tested 

about 3.4 percent butter.fat. In the early part of Pericd 3 v1hen fed 32.0 

pounds of ground hay there -was a gradual reduction in butterfat test to 

about 3.0 percent which was maintained so:rcewhat ttnif'orm.ly to the :end of the 

period. Early in the next transition period in vihich Cow t1o .• 2 vm.s changed 

from 32.0 pol:lnds of ground ho.y to 4.0 po14nds of gr.ound hAy. the butter.fat 

test began to decline. This decline contilltled so-fr.ewhat unifonnly to the 

e_pd of' the transition period and through Period S in which she was continued 

on 4.0 pounds of e;round hay. Dor lowest test of 1 .• 3 percent butterfat 

occrnrred on the i'ot.rthdny of Period 6 in whioh 4.0 pounds of long hay were 

fed.. Di~ring the re1i1a.ini:ng portion o:t Period 6 and dt~rinz the period in which 

she was changed to 32.0 pounds of long hay5 the b1.:rhterfat test increased 

steadily. During Period 8 in which 32.0 po~nds of long hay were fed daily_ 

the rililk tested nbotlt 3.05 percent butterit.t. 'rh©:re l'rois a slight gradual 

increase in solids~not-fat percent from tho beginning of the experi..~ent 

thro14J',h Period 6 in which 4.0 pounds of lonrr: h&.y were f'ed. The solids-not. 

fat percent for Period 8 on 32.0 pou:m~s of long hay vm.s slightly lower than 

for Period 6 on the limited. hay ration,. 
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Dltring ?r.n•iod 3 in which Cow Mo. 3 recei vad 18.0 poimds of ground and 

8.0 pounds of long hay daily" the but'c;erf"at and solids-not .. fat percan:bages 

were ().1245 and 0.0604 percent lower tbau during Period 1 on 26.0 pounds of 

long hay.. During Period 4 in -which the total digestible mrbrients supplied 

by the 8.0 potmds o:t long hay wore replaced by increasing the quantity of 

couoentre.te mixture fed, the butterf'v.t test wo.s lowered o.3385 percent and 

the solids-not-fat content was increased 0.1684 percent. When the roup;hage 

was radnced to 4.0 pounds of p.:round hay daily (Period 6) tho b't.1tterfl",t am 

solids-not-fut percentages wera lowered 0.1068 norcent and 0.1080 percent 

respectively. l1'ihen 4.0 potmds of lone:; hc.y repJ.nced the ground ha.y (Period 

0.0278 percent, respect:hely. For Period 9 in which 18.0 pounds of long 

hay were fed, the buttorfat t;est was 0.0904 percent lower and the solids-not­

fs.t content. 1vas 0.0155 percent higher than during Poriod 7 on ·1.0 pounds of 

i'he declines in milk yields for Cows :tfos. l, 3, and 4 v1efQ gradtiS.l 

and s o:r.e1•:hat uniform dtlring the experiment (Table 5). llllllk production for 

Cow No. 2 declined rather rapidly during the first half and more slowly 

during the last half of the experiment (Table 5). Trends of changes in 

bi..rbterfat tests, solids-.uot-fat percentages., and milk yields for Cows l, 2, 

3, and 4 are shown in Figures 9, 10, 11, and 12. 

Experinent 3, lull Vs. L:ilnited Alfalfa. Hay Rations 

Cows Nos. 5 and 6 in Experiment 3 showed reductions in bt:itte:rfat per­

cent of' about the same :range on the limited hay ration (Period 3) as com­

pared with the f,-111 hay rations J/ (Periods l and 5). The average differ­

ence in butterfs:t tests represents. a decline of 0.3935 percent £or the 

-1./ Durir1g Period 1, Cow No. 6 received l.O pound of alfalfa hay and 3.0 
pounds of mungbean silage for each one hundred pounds live weif;ht. 
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period on the limited ro'Ughage ration as compared with the averages of the 

full roughage periods. On the limited r(n~ghage ration (Period 3) the milk 

of Co,:,rs lios. 5 and 6 was 0.0824 and 0.1145 percent lower in solids-not-fat 

than dtlring Period 5t the final full roughage ration. 'the levels of milk 

production of the cows in this group were qulte- uni.tom during the first 

part of the experinent but manifested a rathor sharp decline during the 

last part. Trends or bt1tterf'nt tests, solids-not ... fat percentages, and milk 

)'ields for the experin1.e:nt a.re shOWlll in Figures. 13 and 14. 
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Sll"i'..1/lYJAitf 

With ·bha exeep'tion oi' tv.ro animals, li t.-tle difficuJty 1.r,a.s experienced 

ix:i get'!:/mg the cows to consmne the 8.llowancos of hays offered in the ground 

com::lition. 'I-hare wa.s lHtle diff'ereuce i:n the palatihility of the hays 

'i'Jhether fed in the r:;round or \l'.ngrot1nd condition. 

Except for Co-v1s l'ifos.. 1, 2, and c during; Period 1, there were :no appreo ... 

:if:;.ble changes in the live weights of ·the cows on tho grot~nd and u.ugrotlnd, 

o.:nd/or on the £\111 ar,d liw.itecl hay ro:bions. 

In E:irpe1·iine:rrt 1, 1Cows Hoa. 36, 38, and 13, v1hieh ware fed f'rom 12.4 to 

23.0 pounds o.f prid:rie hay daily,, showed 1A11 a\rere.ge butterfat. test of 4.93 

pe:roent for ·t;ho initial long hay periods, 4.00 percent :f'o:r the ground hay 

periods, ©.11d 5.09 percent f·or the final long hay poriods. The average solids­

ncrt.-i'at tos'Gs i"or the rospecrt;i·t,e poriods wore 9. 70, 9.05., and 8.86 percent. 

