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INTRODUCTION 

In recent years much attention has been focused on the effect of 

plane of nutrition on the reproductive performance of various species of 

domestic animals. Most of these studies have been concerned with nutri

tional levels below those commonly recommended for maximum productivity. 

In order to fully evaluate nutritional levels within economically prac

tical ranges, basic information is needed concerning the effect of 

energy intakes in excess of those normally fed breeding animals in 

cotmnercial herds. It would seem that maximum information would be 

obtained by first studying the results of extremely high levels of 

energy intake compared to recommended levels. Such information would aid 

in interpretation of results from research in which much smaller differ

ences, within more practical nutritional ranges, were compared. Only a 

few controlled experiments have been conducted with beef females to 

study the effect of energy intakes at levels sufficient to produce maximum 

body weight and fatness. 

The specific objective of this experiment was to determine the in

fluence of excessive body fat on the performance of beef females by 

inducing a high degree of fatness at two different stages of the life 

cycle: (1) In the heifer during the period of growth and development 

after weaning (Phase I), and (2) in the mature cow that has completed 

growth and attained full body size (Phase II).· 
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REVIEW OF LITERATURE 

Most of the literature pertaining to the effects of plane of nutri

tion on the performance of beef cows has been concerned with lower levels 

of nutrition than those studied in this experiment. This review is limited 

primarily to those studies in which definite attempts to induce body fat

ness are reported. 

Swanson (1960) studied the effects of rapid growth with fattening 

upon the lactation of dairy heifers. Seven pairs of identical twin heifers 

were separated at ages varying from 4 to 12 months. Prior to first 

parturition one heifer of each pair was fed a normal control ration and 

her mate a high concentrate ration. After calving a schedule of concen

trate allowance was set for each pair of twins so that at comparable 

stages of their lactations they were fed the same amount. ~t 24 months 

of age the fattened heifers weighed an average of 899 pounds compared to 

an average weight of 683 pounds for the control group. 

Only one of the fattened twins produced more milk than her mate in 

these comparisons. Four of the control twins produced considerably more 

milk than their mates. The fat content of milk produced by the fattened 

twins averaged slightly higher than that produced by the controls but 

total butterfat yields and fat-corrected milk followed milk yields closely. 

The average fat-corrected milk yield of the fattened heifers in the first 

lactation was 84.8 percent of that of the controls but large differences 

in within-twin performance indicated that the effects of fattening were 

2 



3 

poissibly mn(Q)r,r:: w,~ri0>us in soim.e heifers tlbt&.n (\'l>:tlh~:rrs. A gr-'O>SS inspectioin l())f 

the udders folllOlwing slaughter shliJl'v-J(ffi.d; ,~re1&s l())f incommplete devefopm,ilent in 

three (Q)f four fattcene:d hid.fers. the udders t0Jf th~ le~n he:!.fet'tS and cmrs: 

fattened heifer were rtOJrm,d. 

Hanssoin ( 1959) crlllnd.ucted studies with icdl®.lrntk.d twin dairy heifoIC'/£ 

fad 8\t leve.ls r&r:nging f:rlO>m 40 tOl ?)-1-0 Jp>®l'icent of st:.sndard. levels. An in= 

crease in feeding hive]. frorm 100 tQJ 140 r,,~rcent @f the st~ndard resul.t®dl 

in a very slight dlte:c1re~1se in 1.mtlk yield d!.11.1ring the first lact&ti,01n1.9 .a 

marked decreat@e in the i§iecaind lactati.ClJn,v <ffind <dlecrie,i;isedl thie ,aver/Slgre ag,~ 

8lt first c,dving f::eo11.r.:a 27.0 tc» 26.4 m.©:mtlhs. 

]Bratt(Qln ( 1957) rep(i):rte& stiuclies wi.tt-Ji d~,iry heifers fed ,8t Jleveh 60 

to 70 (l©iW), 100 (illlll,ediunm) 3 emd 140 to 160 (high) )Plf!?:rcent. ©f tlhe U)Pjp)lil:l' 

lbmi.ts r»f Mo:rC"ld.:lllon as rie,cornr,m.®ndedl a1l@'V11~nc.es fo:r gJccOJwing dairy llweU:(~rn y 

beginning st a few de1ys @f <ilge. D,tllt8l1. ,ffivai118J1:»ll.@: ()):rl 25 trd((ji(§ shi;J'/ill' t.h,a 

average age lfilt fi1caSt estrus was 36» 44,9 and! 6JL '!ivieeks for the hg,i:fforlB onrn 

th~ hitgh,9 mnvedliumluJ ,imli ll01\W lieviels» resrHectively, The Slvier<lilg;e n\Jli!!'.lb11Eil' ©1f 

services was gener,dly ,~lbiQ>ut th:e samrie foJr thie tlhurieie feiedling h,vels o Tlhv~ 

mmi.lk yh, ldl <OJf hig:ht le:v® l cONiJ'S was slightly lic11mv®r than m@dle:nite li!W@ l rc,(l)'W'S 

during th®: fit'St three l,~ictastiiQlM S1mll :iiil:/Lghtly 1td,ghe:r dluring; the 

and fifth lactationlo 

Zi1r00aarmBn !..it!!· (1959) a:tu1cil:!Led the eff,el1:.:ts e:;;f three levels roJf 

winter feedi1cg IQln thie. p1e.rf<Dlrmr1,an,c,e <Dlf 'b1e .. ef c@~Yi§ wlbd.dh grazed! y1e1a:l'~, lLiDlng {'J!:l 

native gr~ss pastureis. The aivel!'.'age c.!lllv:ll.ng dlate w@s s11bc1ut 

JLater foJr l~w le.v:e 1 Cl[)\Wra: than fm, medJ'...u:rrc ii:!nd high lev:e 1 ccr&-w:s a 

,am.d. 86 a 7 :lf:conr the: 
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high levels, respectively, a.t the time the c«:!lws were 10.5 ye.ar!il c»f ag;e. 

Zimm.e~man (1960) reported the effects of four levels of winter 

feeding on the gr©Wth, developmenti ~nd reproductive performSJ.nce ~f beef 

heifers. With ea.ch increase in level of supplement above the l~w level 

t~~rds increased c~lving difficulty. There w~s little difference be~ 

of wintering did net increase the we~nin~ weight of the calf cro~ ~nd 

{ 1946) in rear,ing JBioilsitein heifers fr©~"m birth t© first pSJ.rturiti@n. 
. ' . 

deposition in the udder before freshtening. 

Which le.c·tation W2S ~$!i11.llred by gr©Wtlb ©f 16<qi1llllffi.lhed 1:it;te'.I'$ of 11 y©,:trng 
• t '· 

. :: . . ' 

their yc»ung with an lalver.age litter glalin· @f 136 gr&'lms where.ate t"<aiU fed 80 



5 

growth rats had litter gains only 60 percent as great as the restricted 

rats. The malOOll'lil.<S'.ry glands of the fattened animals were not fully developed. 

Sykes~.!!.• (1948) in a similar experiment fed two groups of 60 white 

rats each at 100 and 70 percent,of ,!g, libitum. feeding with protein intake 

adjusted to approximately equal amounts. At parturition, slaughter of 

half the rats in each group revealed that mS!t!lXl1lSry glands of the full fed 

group were 80 percent heavier than th~se of the restricted group. The 

gain per litter, the average weight of the young» and the survival @f the 

young at the 14th and 21st days of lactation were greater in the case of 

the mother which h£d been subjected to reduced feed intake. 

Fuller (1959) conducted a trial with 900 White Leghorn pullets. The 

pullets were fed either a high efficiency or a low efficiency diet for the 

first 10 weeks. The pullets were then divided into three growing treat= 

ments and either full fed, semi=restricted, or fully restricted based 

upon feeding time allowed. Where the high efficiency starting diets were 

used egg production was higher in the restricted group, followed by th~ 

semi=restricted group and lowest in the full fed group. In the C$Se ~f 

the low efficiency diets egg production was higher in the full fed and 

semi-restricted groups and lowest in the restricted group. 

Singsen ~ ~1. (1958) full fed a high energy ration t~ meat=type White 

Plymouth Rocks which resulted in a immrked increase in b~dy weight {~be~ity). 

