
May 23» 1969

To the Gradxiate Councili

I am submitting herevdth a thesis written by Luther Edward
Smlthi Jx, entitled "Bstrus and Ovulation Relationships in Beef
Cattle," I recommend that it be accepted for nine quarter hours of
credit in partial fulfillment of the requirements for the degree of
Master of Science, with a major in Animal Husbandry,

M^or Professor (/

We have read this thesis
iBJid recommend its acceptance t

w. Zi

Accepted for the Councili

Vice Chancellor for

Graduate Studies and Research



 

ESTRUS AND OVULATION RELATIONSHIPS IN BEEF CATTLE

A Thesis

Presented to

, the Graduate Council of

The University of Tennessee

In Partial Fulfillment

of the Requirements for the Degree

Master of Science

by

Luther Edward Smith, Jr.

June 1969



To

My wife, Karen, and my son. Randy,

whose love and patience made this

study possible.

ii

860781



ACKNOWIEDGEHENTS

The author wishes to extend sincere thanks and appreciation to

many persons for their generous contrihutions during the coiirse of his

graduate study and preparation of this thesis» Personal thanks are

extended tos

Dto John D. Smalling, major professor, who has so willingly and

unselfishly given of his personal time and cotmsel, and whose guidance

auid assistance have made this manuscript possible»

DTo Charles So Hobbs, Department Head, for his assistance and

inspiration, and for providing an opportunity for graduate work.

Dr. Robert L, Murphree, minor professor, for his advice,

critical resuiing of this manuscript, and for serving on the graduate

committees

Dco Robert Shrode, for his critical reading of this manuscript.

DTo George M. Merriman, JoO, Wallace, Bob Vickers, and Kent

Smith for assistance in collecting data.

His wife Karen for typing this manuscript.

The staff of the University of Tennessee Computing Center for

the use of the equipment which made possible the statistical analyses

of data.

iii



ABSTRACT

A study involving 8o cows and heifers of the Angus and Here

ford breeds was conducted in two separate years at the Knoxville

Experiment Station of the University of Tennessee„

This study was conducted to determine the length of estrus and

the time of ovulation in relationship to estrus and the effects

certain environmental and genetic factors had on these phenomenao

The mesin duration of I36 estrous periods was 9.51 + .83 hours,

Althou^ parous females had a longer estrus than non-parous cattle,

the difference was not significant. It was also found that breed

had no significant effect on the length of estrus. When both estrous

periods of each trial were considered together, trial had no signi

ficant effect on length of estrusj but the length of the second

estrous period was significantly (P^,05) shorter in Trial III than

in Trial I or II,

The mean interval from beginning of estrus to time of ovulation

was 24,8 + 1,35 hours and the mean interval from end of estrus to

time of ovulation was 15,5 +1.3 hours. Trial had a significant

(P<,05) effect on time of ovulation. Trial represents the combined

effects of differences in cattle, observers, season, and the effects

of estrus synchronization in Trial III, The effect of breed and parity

were confounded by an interaction between the two factors, Angus

heifers had a significantly (P^,05) shorter interval from the end of

estrus to time of ovulation thain Hereford heifers or Angus cows,

while Hereford cows had a significantly (P^,05) shorter interval

than Angus cows or Hereford heifers,
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Estrus occurred most frequently during the early morning

and early afternoon hours, while ovulation occurred most frequently

during the early afternoon and evening hours.
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CHAPTER I

INTRODUCTION

The Introduction and use of artificial insemination in cattle

today has created new problems and accented some old problems involved

in breedingo One of the most obvious and important problems created

by artificial insemination is determining the optimum time of insemi

nation., In order for fertilization to occur, the time of insemination

must be such that viable sperm will be present in the upper region of

the female reproductive tract at the time of ovulationo

The only visible evidence available to the breeder, or inseini-

nator, of approximate time of ovulation is the estrous, or "heat,"

period of the cow or heifero In order for a breeder to determine the

time of ovulation in a cow, he must be able to define the time of

ovulation in terms of its relationship to estrus. For this to be

done, the interval from the beginning of estrus to time of ovulation

and the interval from the end of estrus to ovulation must be determined.

Once the time of ovulation is accurately defined in relationship to

estrus, the inseminator will be able to breed the cow when the

probability of viable sperm being present in the o\iduct at ovulation

is greatest.

The purpose of this study was to determine the length of estrus

in beef cattle, the relationship of ovulation to estrus, and the

effect certain genetic and environmental factors have on these

phenomena.



CHAPTER II

REVIEW OF LITERATURE

I. LENGTH OF ESTRUS

Weber (1911) tabulated the opinions of various authorities

as to the average length of estrus in cows and concluded that in

those that exhibited strong signs, estrus varied from 12 to 36 hours

in lengthj while in cows showing an average intensity, estrus lasted

6 to 36 hoursf and in cows exhibiting feeble symptoms, estrus lasted

from 3 to 36 hours,

Asdell (1946), from data available at the time on cattle of

all ages, found a mean duration of estrus of 13,6 + 0»l6 hours.

The modal length was 14 hours, and 825^ of the estrous periods were

beiween 10 and 18 hours in length,

Masuda et (1951) collected data on 1,134 estrous periods

in a group of Holstein cows and reported an average duration of estrus

of 21,6 hours. They found also that the frequency of beginning of

estrus was greater from 4j00 p,ra„ to IOjOO p.m, than at any other

time of day,

Perkins et (1959) collected data for 97 estrous periods

of 17 "repeat-breeding" dairy heifers. The heifers were observed at

eight-hour intervals for beginning of heat and at four-hour intervals

for end of heat. The results showed an average duration of estrus

of 19,0 +4.0 hours.
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Wlltbank et (1957) reported the mean duration of estrus

for ̂ 5 estrous periods in Angus heifers that were checked at two-

hour InteT'vals to tie 21ol houx'So Hafez (3,962) reported an average

duration of estrus of 1? hours with a range from ̂  to 30 hours.

Effect Of Parity.

Most evidence suggests that the estrous period in parous

cattle is somewhat longer than in non-parous cattle. Hammond (1927)

reported the dtiratlon of estrus in dairy animals as 19,3 hours in cows

and 16ol, hours in heifers. He reported a range of 6 to 30 hours

with an overall average of 17 hours,

TrimtDerger and VanDemark (19^) checked 86 cows and 46 heifers

representing the Ayrshire, Guernsey, Holstein, and Jersey breeds at

two-hour intervals for the beginning and end of estrus. They reported

a significantly longer mean duration of estrus for the cows (17,8 hours)

than for the heifers (15,3 hours).

