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ABSTRACT 

Two trials were conducted to study the effect of 

feeding a protected-fat supplement on reproduction. In the 

first trial eight ovariectomized brangus cows were used to 

study the effect of feeding a protected-fat supplement on LH 

release after GnRH injection. The cows were equally divided 

at random into two groups (control and treatment), placed in 

individual pens, and fed a ration supplying 4.0 kg of TDN 

per head daily. Cows in the treatment group received .68 kg 

of protected fat daily for the entire experimental period 

(30 days). On the last day of the experiment an indwelling 

jugular catheter was inserted into the cows and blood 

samples were taken every ten minutes for a period of 5 hours. 

After the sixth sample was taken, 200 yg of GnRH were in

jected intramuscularly to induce LH release. The samples 

taken before the GnRH was injected were used to establish 

basal LH levels. LH levels were analyzed by using the 

double antibody radioimmunoassay technique. 

Average weight of the cows at the start of the trial 

for the control and treatment group were 491 and 457 kg re

spectively. Cows in the control group lost weight (-8 kg) 

during the experimental period, whereas those in the treat

ment group gained 33 kg. 

x 



The highest LH peak value was 12 ng/ml for the con

trols and 43 ng/ml for the treated cows. Mean LH values 

were 4.9 ng/ml for the control group and 43 ng/ml for the 

treatment group. 

In the second experiment twenty multiparous four-

year-old pregnant brangus cows ere used to determine the 

effect of a protected fat diet on postpartum pituitary 

response to GnRH. As cows calved they were randomly as

signed to either the control or treatment group. The treat

ment consisted of adding .68 kg of protected fat to the 

ration. The diet for both groups was designed to supply 

approximately 4.4 kg of TDN daily per animal. This was 

about 80% of the NRC requirement. On day 7 postpartum an 

indwelling catheter was inserted into the jugular vein. 

Blood samples were taken for 5 hours every ten minutes. 

After the sixth sample was taken 200 ]ig of GnRH were in

jected intramuscularly to induce LH release. The pre-GnRH 

injection period was used to establish basal LH levels. 

Luteinizing hormone levels were analyzed using the radio

immunoassay double antibody technique. The latter part of 

this experiment was designed to assess the effect of a 

protected fat diet on postpartum estrus activity. Estrus 

was also checked by daily visual observation. 

Average weight of the cows at the start of the ex

periment was 514 and 474 kg for the control and the 
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treatment group respectively. By the end of the trial 

(75th day) cows in the control group lost 35 kg, and those 

in the treatment group lost 22 kg. Average daily gain of 

calves whose mothers were on treatment or control did not 

differ. Mean LH levels were 18 and 13 ng/ml for the treat

ment and control cows respectively. This difference was 

not statistically significant due to a large mean standard 

error. Fifty percent of the cows receiving the protected 

fat supplement had shown standing estrus by day 45 post

partum vs 20% for the control group. By day 15 postpartum 

60% of the cows in the treatment group had shown signs of 

postpartum estrus activity vs only 10% for the control 

group. By day 45 postpartum all the cows receiving the 

protected fat supplement had shown signs of estrus activity 

vs only 50% for the control. 



INTRODUCTION 

One of the most important goals of any beef cattle 

producer is to obtain one calf per year from the majority 

of his cows. To achieve this goal, cows must be rebred 

within 80 to 85 days after calving. However, there is ample 

evidence that this does not occur. Only a few of the beef 

cattle producers are able to manage their herds well enough 

to attain 12-month calving intervals. The majority of them 

have only a 70-75% calf crop per year. From an economic 

point of view, this means that a potential 95% calf crop 

per year that a well-managed beef herd can have, they are 

losing between 20-25% of the yearly calf crop. Translating 

this into dollars it can be seen that a great portion of 

potentially earned money is wasted because cows fail to re-

breed soon after parturition. 

Once a year calving or short calving intervals in 

cattle are dependent upon the early reestablishment of 

reproductive activity after parturition. Absence of estrus 

activity soon after parturition is one of the most important 

factors that affect the number of cows that are bred early 

in the breeding season. It has been determined that as the 

frequency of detected estrous periods or estrous cycles in

creases during the postpartum period, so does the fertility 
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of cows inseminated 60 days after calving (Thatcher and 

Wilcox, 1973). Association of estrus frequency and fertil

ity primarily was due to occurrence of estrous periods dur

ing the first 30 days after calving. Consequently, early 

restoration of postpartum ovarian activity appears to en

hance subsequent reproductive performance. 

Duration and variability of intervals from calving 

to standing estrus are known to be influenced by a variety 

of factors. Among them the most important are: levels of 

nutrition, suckling-lactation-complex and the environmental 

changes that occur throughout the year. Mechanisms by which 

these factors alter the postpartum anestrus intervals are 

unclear. However, it has been postulated that reduced 

ovarian activity after calving may be due to inadequate 

amounts of ganadotropins, or to ovarian insensitivity to 

gonadotropins (Radford, Nancarrow and Maltner, 1978). One 

thing that has definitely been established is that long post

partum anestrus interval is most likely to occur in cows 

that are maintained under range conditions. At times when 

forage production is very low due to a long drought period 

and there is not enough feed for cows to eat, they are more 

likely to have a long postpartum anestrus because any energy 

reserves that they have would be used for maintenance, lac

tation and growth, and whatever is left would be for repro

duction. Under these conditions reproduction is a luxury. 
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If the cows are not supplemented or are not given a treat

ment designed to bring them into estrus they may have a 

very long interval from calving to standing estrus. 

Researchers have tried a variety of treatments 

throughout the years in an effort to shorten the postpartum 

to estrus interval with various degrees of success. Among 

them are increasing the caloric intake both pre- and post-

calving, decreasing the suckling stimulus, controlling 

periparturient diseases and giving several regimens of hor

monal treatments. These different treatments, among others, 

have been used and investigators have reported success in 

various degrees. To be certain, therapy designed to initi

ate estrous cycles early in the postpartum period should 

increase reproductive performance. 

Control of partpartum reproductive activity requires 

a clearer understanding of the roles played by the hypothala

mus, pituitary and ovaries and their interrelationships and 

how these roles are affected or modified by altering or 

changing feeding practices both pre and postpartum. 

Frisch and McArthur (1974) working with cessation of 

menstrual cycles following undernourishment in women sug

gested that a minimum level of stored, easily mobilized 

energy is necessary for ovulation and menstrual cycles in 

the human female. Looking at the possible role of the hypo

thalamus in reproduction during this time they reported that 
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a minimum lipid level may be necessary to trigger the re

lease of releasing hormones from the hypothalamus. In the 

same study they indicated that when percent of body fat 

drops below certain levels, menstruation stops, and that 

once the percent of body fat has returned to standard 

levels menstrual cycles resume again. From these results 

it can be said that there is a possible connection between 

percent body lipid and the secretion of hormones affecting 

ovarian activity. Butler (1980) working with beef cows 

reported that there is a positive correlation between cows 

with a low body lipid percent and those not conceiving. 

This would indicate that there might be a minimum level of 

stored energy in the form of body lipid necessary to initi

ate the estrous cycle, allow conception to occur, and the 

maintenance of pregnancy. More recently Seerley (1981) re

ported that he was able to reduce the postweaning to estrus 

interval in sows by feeding high fat diets. He further 

stated that feeding high lipid diets to sows causes some 

metabolic responses that are beneficial to reproduction and 

that can not be duplicated by providing more feed to sows. 

From these studies it appears that some relation

ship exists between lipid levels in the body and reproduc

tion. However, more research is needed to support the con

jectures presented here, and to see if the relationship dis

cussed above can in fact be applied to the bovine. 
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The following study was designed to investigate the 

relationship between lipid content of cow blood, from feed

ing a protected fat supplement and (1) the pituitary re

sponse to GnRH, (2) to determine if pituitary responsive

ness to GnRH could be induced on the seventh day postpartum, 

(3) to document the effect on postpartum to estrus interval, 

and (4) to evaluate the response on pregnancy rates. 



LITERATURE REVIEW 

The Postpartum Interval 

The postpartum interval is described as the interval 

starting with parturition and concluding with a designated 

event. This event may be the completion of uterine involu

tion, first ovulation or the occurrence of first estrus 

(Casida et al., 1968). To have an economically successful 

operation in both the dairy and beef industry, it is impera

tive to have one calf per cow per year. To achieve this, 

the cow must be bred no later than 80 days postpartum. 

Therefore, the earlier the cows come into estrus after calv

ing, the better the chances are to attain that goal, and 

thus increasing the chances of having a successful opera

tion. Several investigators have indicated that there is a 

positive correlation between estrus frequency and fertility. 

Thatcher and Wilcox in 1973 proved that as the frequency of 

detected estrus increases during the postpartum period, so 

did the fertility of dairy cows inseminated 60 days after 

parturition. Association of estrus frequency and fertility 

was primarily due to occurrence of estrous periods during 

the first 30 days after calving. Therefore, early restora

tion of ovarian functions appears to improve subsequent 

6 



reproductive efficiency. There are several factors that 

are known to affect the intervals from calving to standing 

estrus. Among them are the suckling-milking-lactation 

complex, the level of nutrition, the environment, age at 

calving, breed of the animal and periparturient disease. 

Although the effect that these factors have on the postpar

tum anestrus has been extensively studied by several re

searchers, the mechanisms by which they alter the postpartum 

anestrus interval is still unclear. One thing is for sure: 

proper management of the cows will minimize whatever effect 

each of these factors will have. Before discussing each of 

these factors individually, it is first important to know 

the mechanisms and processes involved in postpartum prepara

tion for conception. 

Endocrinology of the Postpartum Period 

Today, there is a much better understanding of the 

endocrinology of the postpartum period. With the develop

ment of the radioimmunoassay technique in the early 1960's, 

there is more information now on all the hormonal interrela

tionships that are functional during the postpartum period. 

There are several hormonal interactions that play a 

key role in initiating the different events or processes 

that are necessary to bring about the first postpartum 

estrus, and ultimately will lead to the first postpartum 
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ovulation. One hormone that is of particular interest here 

is Luteinizing hormone. 

Labhsetwar et al. in 1964 did a study with multi-

parous Holstein cows to determine the relationships between 

the ovaries and pituitary gland in the periparturient cow. 

Their results showed that pituitary LH levels are very low 

on the first day postcalving, and that they gradually in

crease thereafter. This study agrees with the work of 

Saiduddin and Fcote in 1964. They reported a significant 

difference in extractible pituitary LH levels in postpartum 

cows from day 5 to day 30 postpartum. They also found 6.6 

ug/mg of LH in the dried pituitary vs 21.1 yg/mg on day 30. 

Wagner and Hansel (1969) found no significant difference in 

pituitary LH levels of postpartum cows between days 7 and 

30 postpartum. The levels they reported were 2.07 to 2.62 

ug/mg on a fresh weight basis. Since dry weight is approxi

mately 1/4 of the fresh wet weight, Saiduddin values would 

be 1.6 to 5.3 yg/mg on a fresh weight weight basis, which 

would still be a significant difference. It has been re

ported that in the early postpartum period and at least up 

to 30 days, suckling has no effect on the pituitary LH con

tent (Saiduddin et al., 1964). He also showed that LH 

activity in the anterior pituitary was very low at time of 

calving, and that it increases considerably by day 10, and 

thereafter increases gradually up to 30 days postpartum. 
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According to Echternkamp and Hansel (1973) , plasma LH con^-

tent follows a pattern similar to that of the pituitary LH 

content. They found very low plasma LH levels at parturi

tion and reported gradual increases to first estrus. These 

results agree with those of Edgerton and Hafs (1973) and 

Kesler et al. (1976). They reported increases in plasma LH 

from parturition to two weeks postpartum. 

It has long been established that by challenging 

the pituitary with a synthetic gonadotropin releasing factor 

(GnRH) you can induce LH secretion similar to that occurring 

just before ovulation in the estrus cycle. Fernandez et al. 

in 1978 reported that LH increased within 5 minutes after 

GnRH injection, with the LH peak occurring at about 120 min

utes and that plasma concentrations returned to basal levels 

5 to 6 hours after injection. He also cited that the in

crease in plasma LH in response to GnRH was very low at day 

3 postpartum and increased over the next 7 days. This 

means that plasma LH release in response to GnRH was not 

fully restored until after day 10 postpartum. This leads 

one to believe that there is a refractory period of at least 

10 days postpartum, during which time there is no or a very 

much reduced pituitary responsiveness to GnRH. Other re

searchers have previously reported similar trends in plasma 

LH release following GnRH injection (Kesler et al., 1976). 

He also found a refractory period immediately postpartum 
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during which time there was no response to GnRH. He detec

ted LH peaks during the first 19 days postpartum, with 

gradual increased levels after 6 days. These results also 

agree with Irvin et al. (1977). He studied the LH response 

to GnRH in postpartum nursing beef cows. His results indi

cated that pituitary responsiveness to exogenous gonadotro

pin releasing hormone increased after postpartum. One 

possible explanation for this postpartum refractory period, 

of at least 10 days in dairy cows and 15 to 16 days in beef 

cows, may be that the pituitary has only a limited LH syn

thetic capacity to respond and insufficient LH is stored 

during this period. Therefore, the pituitary does not re

spond even though commanded to do so by injecting GnRH. 