Obesity did not reduce egg production when calculated on a hen~da.y basis 

but mortality was increased markedly. While the fat birds lived they 

laid eggs at a rate normal for the str~in. The obiers:ity and sub~HMJl\J.llent 

increase in mortality appeared to be a direct result of excessive c,donde 

intake and unrelated to the feeding of high levels of corn and ani~~l fat 
I'· 
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per se, since control-feeding of the high energy ration eliminated excessive 

body weight gains and reduced mortality to the same low level obtained when 

a lower energy feed was full-fed. 



EXPERIMENTAL PROCEDURE 
Phase I 

A study was initiated in July, 1956J to determine the effect of 

excessive body fatness induced in beef heifers beginning prior to their 

first gestation. Four sets of twin heifers (numbered 1=8) were initially 

started on trial but both heifers of @ne set (1, 2) were found to be 

sterile and re~ved from the experiment. In January of 1958 eight addi-

tional sets of twins (9-24) were included in the experiment. A blood~ 

antigen test conducted by the Bacteriology Department of Ohio State 

University revealed that two of the 11 sets of twins were non°identical. 

In this test detection of vascular anastom~sis is·considered positive 

~roof that twins are not identical, and failure to detect this phenomena 

is considered a highly reliable but not positive indication that the 

twins are identical. Results of the bloodQantigen tests together with 

the breed and date of birth of all twins are shiOJWn in Table 1. 

The heifers were kept in drylot and fed individually in stanchions. 

One heifer of each set of twins was fed at a level sufficient to maint2in 

good thrifty condition and a gain of one=half to two=thirds po~nd ~er 

day previous to first parturition, while the other heifer of each twin 

pair was fed for msiximum possible gain. The rations which were fed pri~r 

to parturition and during lactation are given in Table 2. All heifers 

alfalfa pellets. The desired difference in fatness between m~der~te 2nd 

7 
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TABLE 1. DATE OF BIRTH, BREED, AND RESULTS OF THE BU>OD-ANTIGEN TEST 

Heifer Date of Blood-Antigen 
Number Birth Breed Test1 

3,4 2 Hereford X Brahman 2-1-55 + 2 5,6 2-1-55 Hereford + 2 7,8 2-1-55 Angus + 
9,10 12-24-56 Shorthorn + 
li,12 7-15-56 Hereford X Shorthorn 
13,14 5-1-57 Hereford X Santa Gertrudis 
15,16 10-30-56 Polled Hereford + 
17,18 3-15-57 Hereford X Angus + 
19,20 12-1-56 Hereford + 
21,22 10-20-56 Angus + 
23,24 3-5-57 Angus + 

1 
Negative sign indicates that the twi ns are non-identical; positive sign 
sign indicates that the twins could be identical. 

2Approximate date. 

high level heifers was induced by the proporti on of corn and cottonseed 

hulls fed. Prior to parturition the moderate level ration was composed 

primarily of cottonseed hulls with corn added only when necessary in order 

to maintain desired gains. During lactation corn was added at a level 

sufficient to maintain small but constant gains in weight. This level of 

feeding was considered adequate to allow full expression of the milk pro-

ducing potential of the cow. High level heifers received a full feed of 

corn and· a minimum amount of cottonseed hulls at all times. 

Heifers were hand mated to a purebred Angus bull and with the excep-

tion of the first year's matings of cows 3-8 the same bull was mated t o 

all heifers. The bull mated to cows 3-8 the first year was apparently 

of low fertility and was replaced by a half-sib bull that was used for 

all subsequent matings. Heifers were exposed to the bull during the 

morning and evening feeding periods and at other periods when observed 

in heat . First parturition was at approximately three years ·of .~ge . 
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TABLE 2. AVERAGE DAILY RATIONS AND INTAKES OF T.D.N. AND DIGESTIBLE 
PROTEIN BY TWIN HEIFERS PRIOR TO AND DURING LACTATION 

Treatment 
Sueelement1 

Alfalfa Cottonseed Cracked Dig. 
Level Pellets Hulls Corn T.D.N. Prot. 

lbs. lbs. lbs. lbs. lbs. lbs. 

- - - - - Prior to Parturition - ~ - - - - -
Moderate 2.0 2.0 10 0 6.85 0.95 
High 2.0 2.0 7 8 11.95 1.48 
- - - - - - - - - During Lactation 
Moderate 2.0 4.0 16 4 13.77 1.46 
High 2.0 4.0 6 10 14.20 1.86 

1supplement composition: Cottonseed Meal, 47.0%; Soybean meal, 46.1%; 
Bonemeal, 4.6%; Salt, 2.3%. 

Calves were separated from their dams at seven to ten days of age, 

placed in individual drylot pens, and received no supplemental feed until 

they reached 112 days of age. With milk as the only nutrient source the 

gain of the calf should be a good estimate of treatment effect upon milk 

production of the dam on a within-twin basis. During the period of 112 

to 210 days of age the calves were hand fed a mixed ration (Table 3). 

Feed intakes were adjusted bi-weekly to amounts calculated by the method 

of Winchester (1953) to satisfy maintenance requirements. With the 

maintenance requirements thus satisfied, differences in calf gain should 

estimate differences in milk production of dams on a within-twin basis. 

In order to minimize risk of loss the calves were not dehorned or 

castrated. 

The following data were collected: 

1. Weights of cows at 28 day intervals. 

2. Individual fee.d records for each cow. 

3. Services required per conception. 
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TABLE 3. COMPOSITION OF CALF RATION 

Percent of 
Ingredient Total 

Cottonseed Hulls 20 
Cracked Corn 30 
Cottonseed Meal 10 
Alfalfa Leaf Meal 10 
Rolled Oats 20 
Molasses 10 

4. Notes concerning gross examinations of the reproductive tract 

and results of pregnancy checks conducted at approximately 

the third and seventh months of gestation. 

s. Notes concerning calving difficulty and the general health 

of cows at calving. 

6. Weights of calves at birth, 70 days, 112 days, and 210 days 

of age. Birth weights of heifer calves were adjusted to a 

bull equivalent using the factors calculated by Botkin (1952). 

Weaning weights (210-day) of heifer calves were adjusted to 

a bull equivalent using the methods suggested by Koch!.!:,!!• 

(1959). 

7. Milk production, estimated by the following methods: 

a. Hand-milking the cows during the morning and evening 

feeding period each week. Milk was drawn from one half 

of the udder while the calf was suckling the opposite 

side. The opposite udder half was milked the following 

·week. 

b. Weighing the calves before and after morning and evening 

nursings each day. This procedure was not initiated 



until January 1960 and data for complete lactations 

with this method are not available. 

c. Calf weights at 112 and 210 days of age. 

11 

8. Partial milk composition. Compo~ite samples were taken of 

the weekly morning .and evening m.ilkings and the butterfa.t: 

CiQlntent SJ.nd total solids content determined by the stands.rd 

Babcock ~nd Mojonnier methods, respectively. 

9. Rectal temperature of cows. (Temperatures were taken during 

four p,eri,\j)dS CJf 1.0 consecutive days each dut·ing March., MayJ 

and July; 1959, and March 1960.) 

10. Determ.inatiorns of hematcOJcrit, red blood cell count, white 

bfooJd cell count, plasma proteinp and hemoglobin conte.nt 

of bloiQld samples taken from the cows at monthly intervals 

over a peri,od of 12 months. An International micro= 

hematocrit centrifuge was used fr/Jlr hemotacrit determinations. 

'The standard counting pr(Q)cedure using Hayem 9 s diluting fluid 

was used fr/Jlr red blood cell determinations. White bl(Q)•od cell 

ciQluntl§ were taken using Turk as d.ilut ing flui,d. The: Spenccer 

He:.TuiQlglQ'.ilbin Me.ter was used for hemlQlgfobin deten::minationiSl with 

plasima pr,oitein determinatiOlns made by the standard c@}P)lfle1:',r 

sulph<Bite mr~thod. 



RESULTS AND DISCUSSION 
Phase I 

The data collected prior to and including the summer of 1960 are in-

eluded in this thesis. Data o,f individual he:i.fers and average of treat-

ment groups are presented and discussed. Due ta the large genetic 

variation between setts of twins treatment averages _include data Cilnly of 

those seu o:f twinilll in which complete reic.ord.s of both members were 

availablre. 

Body Weight~ Reproductive Performs.nee 

Table 4 $'U:J!ir!.filri~es by treatment the average age and weight of the 

heifers at the beginning of the trial and at first mating. More detailed 

information involving individual sets of twins is given in Table 5. 