Effect Of Climate0

Gerasimova (1938) found in 125 cows of various breeds

crosses in a subtropical climate the mean duration of estri^i ^

12,5 hours with a range of 6 to 20 hours. In 94,9^ ©f

vations, the range was from 6,2 to 16,0 hours.

Anderson (1944), in the country of Kenya, from observations

made on 1,130 estrous periods in Zebu cattle and 678 estrous periods

in gp^ade cattle, ptdmarily of Shorthorn breeding, found a mean duration

of estrus of 4.78 hours In Zebu cattle and 7.40 hours in grade cows.

He also found little seasonal variation in estrus length In the grade
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cattle* Ivankov (195^) reported the mean duration of estrus in

cattle in subtropical regions to he l^f hours with a range of 7.0 to

27.7 hours0

Branton et al* (1957) at Louisiana State Uniyersity checked

131 Holatein and 103 Jersey cokb and heifers at six-hour intervals

except during fouTt len-day seasonal periodSf when ohsesrvations were

made at two-hour intervals. Preliminary results on 2^5 heat periods

gave an average duration of estrus of 13«2^ + 0*^ houre for the oheer-

vations made at six-hour intervals | average durat4.en of 9^0

30 animals observed at two-hour intervals was 11.90 •¥ 0.68 hQU?i«

Kail si fil* (W58) oolleoted daU on 1,055 estrous periods of 248 oows.

The mean duration of estrus was 12.37 end the range was 2 to 40 hours.

Approximately ten per oent of the oattle failed to show standing

heat during the study. Hall et ai, (1959) at Louisiana State

University, in an experiment involving a total of 270 dsAry oattle,

oolleoted data on l,46o estrous periods whioh showed a mean duretien

of estrus of 11,9 hours. They found the range to be 2 to 46 hours,

a nodal value of 12.2 hours and a median of 12.0 hours,

In Wisconsin, Aschbacher si (1956), in an experiment

designed to determine fertility nt different stagee pf estrue,

phtdhed |P?ads Kolstein cows at eight-hour intervals for beginnlnf

0f heat and at fourr^hpur intervals for and heat and Ifund a isaa

duration of estrui of 17#I hours,

The above data show that the estrous period of oattle in

the subtropical regions of the world appears to be from 5 to 6 hours

shorter than that reported for cattle in the more temperate olimates.



Effect Of Sterile Copulationo

Marion alp (1950) in an experimont in Wisconsin used 25

daily heifers of four breeds to determine the effect of sterile

copulation on tine of ovulation and estrous phenomena in the bovine,

The heifers were observed for four estrous periods, two periods

serving as controls and two as experimental. The experimental period

differed only in that the heifers were served by a va8ectoni.zed

bull. They reported an average length of estrus in non-serviced

animals of 21,1 hours and of 16,2 hours for servioed animals,

Sinoe this difference was not signifiosAt, they concluded that

sterile copulation did not shorten length of estrus in cattle.

Effect Of Exogenous Hormone.

Marion at (1952) undertook a study to determine the effect

of administration of an unfractionated gonadotrophic pituitary

extract^ on the time of ovulation and length of estrus in 14 dairy
heifers. They first recorded normal periods on the heifers and

then in successive estrous cycles treated them with the unfractionated

pituitary extract at various stages of the estrous cycle and meastired

the length of estrus. They found that hormone treatment had no

effect on the average duration of estrus, the treated and control

periods being 23o06 and 23«50 hours, respectively.

Hansel et a2, (1952) found that the injection of estradiol

benzoate at the beginning of estrus did not affect the length of

estrus.

^Vetrophin, a commercial product prepared by Abbott Labor
atories, was the extract used in these studies.
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Hansel and Trialjerger (1952) msed 11 dairy heifers in a stndy

to deteraine the effect of progesterone, administered at the start

of estrus, on ovulation tine. Data were collected on several control

periods and then on several treated periods. The mean reduction in

duration of estrus In the treated periods was 3,6 hours (P<,05),

Trimberger and Hansel (1955)» however, injected 30 dairy cows with

progesterone at various days of the estroua cycle to control estrus

and ovulation and found that this treataent had no effect on duration

of estrus,

Wilthanic et |1, (196?) fed 500 ag, of 16 ̂  17-dehydroxypro-

gesterone (DHPA) daily for 20 days to synchronize estrus in heifers

and observed that the treataent shortened the mean duration of

estrus from 21,0 hours in untreated heifers to l6,5 hours in treated

animals, Casida at (19^5) observed in sheep that the estrous

periods of 30 ewes were shortened 0,3 to 0,^ days by injections

of unfractionated anterior pituitary extracts and purified follicle-

stimulating extract,

Ulberg and lindley (i960) in trials using grade females of

three different breeds found that thzae different conblnatlons of

progesterone-estradiol benzoate treatments (50 mg, progesterone

followed with 5 mg, estradiol benzoate, 50 mg, progesterone, and

12,5 mg, progesterone followed with 1,25 mg, estrsdiol benzoate

produced no significant differences in duration of estrus between

treated animals or between treated animals and controls,

Donaldson et ad, (1968) in experiments in Australia involving

the feeding of different levels of 6 chloro- A -6 17 acetoxypro-
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gesterone (CAP) to dairy heifers5 Herefords, Shorthorns,, and Brah

man crossbredso found a mean disration of estrus of 13o9 + 0»5 hours
mm

with no significant difference Between controls and CAP-fed animals,

Althou^ some conflict exists in the data reported, most

work has shown that hormone treatment given at various days throu^-

out the estrous cycle will not affect duration of estrusf hut

hormone treatment at the beginning of the estrous period will shorten

estrus,

II. TIME OP OVUIATION

Hammond (1927) reported that ovulation occurred between 24

and 48 hours after the beginning of estrus, Krillov (1937) found

the time of ovulation to be 18 to 24 hours after the onset of estrus,

and Andreev (1937) reported that the interval from the onset of estrus

to the time of ovulation was 30 to 40 hours, Werner et al, (1939),

ft-om a study involving 35 estrous periods in dairy heifers, reported

the average interval from the end of estrus to the time of ovulation

to be 11,5 hours with a range from 2,5 hours to 22.0 hours,

Nalbandov and Casida (1939) examined cattle at two-hour

intervals and found a mean interval from end of estrus to time of

ovulation of 11,5 hours with a range of 2,3 to 2,8 hours. In a

study involving 72 estrous periods in 22 grade dairy cows, Nalbandov

et al. (1942) reported that ovulation occurred approximately 14

hours after the end of estrus. They found that ovulation occurred

most frequently at lliOO a.m. They also observed that the later

the time of day that ovulation occurred, the longer the interval
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from the end of estrus to ovulationi and the later the time of day