Previous studies have indicated that this is probably true. 

Saiduddin et al. (1968) indicated that pituitary LH content 

was very low at parturition, that it increased during the 

postpartum period and was not fully restored until about 14 

days postpartum. It has been reported by Marion and Gier in 

1968 that the first ovulation in dairy cows occurs at ap

proximately 14 days postpartum. This observation agrees 

with the results of Fernandez et al. (1978), that plasma LH 

release in response to GnRH was restored between 10 and 20 

days postpartum. Saiduddin et al. also reported in 1968 

that pituitary content was not fully restored until about 14 

days postpartum. 
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Pituitary responsiveness to gonadotropin releasing 

hormone, as measured by systemic LH concentrations, was 

reduced during late gestation (Schallenberg, Schams and 

Zottmeier, 1978) and increased as the postpartum period pro

gressed. Kesler et al. (1977) explained that as pregnancy 

progresses in cows there is also a progressive increase on 

progesterone and estrogen, and they may reduce the respon

siveness of the pituitary to GnRH during late gestation and 

the early postpartum period, and result in a lack of LH 

release during the first 10 days postpartum. In 1974 

Chamley et al. reported that this progressive decrease in 

the response of the maternal pituitary to GnRH is also 

found in ewes and that it has not fully recovered by six 

weeks after delivery. He gives two explanations: either 

the response to GnRH is decreased by negative feedback of 

ovarian and/or placental hormones on the pituitary, or the 

gonadotropin content of the pituitary may become progres

sively depleted as pregnancy continues. Chamley et al. 

(1973) showed that the pituitary content of LH in ewes is 

very low at parturition. On the other hand, there is evi

dence for gonadal steriods decreasing the responsiveness of 

the pituitary to GnRH in sheep (Reeves, Arimura and Schally, 

1971b). Pituitary refractoriness to GnRH could also be due 

to a negative feedback of gonadotropins of foetoplacental 

origin on the maternal hypothalamo-pituitary system (Chamley 
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et al., 1974). In support of this theory is the fact that 

plasma LH levels are lower during pregnancy than during the 

estrous cycle (Goding et al., 1969). In 1973 O'Rielly and 

Dziuk reported serum LH concentration in ewes are greater 

by the second week postpartum than during pregnancy, and 

that the postpartum increases in LH is greater in ewes cas

trated during pregnancy than in intact ewes. Thus, the 

ovary in the postpartum ewe appears to inhibit LH secretion 

as it does in the cow. 

The interval from parturition to first estrus in 

suckled beef cows has been found to vary quite a bit; but 

means generally range from 60 to 100 days (Saiduddin et al., 

1968; Short et al., 1972; Wiltbank and Cook, 1958). Through

out the years people have tried to design a treatment to 

initiate early postpartum ovarian activity. One treatment 

that Britt et al. tried in 1974 was feed melengestrol ace

tate to dairy cows for 14 days beginning about two weeks 

postpartum. He reported that those cows had fewer days open 

and required fewer services per conception during the subse

quent breeding period. They attributed this to early mani

festation of estrus in treated cows and concluded that 

therapy designed to initiate estrus cycles early in the 

postpartum period should enhance reproductive performance. 

In a different study, Britt, Kittok and Harrison (1974) 

indicated that implanting cows with a gelatin capsule 
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containing GnRH resulted in a shorter interval to first 

ovulation, but that it did not shorten the interval to first 

estrus. Further, they indicated that abnormal ovarian ac

tivity did not occur in the GnRH treated group, suggesting 

that GnRH may be useful in preventing abnormal ovarian 

activity and may also be a useful therapeutic agent in stim

ulating ovarian cycles in the postpartum animal. 

Other studies have shown that when beef cows are 

treated with GnRH it does not shorten the postpartum to 

estrous interval (Webb et al., 1977; Britt et al., 1975). 

However, it has also been reported that when cows are given 

two injections of GnRH about 10 days apart, the interval 

from parturition to first ovulation is reduced (Fonseca et 

al., 1977; Webb et al., 1977). Furthermore, Kesler et al. 

(1977) suggested that a prolonged GnRH induced LH release 

may be necessary to induce ovulation during the early post

partum period. Troxel et al. (1980) following this sug

gestion used carboxmethylcEllulose (CMC) to dissolve GnRH. 

They reported that the interval from GnRH injection to peak 

LH release and duration was similar to that of the normal 

preovulating LH .surge, which has been reported to be ap

proximately 8 to 10 hours, with a peak of about 15 to 25 

yg/ml (Chenault et al., 1975; Swanson and Hafs, 1971). 

Plasma estrogen have been reported to increase in 

cows during the last trimester of gestation and reach a 
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maximum a few days before parturition (Edquist, Kindahl and 

Stabenfeldt, 1978; Robertson, 1974). Since the placenta is 

the major source of estrogen during late pregnancy, urinary 

and plasma estrogens decrease during the first 3 days after 

parturition (Erb et al., 1971). Goodale et al. (1978) re

ported that plasma estradiol concentration are variable but 

minimal during the early postpartum period. Although this 

does not last very long, because soon after parturition 

follicular development starts and along with that the levels 

of estrogens start going up. Follicular development occurs 

in the ovaries by day 7 to 10 after parturition (Saiduddin 

et al., 1968) and average plasma estradiol concentrations 

increase through the postpartum interval, reaching its peak 

just before ovulation occurs (Fernandez et al., 1978; 

Kesler et al., 1977). High concentrations of estrogen and 

progesterone in combination are involved in reducing pitui

tary responsiveness to GnRH stimulation during gestation 

(Kesler et al., 1977). Fernandez et al. (1978) observed 

that there is maximum plasma LH response to GnRH treatment 

when the cows were pretreated with plasma estradiol concen

trations. In contrast, Lishman et al. (1979) observed that 

maximum LH after GnRH treatment of postpartum beef cows was 

not correlated with plasma estradiol concentrations before 

treatment, but that cows with follicles larger than 10 mm 

in diameter released more LH than cows with follicles 
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smaller than 10 mm. Previous studies have shown that estro

gen does modify or affect in some manner the responsiveness 

of the pituitary to exogenous GnRH. Reeves et al. (1971b) 

in a study with ewes demonstrated that when ewes were pre-

treated with estradiol benzoate prior to administration of 

GnRH, they responded with a much greater release of LH than 

the controls. In a different study (Reeves, Arimura and 

Schally, 1971a) they again demonstrated the effect of estro

gen on the magnitude of LH response. They found that in 

ewes there was an 8-hour period at estrus during which they 

got the greatest response to LH release in response to GnRH 

stimulation. Zolman, Conwey and Britt in 1974 proved that 

endogenous serum estradiol and estrone concentrations in 

heifers were highly correlated to the magnitude of the LH 

release on day 15 and day 20 of the estrous cycle. Beck 

and Convey (1974) working with ovariectomized heifers found 

that when they treated those heifers with exogenous estra

diol and then challenged the pituitary with GnRH, they got 

a much longer duration of LH release. In a more recent 

study Zaied et al. (1980) indicated that GnRH can induce a 

cyclic ovarian activity in dairy cows when administered 

between 12 and 14 days postpartum if follicular activity is 

present. They noticed that follicular growth and maturity 

were important to GnRH-induced effects since cows that re

sponded generally exhibited larger follicles and were 
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characterized by higher concentrations of estradiol-17B in 

plasma prior to treatment. They concluded that elevated 

estradiol-17B concentrations in plasma and the presence of 

a larger follicle are associated with GnRH-induced ovula

tions. It is thought that the main plasma estradiol-17B 

peak, which closely precedes estrus in cattle, is involved 

with the behavior pattern and the changes in the reproduc

tive tract that occur at this time. It is probably also an 

essential part of the mechanism that triggers release of 

the preovulatory LH surge, as has been convincingly shown 

in rate (Ferin et al., 1969). 

Resumption of the normal ovarian function postpartum 

requires the restoration of pituitary LH and the positive 

feedback to E2 necessary for the ovulatory surge. Even 

though it has been shown that there is a positive correla

tion between the response of LH to GnRH and the level of 

plasma estrogens in beef cows, recently it was reported by 

Nancarrow et al. (1977) that the positive effect of LH 

secretion is absent during the early postpartum period. In 

their experiment they treated beef cows in the early post

partum period with estradiol benzoate, and found that only 

one cow out of 12 had LH release at 10 days postpartum, but 

16 out of 17 cows responded between days 21 and 30 to the 

treatment and had LH release, thus indicating that at least 
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during the first 10 days postpartum, estrogen has no effect 

in inducing LH release. 

There have been reports that this same phenomenon 

happens in ewes. Wright and Findlay in 1977 reported that 

on day 27 postpartum only 50% of the ewes treated with 

estradiol-17B had shown the positive feedback effect on the 

LH surge vs 71% by day 52, proving again that there is a 

refractory period immediately after calving during which 

time there is no pituitary response to GnRH even when post

partum cows were pretreated with estrogens. However, later 

on in the postpartum period estrogen had a positive feed

back effect on the LH surge which eventually led to ovula

tion. Based on all of these studies we can conclude that 

estrogens exert a positive effect on LH release when levels 

of E2 in the blood are high or when animals are pretreated 

with estrogens prior to GnRH stimulation, and that estro

gens have no effect if injected in the early postpartum 

period. 

Follicle Stimulation Hormone (FSH) 

Pituitary follicle stimulation hormone (FSH) is 

greatest at parturition and decreases during the early post-

partnum period. During the first 20 days postpartum there 

is an increase in pituitary LH and a decrease in the FSH 

content indicating that the two hormones are not always 

produced together or released in equal amounts (Saiduddin 
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et al., 1968). Pituitary LH: FSH ratios for cows are re

ported to be approximately 10 to 1 (Hackett, Hafs and Arm

strong, 1967; Rakha and Robertson, 1965). In dairy cows 

Schallenberger et al. (1978) reported the FSH response to 

GnRH remains constant throughout pregnancy until 10 days 

prepartum. This means that the pituitary is neither de

pleted of FSH nor refractory to GnRH until 10 days prepar

tum. These authors reported low levels of FSH during 

parturition. It then picks up again at about 10 days post

partum, at which time the FSH basal levels and response to 

GnRH are comparable to the levels observed during the normal 

estrous cycle. A dose-related feedback of estrogen might be 

responsible for the increasing FSH responsiveness during 

pregnancy and its reduction a few days before and after 

parturition. Schams et al. reported in 1974 that it seems 

like there are two possible release and storage mechanisms 

for the two gonadotropins. They based this observation on 

the results that they got in a study done with beef cows: 

when increasing amounts of GnRH were injected, the LH re

sponse was linear compared with a curvilinear response for 

FSH. Thus, it would appear there are different releasing 

mechanisms for LH and FSH. These results agree with those 

of Dobson (1978). He reported different patterns in LH and 

FSH release suggesting the possibility for two different 

releasing mechanisms for the two gonadotropins. He also 
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suggested that reestablishment of ovarian cycles after calv

ing depends on initial ovarian stimulation by FSH and the 

pituitary secretion of FSH is later regulated by progester

one from the corpus luteum. Chamley et al. (1976) reported 

that when ewes were treated with GnRH at 3 or 6 weeks post

partum, plasma FSH was not significantly altered. He sug

gested that the lack of FSH secretion during the early 

postpartum period and late pregnancy might be due to reduced 

FSH content during that time. 

Progesterone 

Another hormone that is of importance in initiating 

the normal postpartum ovarian activity is progesterone. 

Gomez and Erb in 1965 reported that plasma progesterone 

declined following day 250 of pregnancy and was undetectable 

after parturition. Postpartum regression of the corpus 

luteum of pregnancy is very rapid in cows as it is in most 

mammals. Oxenreider (1968) was unable to detect significant 

amounts of progesterone in the CL of cows at days 2 and 4 

postpartum. Data on plasma levels of progesterone also con

firms the abrupt cessation of progesterone secretion at par

turition. Edquist (1978) reported that 24 hours before 

calving, peripheral levels of progesterone decreased rapidly 

to less than 1 ug/ml. This means that the CL of pregnancy 

reduces its activity about one day before parturition. Two 

to four days after calving the CL was still present, but was 
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already regressing and by day 7 postpartum was no longer 

functioning. Also by this time, the animals had no luteal 

cells that appeared viable and functional (Wagner and Han

sel, 1969) . Thus from this data it can be said that post

partum anestrus is not a result of prolonged maintenance of 

the pregnancy corpus luteum. Echterkamp and Hansel (1973) 

reported that circulating levels of progesterone are very 

low or undetectable following parturition. They remained 

low until after the first ovulation, at which time with the 

initiation of the corpus luteum, the progesterone levels 

started increasing again and remained high until the regres

sion of the CL. Other investigators (Arije, Wiltbank and 

Hopwood, 1974; Donaldson, Bassett and Thorburn, 1970) have 

reported small increases in plasma progesterone 3 to 5 days 

before the first postpartum ovulation. These progesterone 

peaks may or may not have accompanied observed estrus. 