Mating of each set of twins was initiated during the first estrus follow= 

ing a date determined at the beginning of the trial. Most of the sets 

of twins were.maintained on the trial rations for a minimum peri«>d @f 12 

period less than nirie months. The 1rnW.ximum within=twin weight difference 

was 50 pounds and exceeded 15 pounds in only 3 of the 11 sets cf twins at 

the beginning of the trial. 

The age at first ~a.ting ranged from 21 to 30 months with ~n over=all 

average of 26 months. Body weight differences between twin mates v~ried 

from minimum~£ 180 to a maximum of 400 pounds with high level heifers 

weighing an average of 320 pounds more than their twin mates at first 

12 
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TABLE 4. AVERAGE AGE AND WEIGHT OF HEIFERS AT THE BEGINNING 
OF THE TRIAL AND AT FIRST MATING 

Treatment Av. Heifers 3-8 Av. Heifers 9-24 Overall Average 
Level A5e Wt. A5e Wt. A5e Wt. 

Months lbs. Months lbs. Months lbs. 

- - - - - Beginning of Trial - - - - - - - ..... 

Moderate 18 578 12.5 421 14 464 
High 18 577 12.5 416 14 460 
- - - - - - - - First Mating - - - - -
Moderate 30 712 24 667 26 679 
High 30 988 24 1003 26 999 

mating. Heifers 9-24 were started on experiment at a younger age and had 

a larger within-twin weight difference than heifers 3-8. 

Table 6 contains a summary of the average number of matings required 

for conception among heifers of each treatment group. Averages are pre-

sented for heifers 3-8, 9-24, and the two groups combined (3-24). Poor 

conception rates were observed when heifers 3-8 were first mated, 

especially in the high level group. Heifers in the moderate level group 

conceived with a maximum of two matings but high level heifers failed to 

conceive after several matings. Observations indicated that the libido 

of the bull was below normal, and a possible low level of fertility of 

the bull may have also contributed to the poor reproductive efficiency of 

the heifers. Therefore, the bull in use was replaced by a bull of similar 

·breeding and all future matings made to this bull. Two of the three high 

level heifers (6, 8) required more than one mating for conception when 

mated to the second bull, but this may have been caused by the prolonged 

period of mating and advancing age of the heifers. The studies of 

Sorensen et !l· (1959) indicated that there is a tendency toward increased 

numbers of abnormalities of the ovaries and estrus cycles in heifers 

allowed to have many cycles before being bred. 



TA!LE 5. 

Cow 
Level No. 

Moderate 3 
High 4 
Moderate 5 
High 6 
Moderate 7 
High 8 
Moderate 9 
High 10 
Moderate 11 
High 12 
Moderate 13 
High 14 
Moderate 15 
High\_ 16 
Moderate 17 
High 18 

Moderate 19 
High 20 
Moderate 21 
High 22 
Moderate 23 
High 24 

AGE AND WEIGHT OF HEIFERS AT THE :BEGINNING OF THE TRIAL, AT FIRST 
MATING,. AND AT Fm.ST CALVING _ 

:Beginning of Trial First Mating First Calving 
Age Weight Age . Weight Age Weight 

Months Pounds Months Pounds Months Pounds 

18 655 30 800 42.0 955 
18 670 30 1060 45.5 1410 
18 535 30 670 41.2 800 
18 520 30 1060 51.0 1500 
18 545 30 665 39.6 730 
18 540 30 845 44.J 1100 
12 475 24 715 35.4 830 
12 49CY 24 1100 34.6 1340 
18 575 27 785 37.9 880 
18 585 27 1110 37.4 1430 
8 345 21 625 32.8 800 
8 ' 330 21 1000 31.1 1360 

14 460 24 665 36.8 840 
14 450 24 970 33.8 1290 
10 295 22 535 34.6 845 
10 305 22 935 32.4 1325 

. 13 360 25 635 35.1 750 
13 385 25 890 35.7 1205 
15 485 27 720 38. 3 920 
15 465 27 1060 37.8 1420 
10 370 22 655 32 .4 745 
10 320 22 950 32.9 1290 

I-' 
.f:'-
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TABLE 6. AVERAGE NUMBER OF MATINGS REQUIRED FOR CONCEPTION 

Trea tment 
Level 

Moderate 
High 

Heifers 
3-8 

1.34 
3.67 

Heifers 
9-24 

1.25 
1.13 

Overall 
Average 

1.27 
1.91 

Excellent breeding effi ciency is evident in both treatment levels of 

heifers 9-24 and with three exceptions all heifers of this group conceived 

with one mating. Two moderate level hei fers (11, 15) and one high level 

heifer (22) required two matings for conception. Bratton (1957) similarly 

reported that there was no difference in number of services required for 

conception between groups of heifers fed at 100 or 140 percent of the 

upper limits of Morrison's r ecommended allowances for growing dairy 

heifers. 

Consider i ng the comparab le breeding efficiency of the two treatment 

levels of he i fer s 9-24 and the possible consequences of the delay in 

mating of heifers 3-8 previous ly discussed, it would seem that the breed-

ing data of heifers 3-8 should not be considered significant. However» 

i t is possible that excessive body fatness cou ld exert more det rimental 

influence on reproductive effi.c i ency with increasing age of the heifers . 

Within-twin body weight differences at first calving ranged from a 

minimum o f 370 pounds t o a. maximum of• 1700 .paund~·,.' (Table ~, 5).·:Lw:L.th :iqiighclevel 

heifers weighi ng an average of 507 pounds more than their moderate level 

mat es (Table 7). Average body weights of heifers 3-8 were almost identi-

cal to those of heifers 9-24 at first calvi ng. 

High level heifers of group 3-8 calved an average of six nonths later 

than their moderate l evel mates. However, as previously explained, heifers 
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TABLE 7. AVER.AG~ AGE AND WEIGHT OF HEIFERS AT FIRST CALVING 

Treatment 
Level 

Av. Heifers 3-8 Av. Heifers 9-24 Overall Average 

Moderate 
High 

Age. 
Months 

40.9 
46.9 

Wt. Age 
lbs. Months 

828 35.4 
1337 34.5 

Wt. Age Wt. 
lbs. Months lbs. 

826 36.9 827 
1333 37.9 1334 

of this group were initially mated to a bull of probable lowered libido 

and fertility and data from this group are of questionable value in 

evaluating the effect of treatment level upon calving date. 

In contrast to the results in group 3-8, high level heifers of 

group 9-24 calved an average of 0.9 months earlier than their moderate 

level mates. Both treatment levels conceived with a near minimum number 

of matings; therefore, the earlier calving date indicates an earlier or 

more regular estrus in the high level heifers. Other workers have reported 

that higher feeding levels resulted in earlier calving dates ranging from 

7-18 days with first-calving heifers (Zimmerman, 1960; Hansson, 1959) and 

mature cows (Zimmerman, 1958). Bratton (1957) reported the average ages 

of dairy heifers at first estrus to be 36 and 44 weeks for groups fed 140 

and 100 percent of Morrison's standards, respectively. 

Cows were observed closely at calving time and vetetinatians were 

called to assist when it became apparent a heifer would be unable to 

calve normally. High level heifers had more calving difficulty and 

sustained more calf losses and cow losses than the moderate level group 

(Table 8). Six of eleven high level heifers required assistance at first 

calving with two high level heifers requiring ceaserean sections and two 

others calving by malpresentation (posteri9r · :liongitudina] ,. presentati.ion, 
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d~rso=tubic position). With one exception all ma>derate level heifers 

calved normally and unaided. Zimmerman (1960) recorded calving difficulty 

scores of two-year-old heifers fed four levels of winter supplement and 

noted a slight trend toward more difficult calving with each increase in 

level of supplement above the low level. 

Treatment 
Level 

Moderate 
High 

TABLE 8. NUMBER OF HEIFERS CALVING, HEIFERS REQUIRING 
ASSISTANCE, HEIFERS LOST, AND CALVES LOST 

Heifers 
Calving· 

11 
11 

Requiring 
Assistance 

Heifers 
Lost 

0 
2 

Calves 
Lost 

1 Includes two high level heifers (4, 22) requiring caesarean sections. 
2The failure of cme high level heifer to produce a calf the first year 
after mating is included here as a calf loss. 