that estruB ended, the shorter the interval from the end of estrus

to ovulatiotto

Asdell (1946) concluded from availahle data that ovulation

usually occurs from 13,5 to 15«5 hours after the end of estrus with

a range of from two hours before the end of heat to 26 hours after

the end of heat, Nasuda et (1950) found the average interval

from end of estrus to time of ovulation to bs 29 houzs,

Aschbaoher s^^^, (1950 oheoked grade Holsteln oows at four-

hour Intervals for ovulation in an experiment designed to determine

fertility at different stages of estrus and found a mesn interval

from end of estrus to time of ovulation of 11,1 hours,

Wlltbank ai, (1957)» reporting on 45 estrous periods of

Angus heifers that were palpated rectum at two-hour intervals,

found a mean tine of ovulation from the end of estrus of 9«2 hours.

The range was 2 to 22 hours,

Perkins et al, (1959), from observations made on 97 estrous

periods of 17 repeat-breeding dairy heifers that were reetally

palpated at two-hour intervals while in estrus and until ovulation

occurred, found the mean time of ovulation to be 12,3 hours after

the end of estrus,

|ffqf t ̂  Parity,

Current data show that parous animals have a longer interval

from end of estrus to time of ovulation than do non-parous animals.

On observations made on 73 estrous periods of 47 cattle of beef and

dairy btreeds in wtdch the ovaries were palpated rectum at two-
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hotir intervals0 Brewster et al, (19^1) reported the mean interval

from end of estras to time of ovnlation to he 13o75 + 0o68 hoiars with
u»

6756 of the ovulations occurring between 8 and I6 hours after the

end of estruso They also fotmd that the interval from end of estrus

to time of ovulation was shorter in heifers (llo9 + 0o99 hours) than

in parous cattle (l^.^ +0.84 hours).

Trimherger and VanDemark (19^)» in a study of 46 heifers and

86 cows of Ayrshirej Holsteinp Guernsey, euid Jersey hreeding that

were palpated per rectum at two-hour intervals to determine time

of ovulation. found the mean interval from end of estrus to ovulation

to he 10.2 hours in heifers and 10i7 hours in oows. This difference,

however, was not statistically significaut. The overall average of

cows and heifers from end of estrus to ovulation was 10.5 hours

with 81.8^ of the ovulations occurring from 7 to 14 hours after the

end of estrus.

Hall at ̂ 0 (1959). from data collected on 1.^0 estroms

periods of 270 cattle, found that heifers ovulated sooner (10.8 hours)

after the end of estrus than did cows (12.9 hours).

Effect Of Climate.

Prom available data it appears that climate has little, if

any. effect on the length of the interval from end of estrus to

time of ovulation in cattle. Gerasimova (1938). in an experiment

in a subtropical climate, collected data from a jproup of 125 cows of

various breeds and crosses and found that ovulation occurred I6 to

38 hours after the onset of estrus with a mean interval of 27,8

hours.
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Hall at als (1958) at Louisiana State University, from data

collected on 1,055 estrous periods of 242 co*s, found a mean interval

from the end of estrus to ovulation of 12,8 hours.

Hall at (1959)0 also in Louisiana, reported a mean interval

from end of estrus to time of ovulation of 32,9 hours for cows and

10,8 hours for heifers. This compares favorably with data from more

temperate regions of mean intervals of 10,5 hours by Trimberger and

VanDemark (1948), of 12,3 hours by Perkins at al, (1959), and of

11,5 hours by Halbandov and Casida (1939),

Effect Of Exogenous Hormone,

Hansel ̂  (1951) studied time of ovulation in ten dairy

heifers during estrous cycles in which no treatment was given and

during estrous cycles in which small doses of progesterone in com

oil were administered subcutaneously at the beginning of estrus.

Examinations were made at two-hour intervals to determine the time

of ovulation. The responses were variable, but the mean interval

from the end of estrus to time of ovulation was only half as great

in the progesterone-treated periods as it was in the control periods.

Hansel and Trimberger (1952), in a study designed to determine

the effects of ovarian hormones on ovulation time, first determined

ovulation time in 11 heifers in control estrus cycles. Then they

injected subcutaneously 5 to 50 mg, doses of progesterone dissolved

in corn oil. They found that the injection of progesterone within

two hours after the staart of estrus significantly shortened the

interval from beginning of estrus to time of ovulation. They found

no significant dose effect.
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Marion et (1952) undertook a study to determine the effect

of the administration of aji unfcactionated gonadotrophie pituitary

extract during estrus on the time of ovulation in 14 dairy heifers.

Ovulation times were first recorded on the heifers without any treat

ment# The heifers were then treated with the extract, aud ohservations

were made at successive estrous periods with the ovaries "being

examined at two-hour intervals by palpation per rectum# The mean

interval from the end of estrus to time of ovulation of the estrous

periods in which the heifers were treated with the hormone preparation

was 1,01 hours, while in the untreated periods it was 11.74 hours#

Hansel et a^# (1952) in an experiment in which they injected

estradiol into dairy heifers at the beginning of estrus, found that

this treatment had no significant effect on the time of ovulation.

Hough at ad# (1955) studied the effects of the administration of

epinephrine, atropine, and atropine plus progesterone at the beginning

of estrus on tine of ovulation in dairy heifers# Epinephrine did not

significantly affect ovulation time# The atropine and atropine plus

progesterone treatments blocked ovulation#

Trimberger and Hansel (1955) started daily injections of

30 dairy cows with progesterone (50 ng,, 75 mg#, or 100 ng,) at

various days of the estrous cycle to control estrus and ovulation.