Dickey, Hendricks and Bierly (1975) working along these 

same lines reported fluctuating levels of serum progester

one prior to the first observed estrus. They also noticed 

that estrus occurred only in cows in which these patterns 

had previously been observed, and mentioned the possibility 

that this fluctuation could be responsible for bringing 

about the necessary hormonal changes for the resumption of 

cyclic ovarian activity in postpartum cows. Gonzales-

Padilla, Wiltbank and Nieswender (1975) reported that 
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progesterone primes the ovary to prepare it for gonadotro

pin release and increased follicular development. 

Since the CL of pregnancy has been shown to be non

functional and postpartum ovarian activity has not resumed, 

the source of these short-term fluctuations in progesterone 

has been an enigma. Donald et al. (1970) suggested that it 

came from small luteinized follicles. Belfour, Comline and 

Short (1957) mentioned that the source could be the adrenal 

gland. Castenson et al. (1976) suggested that the source 

of this progesterone was luteal tissue formation. This 

suggestion is in agreement with what Williams reported 

(1978). 

A study of the literature revealed a wide variation 

in the reported time from parturition to first estrus. The 

first estrus cycle following parturition has been reported 

to be significantly shorter than the second estrus cycle 

(Morrow et al., 1966). It would appear that the short cycle 

between that first and second postpartum estrus is the re

sult of a failure of the CL to form and function properly. 

Once estrus cycles resume following parturition, plasma pro

gestin levels were noted to rise and fall according with 

the growth and regression of the CL. Circulating levels of 

progesterone during the estrus cycle have been shown to be 

lowest just before, during and immediately following estrus. 

The interval from parturition to first estrus is 
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considerably longer in beef cows than in dairy cows. Casida 

(1968) reported values that ranged from 46 to 104 days for 

beef cows vs 30 to 72 days for dairy cows. He also indi

cated that the average interval from parturition to first 

postpartum ovulation is also longer in beef and dairy cows 

respectively. The postpartum interval to first estrus is 

also affected by suckling. Cows that are being suckled 

have a much longer interval than cows from which calves 

were removed at birth (Oxenreider, 1968). 

Factors Affecting the Postpartum Interval 

Cows, and for that matter all mammals, go through a 

series of hormonal interrelationships and hormonal adjust

ments right after parturition that enable the reproductive 

tract to regress to a normal non-pregnant size. These 

adjustments permit the start of a new estrous cycle, with 

the ultimate objective of becoming pregnant again. The 

hormonal interactions that go on during the postpartum 

interval are not fully understood. However, there are 

several factors that are known to affect the postpartum to 

estrus interval. Among them the most important are: nutri

tion, suckling-milking complex, periparturient disease, 

environment, age and breed. The first two appear to be the 

most important and have been the most extensively studied. 
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Nutrition 

Nutrition has long been recognized as one of the 

most important factors affecting reproduction. The mecha

nisms by which nutrition affects the postpartum interval are 

elusive. As early as 1925 several investigators have exten

sively studied the different ways in which nutrition might 

affect reproduction. Much of the research effort has been 

directed at management practices that would increase pro

ductive efficiency in animal production. There are con

flicting reports on the way nutrition affects reproduction. 

However, most of them agree on one point, and that is that 

malnutrition adversely affects reproduction in cows. Many 

of the cows in the world experience periods of undernutri

tion, especially before puberty and during lactation. As 

animal management practices improve, it would be expected 

that problems associated with undernutrition would decline. 

However, it has become clear that in both the advanced and 

developing countries there is considerable pressure on the 

cattle industry to increase the efficiency of production 

both from the energetic and economic points of view. This 

in turn will require an optimum balance between cattle num

bers and feed supplies with a minimum of waste (Lamond, 

1970). Undernutrition occurs when cattle receive a sub-

maintenance portion of an adequate diet. The ration may 
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well provide a balance of all nutrients, and if intake was 

adequate this diet would maintain normal health and produc

tion. 

Several investigators have reported that both pre-

and post-calving energy restrictions can drastically affect 

postpartum reproductive activity. Wiltbank et al. (1962) 

reported that the occurrence of estrus after calving is sig

nificantly influenced by feeding levels. He reported that 

although both pre- and postpartum energy levels affect the 

onset of estrus, the level of energy provided before calv

ing appeared to be more important. He observed that a 

higher proportion of the cows had cycled by 90 days post-

calving, and estrus was exhibited sooner after calving in 

the cows receiving the high energy ration prior to calving. 

Similar results were obtained by Dunn et al. (1969) when he 

compared a high and a low energy level in beef heifers 

prior to calving. Energy levels not only affect the onset 

of estrus, but also affects conception rate. Fewer cows 

fed the low level of energy after calving were diagnosed 

pregnant than those fed the high level (Wiltbank et al., 

1962). These results indicate the importance of feeding 

the cows adequate energy if we want to increase our calf 

crop. 

It has been shown that ovarian activity is affected 

by the level of nutrient intake. Hill et al. (1970) 
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reported that there was a temporary reduction in the number 

of follicles impaired fertilization and longer estrus cycles 

when beef heifers were undernourished for short-term periods. 

Wiltbank et al. (1964) proved that cows that were maintained 

on a restricted energy intake had less follicular growth 

and reduced ovarian activity. They explained that reduced 

energy intake appears to result in a lack of production of 

gonadotropic hormone or failure to release the hormone from 

the pituitary, or both, rather than a decrease in sensitiv

ity of the ovary. Studies indicate that when rats are 

undernourished, the circulating levels of gonadotropins go 

way down and this is due to a decreased production of gonad

otropin releasing factors from the hypothalamus (Ibrakin ' 

and Howland, 1972; Leathern, 1966). 

In 1973 Gombe and Hansel, in a study with beef 

heifers, indicated that when the animals were put on an 

energy restricted diet, the plasma LH levels were signifi

cantly elevated, rather than depressed, as indicated by 

Hill et al. (1970). Thus, the decreased ovarian functions 

seen under the influence of low energy intakes cannot be 

explained on the basis of reduced plasma LH, as appears to 

be the case in underfed rats. Gombe and Hansel (1973) also 

reported a reduction in plasma progesterone levels, and 

further, that this was a reflection of a smaller CL, which 

contained less progesterone both in terms of total content 
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and concentration. Since progesterone secreted by the cor

pus luteum appears to exert a negative feedback on LH secre

tion in the cow, the elevated LH levels observed by Gombe 

and Hansel may have been caused by the lowered plasma pro

gesterone levels. 

Beal et al. (1978) reported similar results to those 

of Gombe and Hansel. They indicated that, in cows, low 

energy diets increase the LH content of the pituitary in 

response to gonadotropin-releasing hormone stimulation, and 

decrease luteal progesterone secretion. 

One general conclusion that can be drawn from all of 

these studies is that malnutrition does affect reproduction 

in a negative way. Because of this, extensive research has 

been conducted to determine if there might be a beneficial 

effect from a high plane of nutrition, or from supplemented 

diets. It has been reported that there is no benefit in 

fertility by providing postpartum energy in excess of N.R.C. 

recommendations to first-calf heifers under drylot condi

tions (Ray et al., 1974). On the other hand, Whitmore et 

al. (1974) described an increased incidence of first post

partum ovulation when dairy cows were fed a high caloric 

diet; and Folman et al. (1973) reported that dairy cows on 

a high plane of nutrition required fewer inseminations and 

conceived 19 days earlier. Extremely high levels of nutri

tion are not recommended because reproduction is impaired 
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in cows that are obese. Arnett, Holland and Totusek (1971) 

indicated that when beef cows kept under drylot conditions 

were allowed to become obese, they required more services 

per conception and produced less milk. Whether the degree 

of fatness affects fertility or not is still a controversial 

issue. Lamond in 1970 and Buck et al. in 1976 reported that 

when cows are allowed to go over a given weight, there is a 

decrease in fertility. On the other hand, Pinney et al. 

(1961) and Pendlum, Boling and Bradley (1977) demonstrated 

that conception rates are not affected in fatter heifers as 

a result of receiving a high caloric diet. However, they 

indicated that cows that are obese have more difficulty in 

calving than cows that are underfed. 

Joubert (1954) reported that there was no differ

ence in fertility by feeding beef heifers excess postpartum 

energy during the wintering period prior to calving. McGinty 

and Ray (1973) reported similar results with first-calf 

heifers under drylot conditions. Bellow and Thomas (1976) 

working along the same lines of feeding high caloric diets 

to beef cows, observed that there is no effect on postpartum 

anestrus by feeding a high energy diet to lactating range 

beef cows in the form of grain supplement. Furthermore, 

the onset of estrus is delayed in Hereford cows by feeding 

them 150% of the N.R.C. recommendation (Wiltbank et al., 

1964). The same thing happens with dairy cows when they 
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are put on a high plane of nutrition; uterine involution, 

first ovulation, first estrus and intervals to conception 

are significantly longer (Schilling et al., 1980). They 

also reported that Holstein cows have a high incident of 

first postpartum ovulation without estrus when they are 

maintained in a high energy diet. As discussed previously, 

when cows are maintained on a poor nutritional diet, repro

duction performance is impaired, and furthermore, if cows 

are kept under this condition for long periods of time, 

reproductive activity may cease. Joubert (1954) observed 

that during the winter when there was not enough feed, beef 

heifers lost weight and stopped cycling. Once they regained 

the weight they lost, they started cycling again. Bond, 

Wiltbank and Cook (1958) proved that you can cause cessation 

of cyclic activity if you feed the animals a diet that is 

way below the energy requirements. In 136 days he induced 

cessation of estrus in beef heifers by feeding them a diet 

containing about 1.1 kg TDN. The heifers lost an average 

of 59 kg. It took about 7-1/2 months to restablish sexual 

activity, and an average gain in weight of 101 kg. In a 

different experiment, but working on the same subject, Hale 

(1975) undernourished mature cows until ovarian activity 

stopped. By the time the cows stopped cycling, they had 

lost an average of 70 kg over a period of about 3 months. 

The cows had to put on almost twice as much weight as they 
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lost before they started cycling again. From these previ

ous studies we can see the importance of having the cows in 

a good nutritional status and the detrimental effects that 

poor nutritional diets have on reproduction, and, more 

importantly, the time that is required for the cows to re

cuperate from malnutrition and start cycling again. This 

means that it is better to maintain cows on a nutritional 

level at which reproduction is not affected rather than to 

allow them to lose weight and then attempt to restore that 

weight just before the calving season. 

It is common practice to supplement range cows when 

feed is scarce or lacking. Protein has been shown to affect 

the interval from calving to first estrus and the number of 

services per conception. Cows that were kept on a low level 

of protein had a longer postpartum anestrus and required 

more services per conception (Turton, 1969) . Supplementing 

cows on dried grass with one pound of cottonseed meal has 

increased calf crop, shortened the calving interval, and 

improved calf gains (Patterson, 1953). Wiltbank et al. in 

1965 found that the onset of estrus was delayed in cows 

that received a low protein diet. He also reported that 

protein level does not affect conception rate. 

Protein levels have also been shown to affect plasma 

concentration of hormones such as progesterone and Luteiniz

ing hormone that play a key role in reproduction. Jordan 



and Swanson (1979) studied the effects of three levels of 

dietary crude protein on progesterone and LH concentrations 

in serum of early postpartum high-producing dairy cows. 

They reported that serum LH increased between the first and 

second weeks of lactation in all groups. Cows fed 12.7% CP 

had depressed basal serum LH levels compared with those fed 

16.3 or 19.3%. Serum LH on day 2 and 14 of the first post

partum estrous cycle, the preconception cycle and the con

ception cycle tended to be lower in cows fed the lowest 

protein level. They also reported a decreased response to 

GnRH in cows that received the lowest protein ration, and 

serum progesterone was significantly higher in cows fed 

12.7% CP than in those fed 16.3% or 19.3% CP on day 14 of 

the first observed cycle and conception cycle. From this 

study one may conclude that excess dietary protein may act 

directly on the pituitary to increase the responsiveness to 

GnRH. High levels of CP have also been found to be detri

mental to reproduction in other animals. Patel and McGinnis 

(1977) reported that high levels of CP decreased hatch-

ability in chickens. There was also a decrease in embryo 

survival in rats that were maintained on a high protein diet 

(Saitoh and Takahashi, 1977). 

It is considered normal for cows under range condi

tions to lose some weight during periods of high productive 

demands. But, there is a limit to how much weight they can 
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lose. If weight falls certain limits it has been shown that 

it affects reproduction. 