An autopsy of the only calf lost from the moderate level group in-

dicated that the calf was normal and may have died at birth due to 

placental membranes covering the mouth and nostrils. One high level 

calf was bl())rn dead due to unknown causes and another died 10 days after 

caesarean delivery· apparently as a result of intestinal infection. The 

third loss was assessed against the high level group due to the first-

year calving failure of one high level heifer (No. 6). Frequent pregnancy 

checks indicated the heifer conceived but reabsl())rbed her fetus at appr«:ll:d.= 

m.ately seven months of gestation. The heifer was rebred and c.tlllved 

almost one year later than her twin. Ch.ambers il al. ( 1960) rep,o,rted 

that heifers full fed during a five month post=weaning gain test sustained 

more fetal death losses than heifers grazed on native pasture the same 

period. 
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Two high level cows were l ost from the exper iment during their f irst 

lactations. One high level cow {No. 12) died appr oximately a month after 

calving as a result of an acute mastitis i nfection. The other high l evel 

cow {No. 10) was r emoved from the experiment after 112 days of lactation 

due t o a part ial prolapse and stricture of the rectum which may have been 

a resul t o f calving difficul ty. Zimmerm.~n ~ .!!.• (1959) studied the 

effects of three levels of winter supplement on the performance of beef 

cows and reported survival r a tes inversely related to the l evel of feed

ing. Ad libitum feeding of a hi gh energy ration t o meat-type Whit e 

Plymouth Rock pullets resulted in a marked i ncrease in body weight 

{obesity) and in mortality ( Singsen et al . , 1959). --
Table 9 shows a summary of the average birth weights of ca lves 

produced by cows at first and second calving, end a combined average of 

these groups . The firs t ca lves of high level cows were 3.7 pounds heavier 

at birth t han calves of moder a te level cows . Eight of 11 high level cows 

produced heavier calves at first calving than their moderate level mat es 

(Table 10) and t his trend continued i n three sets of twins which produced 

their second calves. Errors introduced by the sex correction f actor 

should be minimized by the near equal sex r ~tio (moderate leve l - seven 

males, six females; high leve l~ nine mal es, five females) of calves with= 

in the combined first and second calv i ng treatment groups. There thus 

appears to be a defini te trend f or heavier calves at birth as a result ~f 

the high l evel feeding of cows in this trial. Zimmerman (1960 ) compared 

high and medium levels o f winter feeding and r ep~rted that calves of high 

level heifers were 2.5 and o.6 pounds heavier at birth dur ing t he first and 

second calving periods but were 0.6 pounds lighter than medi.um level calves 



the following year. In one limited trial heifers fed at a "very high" 

level produced calves two pounds lighter at birth than heifers fed a 

"medium" level {Qlf winter supplement. 

TABLE 9. AVERAGE BIRTH WEIGHT1 OF CALVES 

Treatment 
Level 

Moderate 
High 

Overall 
Average2 

lbs, 

60,4 
65.4 

First 
Calving3 
lbs. 

6o.4 
64.1 

Sec<rmd 
Calving4 

lbs. 

60,3 
70.3 

1Heifer birth weights corrected t(Q) a bull etq1uiv2lent by the methods of 
Botkin ( 1952). 

2 Average of 14 calveSJ per treiB1tment g:r<01up. 

3Average of 11 calves per treatment group. 
4 Average of three calves per treatment group. 

Milk Production 
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Moderate level cows produced an aver.age of 35 percent more milk than 

high level cows during the fi.rst 112 days of their first lactation (Ta.ble 

11). This trend was not consistent within sets of twins as 3 of 10 

high level cows ( cONAS 6J 8; and 16) produced m<:iJre milk than their mK:;;derate 

level mates {Table 12). It sh0uld be n<tiJted that cow 6 calved ap1pi:r;0>xi,m.8!.tely 

one year Later than cow 5 and perhaps sh(())uld h,1,ive been consi.dered in her 

second lactation. Compari.ng the first 18\ctatfan of cow 6 with the secrno.d 

lacta.tioin of c0>w 5J there is an even greater difference in the milk 

production of the tw,(l) gr0>ups. The effects of age on the lact,8ltiruin rec<rJJrds 

of dairy c©ws have been reported by several i.nvestigators and $!.l'e summJil!.= 

rized by Gowen ( 1929) and Searle and Hendersom ( 1959). There see.ms to be 

general agreement that milk prlQ)ducti~n increases during the period from 

two to six years of age. 



TABLE 10. BIRTH DATE, SEX, BIRTH WEIGHT, 112-DAY WEIGHT, AND 210-DAY WEIGHT 
·OF CALVES BORN TO TWIN COWS 

Correctedl Corrected2 
Treatment Cow Bir.th:. Calf Birth Birth 112-Da.y 210-Day 210-Day 
Level No. D4~::: Sex Wt. Wt. Wt. Wt. Wt. 

lbs. lbs. lbs. ·1bs. lbs. 

First Parturition 

Maiderate 3 7~11'158: 46 '46 4 4 4 
M ---

High 4 l<;,);~~§~33- - M 64 64 180 375 375 
Moderate 5 3-20-58 F 69 74 245 410 ~~~4 High 6 4-10-59 M 86 86 

___ 4 ___ 4 

Mod.et ate 7 5-5-58 _M 59 59 287 470 470 
High 8 9-22-58 M 30 30 170 360 360 
Moderate 9 11-20-59 F 58 63 175 277 308 
High 10 10-27-59 M 78 78 221 ---5 

___ 5 

Moderate 11 8 ... 26.:.59 F 66 71 192 
:~~6 

416 
High 12 8-12-59 ·F 64 69 

___ 6 ___ 6 

Moderate 13 1-10'.'"~o M 64 64 ~0'7 338 338 
14 11-21-59 iM 

·, 

i73 Hi$h 73 73 250 250 
i, 

318 Moderate 15 11-7-59 F 49 54 175 286 
High 16 8-11 .. 59 M ! 70 70 228 422 422 
Mod~rate 17 1,-17-6o 'M 65 65 213 357 357 
High 18 11..:13·-59 F 63 68 209 313 348 
Moderate 19 10-19-59 M 57 57 211 389 ·389 
High 20 q-8..;59 F 6o q5 184 277 308 

Moderate 21 12-13-59 M 54 54 245' 400 400 
High 22 .11.:.28-593 F 57 62 _ _,_7 ___ 7 ___ 7 

Moderate 23 11-2-59 M 57 57 233 418 418 
High 24 11-16-59 M 40 4o 

___ 4 ___ 4 ___ 4 
N 
0 

Continued 



TABLE 10 (Continued) 

~-~--- Corrected-i --- - Correcteci2 
Treatment 
Level 

Cow 
No. 

Birth 
Date 

Calf Birth Birth 112-Day 210 .. Day 210-Day 
Sex Wt. Wt. Wt. Wt. Wt. 

lbs. lbs. lbs. lbs. lbs. 

Second Parturition 

Moderate 3 12-16-59 M 44 44 222 386 386 
High 4 11 .. 3-59 F 68 73 249 372 413 

Moderate 5 7 .. 10-59 F 66 71 183 334 ~~~8 High 6 5-3-60 M 78 78 
___ 8 ___ 8 

Moderate 7 7-11-59 F 61 66 
::~4 ~:~4 ~~~4 High 8 8-6-59 M 60 60 

1Heifer birth weights corrected to bull equivalent by the methods of Botkin (1952). 
2Heifer 210-day weight$ corrected to bull equivalent by the methods of Koch~.!!• (1959). 

3caesarean birth. 
4 Calf born dead. 

5cow removed from experiment after 112 days due to prolapse. 
6cow died approximately one month after calving as a result of ma.stitis infection, 

?calf died at 10 days of age apparently as a result of intestinal disorders. 
8 -
Calf had not reached 210 days of age at the time of this report. 

IU 
I-' 
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TABLE 11, AVERAGE 112-DAY MILK PRODUCTION OF 10 SETS OF 
TWINS DURING THEIR FIRST LACTATIONl 

Treatment 112-Day 112-Day 
Level Total Daily Average 

lbs. lbs. 

Moderate 1026 9.2 
High 761 6.8 

1Data of one set of twins (cows 11 and 12) not included due to loss of 
high level cow. 