They found that treatment had no effect, however, on -the interval

from "beginning of estrus to time of ovulation,

Ul"berg and Llndley (i960) used three diffeiant combinations

of progesterone-estrogen treatments (50 mg. progesterone followed

by 5 mg. estrogen, 50 mg# progesterone only, and 12.5 mg, progesterone
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followed Tsy 1,25 ®g» estrogen) in trials using grade females of

three different "beef hreeds. They found no significant difference

in time of ovulation between treatments or between treated and

control animals,

Wiltbank et sd, (196?) found no effect on the interval from

onset of estrus to time of ovulation when heifers were fed 500 ag,

of DHPA dally for 20 days to synchronize estrus, Donaldson et al,

(1966) found that feeding different levels of CAP to dairy heifers«

Herefords, Shorthorns, and Brahman crossbreda had no effect on the

interval from onset of estrus to time of ovulation. They found an

i-nterval of 26,9 0,6 houre,

Althou£^ some eonfliot exists in available data, the majority

of the work supports the hypothesis that treatment with an exogenous

hormone at the start or during estrus will affect ovulation timof but

periodic, or even daily, treatment with am exogenous hormone during

the estrouB cyele does not affect the interval from end of estrus to

time of ovulation,

III, USB or MELENGBSTBROL ACBTATB (MGA)

Recently, researchers have used an artificial progestogen,

6 o< -nethyl»6-dehydro-l6-methylene-17-aeetoxy-progesterone (MGA),

also called mslengesterol acetate, in the feedlot rations of heifers

to suppress estrus and increase feedlot performance. The manufacturer

reported that a dosage range of 0»35 to 0,50 mg. per heifer per day

almost totally suppressed estrus amd that, generally, no evidence of

estrus was found during the first 48 hours following withdrawal of

the hormone from the feed.
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Zimljelman and Sralth (5.966)fed MGA to heifers to synchronize

estrus and found that, when orally administered, MGA was 300 to 900

times as potent as 6-oC "aethyl-17-acetoxy-progesterone (MAP) and "by

injection was 10 to 15 tines as potent in estrus synchronizationo

They found the optimal oral dose of MGA to he 0.^ mg. per head per

day.

Young at (1969) fed 80 good and choice grade Angus feeder

heifers 0.2, and 0,6 ng. of MGA per head per day in a ration

of ground corn and com silage with soybean oil meal as the oarrying

agent. They found that 0,^ ng, of MGA was the minimal effective

dose to suppress estrus. The average daily gain and feed efficiency

were not affected over the 154-day feeding period,

O'Brien et al, (1968) fed MGA to 32 Angus-Hereford cross

bred heifers and used 32 head as controls. Each treated heifer

received 0,3 mg, MGA in the feed daily. The MGA group gained

significantly faster. Seven heifers on MGA came into heat while

on treatment, MGA-treated heifers had heavier ovaries, but the total

number of Graafian follicles was not significantly increased.

Follicles 12 mm, in diameter and larger were more numerous (P<,01)

in the MGA groups.



CHAPTER III

experimental procedure

I, SOURCE OF DATA

This study was conducted at the University of Tennessee, Alcoa

Research Unit, Knoxville Experiment Station. Data were collected in
two separate years (1964 and 1966) on a total of So cows and heifers
of both the Angus and Hereford breeds to determine estrue and

ovulation relationships in beef cattle.

II. experxmental animals and

METHODS OP OBSERVATION

Experimental Animals.

The cattle were selected out of the breeding heid at the

Alcoa farm. The animals included lactating cows, each of which

had calved at least 30 days prior to the experimental period, non-

lactating cows, and heifers which were at least fifteen months of

age (Table I). All animals were rectally palpated before the start
of each trial to determine the presence of any gross abnormalities.

Any animals exhibiting abnormalities were eliminated from the study.

Observation Methods And Records.

The experiment was divided into three trials (Winter, 1964|

Summer, 1964| and late Fall, 1968). The length of each trial was

designed to include two estrous periods of each animal. Observations

on estrus and ovulation were recorded only on estrous cycles that

14



TABIE I. EXPERIMENTAL ANIMALS IN ALL TRIALS
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Breed

Number of

non-lactating
cows

Number of

lactating
cows

Number of

heifers Total

Angus

Hereford

All animals

13

-li>

32

0

5

19

24

43

32

48

80

were 21+3 in length. The criterion used for estrus was standing

for mounting by other animals, Estrus and ovulatlon each were recorded

as having occwred midway between the observation time when first

observed and the previous observation time,

III. TRIAL I

Trial I began at llsOO a,m,, January 6, 1964, and continued

until IIjOG a.m., February 26, 1964 (51 days). Data were collected

on 17 animals, all of the Hereford breed. Including 6 non-lactating

cows, 5 lactating cows, and 6 heifers.

The animals were placed together in a lot at the beginning

of the trial and were fed corn silage at the rate of approximately

45 lbs# per head per day along with one pound of cottonseed oil meal

per head daily for the duration of the experimental period. Animals

were observed for estrus for at least thirty minutes at six^hour

intervals (lliQC a,««, 5iOO psm#, 11«00 PoS,» and 5»00 a#m#), A

vasecioM.Sed bull, turned in with the oows during eaoh observation

period, was used to aid in the detection of heat. Ilhen estrus was
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exhibited the animal was rectally palpated by one of two technicians

at six-hour intervals to determine time of ovulation® When several

animals were examined at one time, incidental observation of the

herd was made for as long as two hours because of the close proximity

of the working corrals to the examining chute.

The animals were allowed to re-cycle, and observations were

Bade on the second estrous period,

IV, TRIAL II

Trial II extended ftom 5»00 a,m,, July 1, 1964, throuj^i 5iOO

p,n,, August 19» 1964 (50 days). Data were collected on 20 animals

(Table II),

TABLE II, EXPERIMENTAL ANIMALS IN TRIAL II

Breed

Number of
non-lactating

cows

Number of
lactating

cows

Number of

heifers Total

Angus 2 0 0 2

Hereford -Z- 0 11 18

All animals 9 0 11 20

At the be^nnipg of the experimental period the animals were

placed on an orchardgrass-ladino clover pasture. All cows and calves

were kept together and the calves were allowed access to creep feed,

A vasectomized bull was used in the detection of estrus and was kept

in a separate lot, usually adjoining that of the test animals, when
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not "being usedo The cattle were observed for estrus for at least

thirty minutes at six-hour intervalso When estrus was o"bserved,

the animal was palpated at six-hour intervals until ovulation occurred,

. The animals were allowed to re-cycle» and a second series of

observations was made,

V. TRIAL III

Data were collected on 43 animals in Trial III, In addition

to preliminary examinations at the start of the trialo wei^ts

were recorded on each animal at the beginning and the end of the

trial period.