Condition of the cow and whether she is gaining or 

losing weight prior to calving are the main factors that 

determine the length of the interval from calving to onset 

of estrus (Topps, 1977). Cows that gained weight prior to 

calving had shorter postpartum periods than cows that lost 

weight prior to calving (Dunn and Kaltenbach, 1980). Body 

conditions at calving significantly affected the likelihood 

of estrus 60 to 90 days postpartum. As body condition at 

calving improved from moderate to good condition so did the 

probability of cows showing estrus (Whitman, 1975). Further

more, he stated that the probability of the cows showing 

estrus 40 and 50 days postpartum was significantly affected 

by weight change before and after calving. Cows that 

gained weight before calving and lost weight after calving 

had a greater probability of showing estrus at 40 days post

partum than other weight-change groups. In a recent publi

cation, Hargrove et al. (1980) reported that precalving 

energy level did not significantly affect subsequent preg

nancy rate in 2-year old heifers fed a ration that allowed 

them to lose weight during the last 60 days of pregnancy, as 

compared to those heifers fed a diet that maintained them or 

caused weight gain. Wiltbank et al. (1964) reported that 

body condition does not affect the interval from calving to 
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conception. He showed that beef heifers that were considered 

to be below normal body condition at calving had a longer 

interval from calving to conception and also had lower con

ception rates when compared with those heifers considered to 

be in normal body condition. 

Minerals 

Throughout the years, it has been a common practice 

for ranchers to supplement range cows with various sources 

of minerals. Among the minerals that have received more 

attention and appear to be of importance in reproduction is 

phosphorus. However, researchers have reported conflicting 

results on the way phosphorus affects reproduction in cows. 

Earlier reports showed that supplementing phosphorus on the 

range resulted in a marked increase in calf crop percentage 

(Bosticco and Corrias, 1961; Knox and Watkins, 1942). On the 

other hand, Butcher et al. (1979) reported that fertility, 

weight of calves at calving, or health of calves were not 

depressed when cows were maintained on a diet containing 

phosphorus at about 50% of the NRC recommendations. In a 

more recent publication Simmons, Welch and White (1980), 

working with dairy cows, showed that there were no detrimen

tal effects on estrus or breeding capabilities from main

taining the cows on a phosphorus deficient diet. From 

these studies it can be seen that there are discrepancies on 

the effects of phosphorus on reproduction. It appears that 
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a phosphorus deficient diet of modest length has no adverse 

effects. But, since phosphorus is a major mineral, it 

might be advisable to supplement range cows especially in 

those areas where soil is known to be deficient in phosphorus. 

There is limited research on the effects of other minerals 

on animal reproduction. This is an area in which more re

search is needed. 

Vitamins 

Vitamin A has also been known to affect reproduction. 

Ensminger (1978) reported that in most livestock, the ab

sence of Vitamin A in the ration will dramatically reduce 

reproductive ability. Hatchability was significantly re

duced when hens were fed a Vitamina A deficient ration. 

Furthermore, he mentioned that one of the first signs of 

Vitamin A deficiency in rabbits was a reduction in fertility 

and an increased incidence of abortion in pregnant does. 

Bradfield and Behrens (1968) stated that cows that received 

a single injection of 1 million international units of Vita

min A prior to breeding exhibited a 13% increase in concep

tion rates. Similar results were reported by Verdugo (1965), 

in which he obtained an increase in calf crop by supplement

ing ten thousand international units of Vitamin A during 

periods of drought. Vitamin A is likely to be deficient 

during the winter or prolonged drought periods because 

plants have their highest content of carotene, the precursor 
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of Vitamin A, when they are green. To overcome Vitamin A 

deficiency during those periods, many livestock producers 

have followed the practice of injecting animals with a Vita

min A concentrate intramuscularly. A single injection pro

vides adequate Vitamin A reserves for periods of 3 to 6 

months. It is given during periods when Vitamin A intake 

is likely to be low, as in the winter and early spring when 

the reserves from the previous summer on pasture have been 

depleted. 

In summary, the effects of nutrition on reproductive 

physiology are numerous. There are some conflicting reports 

on how energy intake affects reproduction, but it is gener

ally agreed that both adequate energy intake and adequate 

condition of the cow before calving appears to be beneficial 

to reproduction. One other thing that everybody seems to 

agree on is that undernutrition does affect reproduction in 

a negative way. In addition, Vitamin A and phospherus are 

important to reproduction. 

Suckling-Milking Complex 

Hormonal balances established to support pregnancy 

and its subsequent termination are gradually readjusted 

after calving to reestablish normal estrous cycles. The 

time period required after calving for readjustment by indi

viduals is variable and appears to be influenced, among 

other things, by suckling and amount of milk produced. In 
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suckled beef cows, the interval from parturition to first 

estrus is variable, but means generally range from 60 to 

100 days (Saiduddin et al., 1968; Short et al. , 1972; Wilt-

bank and Cook, 1958). 

One of the first reports on the effects of suckling 

or milking on the postpartum interval dates as far back as 

1937. Clapp (1937) studied dairy cows in which he compared 

the effects of suckling and milking on the postpartum inter

val. He noted that cows that were suckled had a longer 

postpartum interval from parturition to onset of estrus than 

cows milked twice daily. Furthermore, he reported that when 

cows were milked four times daily the length of the post

partum interval was no different from that of suckled cows. 

Later in 1958, Wiltbank and Cook confirmed this 

suckling effect. They found that nursing cows had the onset 

of estrus an average of 30 days later than cows milked twice 

daily. Similar results were reported by Graves et al. in 

1968. He conducted extensive investigations along these 

same lines and found that, in fact, the postpartum anestrus 

was shorter in cows that were neither suckled nor milked 

when compared with cows that were suckled. He reported the 

mean interval to first estrus from 18 to 41 days in the non-

lactating cows vs 53 to 93 days in the lactating group. It 

has been reported that the interval from parturition to on

set of estrus in nursing cows could be significantly 
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reduced by decreasing the strength of the suckling stimulus 

(Randel and Welker, 1978). 

One work that seems to support this theory is the 

one that Oxenreider and Wagner did in 1971. They found when 

Holstein cows are suckled by two calves, the postpartum 

interval to ovulation is doubled. Another thing related to 

the importance of suckling stimulus in postpartum anestrus 

is that in dairy cows lactation is maintained in the ab

sence of suckling, and first ovulations in dairy cows have 

been reported to occur as early as 15 days postpartum (Mor

row et al., 1966). This suggests that it is the suckling 

and/or frequency of milking that lengthens the postpartum 

anestrus and not lactation per se. Dunn et al. (1969) 

reported that duration of postpartum anestrus in cattle and 

sheep appears to depend on the degree of mammary stimula

tion the dam receives and on the nutritional status of the 

dam during late gestation and early lactation. 

In a more recent publication Carter et al. (1980) 

indicated that non-suckled cows ovulated within two weeks of 

calving. They postulated that the earlier the time of first 

ovulations, the shorter the interval between ovulation. 

Further, their work showed that non-suckled cows had shorter 

intervals from calving to conception than suckled cows. 

They concluded that calf removal can be an effective way to 

reduce the interval from calving to conception. 
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Several previous studies have shown that early calf 

removal, restricted suckling periods or temporary calf 

separation are beneficial to postpartum reproduction 

(Henderson, 1978; Kaltenbach et al., 1978; Randel and 

Welker, 1978). They indicated that either by removing the 

calf for 2 days or allowing the calf to suck only once 

daily shortens the interval from parturition to conception 

in first-calf heifers. However, many people don't practice 

this because of the time and labor required. In addition, 

weaning weights are likely to be less in those calves be

cause they don't nurse as much. However, if the farmer or 

rancher wants one calf per cow per year, this is one manage

ment practice that they may follow to attain that goal. 

Suckling and milking have also proven to affect the 

number of cows that experience silent estrus. Graves et al. 

(1968) indicated that silent estrus was more likely to 

occur in suckled than in nonlactating cows. Ovarian cycles 

were reestablished after calving in milked cows by follicle 

rupture without evidence of behavioral estrus in 65% or more 

of the animals (Marion and Gier, 1968; Morrow et al., 1966). 

Development of effective and practical management 

procedures to minimize the effect of suckling or lactation 

on postpartum anestrus requries specific knowledge of the 

physiology and endocrine mechanisms which affect postpartum 

reproduction. The endocrine mechanisms which sustain 
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lactation and affect reproduction are complex and not com

pletely understood. Since lactation is a natural extension 

of pregnancy, the structural formation and function of the 

mammary glands involves numerous hormones which have impor

tant functions in other stages of reproduction (Edgerton, 

1980). Estrogen stimulates growth of the mammary ductules 

and synergizes with progesterone to stimulate formation of 

alveolae (Erb, 1977). Erb also suggested that estrogen 

could play a role in maintaining lactation by increasing 

cellular permeability and glandular vascularization. 

Corticoids have a physiological role in the lacta

tion process. Smith, Convey and Edgerton (1972) suggested 

that frequent suckling or milking may induce an increase in 

serum glucocorticoids. It has also been reported that 

estrus behavior can be inhibited by exogenous treatment of 

glucocorticoids (Pool, Godke and Ingraham, 1978). As men

tioned earlier the frequency and strength of suckling in

creases the likelihood of silent estrus. Thus it could be 

hypothesized that increased concentration of glucocorticoids 

in the blood by suckling might contribute to the silent 

estrus in postpartum cows. 

Since suckling or milk removal is an important fac

tor in postpartum anestrus, it is likely that hormones 

secreted during suckling, such as oxytocin, speed up uterine 

involution by increasing uterine contraction. It follows 
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that the sooner the uterus regresses to its normal non

pregnant size the shorter the postpartum anestrus will be. 

So oxytocin release during suckling or milk removal may 

play a role in lactational anestrus. Oxytocin is known to 

have a negative effect on corpus luteum formation and func

tion (Armstrong and Hansel, 1959). Oxytocin was reported 

to be a depressor of ovarian activity (Tucker, 1971). The 

relative decline in oxytocin release as the postpartum in

terval progresses is consistent with increasing estrus 

activity in cattle as postpartum interval increases (Edger-

ton, 1980) . 

Prolactin is another hormone that affects postpartum 

ovarian activity. Prolactin is secreted during milking and 

its secretion is closely associated with intensity of lac

tation in the cow (Koprowski and Tucker, 1973). Tucker 

(1971) explained that there are at least two control mechan

isms regulating prolactin levels in blood. One mechanism 

maintains a baseline secretion and another is responsible 

for a surge of prolactin release at the time of milking. 

He also noted that prolactin release occurs at least 3 to 4 

minutes after the presumed release of oxytocin elicited by 

washing the udder. Further, he concluded that serum levels 

of prolactin are significantly elevated by milking or wash

ing the udder, and that the peak of prolactin secretion 

occurred about 5 minutes after the stimuli were applied. 
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A general observation is that fertility of dairy 

cows increases as prolactin secretion decreases during lac

tation (Morrow et al., 1969). Prolactin has also been asso

ciated with delays in postpartum anestrus in ewes (Kann and 

Martinet, 1975) . It was recently proposed by Edgerton 

(1980) that the prolactin-anestrus correlation may reside 

in the mechanism of gonadotropin release. It is not known 

if prolactin inhibits pituitary gonadotropin release per se 

or if it inhibits factors controlling gonadotropin release. 

A possible mechanism for suckling inhibition of 

gonadotropin release and ovarian activity in lactating ani

mals was suggested by Kann, Martinet and Schirar (1977). 

It is based on the fact that estrogen sensitizes the pitui

tary to secrete LH and FSH. During lactation, suckling 

induced surges of prolactin which inhibits estrogen sensi

tization of the pituitary resulting in reduced gonadotropin 

secretion. Carter et al. (1980) indicated that reestablish-

ment of reproductive activity after parturition was delayed 

by suckling through suppression of pituitary gonadotropin 

release, and this in turn delayed ovarian follicular devel

opment. It also indicated that the similarity in serum LH 

concentration on a day 5 postpartum between suckled and non-

suckled cows shows that calf removal does not increase pi

tuitary LH release. However, removal of the suckling 

stimulus enhances follicular growth and there was greater 
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follicular volume in nonsuckled cows than in suckled cows 

on day 5 postpartum (Carter et al., 1980). 

Carruthers et al. (1978) reported that suckling (2 

or 4 times daily) in postpartum dairy cows depressed average 

serum LH concentration and retarded onset of episodic LH 

secretion compared with milking. Similar results were 

reported by Stevenson (1979), who reported that lactation 

was a potent inhibitor of LH. 

In summary it can be said that postnatal support of 

existing offspring via lactation was in large part inhibi

tory to further procreation. Reduction of the lactational 

anestrus can be achieved by partial or temporary calf sepa

ration. From the previous studies it can be seen that 

reduction of frequent suckling or milking and associated 

stimuli should hasten postpartum estrus behavior and ovarian 

activity. Some questions still remain to be answered, like 

the optimum time that the calf should be separated from the 

dam or how frequently the calf should be allowed to nurse. 

It is necessary to find the optimal ways in which cows will 

produce and reproduce better so that the livestock producers 

can utilize them and produce in a more efficient way. 

Uterine Involution 

One of the factors that restricts fertility right 

after calving is uterine involution. Estrus and ovulation 

usually do not occur in beef cows during the first 3 weeks 
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postpartum and if they do occur and fertilization takes 

place, implantation of the embryo would not be possible 

because the uterus is not ready to sustain another preg

nancy. The uterus has to go through a series of changes 

before it can reach its normal size again. Placentation 

cannot occur until the uterus has regressed to about its 

normal size. Casida et al. (1968) defined uterine involu

tion as complete when the uterus has returned to its normal 

nonpregnant position and when the two horns are similar in 

diameter and show normal consistency and tonus. 