Limited numbers of twins of any one breed prevent definite conclu~ 

sions regarding breed-treatment interactions. However, much of the 

difference in milk production between treatment levels is due to an 

extremely low milk production by three high level Angus cows (cows 8, 22, 

and 24). Two of the cows (cows 22 and 24 ) lost their calves at birth or 

shortly thereafter and were nursed by foster calves. The effect of 

foster calves upon milk production is not known. 

Table 13 shows the average milk production of six sets of twins 

during a complete 210-day lactation period. The remaining five sets of 

twins in this trial are not included in the 210-day sununary because cow 

12 died shortly after ca lving and milk production records for cows 3b8 

were obtained for a period of only 112 days during the first l act at ion. 

The trend previously observed during the 112 day period was elso 

evident throughout the complete 210 day lactation. Moderate level cows 

produced 78 percent more milk than their high level mates during the 210 

day period, but again much of the difference between treatment level was 

due to the extremely low milk production of two high level Angus cows 

(cows 22 and 24). However, omitting the data of these cows does not a l t er 

the established t rend of greater milk production in the moderate l evel 

group. 



TABLE 12. TOTAL AND AVERAGE DAILY MILK PRODUCTION FOR 112 AND 210 DAYS OF LACTATION, AND AVERAGE 
DAILY GAINS OF CALVES FROM Bm.TH TO 112 AND BIRTH TO 210-DAYS OF AGE 

1_12-Day Calf 210-Day Calf 
Treatment Cow Calf Milk Production 112..;Day Milk Production 210-Day2 
Level No. __ .":_$_ex Total Dail;2: Ave. A.o.o.1 Total · Dail;2: Ave. A.D.G. 

1-bs. lbs. - lbs. lbs. lbs. lbs. 

First Lactation · 

Moderate 3 M 997 8.9 --~-3 ----4 ____ 4 ____ 3 

High 4 M 801 7.2 1.04 ----4 ____ 4 
1.48 

Moderate 5 F 1016 9.1 1.57 
____ 4 4 1.62 

High 6 M 1145 10.2 ----3 
____ 4 ____ 4 

----3 

M(ljiderate 7 M 1239 11.1 2.04 
____ 4 

---11.:1 4 1.,96 
High 8 M 633 5.7 1.25 

_ _: __ 4 ____ 4 
1.57 

Moderate 9 F 585 5.2 1.04 1242 5.9 1.16 
High 10 M 852 7.6 1.28 

____ 5 ____ 5 ____ 5 

Moderate 11 F 821 7.3 1.13 15146 ~::_6 ~:~~6 High 12 F 
____ 6 

~metc.6 
____ 6 

----
Moderate 13 M 999 8.9 1.28 1833 8.7 1.30 
High 14 M 769 6.9 0.89 977 4.7 o.84 

Moderate 15 F 913 8.2 1.13 1473 7 .. 0 1.25 
High 16 M 1265 11.3 1.41 1910 9.1 1.67 

Moderate 17 M 970 8.7 1.32 1764 8 .. 4 1.39 
High 18 F 944 8.4 1.30 1668 7.9 1.33 
Moderate 19 M 955 8.5 1.38 1588 7.6 1.58 
High 20 F 875 7.8 1.11 1296 6.2 1.16 

Moderate 21 M 1285 11.5 1.73 2213 10.5 1.65 
High 22 F 210 1.9 

____ 3 
317 1.5 

____ 3 

Meder ate 23 M 1309 11.7 L 57 2338 11.1 1.72 -
High 24 M 125 1.2 

____ 3 
125 o.6 

____ 7 
N 
w 

(Continued} 



TABLE 12 (Continued) 

112-Day Calf 210-Day Calf 
Treatment Cow Calf Milk Production Milk Production 112-Day 210-Day 
Level No. Sex Total Dailx Ave. 1 Total -. Dailx Ave. 

. 2 
A.D. G. A.D. G. 

Moderate 3 
High 4 

Moderate 5 
High 6 
Moderate 7 
High 8 

ln • b ' d • uain o taine using 
2Gain obtain~d using 
3calf born dead. 

lbs. lbs. lbs. 

Second Lactation 

M 1578 14.1 1.59 
F 2113 18.9 1.62 

F 1220 10.9 ~:~~8 M --=-8 ===-8 

F 1565 14.o 1.46 
M 190 1.7 

____ 3 

uncorrected birth and 112=day weight (Table 11). 
corrected birth and 210-day weight (Table 11). 

4cow was not milked the entire 210=day period. 

lbs. lbs. 

2649 12.6 
3075 14.6 

~~:~8 =~:~8 

2624 12.5 
262 1.2 

5cow was removed from experiment after 112-days of first lactation due to partial prolapse. 
6cow died approximately one month after calving as a result of mastitis infection. 
1catf died at 10 days of age apparently as a result of intestinal infection. 
8cow had not completed lactation at the time of this report. 

lbs. 

1.63 
1.62 

~:~~8 
1.67 ____ 3 

N 
../.a' 



TABLE 13. AVERAGE 210-DAY MILK PRODtx:TION OF SIX SETS1 
OF TWINS DURING THEIR FIRST LACTATION 

25 

Treatment 
Level 

210-Day 
Total 

210-Day 
Daily Average 

Moderate 
High 

lbs. 

1868 
1049 

lbs. 

8.8 
5.0 

1complete 210-day first-lactation records were available for only six 
sets of twins (cows 13-24). 

Table 14 includes data of all twin sets having 210-day lactation 

records. This includes in addition t o the first lactation records summ.a-

rized in Table 13 (cows 13-24) the second-lactation records of cows 3, 4, 

7, and 8. Pooling the data in this manner (to obtain maximum observations 

for statistical analysis ) results in only a slight alteration of the trend 

shown in Table 13. An analysis of variance by the methods of Snedecor 

(1956) revealed that milk production of moderate level cows was signifi-

cantly greater (P < ,09) than milk production of high level cows. 

Swanson (1959) fed identical twin dairy heifers in a manner similar 

to that reported in this trial and obtained a similar trend towards 

greater milk production in the normal control group. Only one of the s even 

fattened heifers produced more milk than her mate in the first lactation 

but there was a wide range in within-twin milk production difference 

similar to those observed in this trial. Bra tton (1959) compared milk 

yields of high and medium fed dai ry heifers and noted a slightly higher 

milk production in the medium fed heifers in their first three lactations 

but this situation was reversed in the f ourth and fifth lactations. Other 

observations confirming the inverse relationship of high feeding l evels and 

milk yield were reported by Herman and Ragsdale (1946) with non~twin dairy 
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heifers and Hansson (1959) with identical twin dairy heifers. The growth 

rates of litters from fat and lean rats have indicated a reduced lactating 

ability as a result of high feeding levels (Swanson and Spann, 1954; Sykes 

~ al., 1948). 

TABLE 14. AVERAGE 210-DAY MILK PRODUCTION OF EIGHT SETS1 OF 
TWINS WITH COMPLETE LACTATION RECORDS 

Treatment 
Level 

Moderate 
High 

210-Day 
Total 

lbs. 

2060 
1204 

210-Day 
Daily Average 

lbs. 

9.8 
5.7 

11ncludes first -lactat ion records of cows 13-24 and second-lactation 
records of cows 3, 4, 7, and 8. 

Average daily mi lk production during 30 weekly periods is shown 

graphically in figures 1-9. Figure 1 shows the average milk production 

of the eight sets of twins which were represented in Table 14 and includes 

first lactation records of cows 13-24 and second lactation records of 

cows 3, 4, 7, and 8. Individual lactation curves of these cows are 

shown in figures 2-9. 

The milk yield of moderate level cows reached a peak between four 

and six weeks following parturition and declined at an a lmost constant 

rate throughout the remaining weeks of the lactation, which agrees closely 

with the normal lactation curve of dairy cows (Maynard and Loosli, 1956). 

In contrast, the yield of high level cows did not show the characteristic 

rapid increase during the first weeks of lactation but, after the initial 

six weeks of lactation, roughly paralleled that of the moderate level 

group at a much lower level. 
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The data of those sets of twins in which both individuals raised 

their own calves and had complete 112-day lactation records are shown 

in both tabular (Table 15) and graphic (Figure 10) form. The lower 

portion of Figure 10 indicates the cows' average daily milk production 

and the upper portion the correspon4ing average daily gains of their 

calves. Dotted lines connect the two members of each set of twins in 

the lower portion of the figure, with the calves of twin sets similarly 

joined in the upper portion of the figure. 