The cattle were divided into cows and heifers and then further

su"bdivided into pens of five or six animals. The cattle were then

fed MGA/IOO premixed in a protein supplement and fed with corn

silage daily. The heifers received ,48 mg, of MGA/IOO per head

daily (,4o mg, per pound of protein supplement), and the cows re

ceived ,6o mg, per head daily. The hormone was fed for l6 days

(bejdnning November 5» 1968, and ending November 20, 1968), The

purpose of the feeding of the MGA/lOO was to synchronize estrus to

facilitate observations and record keeping. After the hormone was

withdrawn, the cattle were fed a grass silage ration ̂  lib, for the

duration of the trial.

Following the withdrawal of the hormone, the cattle were

divided into two groups, with the petrous and non-parous animals

^MGA/IOO is the trademark of the Upjohn Company, Kalamazoo,
Michigan for melengesterol acetate.
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"being divided as equally as possible. Group I was placed in a small

lot with a vasectomized bull and Group II was placed ih a small lot

without a bull. Each group was further divided into two subgroups

with each animal in one subgroup wearing a Kamar heat-detection pad

and the other subgroup having none (Table III),

The cattle were observed at six-hour intervals until estrus

occurred at which time the animal exhibiting estrus was moved to a

small pen which contained animals from both groups that were currently

exhibiting estrus. These cattle were palpated 2^ rectum at three-

hour intervals (lliOO a.m,, 2j00 pom,, 5'00 Pom,, BjOO p,m,, lliOO

p.m., 2j00 a,m,, 5i00 a.m., and SjOO a.m.) until ovulation occurred

to determine follicular activity and time of ovulation. Palpations

were made by three technicians working nine-hour shifts. Each shift

overlapped the other by one hour so that the technicians would "be

able to confer and relate pertinent observations. Once ovulation

was recoi'ded, the animal was placed in the original pen to which it

was assigned.

The cattle were then allowed to re-cycle and observations

were recorded on the second set of estrous periods.

The cattle were artificially inseminated during the second

series of examinations in accoirdance with the procedure of the

previously mentioned heat-detection experiment.

^The subgrouping of animals was for data collection in
another concurrent experiment on heat-detection methods.
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VI. STATISTICAL ANALYSES

The purpose of this study was to determine the effects of

five independent variables on length of estrus, the interval from

beginning of estrus to time of ovulation, and the inteirval from the

end of estrus to time of ovulation. The independent variables involved

were trial, brsed of animal, parity of animal, parity-trial inter

action, and parity-breed interaction, In this study lactating and

non-lactatlng cows were considered two different parities in order

to determine any effects lactation might have had on the dependent

variables.

Bstimates of the effects of trial, breed, parity, parity-

breed interaction, and parity-trial Interaction on length of estrus

and the relationship of ovulation to estrus were made by least-

squares analysis of data with disproportionate and unequal subclass

numbers (Harvey, i960).

The mathematical model used as the basis for the analysis of

length of estrus wast

Yijkl - m+tj^ + bj + pj^4. (tp)i,j 4- (bp)

1 - 1, 2, 3 j - 1. 2

k " 1, 2, 3 1 » 1, 2, 80

Where 1

^ijkl is the observed length of estrus for the ijkl-th
individual.
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Is the effect conunon to all ohservations and is the

mean of the population when equal numbers exist in

the subclasses.

is the effect of the i-th trial,

bj is the effect of the j-th breed,

Pj^ la the effect of the k-th parity,

(tp)ij^ Is the effect of the Ik-th interaction of trial and

parity.

(bp) la the effect of the Jk-th interaction of parity and
jk

breed.

1 is random error aasociated with the ijkl-th individual,ijkl

The same model and analysis was also used to determine the

effects of the Independent variables on the interval from beginning

of estrus to time of ovulation and on the interval from the end of

estrus to the time of ovulation.

The data were divided into first and second estrous periods

within each trial in an effort to determine any effect the synchron

ization of estrus in Trial III by the feeding of MGA/IOO might have

had on duration of estrus and the relationship of ovulation to estrus.

Duncan's multiple range tests (1955) as modified by Kramer

(1957) were used for mean separation.



CHAPTER IV

RESULTS AND DISCUSSION

Data *ere collected on 136 estrous periods of 8o cows and

heifers of the Angus and Hereford hreeda at the Alcoa Reseaich Unit

of the University of Tennessee, at Knoxville, in two separate years

to determine the length of estrus and the relationship of ovulatlon

to estrus and the effects certain genetic and environmental factors

had on these phenomena.

The cattle were regularly observed for estrus and once estrus

occurred, were palpated per rectum to determine ovulation time. Data

were collected on two estrous periods of normal cycles (21 + 3 days)

in each trial.

LENG?rH CF ESTRUS

The mean duration of estrus for the 136 observed estrous

periods was 9.51 + ,83 hours. This agrees with the reports of

Branton (1957), Hall (1958), and Gerasimova (1938) which suggested

that the length of estrus is shorter in cattle in the more southern

latitudes than it is in dairy 'bcreeds in the more northern regions as

reported by Trimberger and VanDemark (19^), Aschhacher (1956). Perkins

(1959), and Wiltbank (1957)«

Parity,

A difference in length of estrus between parities did exist

with a mean figure of 10,9 hours in lactating cows, 9,7 hours in non-

lactating cows, and 8,0 hours in heifers. Analysis of variance

22
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as shown in Table IV, however, shows that the differences between

these means were not significant (p> «05)i> Triraberger and VanDemark

(1948) and Hammond (1927) reported the duration of estrus of parous

cattle to bo longer than the duration of estrus in non-parous cattle.

Breed.

Although the length of estrus in Hereford cattle (10.1 hours)

was almost two hours longer than in Angus cattle (8,6 hours), analysis

of varianoe (Table IV) indicates the effect of breed on duration of

estrus was non-significant.

Trial.

Analysis of variance (Table IV) shows that in the second estrous

period, trial had a significant effect on the length of estrus with

length of estrus in Trial III (8,0 hours) being significantly (P<,05)

shorter than in Trials I (9.5 hours) and II (10,0 hours). However,

no significance was found in the differences between mean lengths of

estrus of the first estrous periods of all three trials. Trial had no

significant effect on the length of estrus when both first and second

estrous periods were considered together. No significant difference

in length of estrus existed between first and second estrous periods,

Althou^ trial represents the combined effects of differences in cattle,

observers, season, and the effects of synchronization in Trial III,

the effects of differences in cattle observed would appear to represent

the major effects. This would seem to be true because of the following

factors« (l) the observers were the same in' Trials I and II and of

those observers, one was also an observer in Trial III, (2) seasonal
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conditions were similar in Trials I and III, and (3) estrus synchroni

zation was conducted only on the first estrous period of Trial III,

Furthermore, the same critera for estrus and method of detection were

used in all three trials,

II. TIME OF OVUUTION

For 136 estroua cycles the mean interval from beginning of

estrus to time of orulatlon was 2^,80 + 1,35 hours, and the mean

Interval from end of estrus to time of ovulatlon was 15A5 + 1,25 hours.