Processes by which the postpartum uterus returns to 

a state capable of supporting another conception are com

plex and the possible interrelationships existing between 

the uterus and the ovaries during this period are not well 

understood. Marion and Gier (1968) reported that before 

uterine involution can be termed complete, a series of 

physical and histological changes must take place in the 

uterus. They observed that uterine involution must undergo 

the following changes: reduction in size, loss of tissue 

and repair, before involution could be termed complete. 

Vasoconstriction and peristaltic contractions are the main 

processes by which the uterus returns to its normal non

pregnant size. Shedding of the fetal membranes appeared to 

be associated with peristaltic muscular contractions 

(Marion and Gier, 1968). They also reported the loss of 
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tissue fluids appeared to be a major factor in early uterine 

size reduction. Morrow (1969) observed that due to a re

duced vascular flow the caruncular stalk undergoes necrosis 

and that by day 10 it has completely disappeared. He also 

mentioned that lochia forms when the superficial layer of 

the caruncle dissolves and mixes with fetal fluid, blood and 

mucus. The maximum amount of lochia is present during the 

first 48 hours postpartum and then decreases drastically by 

day 8 and is absent by day 14 to 24. These results agree 

with what Wagner and Hansel reported in 1969. They said 

that by days 12 to 14 postpartum the necrotic tissue had 

sloughed from the surface of the caruncles and regeneration 

of the epitheleum was beginning. By 30 days postpartum the 

epithelium appeared to have completely covered the caruncu

lar surface. Similar finds were mentioned by Marion and 

Gier (1968) who reported that caruncular sites were covered 

with epithelium by days 10 to 20 postpartum in the previ

ously nongravid horn but not until 20 to 30 days in the 

horn which had been gravid. 

A study of the literature shows that there is a wide 

variation reported in the time required for complete uterine 

involution. Values reported range from 18 days to 56 days 

(Wiltbank and Cook, 1958). Morrow et al. (1966) mentioned 

that the size of the uterus decreased slowly during the 

first 4 to 9 days postpartum, but from day 10 to 14 there 
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was a marked decrease in uterine size, and by day 25 the 

involuting uterus was approaching its former nonpregnant 

size. These findings are similar to those reported by 

Marion and Gier (1968) . They weighed uteri from cows after 

calving and reported the weight of the uterus at calving was 

approximately 9 kg and was reduced to about 3 kg 10 days 

later and to 1 kg by 20 to 30 days postpartum. 

There are many factors that could affect the normal 

processes of uterine involution. Periparturient disease, 

uterine infection and retained placenta are known to delay 

involution (Moller, 1970; Morrow et al., 1969). There have 

been conflicting reports on the way suckling promotes uter

ine involution. Casida et al. (1968) reported that suckling 

promotes uterine involution, Wiltbank and Cook (1958) men

tioned that uterine involution is delayed by suckling. 

Another thing that affects uterine involution is whether 

the cow is pluriparous or primiparous. Generally, it takes 

a few days longer in pluriparous than in primiparous cows 

(Araujo et al., 1974) for the uterus to regress to its non

pregnant size. A more recent study done by El-Fouly, Kotby 

and El-Sobhy (1976) shows that there is little or no effect 

of suckling on the rate the uterus regresses to its normal 

nonpregnant size. 

The effects of nutrition on uterine involution 

appear to be minimal. According to Clements et al. (1978), 
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energy and protein level of the diet only slightly affect 

the rate of uterine involution. 

Under normal conditions, the involuting uterus 

appears to be a contributing factor to lowered fertility 

for approximately 40 days postpartum. However, once the 

uterus has regressed to about its normal size, there appears 

to be no direct evidence that the uterus interferes with 

conception (Kiracofe, 1980). 

Environment 

Environmental conditions under which livestock are 

produced vary greatly. These environmental conditions can 

influence both forage crops and animal husbandry. Animal 

productivity depends not only on the flow of energy, food 

and water within the environment, but also on the adapt

ability of organisms to the environment, and their inter

actions. An animal's productivity is affected both 

directly and indirectly by the climatic environment. In

directly, the parameter of climate: temperature, .humidity, 

air movement, solar radiation, barometric pressure and rain

fall affect the plane of nutrition of animals through the 

quantity and quality of vegetation. A direct environmental 

impact on animal productivity is the stimulation of the 

neuroendocrine system resulting in alteration of several 

body functions (Hafez, 1967). Environment affects animal 

reproduction by affecting puberty, onset of sexual season 
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cycle length, duration of estrus, ovulation rate, frequency 

of anovulatory estrus, response to exogenous hormones, in

cidence of abnormalities in ova, gestation length, fetal 

size, and semen characteristics (Hafez, 1965). He reported 

that the season of birth affects age of puberty mainly in 

seasonal breeders in which reproduction is photoperiodically 

controlled. Domesticated animals fall into two categories: 

(1) species with restricted sexual season, for example, 

sheep and horses; (2) year-around breeders with seasonal 

variation in the incidence of birth, for example, sheep and 

horses in tropical and subtropical latitudes, swine, cattle 

and laboratory mammals. 

With today's technology, man has the ability to 

control some of the environment that affects animal produc

tion, and with knowledge of physiology, nutrition and gene

tics, he can select the type of animal that will best suit 

and produce better in a specific environment. By control

ling certain climatic factors such as temperature, light 

and humidity, man can help animals to reproduce and produce 

more efficiently in areas where before it was impossible 

for them to do so efficiently. 

Of the environmental factors affecting livestock 

production photoperiod is one that has been given special 

attention. Its effect on animal reproduction has been 

extensively studied in sheep. It is known that the 
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incidence of estrus in ewes is inversely related to day 

length. The percentage of ewes showing estrus and ovula

tion was near 100% from October to February, but as day 

length increased (April-July) the percentage of ewes show

ing estrus and ovulation was in the neighborhood of 35% 

(Hulet, 1978). Mallapati, Pope and Casida (1971) indicated 

that when ewes lamb during the months of March to June, 

they had a much longer postpartum anestrus (100 days) when 

compared with ewes lambing during September to December that 

had postpartum intervals of less than 50 days. 

Similar results have been reported in cows by Thi-

bault and Levasseur (1974). They indicated that photo-

period affects the postpartum anestrus in cows and reported 

that postpartum intervals to estrus were at a minimum when 

calving occurred in the months of April to June and maximal 

when cows calved from November to February. In the north 

of the United States and Canada breeding efficiency of cows 

was lowest during the months of decreasing duration of day

light (Salisbury, 1967). The effects of photoperiod are 

less pronounced in areas closer to the equator since there 

is no marked seasonal variation in hours of daylight and 

the breeding season occurs year round (Mercier and Salis

bury, 1947). 

The effects of temperature on reproduction has been 

the subject of many studies, especially the effect at high 
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temperature on fertility and conception rate. High tempera

ture depresses body activity. Hyperthermin overheating 

results in physiological stress which conceivably could 

affect reproduction by creating an unfavorable endocrine 

balance by lowering metabolic activity or by reducing feed 

intake. The effect of high temperature on pregnancy and 

embryonic survival vary with the species, period of exposure, 

gestation length and state of pregnancy. Heat damage to 

embryos was greater when ewes were under continuous high 

temperatures throughout pregnancy than when they were ex

posed only the last third or two-thirds of pregnancy (Hafez, 

1965). He also reported that cows that were 4 to 6 months 

pregnant aborted 2 days after a 27-hour exposure to 38°C. 

High ambient temperature has been reported to lengthen the 

interval from parturition to subsequent pregnancy, to reduce 

conception rate, to increase the interval from parturition 

to first estrus and to shorten the duration of estrus by 3 

to 5 hours (Monty and Wolff, 1974; Wolff and Monty, 1974). 

There have been some studies conducted to try to 

identify the period during pregnancy at which time high 

ambient temperatures are more critical to fertility. Wiersma 

and Stott (1966, 1969) found no effect on pregnancy rate of 

dairy cattle by subjecting them to high temperature 10 days 

after breeding. However, there were detrimental effects if 

the cows were subjected to hot temperatures during the first 
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4 to 6 days after breeding. In 1962 it was reported by 

Stott and Williams that low breeding efficiency in lactat-

ing dairy cows was associated with high ambient temperature. 

They indicated that this was due to a decrease in fertility 

and to a high embryonic mortality. 

High environmental temperatures are also associated 

with an increase in the frequency of silent heat periods 

(Gangwar, Branton and Evans, 1965). Roman-Ponce et al. 

(1978) indicated that the negative effects of high ambient 

temperature on fertility might be due to a decrease in uter

ine blood flow. In an effort to minimize the negative 

effects that high temperature has on breeding efficiency, 

Wiersma and Stott (1966) used evaporative coolers to de

crease the temperature of modified sun shades for dairy 

cattle in open lots during the hot summer months in Arizona. 

They were able to decrease the temperature by 8 to 10°F as 

compared to the non-cooled shades. By doing this they re

ported an increase in breeding efficiency from 35 to 58%. 

From the above discussion it is apparent that a 

knowledge of the different ways in which environment affects 

animal performance could lead to improved management prac

tices, and so minimize the detrimental effects of environ

ment on animal reproduction. 



Age 

Age of the cow is known to account for some of the 

variation in postpartum performance. As in other animals, 

there is only a slight decrease in ovulation and fertiliza

tion rates in aged females, but embryonic mortality, still

birth and postpartum losses increase due to rapid aging of 

the uterus and insufficient milk production (Hafez, 1975). 

After a period of full fertility there is a progressive 

decrease in reproductive efficiency in all mammals due to 

general aging in the male and primarily to uterine aging in 

the female. At that time farm animals are usually slaugh

tered since the aging process cannot be retarded or pre

vented (Hafez, 1975). It has been reported previously that 

fertility of cows increases from one to four years of age, 

then it remains stable up to 6 years and after that fertil

ity starts decreasing (Tanabe and Salisbury, 1946). Similar 

results were found by Ahmed and Tantawy (1959). They re

ported that fertility of the cows begins to decrease when 

they are seven or eight years old, although some of the cows 

may be fertile for as long as 30 years. Most livestock pro

ducers sell their cows by the time they are 9 to 10 years 

old because of the decrease in fertility thereafter. 

Puberty is the period of adolescence when a male or 

a female is first able to release gametes. The first ovu

lation or estrus indicates that the female has reached 
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puberty. As discussed above, fertility is affected by age 

(Ahmed and Tantawy, 1959). They indicated that the mean 

number of inseminations needed to obtain pregnancy in 

heifers is 2.1 for the first gestation, and 1.8, 1.7 and 1.6 

respectively for the next three gestations. Age at puberty 

is affected by climate and social factors. The presence of 

individuals of the opposite sex generally hastens puberty, 

whereas the presence of individuals of the same sex delays 

onset of puberty. The introduction of the boar shortly 

before spontaneous puberty in a group of previously iso

lated gilts results in earlier onset of estrus (Hafez, 1975). 

Nutrition also plays an important role in age at 

puberty. There is a correlation between body weight and 

age at the first estrus. Puberty occurs when body weight 

reaches 60% of the adult body weight in sheep, and 45% of 

the adult weight in cattle (Hafez, 1975). 

The priority for nutrients in animals goes from 

maintenance to lactation, and to body growth with reproduc

tive processes having the lowest priority. This priority 

for nutrients has been shown to be true in cows. Church 

(1977) reported that when cows are bred at 14 to 15 months 

of age, and they are not in a good nutritional status, they 

will not reach mature weight at the time of calving and this 

will result in a prolonged postpartum interval. Work along 

these same lines (Wiltbank and Cook, 1958) showed that the 
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difference in postpartum interval between milked and nursed 

cows tended to decrease with increasing age. They also 

indicated that young cows have a longer interval from calv

ing to first estrus than older cows. These findings were 

confirmed by Wiltbank et al. (1962). He reported postpartum 

anestrus in 2-year old cows of 91.6 days as compared to 53.4 

days in 5-year old or older cows. Schoonover (1969) pointed 

out that young cows are more difficult to rebreed than older 

cows. This could be due to the priority of nutrients. 

Young females usually still have growth requirements and 

besides that they are lactating and thus use the food to 

meet the requirements for those processes first and whatever 

is left, if any, is used to start postpartum ovarian activ

ity. 

No one knows what causes aging and what processes 

associated with aging alter reproduction. Hafez (1974) 

pointed out that anestrus due to aging probably alters the 

functional relationships of the Hypothalamus-pituitary-

ovarian axis leading to a decrease of gonadotropin secretion 

or to a decrease in sensitivity of the ovary to these hor

mones . 

Periparturient Disease 

Diseases occurring at calving are known to alter 

postpartum reproductive performance. The level of produc

tion and the number of lactations appeared to influence the 
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occurrence of periparturient disease. Morrow (1971) re

ported that cows with periparturient disease were 7.7 

months older and produced 490 kg more milk than the cows 

with normal parturition. Erb, Ehlers and Morrison (1958) 

reported similar results. They indicated that age was 

positively correlated with disease at parturition. Cows 

that were older showed more incidence of disease. 