The units of gain in the upper portion of Figure 10 were purposely 

scaled so that the lines connecting the points representing milk produc

tion of twin sets were roughly parallel to lines connecting the points 

which represent gains of their calves. This technique serves to illus

trate the high correlation (.75) between total 112-day milk production 

and calf gain on a within-twin basis. The data represented in Figure 10 

(and Table 15) should be compared only on a within-twin basis due to the 

extremely varied genotype of the sets of twins. With this consideration 

it will be noted that with but one exception (cows 3 and 4) the faster 

gaining calf received the larger milk supply. The greater milk produc

tion of cow 4 compared to cow 3 is not reflected in the calf gain data 

but can be explained in part by referring to Figure 8 and noting the 

extremely high and variable milk yield of cow 4 during early portions of 

the lactation. The capacity of the calf to efficiently utilize all of 

the milk was possibly exceeded during peak periods of production. 



TABLE 15. 112 AND 210 DAY MILK PRODUCTION AND AVERAGE DAILY GAINS OF CALVES 
FROM BIRTH TO 112 AND BIRTH TO 210 DAYS OF AGEl -

112-Day Calf 210-Day Calf 
Treatment Cow Calf Milk Production 112-Day Milk Production 210-Day 
Level No. Sex Total DailI Ave. A.D.G.2 Total Dailz Ave. A.D.G~3 

lbs. lbs. lbs. lbs. lbs. lbs. 

First Lactation 
Moderate 7 M 1239 11.1 2.04 

____ 4 ---4 1.96 
High 8 M 633 5.7 1.25 

__ . __ 4 
~--4 1.57 

Moderate 9 F 585 5.2 1.04 --.:.-5 ---5 
____ 5 

High 10 M 852 7.6 1.28 -----5 
___ 5 ____ 5 

Moderate 13 M 999 8.9 1.28 1833 8.7 1.30 
High 14 M 769 6.9 0.89 9.77 4.7 o.84 

Moderate 15 F 913 8.2 1.13 1473 7.0 1.25 
High 16 M 1265- 11.3 1.41 1910 9.1 1.67 

Moderate 17 M 970 8.7 1.32 1764 8.4 1.39 
High 18 F 944 8.4 1.30 1668 7.9 1.33 

Moderate 19 M 955 8.5 1.38 1588 7.6 1.58 
High 20 F 875 7.8 1.11 1296 · 6.2 1.16 

Se5ond Lactation 
Moderate 3 F 1578 14.1 1.59 2649 12.6 · 1.63 
High 4 M 2113 18.9 1.62 3075 14.·6 1.62 

1Includes data of those sets of twins raising their own calves and having complete 112 or 210 day 
>tactatioa., records'. 
2Gain calculated using uncorrected birth and uncorrected 112 day weight (Table 10). 
3Gain calculated using corr~·cted birth and corrected 210 day weight (Table, 10). 
4complete 210~day lactation record was not available. 
5The high level cow was removed from the experiment after 112 days of lactation. w ....., 
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A Comparison of Methods of Estimating Milk Production 

In addition to the hand-milking method used in previous milk produc

tion estimates, a seex>nd method was initiated in January 1960. Each 

calf was weighed immediately before and after morning and evening nursing 

periods and the difference in these weights was assumed to represent the 

actual weight of milk consumed by the calf. The calves were weighed on 

a beam-type scale capable of weighing with an accuracy of± 0.5 pound. 

Complete 210-day lactation records by the calf-weight method were avail

able for only a few cows at the time o f this report; however, a pooled 

total of 202 cow-weeks of data was available f or comparisons of estimates 

of milk production on a withi n- cow basis. Before pooling the data 

correlations of the milk production estimates by individua l cows were 

obtained in order to determine that no large differences existed between 

cows. 

The following data were compared: 

(1) An estimate of milk production by hand milking the cow one 

day each week in the manner explained in Experimenta l 

Procedure. 

(2) An average of six daily estima tes per week by the calf weight

change method described above. The seventh day of each week on 

which the cows were mi lked was omitted from the average in 

order to eliminate any possible bias resulting from a 

slightly different weighing procedure on this day. 

(3) A milk product ion estimate by the cal f weight-change method 

using only one day per week. Milk production estimates obtained 

on the day preceding the day of hand milking were used for this 

compar ison. 
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Simple correlation coefficients were calculated between the estimates 

of milk production and are presented in Table 16. Ali ~~~imates of milk 

;_ production were highly correlated but there was no ba~is for predicting 

which method gave the most accurate measure of milk production. The data 

available did not permit valid correlations of calf-wei-ght-change esti-

mates of milk production with gain in weight of calves. 

TABLE 16. SIMPLE CORRELATION COEFFICI~S OF THREE 
ESTIMATES OF MILK PRODUCTION 

Milk 
Production 

Estimated by: 

One day per week 
Calf wt.-change 

Ay . 6 days per week 
Calf wt. -change 

Av. 6 Days 
Per Week 

Calf Wt. -Change 

.84 

1Based on 202 cow-weeks of data. 

i Day 
Per Week 

Hand Milking 

.66 

.74 

The means and standard deviations of the three estimates of milk 

production are shown in table 17. The absolute values of the estima,t~s 

of milk production by the calf weight-change. method are almost th~ee, pounds 

larg!r than the estimate by hand milking. A trend in this direction was 

expected because the cows could not be completely stripped by t~~ hand 

milking method. 

Milk Fat and Total Solids 

The 210-day total milk fat production and the percent fat content of 

milk during this period are shown by treatment average in table 18 and 

includes data from the first lactation of cows 13-24 and the s.econd 
' ' 

lactatiob of cows 3, 4, 7, and 8. The milk of high level cows was 
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TABLE 17. MEANS AND STANDARD DEVIATIONS OF ESTIMATES OF 
MILK PRODUCTION BY THREE DIFFERENT METHODS 

Standard 
Method Means Deviation 

lbs. lbs. 

One day per week 
Calf wt.-change 12.5 4.2 

Av. 6 days per week 
Calf wt.-change 12.4 3.5 

One day per week 
Rand milking 9.6 3.9 

slightly higher in fat content than that of moderate cows but due to the 

large difference in milk production the total milk fat production of 

moderate level cows was significantly greater (P < .12) than that of 

high level cows. 

TABLE 18. AVERAGE TOTAL FAT AND AVERAGE PERCENT FtT OF MILK 
PRODUCED DUR.ING A 210-DAY LACTATION PERIOD 

Treatment 
Level 

Total Av. Fat 

Moderate 
High 

Fat 
lbs. 

75 
46 

Content 
lbs. 

3.6 
3.8 

1 
Includes data of the first lactation of cows 13-24 and second lactation 
of cows 3, 4, 7, and 8. 

The fat production curves of both treatment levels (Figure 11) are 

almost identical to the milk production curves (Figure 1), with the 

exception of fat production of the high level cows during the second 

week. The fat production of high level cows increased during the seccmd 

week of lact.etfon whereas milk production remained relatively constant. 
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The relationship of milk-total-solids production between treatment 

levels is very similar to milk-fat production. The total-solids content 

of high level cows was o.4 percent greater than milk of moderate level 

cows (Table 19), but the greater milk production of the moderate level 

group more than compensated for the lower percentage total-solids to 

give moderate level cows a larger over-all total-solids production. The 

total-solids production curves (Figure 12) have a similar relationship 

between treatment levels as that of milk fat with only minor deviations 

from the milk production curves. 

TABLE 19. AVERAGE TOTAL AND PERCENT TOTAL-SOLIDS OF MILK 
PRODUCED DURING A 210-DAY LACTATION PERIOD1 

Treatment 
Level 

Moderate 
High 

Pounds 
Total-Solids 

263 
159 

Percent 
Total-Solids 

12.8 
13.2 

l Includes data of the first lactation of cows 13-24 and second lactati~n 
of cows 3, 4, 7, and 8. 

Body Temperature 

Rectal temperatures taken during four 10-day periods showed high 

level cows to have an average body temperature of 102.37° F compared to 

102.21° F for moderate level cows. This difference of only 0.16° F was 

shown by an analysis of variance to be significant (P < .05); howeverJ 

such a small variation in body temperature may not be of any physiological 

importance. Butt and Bush (1955) recorded the rectal temperatures of 

breeding ewes kept in rooms ranging in air temperatures from 45° F to 

0 88 F and noted that the average body temperature of ewes in the warm 

room was 1.4° F higher than ewes in the cool room. The ewes in the 
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cooler environment had an earlier estrus and required fewer services 

per conception which may have been a direct result of the lower body 

temperature. 