This agrees with the flgtires reported by Hammond (1927), Werner

(1939), Nalbandov and Caslda (1939), Asdell (19^), Aschbacher (1956),

and Perkins (1959),

Trial,

Analyses of variance (Tables Y and VI) show that trial had

a significajit effect on the interval from end of estrus to time of

ovulation in both estrous periods. The interval from beginning of

estrus to time of ovulation was significantly longer in Trial III

(28,8 hours) than in either Trial I (24,4 hours) or Trial II (21,5

hours), while no significant dlffearence was observed between Trials I

and II. Trial also had an effect on interval from beginning of estrus

to time of ovulation in the first estrous period. The inteival from

end of estrus to time of ovulation was significantly longer in Trial

III (21,0 hours) than in either Trial I (12,5 hours) or Trial II

(13,1 hours), but no significant difference was found between Trials

I and II, With differences in observers and seasons partially

minimized as previously explained, the data would suggest the feeding
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of MGA/lOO to synchronize estrus did delay the time of ovulationo

This conclusion, however, conflicts somewhat with the work of Wiltbank

(1967) and Donaldson (I968) which showed that the feeding of an

artificial progestogen did not significantly affect the time of ovulation,

Breed-Parity,

The effects of both breed and parity were confounded by an

interaction between the two that had a significant effect on the

time of ovulation In the second estrous period, Paroue Herefords had

a significantly shorter Interval from the beginning of estrus to

ovulation (16,65 hours) than did Hereford heifers (30.50 hours),

Angus heifers had a significantly shorter Interval from the

end of estrus to the time of ovulation (8,7 hours) than either Hereford

heifers (22,4 hours) or Angus cows (21,9 hours). It was found also

that Hereford cows had a shorter interval (9,8 hours) than either

Hereford heifers (22.4 hours) or Angus cows (21,9 hours). The fact

that the Angus heifers had the shortest interval agrees with the

work of Hall (1959), Brewster (1941), and Trimberger and VauiDemark

(1948) who reported the interval from end of estrus to time of ovu

lation to be shorter in non-parous cattle than in parous cattle.

The fact that the Hereford heifers had the longest interval conflicts

with the results obtained by these workers. No work was found,

however, that showed any breed or breed-parity effect on ovulation

time.
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III, TIME OF DAY OF OCCURRENCE

OF ESTRUS AND OYULATION

It was found that estrus was initiated most frequently during

the early morning (48 00=>8»00 a,m,) and early afternoon hours (12.00 noon-
4.00 p.m.) and occurred less often during the late afternoon and early
evening hours (4.00=12800 Pom,) (Figure 1),

It was observed also that ovulation occurred most frequently

during the early afternoon and evening hours (12.00 noon-S.OO p.m.)
(Figure 2), This tends to agree with work done by Nalbandov (1942)
who found the most frequent time of ovulation to be during the middle

of the day.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

Data were collected on 136 estrous periods of 8o cows and

heifers of the Angus and Hereford "breeds at the Knoxville Experiment

Station in two separate years to determine the length of estrus and

time of ovulation and the effects certain genetic and environmental

factors had on these phenomena« Least- squares methods were used to

analyze the data« Effects Included in the least-squares models were

trial, "breed, parity, and interactions "between trial and parity amd

between breed and parity.

The mean duration of estrus of the 136 estrous periods was

9«51 + .83 hours, Althou^ parous cattle had a longer mean estrus

duration than non-parous cattle, the difference was not significant

at the 0,05 probability level. It was also found that "breed had no

significant effect on the length of estrus. When both estrous periods

were considered together, trial had no significant (P>.05) effect on

length of estrusj but the length of estrus of the second estrous

period was significantly (P<,05) shorter in Txdal III than in Triala

I or II.

The mean interval from beginning of estrus to time of ovulation

was 24,8 + 1.35 hotirs, and the mean interval from end of estrus to

time of ovulation was 15,5 + 1»25 hours. Trial had a significant

(P^,05) effect on time of ovulation. Trial represents the combined

effects of differences in cattle, observers, season, and the effects

of estrus synchronization in Trial III, The effect of breed and parity

32
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were confounded by an Interaction between the two factors, Angus

heifers had a significantly (P <",05) shorter interval from the end

of estrus to tine of ovulation than Hereford heifers or Angus cows,

while'Hereford cows had a significantly (P^,05) shorter interval

than Hereford heifers or Angus cows,

Sstrus occurred most frequently during the early morning and

early afternoon hours while ovulation occurred moat frequently during

the early afternoon and evening hours.

'-V- -' . ' ■.

» ' • • ' .l: /'

,V - "v.;--' '

"V

' ' ' • / .

.yj

>-■ « . . :■ . . V ■. ■ ■ ' ■, . ; ■ ■:■''<



 

 

 

  

\ c

■i '. '■ :'^l!^. ,"^r 1 "^'v '' \ ■'*fc««*lt ■; *> i"^ . ,j-_., ■■, ' . ;■ ■/ .. j ■ -v.,. *"4 ^ :U H; Vl -;■' ,-; .. , '
-\v

LITERATURE CITED

' r'

» 'OVv .f' *1' >

z^-

V Jt

/#/*

^ J <Ak«!»
iV

M i. i

t M

V 5 5VIJ

»» tT^

- N

•fi!
V-

. Av >t<f a

Vil V /.♦

U
JkVi

■Af.lf' •'

v-7":*r«
\ *

, V#
' •"U

*»

-K

r.

«<-
•. .1v. •v'V ^ «A".' . '



LITERATURE CITED

Anderson, J, 1944o The periodicity and duration of oestrus in
Zebu and grade cattle. J, Agr„ Sci, 3^857.

Andreev, E.L. 1937o Insemination of cows twice during one heat
period. Probl. Zivotn. 5813^. Inj J, Animal Breeding Abstr.
5«277o

Anonymous. MGA/IOO keeps feedlot heifers out of heat, I966, Tuco
Products Company, Division of the Upjohn Company, Kalamazoo,
Michigan.