Estrus and ovulation are also affected by peripar

turient disease. Normal dairy cows are reported to have the 

first ovulation 18 days postpartum as compared with 42 days 

in abnormal cows with periparturient disease (Morrow, 1971). 

In a previous experiment Morrow (1966) reported that the 

first ovulation postpartum occurred 15 and 34.4 days in 

normal and abnormal cows respectively. Further, he re

ported that there was a significant difference in the time 

interval from first to second ovulation postpartum among 

normal cows. He reported means of 16.8 days in normal cows 

vs 19.7 days in abnormal cows. The occurrence of silent 

estrus was not affected by periparturient diseases or the 

time interval from parturition to first estrus (Morrow et 

al., 1966; Morrow, 1971). It was also shown from these 

studies that normal cows had twice as many estrous cycles 

and significantly more corpora lutea than abnormal cows. 

As a result there were fewer cystic corpora lutea and cystic 

follicles in normal than in abnormal cows. 



54 

Calving interval and services per conception are 

also known to be affected by postpartum disease. Morrison 

and Erb (1957) reported that cows with normal parturitions 

required 2.0 services per conception and completed a calving 

interval in 413 days. Cows with abnormal parturitions re

quired 2.8 services per conception and had a calving inter

val of 455 days. Similar results were also reported by 

Morrow (1971). Normal cows had a calving interval of 385 

days vs 407 days for abnormal cows. Number of services per 

conception were 1.7 vs 2.2 for normal and abnormal cows 

respectively. 

There are some diseases that are known to cause 

infertility in cows or that have a detrimental effect on 

postpartum reproductive activity. These include genital 

vibriosis, trichomoniasis and nonspecific indometritis. 

Bovine vibriosis is a venereal disease characterized by 

temporary infertility in the breeding female. Trichomonia

sis causes temporary infertility and can be transmitted 

from animal to animal during natural services or during 

artificial insemination. Probably the most frequent cause 

of infertility in cows is nonspecific endometritis (Carroll, 

1972). 

From these studies the importance of preventing 

postpartum disease and of providing prompt treatment for 

those that do occur can be seen. 



Breed 

The postpartum interval is also affected by breed. 

As discussed in an earlier section, several researchers 

have indicated that there are differences in the length of 

the postpartum anestrus among beef and dairy cows. The time 

interval from parturition to the onset of estrus and to 

first ovulation is also longer in beef cows than in dairy 

cows. Mean postpartum intervals to first estrus in dairy 

cows have been reported to range from 30 to 72 days, and in 

beef cows from 46 to 104 days (Casida et al., 1968). First 

ovulation was reported to occur as early as 15 days post

partum in dairy cows, whereas, in beef cows it usually 

occurs much later than that. 

There are differences in postpartum reproduction 

even among beef breeds. Several studies indicate that cows 

of European breed have higher productive rates than cows of 

Zebu origin. However, under stressful conditions this re

lationship is reversed (Donaldson, 1962; Reynolds, 1967). 

Crossbreeding tended to increase reproductive performance of 

beef cows while inbreeding decreased it. Higher calf crop 

percentages were reported when cows were bred for crossbred 

calves than when bred for straight-bred calves (Cundiff, 

Gregory and Koch, 1974; Niswender et al., 1963). Other 

advantages of crossbreeding were that cows reached puberty 

earlier and they had greater resistance to disease and to 
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environmental stress. This means that they will exhibit 

better reproduction under adverse conditions. Generally 

speaking, most reproductive traits have a very low herita-

bility (.10) (Rice et al., 1962). So to account for varia

tions in reproductive efficiency among straight-breeds and 

crossbreeds, one must take into account their ability to 

adapt and reproduce under a given environment. Usually 

crossbreeds adapt and reproduce much better under a given 

environment than straight-breeds. 

Protected Fat Studies 

Ruminants have an advantage over monogastric ani

mals in the sense that they can utilize certain low quality 

plant constitutents or by-products, and make them more use

ful nutrients through the digestive activities of symbiotic 

microorganisms present in the rumen. On the one hand, 

improved utilization of some feed components may occur as 

a result of the action of microorganisms found in the rumen. 

However, on the other hand, some nutrients, such as protein, 

may decrease in nutritive value because a naturally high 

quality protein is readily degraded by rumen microorganisms 

to ammonia, a large portion of which may then be absorbed 

and excreted as urea. 

Ruminants are limited with respect to the levels of 

certain nutrients that can be utilized or tolerated in their 

diets. Amounts of fat greater than 5 to 6% of the diet 



. 57 

cannot be utilized by ruminants. Figroid (1971) indicated 

that when the diets contained fat above those levels, there 

was a marked increase in the excretion of fecal soaps, with 

a reduction in digestibility of the dry matter of the ration, 

and a decrease in overall animal performance. In an attempt 

to overcome some of these limitations, a technique to pro

tect nutrients such as protein and lipids from microbial 

rumen fermentation was developed by Scott et al. in 1970. 

This technique was basically the forming of a lipid protein 

homogenate and then protecting it from rumen fermentation by 

treating the homogenate with formaldehyde. After this tech

nique was developed, a great number and variety of studies 

were conducted to test its effectiveness and usefulness in 

animal production. Parameters such as wood production 

(Reis and Tunks, 1973), digestibility (Schmidt, Benevenga 

and Jorgensen, 1974), feed efficiency (Garrett et al., 

1975), growth (Palmquist, McClure and Parker, 1977), milk 

production (Storry et al., 1980) are some of the evaluations 

that have been made. More recently there have been some 

studies reported in the literature on the use of high fat 

diets in swine. They reported that feeding lipids to sows 

in late pregnancy had a dramatic effect on piglet survival, 

the well-being of the sow and number of days to post-weaning 

estrus (Seerley, 1981). 
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Because protection of fat against rumen fermantation 

has been proven to be a technique that can be used to pro

duce ruminant meat and dairy products containing high levels 

of polyunsaturated fatty acids, considerable attention has 

been given to that technique in the last 10 years. Intake 

of high levels of saturated animal fat has been linked with 

high concentration of serum cholesterol and coronary heart 

disease in man (Garrett et al., 1975). However, there have 

not been enough studies to substantiate that report. Substi

tuting polyunsaturated fats for saturated fats in the diets 

of some individuals reduces serum cholesterol (Garrett et 

al., 1975). Therefore, doctors recommend diets that are low 

in ruminant fats because ruminant fats contain about 50% 

saturated and only 3 to 5% polyunsaturated fats. Using pro

tected fats to by-pass the rumen, one can produce ruminant 

meat and dairy products that contain higher percentages of 

polyunsaturated fats (Macleod, Yu and Schaeffer, 1977). 

Advantages and disadvantages of feeding protected 

lipids to ruminants have been studied by many researchers. 

A great number of studies have been done with dairy cows. 

In early lactations dairy cows experience difficulty in con

suming sufficient feed to meet energy needs for high milk 

production. Attempts to increase energy intake by feeding 

large amounts of unprotected fat have failed due to events 

in the rumen which impaired digestion and decreased 



appetite. But, by protecting the lipids through encapsula

tion of formaldehyde-treated protein, one can feed high fat 

diets without adversely affecting digestion (Scott, Cook 

and Mills, 1971). A major value of including protected 

tallow in the diets of high producing dairy cows lies in 

economically increasing energy intake without adversely 

affecting digestion and thereby raising yield and fat con

tent of milk (Macleod et al., 1977). He demonstrated that 

when animal tallow protected with formaldehyde-treated soy

bean meal was fed to high producing Holstein cows at tallow 

intakes of 1 kg and higher per cow daily, high milk yield 

with elevated fat tests could be sustained. He further 

stated that formaldehyde and cholesterol contents of milk 

are not significantly elevated, and the problems of oxidized 

flavor are avoided. Work done in 1973 by Gooden and Las-

celles on the effect of feeding protected lipid on uptake 

of precursors of milk fat by the bovine mammary gland 

showed an increase in serum concentration of phospholipid, 

cholesterol ester, triglyceride, linoleic (18:2) and a de

crease in oleic acid (16:0). In addition, that paper 

showed a proportionate reduction in the shorter-chain fatty 

acids. They also reported that 60% of milk-fat fatty acids 

of ruminants were derived preformed from the blood and that 

the remainder were derived by the denovo synthesis within 

the glandular epithelium from acetate or B-hydroxybutyrate. 
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Similar results were reported in 1978 by Bines et 

al. He found that lipid supplementation reduced concentra

tion of rumen volatile fatty acids, and also reduced plasma 

B-hydroxybutyrate. Yields of milk, milk energy, protein, 

fat and lactose were increased at low lipid supplementation 

(1.7 kg/day) but reduced at the highest supplementation 

(5.0 kg/day). 

Plowman et al. (1971) reported that milk cows fed 

formaldehyde-treated safflower oil showed a rapid increase 

in linoleic acid concentration to 30 to 35% of the total 

fatty acids. The decline to the standard 3 to 4% linoleic 

was slow and was not achieved until four days after removal 

of the protected fat. As percentage of the linoleic acid 

increased, shorter chained fatty acids (8 to 16 carbons) 

showed a relative decline with only minor changes in the 

other 18 carbon fatty acids. However, the most dramatic 

change that he reported in the composition of milk was the 

increase in fat content of the milk by as much as 1.0 to 

1.5 percentage units. 

In a more recent study Storry et al. (1980) con

firmed these results and proved in fact that there was a 

marked increase in total milk-fat output in response to 

dietary supplements of protected lipid. He also indicated 

that a supplement of protected tallow affected the yields 

of various fatty acids differently. Secretions of those 
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synthesized partly or wholly in the mammary gland and con

taining up to 16 carbon atoms were negatively correlated 

with dietary fatty acid intake, whereas, secretions of 

those derived mainly from dietary or adipose tissue fatty 

acids and containing 18 carbon atoms were positively corre

lated. 

One of the most serious problems faced in feeding 

a high producing dairy cow is meeting the energy require

ments during early lactation. One has to maintain a criti

cal balance between high protein, high energy and adequate 

roughage in order to maintain proper rumen function. If 

the roughage factor is neglected, rumen dysfunction is 

likely to occur. If we go too high on protein at the ex- 1 

pense of energy, diarrhea is likely to be present. The 

problem is further complicated by the limited availability 

and variety of high energy-low density feedstuffs. Jimenez 

(1978) reported that one can solve the problem of high 

energy requirements during early lactation by feeding a 

protected-fat supplement. 

Because of the supposed link between saturated fat 

in the diet and arteriosclerosis in some humans, some re

searchers have focused their attention in trying to increase 

the polyunsaturated fat content of ruminant meat. Garrett 

and Yang (1975) indicated that cattle fed protected fat 

supplements had carcasses containing significantly more fat 
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at slaughter and they graded one-third of a grade higher 

than the controls. The carcasses also contained 10-12% 

linoleic acid compared with approximately 2% for the con

trol. In a different study Garrett et al. (19 75) using both 

sheep and cattle, designed an experiment to determine if it 

was possible to produce carcasses with increased amounts of 

linoleic acid and other unsaturated fatty acids. In the 

lamb trial the ration contained 40% protected-fat supple

ment, and in the beef trial it contained 33%. He concluded 

that the protected fat supplement significantly increased 

the polyunsaturated fat tissue. Fat in the treated lambs 

averaged approximately 20% linoleic compared with 3% for the 

control animals. Steer fat contained about 11% linoleic 

acid vs 2-3% for the control animals. 

A study was done to compare rations containing un

protected fat and protected fat (Eng, 1977). It was re

ported that the cattle receiving protected fat tended to 

gain more rapidly and more efficiently than those receiving 

the unprotected tallow. Furthermore, the carcasses of the 

cattle fed the ration containing the protected fat were 

significantly fatter and graded higher than those receiving 

the unprotected fat ration. In another study designed to 

see the performance of beef cows fed protected fat vs those 

not receiving a protected fat supplement, it was found that 

heifers in the treatment group required 12% less total feed 
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and 36% less concentrate per unit of gain compared with the 

control group. 

In the last five years there has been an increasing 

interest in studying the possible benefits that might occur 

in monogastrics as a result of feeding high fat diets. 

Similar trends to those occurring in ruminants when fed 

rations containing high levels of protected fat were ob

served in monogastrics when they were maintained on high 

fat diets. The percentage of milk fat as well as colostrum 

fat in sows is increased by feeding high fat diets (Boyd 

et al., 1978). He reported that administration of tallow 

following parturition increased percent milk fat for the 

lactation period compared with dams receiving the control 

diet (10.0% vs 8.1%, respectively). In the same study he 

indicated the addition of tallow to the diet of gilts dur

ing the gestation period increased fat content of colostrum 

compared with those receiving a cornstarch diet, 8.9% vs. 