Blood Composition 

Hematocrit» hemoglobin, and plasma protein values of high level cows 

were significantly (P < .05) higher than values of moderate level cows. 

The higher feeding; level promoted higher mean values of all blood 

constituents determined (Table 20) but values within both feeding levels 

were within the reported n~rmal ranges (Albritton, 1952; Dukes, 1956). 

There is no basis for attributing differences in performance of cows on 

the different feeding levels to differences in blood constituents of the 

magnitude shown in Table 20. Higher blood constituent levels within 

normal ranges might be assumed to indicate a better state of health in 

the high level group, but the performance of this group was inferior to 

the moderate fed cows in most production phases. 

TABLE 20. AVERAGE HEMATOCRIT~ RED BLOOD CELL, WHITE BLOOD CELL, 
HEMOGLOBIN, AND PLASMA PROTEIN VALUES 

Treatment Red Blo~d White Bl~od 
Level Hematocrit1 Cells Cells 

Moderate 36.5 7.25 
High 39.3 7.63 

1 Percent 

2t1illions per cubic millimeter of blood. 
3Thousands per cubic millimeter of blood. 
4Grams per 100 milliliters of blood. 
5Grams per 100 milliliters of plasma. 

8.99 
9.08 

Hemoglobin4 
Plasma 

Prot:ein5 

13.8 7 .19 
14.6 7.50 



Blood constituent values of individual cows are within the normal 

range with the exception of white blood cell values of cows 15 and 16 

which are slightly higher than normal (Table 21). This may be due in 
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part to a mild infection of the reproductive tract occurring shortly after 

calving and during the period blood samples were collected. 



TABLEE21. AVERAGE BEMATOCRIT, RED BLOOD CELL COUNI', WHITE BLOOD CELL COUNT, HEMOGLOBIN, 
AND PLASMA PROTEIN CONTENT OF BLOOD 

Treatment Cow 
Hem.atocrit1 

Red Blood White Blood Plasma 
Level No. Cells2 Cells3 Hemoglobi114 Protein5 

Moderate 3 40.4 8.21 8.93 15.4 7.08 
High 4 42.6 8.43 8.22 15.1 7.37 
Moderate 5 , 32.6 5.35 7.72 12.7 7.54 
High 6 35.8 6.53 7.62 13.6 7.64 

Moderate 7 37.7 7.07 7.97 14.1 .7.78 
High 8 40.8 7.55 8.53 15.1 7.78 
Moderate 13 36.3 7.96 8.62 13.9 7.26 
High 14 41.3 7.64 9.70 14.9 7.39 
Moderate 15 33.6 6.60 12.37 12.4 6.57 
High 16 32.0 6.90 ) 13.49 12.0 7.26 
Moderate 17 35.5 7.':I) 10.08 13.8 7.15 
High 18 37.6 8.32 8.68 ,14.8 7.40 
Moderate ,19 39.7 7.78 7.39 15.0 7.14 
High 20 40.8 7.66 8.16 15.1 7.44 

Moderate 21 34.5 7.66 8.28 12.7 7.05 
High 22 37.7 7.16 7.96 1~.o 7.60 

Moderate 23 38.4 7.36 9.55 14.2 7.23 
High 24 45.8 8.45 9.37 16.4 7.61· 

lpercent. 
2Millions per cubic millimeter blood. 

3Thousands per cubi~ millimeter blood. 
4Grams per 100 milliliters blood. 
5Grams per 100 millilite~t=; plasma. .p. ....,, 



EXPERIMENTAL PROCEDURE 
Phase II 

The second phase of the experiment was initiated in August, 1957. 

Thirty 8-year-old cows were allotted to two groups on the basis of 

five years production records. The two groups were kept in adjacent 

five-acre traps from late summer until spring. During this period one 

group (moderate level) was fed prairie hay and 2.5 pounds of cottonseed 

cake per head daily. The other group of cows (high level) was fed the 

same ration and in addition was allowed free access to a self~feeder of 

ground milo. The high level cows consumed an average of 23.5 pounds of 

milo per head daily. As each high level cow calved she was moved t o the 

trap with the moderate level cows and fed the moderate ration. The high 

level cows were not fed the high-grain ration following calving because: 

(1) it would be i mpractical under range conditions to hand milk the cows 

should a temporary excessive milk flow be produced by the high-grain 

ration, (2) calves could not be prevented from consuming the grain if it 

were fed during lactation, and (3) it was desired to determine influence 

of excessive feeding during gestation on subsequent lactation. The 

combined cow-groups were grazed on native range during the spring and 

early sununer. At mid=summer the cows were separated into the original 

groups and the feeding procedure repeated the second year. All cows 

were pasture-mated to purebred Hereford bulls between April 15 and 



July 15 each year •. Bull calves were castrated at 8 to 10 weeks of age 

and all calves were dehorned and vaccinated for blackleg. 

The following data were collected: 

(1) Weight of all cows at monthly intervals. 

(2) Feed consumption of cows. 

(3) Pregn~ney check of cows approximately five months after 

clroise of breeding season. 

(4) Record of calving difficulty. 

(5) Date of calving. 
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(6) Birth, 112, and 210-day weights of calves. Birth weights 

of heifer calves were adjusted to a bull equivalent and 

weaning weights to a 210-day steer equivalent using the 

factors calculated by Botkin (1952). 

(7) Gross examination of reproductive tracts of all cows after 

slaughter at conclusion of experiment. 



RESULTS AND DISCUSSION 

The high level cows were 248 pounds heavier and appeared much 

fatter than moderate level cows before calving (l-31-58, Table 22). 

During the spring and summer grazing periods the high level cows lost 

weight rapidly and were only 73 pounds heavier than moderate level cows 

at the start of the second feeding period (7-12-58). At the last weigh-

ing before the 1959 calving period the high level cows were 323 pounds 

heavier than moderate level cows (1-16-59). No grain was fed the high 

level cows after calving (1959) and the weight difference between groups 

was reduced to 42 pounds at the conclusion of the experiment (10-16-59). 

It will be noted that the average weight of moderate level cows fluctuated 

only 76 pounds between the lightest and heaviest weights reported in 

Table 22. The weight differential between moderate and high cows was not 

as great as differences in phase I. 

TABLE 22. AVERAGE WEIGHT OF COWS AT .. FIVE INTERVALS OF THE TRIAL 

Initial Before Before End of 
Treatment Weight Calving Summer Calving Trial 

Level 8-8-57 1:-31-58 7-12-58 1-16-59 10-16-59 
lbs. lbs. lbs. lbs. lbs. 

Moderate 1046 1078 1080 1122 1077 
High 1061 1326 1153 1445 1119 

-----------------·--------------------------------------------------------
Difference Wt. 
High minus Mod. 15 248 

50 

73 323 42 

I 
( 
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The cows were bred before the start of the trial. No differences 

in breeding efficiency were noted during the trial. Calves were dropped 

in February and March of 1958 and 1959. No differences in calving 

difficulty were noted. The average birth, 112, and 210-day weights of 

both calf crops are shown in Table 23. Calves of high level cows were 

heavier at birth.than calves of moderaf;:e level cows in both 1958 and 

1959. Although the difference was small the trend is similar to that 

observed in phase I. Calves of high level cows were also heavier than 

calves of moderate level cows at 112 and 210 days of age in both years. 

The differences in weight at 112 and·210 days of age are in contrast to 

results reported at these periods of phase I~ The results indicate that 

the mature cow is not as e~sily injured by excessive fatness as the 

developing heifer. The estimate of milk production obtained by a compari-

son of calf weights suggests that high level cows made very inefficient 

use of body fat reserves during the lactation period. 

TABLE 23. AVERA.GE WEIGHT OF CALVES AT BIRTH, 112, AND 
210 DAYS OF AGE 

1958 Calves 1959 Calves 
Treatment 112 210 

Birth1 
112 

Level Birth1 Dais Dazs2 Dais 
lbs. lbs.· lbs. lbs. lbs. 

Moderate 81 266 466 76 266 
High 82 277 482 81 283 

210 
· Dazs2 
lbs. 