Aschbacher, PoW,, Vearle R. Smith, and H.W. Stone, I956. Obser
vations on fertility following inseminations at three stages
of the same estrus. J, Animal Sci, 15j952,

Asdell, S,A, 19^, Patterns of Mammalian Reproduction. Comstocfc
Publishing Co, Ithaca, New York 14851,

Asdell, S,A, and H,J, Bearden, 1959, Sterility and delayed breed
ing in dairy cattle, N„y, Extension Bulletin 737,

Bloss, R,E,, J,I, Northara, L,tf. Smith, and R.G. Zirabelman, I966.
Effects of oral melengesterol acetate on the performance of
feedlot cattle. J, Animal Sci, 25!lo48,

Branton, C.J,, G, Hall, E.J, Stone, R.B, Lank, and J.B. Frye, Jr.
1957• The duration of estrus and the length of estrus cycles
in dairy cattle in subtropical climates. J, Dairy Sci, 408628,

Brewster, J,E, and C,L, Cole, 1941, The time of ovulation in cattle,
J. Dairy Sci. 24till,

Casida, L,E,, R,H, Putt, and R,K, Meyer. 1945# Alteration of the
estrual cycle by pituitary gonadotrophins and persistence of
the effects upon reproductive performance in ewes. J. Animal
Sci. 4824.

Donaldson, Lloyd E,, D,A. Little, and William Hansel. I968. The
duration of oestrus and the time of ovulation in cattle of
three breed types with and without synchronization of oestrus
with a progestogen. Australian Veterinary Journal, 44-:364,

Duncan, D.B. 1955<. Multiple range and multiple F test. Biometrics,
llsl.

Gerasimova, A,A, 1938o Duration of heat and time of ovulation in
the cow, Probl. Zivotn. 128126. In8 Animal Breeding Abstr.
8132.

35



K' ^

36

Hafez, E.S.E, V)6Z, Re-prodaotlon In Farm Animals, Lea and Febiger,
Philadelphia, Pa, 19106,

Hall, J«G,, C, Branton, E,J, Stone, and RoB, Lank, 1953a Relation
ships among duration of estrus, ovulation tine, time of service
and fertility of dairy cattle in Louisiana, J, Dairy Sci.
41t739a (Abstract)

Hall, J.G., G« Branton, and E,J, Stone, 1959a Estrus, estrous cycles,
ovulation time, time of service, and fertility of dairy cattle
in Louisiana, J, Dairy Sci, 42il086,

Hammond, J, 1927, The Physiology of Reixroduction in the Cow.
Cambridge University Press, New York, New York 10022,

Hansel, V., G,V, Trimberger, and H,J, Bearden, 1942, The effect
of eetradiol on ovulation time in dairy heifers, J, Animal
Sci, 11.793.

Hansel, W, and G,V, Trimberger, 1951. The effect of progesterone
on ovulation time in dedry heifers, J. Dairy Soi. 34i496,
(Abstract)

Hansel, W, and G,W, Trimberger, 1952, The effects of progesterone
on ovulation time in dairy heifers, J, Dairy Sci, 35«65,

Hansel, W, and G,W, Trimberger, 1955, Conception rate and ovarian
function following estrus control by progesterone injections
in dairy cattle, J, Animal Sci, 14j224,

Harvey, W,R, i960, Least"squares analysis of data with unequal
subclass numbers, U,S,D,A,-A,R,S, 20-8,

Hou^, W,H,, H,J, Bearden, and W, Hansel, 1955, Further studies
on factors affecting ovulation in the cow, J, Animal Sci,
14.739,

Kramer, C,Y, 1959, Extension of multiple range testa to group
correlated adjusted means. Biometrics. 13.13,

Krillov, V,S, 1937, The principles of organization and techniques
of mating cows, Probl, Zivotn, 3*34, In. Animal Breeding
Abstr, 5.218,

Ivankov, M,F, 1956, The time of sexual activity and ovulation in
cows, Probl, Zivotn. 4.70, In. Animal Breeding Abstr, 24.251,

Marion, G,B,, V,R, Smith, T,E, Wiley ajid G,R, Barrett, 1950, The
effect of steidle copulation on time of ovulation in dairy
heifers, J, Dairy Sci. 33.885,



37

Marlon, G,B<, and Vearle R, Smith. 1952, Effect of the administration
of unfractionated gonadotrophin pituitary extracts during estrus
on time of ovulation in the bovine, J. Dairy Sci, 35871,

Masuda, S,, N, Onishi, and A, Kudu, 1951o Studies on estrus in the
cow. Res, Bull, Zootech, Exp, Sta, Ins Animal Breeding Abstr,
19«196.

Nalbandov, Andrew and L.E, Casida, 19'^2, Ovulation and the relation
to estrus in cows, J, Animal Sci, I1I89,

Nalbandov, A,, and L.E, Casida, 1939, The best time for insemination
of dairy cows, Univ, of Wisconsin Exp, Sta, Bull, 15,

O'Brien, 0,A,, R,E, Bloss, and E,P# Nicks, I968, Effect of melengesterol
acetate on the growth and reproductive physiology of fattening
heifers, J, Animal Sci, 27>66^.

Perkins, J,R,, D, Olds, and D,M, Seath, 1959o Observations on the
estrous cycles of repeat-breeding dairy heifers, J, Dairy Sci,
4215^3.

Trimberger, G,W, and N,L, VanDemark, 1948, Breeding efficiency in
dairy cattle from artificial insemination at various intervals
before and after ovulation. Nebraska Agr, Exp. Sta. Res, Bui, 153,

Trimberger, G,W, and W, Hsmsel, 1955» Conception rate and ovarian
function following estrus control by progesterone injections
in dairy cattle, J, Animal Sci. 148224,

Weber, 1911, Archlv f wiss, u, prakt, Trisheilkunde, 378382,
In8 Hammond, 1927, The Physiology of Reproduction in the Cow,
Cambridge University Press, New York, New York 10022.