5.6% respectively. Survival of piglets between birth and 

weaning is an important factor in the assessment of pig 

productivity. According to the Agricultural Research Ser

vice (1965) about 25% of the pigs born alive die before 

weaning. One of the major reasons for this high incidence 

of piglet mortality is congenital weakness caused by nutri

tional inadequacy. Intake of adequate nutrients, particu

larly energy substrates, during the early hours of postnatal 
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life is apparently more essential to the piglet than the new

born of other species, since the piglet succumbs to starva

tion more readily (Goodwin, 1957) . The rate of piglet 

survival to 21 days was increased when corn oil was added to 

a basal diet of sows from the 109th day of pregnancy to par

turition when compared with sows receiving a diet containing 

an equal amount of metabolizable energy in the form of corn

starch (Seerley et al., 1974). 

Similar results have been reported more recently by 

Boyd et al. (1978). He indicated that addition of tallow to 

sows' diets after parturition increased survival of the pig

lets and that this was probably due to the increase in per

cent milk fat occurring as a result of adding tallow to 

diets during lactation. He did not elaborate on how or 

what physiological factors influenced the survival of the 

piglets. However, Seerley (1981) did speculate on some of 

the mechanisms by which survival of the piglets was altered 

when feeding high fat diets. He attributed the increase in 

survival to the fact that colostrum and milk of sows re

ceiving high fat diets • contain more calories and those 

additional calories available during the critical 50 to 100 

hours of life were essential for some piglets to survive. 

Other factors that increase the survival rate are the in

creased birth weight, increased blood glucose at birth, 

slower disappearance of blood glucose during starvation and 
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slower disappearance of live glycogen. He suggested that 

lipids are being used for energy and the carbohydrate energy 

reserves were being conserved. 

Another important feature of feeding fats to sows 

was besides increasing piglet survival, it also increased 

conception rate. Seerley (1981) mentioned a study investi

gating the effect of fat on conception rate. They found 

that 8.3% more sows in the fat group conceived at first mat

ing. He also mentioned that increasing the caloric content 

of diets reduced the post-weaning to estrus interval. They 

tested two different diets: one containing 8000 Kcal/hd/day 

and the other containing 16,000 Kcal. Twenty-eight percent 

"of the sows on the first diet showed estrus by day 6 post-

weaning, whereas 92% of the sows on the 16,000 Kcal diet 

displayed estrus by the same day. He stated that based on 

the available research, two different nutritional factors, 

energy or lipid per se, may be involved in conception rate 

and that lipids may be essential as a substrate for normal 

reproduction. He further stated that by feeding lipids one 

can cause some metabolic responses that cannot be duplicated 

by providing more feed to sows. 

In summary, it can be said that a review of recent 

experimental work on protected fat products shows a consis

tent improvement in performance and carcass characteristics 

when the protected fat is added to ruminant diets. The 



polyunsaturated content of the fat deposited in the car

casses of ruminants can be significantly increased by feed

ing protected fat. Whether or not this phenomenon is ever 

to become of practical or economical significance is a con

troversial subject. However, from a purely scientific view

point, it is interesting to note that the characteristics 

of carcass fat can be altered using this technique (Eng, 

1977). Studies with lactating dairy cows also indicate 

that protected fat is efficiently used for milk and butter-

fat protection. And there appears to be a bright future on 

the use of fat to improve reproductive performance as evi

denced by the work done in sows. 



GENERAL PRE-EXPERIMENTAL INFORMATION 

A pilot experiment was conducted to assess the 

effect of feeding a protected fat supplement on total lipid 

content of bovine blood. This prepared food was a homogen-

ate containing 70% tallow, 30% casein and 3% formaldehyde 

by weight of the protein. The theory was to protect the 

fat supplement in such a way that it would bypass the rumen 

and be digested in the small intestine. 

Eight cows from The University of Arizona drylot 

herd were selected for this preliminary study. Four cows 

were chosen from each of two groups. One group was con

sidered to be moderately thin with an average weight of 470 

kg. The other group of cows was considered to be in good 

body condition weighing an average of 540 kg. Cows were 

selected from these groups to determine if there were any 

differences in response due to body condition of the cow. 

The cows were group fed, once daily, 6.8 kg per head for 15 

days, a ration containing 60% ground alfalfa hay, 30% cot

tonseed hulls and 10% protected fat. This ration provided 

100% of NRC recommendations (1976). Blood samples were 

taken from the lateral coccigeal vein from each cow prior 

to the beginning of the experiment. Lipid content of these 

samples served as control levels. Daily blood samples were 
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taken from each cow for the entire 15 days while on the ex

perimental ration. Immediately after obtaining the blood 

samples, they were taken to the laboratory where they were 

centrifuged at 3,000 RPM and 4°C to separate the plasma. 

The plasma was then frozen until analyzed for total lipid 

levels by the chloroform-methanol technique (Folch, Lees 

and Stanley, 1957). 

The results of this pilot study showed a significant 

increase in total blood lipid content. Cows that were in 

moderately thin condition rose from .29 ± .8 gm of lipid 

per 100 ml of blood on day zero to .93 ± .3 gm on day 5. 

Blood lipid content remained at this level until the end of 

the experiment. 

Similar results were observed for the other group of 

cows. Good condition cows started at an average of 0.49 ± 

.19 gm of lipid per 100 ml of blood. A gradual increase in 

lipid levels were observed, with the highest level occurring 

on the fourth day (0.79 ± 0.15 gm). From day 4 until the 

end of the trial, the lipid levels remained about the same. 

Good condition cows almost doubled their total blood lipid 

by day 4 of the experiment, while the increase for the thin 

condition cows was much more dramatic with a three-fold 

increase. These results showed that feeding a ration con

taining 10% protected fat would result in a two to three 



fold increase in total lipid content in four to five days 

Based on these results the following experiments were con 

ducted. 



MATERIALS AND METHODS 

Experiment I—Effect of Protected Fat 
Diet on Pituitary Response to GnRH 

Eight ovariectomized brangus cows from The Univer

sity of Arizona drylot herd were utilized in this trial. 

Average weight of these cows was 474 kgs. They have been 

ovariectomized for about a year. 

Pre-Experimental Period 

For about 30 days prior to this trial all cows were 

maintained as a group and fed once daily a maintenance 

ration consisting of alfalfa hay and cottonseed hulls. This 

ration was estimated to supply approximately 4.2 kg of TDN 

per head daily. Cows had access to a free choice mineral 

supplement which contained both major and minor minerals. 

All cows were considered to be in good to moderate condition. 

These cows had been haltered and trained to the handling and 

restraint procedures used in this study. 

Experimental Procedures 

All cows were weighed prior to the beginning of the 

trial and four cows were then randomly assigned to either 

the treatment or the control group. The average weight for 

the control group was 491 kg and for the treatment group 

457 kg. In addition to the basic ration, the treatment 
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group received .68 kg of a specially prepared protected-fat 

supplement. Both groups received approximately 4.0 kg of 

TDN per day. Compositions of the rations are shown in 

Table 1. All cows were placed in individual pens for the 

entire trial and were hand-fed pre-weighted (7.5 kg) por

tions once daily at approximately 1000 hours. Both groups 

readily consumed the feed, there being no weigh-back. The 

cows received this feed for 30 days. On day 29, two cows 

from the control group and two from the treatment group 

were fitted with an indwelling catheter, surgically inserted 

into either the. left or right jugular vein. The catheter 

was directed externally along the neck to the upper part of 

the shoulder where it was protected by taping and glueing it 

to the skin of the neck and shoulder. This prevented the 

animal from pulling it out. To maintain functional patency 

of these catheters they were flushed with a 10% heparinized 

saline solution. Once it was determined that the catheters 

were patent, each cow was secured to one side of the pen 

using a swinging gate. A baseline period consisted of six 

10 ml blood samples taken from each cow for an hour at 10-

minute intervals. As soon as the sixth sample was taken, 

200 ug of gonadotropin releasing hormone in 2 mis of iso

tonic saline solution was injected intramuscularly into 

each cow. The test period lasted for four more hours with 

blood samples taken at 10-minute intervals. 
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Table 1. Ration composition and total TDN intake daily per 
cow (kg/cow). 

Alfalfa Cottonseed Protected TDN 
Group Hay Hulls Fata Intake 

Control 4.10 2.73 0 4.0 

Treatment 4.10 2.73 .68 4.2 

aComposed of 70% tallow, 30% casein, 3% formaldehyde by 
weight of protein. 

TDN intake meets maintenance requirements (NRC 1976). 

Twelve CC disposable syringes were used to collect 

the blood samples. Immediately after each sample was taken 

the catheter was flushed with 10 mis of 10% heparinized 

saline solution to prevent clotting. The blood sample was 

then put into a 10 ml vacutainer containing heparin to pre

vent clotting. New syringes were used to collect each 

sample. Samples were kept chilled in ice in a polyurethane 

chest until they were transported to the laboratory where 

they were centrifuged at 4°C and 3000 rpm to separate the 

plasma. Plasma samples were stored in screw-cap plastic 

vials at -20°C until the hormone analysis was performed. 
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On day 30, the remaining 4 cows (two from the con

trol and two from the treatment group) were fitted with 

indwelling catheters and the trial was conducted in the 

same manner as the previous group. Both groups were main

tained in the individual pens two more days after their 

trial to make sure there was no bleeding from the jugular 

vein after removal of the catheter and to check any other 

possible complications. On the second day after the trial 

the experiment was terminated, all cows were weighed and 

returned to their original pen. 

Hormone Analysis 

Plasma-Luteinizing hormone levels were analyzed 

using the double antibody Radioimmunoassay technique. The 

procedure used in this laboratory was the one described by 

Niswender et al. (1969). This procedure is the most widely 

used for analyzing levels of LH. The general procedures 

are as follows: 

1. Preparation of the labeled antigen using radioactive 

iodine. 

2. Addition of various amounts of standard hormone and 

unknown sample to tubes in a fixed amount of buffer. 

3. Addition of first antibody for LH. Incubate for 24 

hours at 4°C. 

4. Addition of a fixed amount of labeled hormone. 

Incubate for 24 hours. 
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5. Addition of the second antibody, anti rabbit gamma 

globulin. Incubate for 72 hours. 

6. Count the precipitate in a gamma counter. 

The data obtained from the LH response to GnRH in

jection was analyzed by running orthogonal polynomial re

gression on each cow. To detect differences among groups an 

orthogonal polynomial regression was run on the regression 

coefficients. For the polynomial of each degree a test was 

made to see if orthogonal polynomials of higher degree 

should be considered. A significant F-statistic indicates 

that a higher degree polynomial should be considered. A 

multianalysis of variance was done on the regression coeffi

cients to detect differences among treatment groups and on 

time of LH response. 

Results and Discussion 

Average weights of the ovariectomized cows at the 

beginning and end of the experiment, for both control and 

treatment groups, are presented in Table 2. Both groups of 

cows were fed a maintenance ration (NRC, 1976). The rations 

were isocaloric and supplied approximately 4.0 kg of TDN 

per head daily. There were significant differences in 

weight changes between groups. Cows in the control group 

lost an average of 8 kg (-.24 kg/day) whereas those in the 

treatment group gained 33 kg (1.01 kg/day). This 
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Table 2. Weights and weight changes (kg) of ovariectomized 
cows. 

Average 
Parameter Group Weight (kg) 

Weight at the start Control 491 
of the experiment Treatment 457 

Weight at the end Control 483 
of the experiment Treatment 490 

Weight change during Control - 8 
entire experimental Treatment + 33 
period 

differences among treatment were significant, p < .05. 



difference can be partially accounted for by the total TDN 

given to the cows. The fact that both groups were fed 4.0 

kg TDN daily and cows in the treatment group weighed 

approximately 50 kg less may explain some differences in 

weight gain. Also, this data suggests that the protected 

fat provided sufficient energy for cows to be able to gain 

weight more efficiently than those not receiving the pro

tected fat supplement. 

Any explanation of this increased efficiency must 

undoubtedly include the increase in blood lipids found in 

the preliminary trial when protected fat was included in 

the diet. Although blood lipid was not measured in this 

experiment, an increased circulating level of readily 

available lipid may be energetically more efficient for 

conversion to body tissue than unprotected fat, which is 

degraded in the rumen, and is probably less available to 

the animal for tissue synthesis. Certainly there are 

energetic losses associated with the metabolic conversions 

from dietary component to rumen bacterial cell structure 

to host animal tissue. Previous work agrees with the 

results presented here. Eng (1977) indicated that cattle 

receiving a protected fat supplement tended to gain weight 

more rapidly and more efficiently than those not receiving 

it. Furthermore, he reported that carcasses of the cows 

given the protected fat ration graded higher than the 



control cows. In another study (McCartor, Rhodes and Randel 

1976), it was found that beef cows receiving protected fat 

required 12% less total feed and 36% less concentrate per 

unit of gain when compared to cows receiving unprotected fat 

The LH data collected from this study was satisti-

cally analyzed by running orthogonal polynomial regression 

on each cow, and then by doing a multianalysis of variance 

on the regression coefficient to see if there was any dif

ference among treatment groups and on time of LH response. 