These results indicate ~.,hut there was a slight reduction in butterfot test 

.cs.1,11::od by feeding tho hay in the r1;:round condit:lon. The physical condition 

of' tho apparently was 1iot the cause of tht3 variations in the solids-not-

A similnr comparison r~,r Gow 1fo .. 331 vxhich receii.red an 8.0 pound hay 

rntion sh(,WS e,vera.ge butterfat tests of 4.82, 4.60., and ,1 .. 87 percent a.nd 

solids-not-fat eontent of 9.08, D.10, and 9.35 percent, respeoti vely,. for 

t,he i:ri.H.dal long; he,y poriods, the ground. htiy por:iods., and the flnal long 

h;;l;f periods. Tha a.v0r~2;e of tho two 'cr:i.als with this animal indioates that 

F.sr:lx1.c!ing the hr.y oaused a smtl.ll reduction in the b1Jtterfat test., hut did 

not onuse any ma,rked changes in the solids-not-f'o.t oorrl;;e.nt. 

Cows Nern. 604, t.131, and 338 which were rod 4.0 poim.ds hay daily showed 

o.u0rai:3e bt1'1.torff1t tests of 5. 72 percent for i:iho i:nitilll long h~y po:rioda, 

5.47 p0rcent :for t;l:ia periods o:n ground hay, and 5.37 percent for the final 



49 

respective periods wore 10.00. 9.44, and 9 .• 19. These rest1lts indicate that 

grinding the 4.0 po1.1rrls daily hay allOYmnoe effected no appreciable red~c­

tion in butterfv.t test. The solids-not-fat content ,vas not affected by the 

physical condition of the roughage. 

In E:xperi.1U.ent 2, Cows Nos. l, 2, and 4 which received from 24.0 to 

32.0 pormda of a.lf'alfil hay daily Sh<YWed a:u average butterfat test of 3.57 

percent on the initial i"..(11 lonr: hay ration (Period 1), 3.34 peree11.t on the 

full [;round hay ration (Period 3), 2.89 percent on the lil!lited roughage 

rations (Periods 5 and S), and 3.50 percent on the final long hay ration 

(Period 8). The solids.not-fut content of the milk was 8.40 percent for 

the initial full long hay periods., B.45 percent for the ft.111 ground hay 

p~1rioda., 8.63 percent for the l:iJnited hay period.sj and 8.51 percent for the 

final f't1.ll long hay periods.. Due tc tl'l.e short duration of the limited hay 

periods, a eo1,1parison was not :me.de of the effect on the butterfat a.nd solids­

not-fat content of the milk oa"Qsed by reeding the 4.0 pounds hay ration in 

tho ground condition. These results indicate that feeding e. ftill rotlghag;e 

ration jn the ground condition and/or limitine; the roughage ration effected 

n rechiction in the butterfat ~Gest, bi~t did not appreciably affect the 

sol:1ds ... uot-fat percent of the milk proclt1oed. 

In :f>Xperlment 3, Cow Mo. 5 received 29.0 pounds of alfalfa r..ay <luring 

the full roughage periods. Cov, No. 6 received 15.0 pounds of alfalfa bay 

~nd 45.0 pounds of mungbean silae;e during the initial full roughage por.i.od 

and 30.0 pm.lnds of' alfalfa h.ay during the f:i.nul full rouehage period. 

Cows l!os. 5 and 6 had an average butterfat tost of 3.45 percent for the 

initial ft.~11 roughage periods, 3.00 percent; for the limited :roughage periods, 

a:nd S.55 percent for tho final full rot11:;hage periods. The average solids­

not-fat oontont for t..he limited roushage periods was 8.51 percent as com­

pared w:i.th 8.61 percent for the final full roughage periods. Limitinf); the 

quantity of' roughage fed caused a small rE>duction in butterfat test. 
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Feeding a f'~ll ro·qgooge ration caused a slight in.crease in the solids-not-

fat. content over that produced on a limited roughage ration. 

Of the twelve cows fed hay in the grol.\nd eondition in this. investi­

gation, no individue.l responded with changes in butterfat tast to the 

extent of those described by Powell (8). 0:f the six animals fed limited 

rotte;hage rations, only one :responded to the reduced hay ration with a 

~eduction in butterfat test similar to decraasGs reported by Powell (e). 

·rn the :investigation herein reported, molasses beet pulp was fed during 

tho limi tad roughage period to replace the ·total digestible nl.\trients ot 

the deducted quantity of hay. In Pov,ell 's investigations, increased quan ... 

tities of concentrate were fed during the limited ro~ghage period to supply 

ample to-t;al digestible nutrients. 
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GOlifCUJSIONS 

The physical preparl1tion of. the roue~r..age f'ed dairy cows ef.fected a 

small redi.:1otion i.n the butterfat eonte:nt of tho milk prodqoed. The degree 

of reduction i:n butterf'nt caused by the physical preparation of the rough­

age varies inversely 11rith the level of r01.,1e;hage intake. The physical con­

cUtio11 of' the rour;hs.ge f'ed did not sig;uifica:ntly affect the solida-no't-fat 

content of the :milk. 

Limiting the quantity of roq;:,;hHg;e fed dfli:ry cows caused a reduction 

in btrtterfat test. Individual cows responded to limi tea roughage allow­

ances v;ith varying degrees of' red1.1ction in b1.1tterfut percent. Limiting 

the quantity of ro1~ghuge fed has no significant effect on the solids-not­

fat eonte:nt of the milk. 
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