480 
497 

1 Weight of heifer calves corrected to a bull equivalent by the method of 
Botkin (1952). 

,2, 
Weight of heifer calves corrected to a steer equivalent by the method of 
Botkin (1952). 

Table 24 shows the number of cows lost,,and, .. tl;lii.e"rtum~<ip'!\&jj\'.{2·J.£¥~~~}t;;2y; 

lo~t1:fr:oml'.caO:!i~s.iotl1et1r:than:·,loaambrt,t·hel<'daril•:dur.ingr1the~ltwo,,y,ea:t1.fil., i'.\.'(J . . ' .. : . ,. •,, -.,.·:··· ··::.:··. '. . ' ' ·. 
.•. '•' l. ~ } ' 
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of the trial. Four high level and three moderate level cows were lost 

from the experiment. It should be noted that two of the moderate level 

cows were removed due to eye cancer, a condition quite common in aged 

Hereford cattle. Any of the conditions listed as a cause of loss from 

the high level group could logically have resulted from the high level of 

feeding. Alt hough numbers were small and no definite conclusions can be 

drawn, the data suggest that the high level of feeding may have been 

detrimental to the general health of the cows. 

TABLE 24. NUMBER OF COWS LOST FROM THE EXPERIMENT AND NUMBER 
OF CALVES LOST FROM CAUSES OTHER THAN LOSS OF THE DAM 

Treatment No. Cows No. Calves 
Level Lost Lost 

Moderate 31 3 
14 

High 12 
Lj. 2 

1rwo cows removed from the experiment due to eye cancer; one cow died of 
unknown causes. 

2 One cow removed due to lameness (apparently foundered), one cow removed 
due to prolapse, one cow removed due to a split udder, one cow removed 
because of failure t o breed. 

3Born dead. 

4one calf died of unknown causes; one cow did not calve. 

No impor t ant differences were noted in the number of calves l ost from 

the experiment from causes other than l oss of the dam. A gross examination 

of the reproductive tracts of the cows following slaughter at the conclu= 

sion of the experiment r evealed no apparent differences due to treatment. 



SUMMARY 

Eleven sets of twin heifers and 30 mature cows were used to study the 

performance of beef females as influenced by an excessive body fatness 

induced at two stages of the life cycle. One heifer of each twin pair 

was full fed a high energy ration beginning not less than eight months 

prior to first mating. The twin-mates of these heifers were fed a 

moderately=low energy ration at levels required to maintain the heifers 

in thrifty condition. These treatments resulted in the highly fed heifers 

weighing an average of 320 and 507 pounds more than their moderately fed 

twin-mates at first mating and first parturition, respectively. 

The fattening of heifers beginning prior to first parturition re-

sulted in an earlier calving date, increased calving difficulty, heavier 

calf birth weights, lower milk yields, and decreased survival rates of 

both heifers and calves. The hematocrit, plasma protein, and hemoglobin 

content of blood of high level heifers was significantly higher (P < .05) 

but levels of both treatment groups were within the reported normal ranges. 

High level heifers also had significantly higher (P < ,05) body tempera-

0 tures than moderate level heifers but the mean difference of only 0.17 F 

may not be of physiological importance. 

The mature cows were grazed on native pasture during the spring and 

summer months and were wintered in a small trap. In addi.tion to the 

standard protein and roughage winter supplements fed all cows, one group 
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of 15 cows received a full feed of ground_milo from mid-summer until 

calving. The full fed cows weighed an average of 248 and 323 pounds 
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more at parturition than the control cows during the first and second 

years of the trial, respectively. High levels of feeding resulted in 

heavier birth, 112, and 210-day calf weights, indicating that the mature 

cow is not as easily injured by excessive fatness as the developing heifer. 



LITERATURE CITED 

Albritton» E. C. 1952. Standard Values in Blood. W. B. Saunders Co., 
Philadelphia, Pennsylvania. 

Botkin» Merwin P. 1952. Repeatability of weights and gains in range 
beef cows. Ph.D. Thesis. Okla. Agr. ,and Mech. Col., Stillwater, 
Oklahoma. 

Bratton, R. W. 1957. Breeding difficulties in dairy cattle. Cornell 
University Agr. Expt. Sta. Bul. 924. 

Chambers, Doyle~ Joe Armstrong and D. F. Stephens. 1960. Development 
of replacement beef heifers for expression of maternal traits. Okla. 
Agr. Expt. Sta. Misc. Pub. MP-57. 

Dukes, H. H. 1955. Physiology of Domesti.c Animals. Comstock Publishing 
Coq Ithaca, New York. 

Dutt, R.H. and Leon F. Bush. 1955. The effect of low environmental 
temperature on initiation of the breeding season and fertility in 
sheep. J. Animal Sci. 14:885. 

Fuller, H. L. 1959. Restricted feeding of pullets. 1. Effect of re
stricting starting vs. growing ration. Poul. Sci. 38:1206. 

Gowen, J. W. 1924. Milk Secreti©n. William and Wilkins, Baltimore, Md. 

Hansson, A. 1959. Personal communication. 

Herman, H. A, and A. C. Ragsdale. 1946. The influence of quantity and 
quality of nutrients tm the growth of dairy heifers. J. Animal 
Sci. 5:398. 

Koch, R. M., K. E. Greg10Jry, J. E. Ingalls and R. L. Arthaud. 1959. 
Evaluating the inffoence of sex on birth weight and preweaning gain 
in beef cattle. J. Animal Sci. 18:738. 

Maynard~ Leonard A. and J', IC Loosli. 1956. Animal Nutrition. McGraw
Hill Book Co. Inc., New York~ N. Y. 

Searle, s. R. and c. R. Henderson. 1959. Establishing age-correction 
factors related to the level of herd production. J. Dairy Sci. 
42:824. 

55 



56 

Singsen,. E. P., L. D. Matterson, J, Tlustohowicz and L. M. Potter. 1959. 
The effect of controlled feeding, energy intake, and type of diet on 
the performance of heavy-type laying hens. Q:,t)/J.'lf"4i:lHJxpt.,;;Sta~l}.J3u,J. ·34·&. 

Snedecor, G. W. 1956. Statistical Methods. 5th. Ed. The Iowa State 
College Press, Ames, Iowa. 

Swanson, E. w. and T. R. Spann. 1954. The effect of rapid growth with 
fattening upon lactation in cattle and rats. J. Animal Sci. 13:1032. 

Swanson, E.W. 1959. Effect of rapid growth with fattening of dairy 
heifers on their lactational ability. J. Dairy Sci. 43:377. 

Sykes, J. F., T. R. Wrenn and S. R. Hall. 1948. 
on maninary gland devel~p~ent and lactation. 

The effect of inanition 
J. Nutr. 35:367. 

Winchester, C. F. 1953. Energy requirements for maintenance and growth. 
U. S. Dept. Agr. Tech~ Bul. 1071. 

Zimmerman, J.E. 1958. Effect of different levels of wintering and 
different ages at first calving upon performance of beef cows. M.S. 
Thesis. Okla. State Univ., Stillwater, Oklahoma. 

Zimmerman, J.E., L. S. Pope, A. B. Nelson and D. F. Stephens. 1959. 
Effect of different levels of wintering on the performance of spring
calving beef cows. Okla. Agr. Expt. Sta. Misc. Pub. MP-55. 

Zimmerman, J.E. 1960. Effect of plane of winter nutrition on growth 
and reproductive performance of beef heifers. Ph.D. Thesis. Okla. 
State Univ., Stillwater, Oklahoma. 



VITA 

Gerald Leon Holland 
Candidate for the Degree of 

Doctor of Philosophy 

Thesis: THE INFWENCE OF EXCESSIVE BODY FATNESS ON THE: PERFORMANCE OF 
BEEF FEMALES 

Major Field: Animal Nutrition 

Biographical: 

Personal Data: Born near Cowden, Oklahoma, February 4, 1929, the· 
son of D. M. and Maud E. Holland. 

Education: Recieved the Bachelor of Science degree from Oklahoma 
State University of Agriculture and Applied Science, with a 
major in Animal Husbandry in May, 1954. Entered the Graduate 
School of Oklahoma State 1.Ynivers-ity of Agriculture and Applied 
Science in June, 1956, and completed requirements for the Master 
of Science degree in May, 1958. 

·:·;,,Experience: Served from 1954 to 1956 as an officer in the United 
States Army. 

Date of Final Examination: October, 1960. 