Werner, G,M,, L.E, Casida, and I.W, Rupel, 1938. Estrus, ovulation
and artificial insemination in cattle, American Soc, of Animal
Production Proceedings. 31i54-57,

Wiltbank, J,N., A,C. Cook, R.E. Davis, and E,J, Warwick. 1957. The
effect of different combinations of energy and protein on the
occurrence of estrus, length of the estrous period, and time
of oviOation in beef heifers, J, Animal Sci, I68IIOO, (Abstract)

Wiltbank, J.N., R,P, Shumway, W.R, Parker, and D,R, Zimmerman, I967,
Duration of estrus, time of ovulation and fertilization rate in
beef heifers synchronized with dihydrox3rprogesterone acetrophenide,
J, Animal Sci, 268764,

Young, A,W,, L,V, Aindiff, ajid N,W, Bradley, 1969, Effects of an oral
progestogen on feedlot heifers, J, Animal Sci, 288224,



� 

 

 

 

38

Zlntelnan* H»G« and LoWo Smitho I9660 Control of ovulation in cattle
with melengesterol acetate, I. Effect of dosage and rate of
ad,ministration, II« Effects on follicular size and activity,
J. Beproductive Fertility. II1I85-I9I, 193-201, In« Animal
Breeding Abstr, 34i509.

\ - ■•••

• -t

.iVS-;--

i',< ,• «

■■

, '■•■ ^ 0'' .'i'.

X-

■H •fc".

J::-'"

s:, ■-

'■ , " V.' i
, ■<

ii'r-ii .A- •
•• ',0 .

' - . i>

. ::t



APPENDIX



 

 

TABLE VII

LEAST-SQUARES CONSTANTS FOR THE EFFECTS OF
TRIAL, BREED, AND PARITY ON

lENGTH OF ESTRUS

Length of Estrtte

First estrous period Second eatrouB period

Trial

Trial I

Trial II

Trial III

Breed

Angus

Hereford

Parity

Heifer

Non-lactatlng cow

Lactating cow

55.5

-84,3

28.8

298,6*

-335.9^
,ab

97.7'

"22,4

22,4

111.3

-111,3

>150.3

140.5

-224,7

-23.2

-31.2

54.4

Least-squares constants within column and effect do differ

significantly (P<,05). All others do not differ significantly.
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TABIE VIII

MEANS AND STANDARD ERRORS FOR
LENGTH OF ESTRUS

Length of Estras (in hours^

First estroua period

Mean

Standard

error

Second estrous period

Mean

Standard

error

Trial

Trial I

Trial II

Trial III

Breed

Angus

Hereford

Parity

Heifer

11,2

8,8

10.7

'K1-
:lo.6

7.7

Non-lactating cow 10.9

Lactating cow 12,3

1.7

1.7

1.8

1.2 -
s. ^
1,2

1.7

1.9

2.5

13.5

8.0

4.3

10.5

6.8

8,3

8.1

9.5

1.8

1.7

1.8

1.3

1.2

1.9

2.0

2.5
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TABLE IX

LEAST-SQUARES CONSTANTS FOR THE EFFECTS OF TRIAL AND
BREED-PARITY ON THE INTERVAL FROM BEGINNING

OF ESTRUS TO TIME OF OVUUTION

Interval from Beslnnlng of Estrus to Ovuiatlon

First estrous period Second estrous period

Trial

Trial I

Trial II

Trial III

Breed-Parity

Angus heifer

•880 3®
1)

-231.2

319.6'ab

39.1

-170.6

131.5

Non-lactatlng
Angus cow

80.0

64,9

-500.5

240.1

Lactatlng Angus
cow

-144.9 260.4

Hereford heifer -80.0
ab

500.5
.ab

Non-lactatlng
Hereford cow

-64,9 240,1

Lactatlng Hereford
cow

144.9 260,4

a.b
LegLst-squares constants within column and effect do differ

significantly (P<,05), All others do not differ significantly.
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TABLE X

MEANS AND STANDARD ERRORS FOR INTERVAL FROM
BEGINNING OF ESTRUS TO TIME

OF OVUUTION

Interval from Beginning of Estms to Ovulatlon (in hours^

First estrous period Second eatrons period

Mean

Trial

Trial I

Trial II

Trial III

Breed-Parity

Angus heifer

24.7

22,3

31o4

Non-lactating
Angus cow

27.4

27.2

Lactating Angus
cow

23.7

Hereford heifer

Non-lactating
Hereford "cow

24.8

25.0

Lactating Heia-
ford cow

28.2

Standard

error Mean

2.1

2.1

2.3

2.7

2,2

2.2

2.0

2.5

2.8

24.1

20.6

25.5

17.6

28.4

29.9

/ / .

30.5

16.7

'y/;
■3-

• L •

17.6

Standard
error

3.9

3.7

3.9

3.1

3.0

3.3

2.9

3.8

3.9

i:/;: ̂  r-.*, vS 7^. v- ■
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table: n

LEAST-SQUARES CONSTANTS FOR THE EFFECTS OF TRIAL AND
BREED-PARITY ON THE INTERVAL FROM END OF

ESTRUS TO TIME OF OVULATION

Interval from End of Eatrus to Ovxilatlon

First estrous period Second estrous period

Trial

Trial X

Trial II

Trial III

Breed-Parity

Angus heifer

Non-lactatlng
Angus coK

Lactatlng Angus
cow

Hereford heifer

Non-lactatlng
Hereford cow

Lactatlng Hereford
cow

• t ' ■■

-143.9

-146.9^
290.8'ab

l8lo3

65.6'

a

a

bo

fl

"246.3
beh

-181.3

-65.6'

cdg
I

def

246.3

-260.5*
b

-133.9

393.5
ab

-402.0

280.3'

a

a

bc

fl

121.7
.beh

402.0

-280.3'

c

d

dg

ef

-121.7
ghl

a»b,C|d»e»f»g»h|l Lgg^8t-s<iuares constants within colunn and effect

do differ significantly (P<.05). All others do

not differ significantly.

• C - v -



 

 

 

45

TABI£ XII

MEANS AND STANDARD ERRORS FOR INTERVAL FROM
END OF ESTRUS TO TIME OF OVULATION

Interval from End of Estrus to Ovulatlon (in hours^

First estrous -period Second estrous period

Mean
Stauxdaid.
error

Trial

Trial I

Trial II

Trial III

Breed-Parity

Angus heifer

13.5

13.5

20.8

1.9

1.9

2,1

Non-lactating
Angus coH

23.5

18,1

2.0

2,5

Lactating Angus
cow

5.7 1,4

Hereford heifer

Non-lactating
Hereford cow

17.7

17.1

2,0

2,2

Lactating Here
ford cow

15.2 2,1

-■ • - •A.'/'. i

.

** 4 i

: f JASjjSA vi.. ■f ' . .

Mean
Standard

error

10.5

12.6

21.4

2.4

3.0

3.2

9.2

19.4

3.2

3.1

16,3 2,7

22.4

9.8

3.8

2.9

12.0 3.0
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