A natural log transformation of LH concentration was used 

to increase the homogeneity of variance and to reduce the 

mean standard error. For the polynomial of each degree a 

test was made to see if orthogonal polynomial of higher 

degree should be considered. A significant F-statistic 

indicates that a higher degree should be considered. In 

the treatment group it was found that the best line that 

fitted our data was at the 3rd degree polynomial. Table 3 

shows the polynomial regression statistics in this group. 

Even though the F value at the 4th degree is still signifi

cant, it was decided to use the 3rd degree since there was 

practically no increase in the multiple correlation coeffi

cient from the 3rd to the 4th degree (.627 vs .630). The 

control group was found to have a linear effect. It can be 

seen from the values shown in Table 4 that the F value was 

not significant at the first degree. Thus, based on this, 



78 

Table 3. Polynomial regression of ovariectomized cows in 
the treatment group. 

Degree DF MS F 

0 5 25 46 

1 4 24 45 

2 3 6 11 

3 2 4 8 

4 1 7 13 

Residual 114 
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Table 4. Polynomial regression of ovariectomized cows in 
the control group. 

Degree DF MS F_ 

0 5 0.64 1.43 

1 4 0.43 .96 

2 ' 3 0.57 1.28 

3 2 0.58 1.30 

4 1 0.85 1.90 

Residual 114 0.45 



it was found that the line that best fit this data was 

linear. The regression equation for the treatment cows 

was Ln (LH) = -.7875 + .7605T - .0380T2 + .006T3 and for 

the control cows Ln (LH) = 1.1984 + 0.128T. These regres

sion equations show that there was a great difference in the 

slope of the data between groups. The treatment cows had a 

much greater slope than that of the control cows. This can 

be interpreted to mean that for each increase of unit of 

time there was a much greater response in the LH release in 

cows that received the protected fat when compared to the 

ones that did not receive it. This is also evidenced by 

looking at Table 5 where the regression coefficients for 

both groups are presented. It can be seen that all the de

grees from the intercept to the fifth degree of orthogonal 

polynomial are significantly different between the treatment 

and control cows, with the intercept, linear, quadratic and 

cubic all being significantly different (p < .05). 

Figure 1 shows the predicted LH values plotted 

against time for both treatment and control cows. In these 

graphs one can appreciate the large quadratic and cubic 

effect on the treatment cows whereas the control cows show 

a basically linear effect. From the data presented above, 

it can be seen that there was a great difference in the 

quantity of LH release between groups. In the control 

group the highest peak of LH release was 12 ng/ml; whereas 



a / b 
Table 5. Regression coefficients 

Intercept Linear Quadratic Cubic Quartic Quintic 

Treatment cows 32.96 5.27 - 8.99 3.07 1.16 - 2.71 

Control cows 15.31 1.22 - 0.06 - 0.74 - 0.56 .92 

aRegression coefficients values were obtained using natural log transformation. 

Differences between treatment and control cows were significant, p < .05. 
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Figure 1. Predicted values of LH concentration (ng/ml) of 
ovariectomized cows, with natural log trans
formation 
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in the treatment group some cows peaked as high as 43 ng/ml. 

The predicted peaks for both groups 5.3 and 49 ng/ml for the 

control and the treatment cows respectively. The treatment 

cows had mean LH release values of 34 ng/ml, whereas the 

control group had only 4.90 ng/ml. Even though in the con

trol group all cows peak much higher than that, the fact 

that pre-GnRH injection data or baseline LH values were 

included in the statistical analysis pulls the average LH 

values down. 

An explanation of this marked difference is at best 

difficult. However, raising the lipid content of the blood, 

and maintaining it for an extended period of time, may 

stimulate pituitary synthesis and storage of LH or increase 

pituitary sensitivity to GnRH stimulation. 

It is known that estrogen has a stimulatory effect 

on pituitary response to GnRH. Another explanation may be 

that increasing the level of lipids in the blood would also 

increase the level of blood cholesterol, the basic molecule 

from which estrogen is formed. This might increase the 

storage of estrogen or estrogen precursors in fat depots 

and thus affect the levels of estrogen in the blood which 

in turn would "prime" the pituitary or exert a positive 

feedback for LH release. Another possibility is that fat 

in the blood is important as a monitor in energy balance by 

the hypothalamus. Research has shown that a negative energy 
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balance diminishes reproductive processes simply because on 

a nutrient priority basis reproduction comes last. Thus, a 

high lipid content in the blood might signal the hypothala

mus to "sensitize" the pituitary for LH release. Cows in a 

positive energy balance are better able to carry on the 

reproductive processes. These theories seem to agree with 

the results Frisch and Revelle (1971) reported. They indi

cated that in the prepuberal humans menarche required a 

certain percent of body fat, regardless of age, and that 

once this percentage of body fat was attained it brought a 

change in metabolic rate that triggers a chance in the sensi

tivity of the hypothalamus to steroids. In more recent work 

Frisch and McArthur (1974) suggested that a minimum level of 

stored, easily mobilized energy is necessary for ovulation 

and menstrual cycles in the human female. Seerley (1981) 

has reported that by feeding high levels of fat to sows it 

brings about certain metabolic changes that are beneficial 

in reproduction and cannot be duplicated by providing more 

feed to sows. Even though more extensive studies are needed 

to substantiate the results and theories that have been dis

cussed above, it would seem that by increasing the total 

lipid in the blood, and maintaining that high level for 30 

days it would make the pituitary more sensitive to GnRH 

stimulation, thus causing greater LH release. 
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Summary 

Eight ovariectomized brangus cows were used to study 

the effect of feeding a protected-fat supplement on LH 

release after GnRH injection. The cows were equally divided 

at random into two groups (control and treatment), placed in 

individual pens, and fed a ration supplying 4.0 kg of TDN 

per head daily. Cows in the treatment group received .68 kg 

of protected-fat daily for the entire experimental period 

(30 days). On the last day of the experiment the cows were 

inserted with an indwelling jugular catheter, and blood 

samples were taken every ten minutes for a period of 5 

hours. After the sixth sample was taken, 200 yg of GnRH 

were injected intramuscularly to induce LH release. The 

samples taken before the GnRH was injected were used to 

establish basal LH levels. LH levels were analyzed by using 

the couble antibody radioimmunoassay technique. 

Average weight of the cows for the control and 

treatment group were 491 and 457 respectively. Cows in the 

control group lost weight (-8 kg) during the entire experi

mental period, whereas those in the treatment group gained 

33 kg. 

The highest LH peak value was 12 and 43 ng/ml in 

the control and treatment group respectively. But mean 

values were only 4.9 ng/ml for the control and 43 ng/ml for 

the treatment group. 
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Experiment II—Effect of Protected Fat Diet 
on Postpartum Pituitary Response to GnRH 

In this study twenty multiparous 4-year old pregnant 

brangus cows from The University of Arizona drylot herd were 

used. 

Pre-Experimental Information 

These cows were maintained in a drylot pen and were 

group-fed once daily a ration consisting of 4.1 kg of ground 

alfalfa hay and 2.7 kg of cottonseed hulls per cow per day. 

This diet was estimated to supply about 4.0 kg of TDN per 

head daily. Cows had access to a free choice mineral sup

plement. All cows remained in this pen until one or two 

days before calving, at which time they were taken to a 

nearby rye grass pasture so that they could calve in a more 

suitable environment to minimize perinatal calf disease. 

These cows were not haltered or trained to the handling 

procedures used in this study. 

Experimental Procedures 

Immediately after calving, weights of both the calf 

and the dam were recorded. They were then both placed to

gether in an individual pen where they remained for 7 days. 

As cows calved they were randomly assigned to either the 

control or treatment group. The treatment consisted of 

adding .68 kg of protected-fat feed to the basic ration 
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(ground alfalfa hay, cottonseed hulls and concentrate). For 

composition of the diet and amounts fed, see Table 6. The 

diet for both groups was designed to supply approximately 

4.4 kg of TDN daily per animal. This is about 80% of the 

NRC requirement. Cows were hand-fed once daily. As in 

Experiment I, the treatment cows readily ate the protected-

fat feed. On day 7 postpartum an indwelling catheter was 

inserted into the jugular vein. These procedures were 

similar to those recorded in Experiment I. Blood sampling 

regimen was as described in Experiment I. After the sixth 

sample, two ml of isotonic saline solution containing 200 

Ug of GnRH were also injected intramuscularly. Blood sam

pling was continued for four more hours at 10-minute inter

vals. The glood samples were handled as described in 

Experiment I. Luteinizing Hormone levels were analyzed 

using the radioimmunoassay double antibody technique. The 

latter part of this experiment was designed to assess the 

effect of protected-fat diet on postpartum estrus activity. 

After the first 10 cows had undergone this GnRH response 

portion of this experiment, they were assigned to one of two 

larger pens (Control and Treatment) and continued to be 

group-fed the same ration they had received before. As soon 

as the cows were put in these pens, a bull with a chinball 

marker was placed in each pen to detect estrus or signs of 

early ovarian activity and to mark cows which were bred. 
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Table 6. Ration composition and total TDN intake daily per 
cow (kg/cow). 

Cotton TDN 

Group 
Alfalfa 
Hay 

seed 
Hulls 

Protec
ted Fata 

Concen
trate*5 

Intake 
kgc 

Control 4.10 2.73 0 0.91 4.3 

Treatment 4.10 2.73 .68 0 4.4 

aComposed of 70% tallow, 30% casein, 3% formaldehyde by 
weight of protein. 

Composed of 48% milo, 25% cottonseed meal, 5% molasses, 
12% dicalcium phosphate and 10% urea. 

CTDN intake meets 80% of the NRS requirements (1976). 

Estrus was also checked by daily visual observation. The 

bulls were switched every day to minimize libido differences. 

Just before feeding the cow in the morning (8:00 a.m.), the 

bulls were taken to a different pen so that the cows 

wouldn't be disturbed while eating and also to ensure that 

the cows would eat all the feed served and not be bothered 

by the bulls. The bulls were taken back with the cows at 

around 1:00 p.m. and remained with the cows until the next 

morning. This procedure of taking the bulls out in the morn

ing and then switching them before putting them back with 

the cows was followed throughout the duration of the trial. 
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As the remaining ten cows calved they were assigned 

randomly to a control or treatment group. The cows and day-

old calves were weighed and put in either one of the two 

pens. All the cows remained in these pens and received 

either the protected-fat feed or the control feed for a 

period of 75 days. The postpartum breeding period lasted 

75 days. On day 76, the protected-fat feed was discontinued. 

All the cows and calves were weighed, and were put together 

in one pen. The cows were kept for 75 more days and then 

checked for pregnancy. During this period the cows were 

given a ration supplying approximately 120% of the NRC 

recommendation for TDN and the calves were creep fed. 

The data obtained from the LH response to GnRH 

injection was analyzed by running orthogonal polynomial 

regressions on each cow. To detect differences among groups 

an orthogonal polynomial regression was run on the regres

sion coefficients. For the polynomial of each degree a 

test was made to see if orthogonal polynomials of higher 

degree should be considered. A significant F-statistic 

indicates that a higher degree polynomial should be con

sidered. A multianalysis of variance was done on the re

gression coefficients to detect differences among treatment 

groups and on time of LH response. 



90 

Results and Discussion 

Weights and weight changes of the cows during the 

entire experimental period are recorded in Table 7. The 

rations for both groups of cows (control and treatment) were 

isocaloric. Both groups were receiving approximately 4.2 kg 

of TDN per head daily, which supplied 80% of the NRC (1976) 

recommendations for a 500-kg cow. . Cows not receiving 

protected-fat (control group) lost an average of 35 kg dur

ing the experiment, while cows in the treatment group re

ceiving protected-fat lost only 22 kg. This difference was 

statistically significant (p < .01). These results indicate 

that cows in the treatment group were able to more nearly 

maintain their initial body weight during the test period. 

They lost only 4.6% of their initial body weight, while 

receiving 80% of their TDN requirement. Under the same 

energy intake, the control cows lost 6.72% of their body 

weight. 

The difference in weight loss between groups may 

have been due to the protected fat in the experimental diet, 

since both diets contained the same amount of TDN. As 

shown in the pilot study, cows receiving the protected-fat 

had higher blood lipid levels, which probably served as a 

more efficient source of dietary energy. Thus treatment 

cows were better able to more nearly maintain their body 
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Table 7. Weights and weight changes (kg) of postpartum 
cows. 

Parameter Group 
Average 

Weight (kg) 

Weight at the start Control 514 
of the experiment Treatment 474 

Weight at the end Control 479 
of the experiment Treatment 452 

Weight change during Control - 35a 
entire experimental Treatment - 22a 
period 

-a 

Differences among treatments were significant, p < .05. 



92 

weight despite the fact that their TDN intake was below MRC 

recommendations. 

Table 8 shows the weight of the calves at birth, 

total weight changes and average daily gain during the 

.trial. There were no differences in weight gains or ADG 

between calves of mothers on the treatment diet and on the 

control diet. These results indicate that milk production 

was about the same in both groups. The fact that calf 

weight gains between the two groups did not reflect the 

differential weight loss shown by adult cows indicates that 

lactation may enjoy a preferential energy status during 

periods of low energy intake by lactating cows. On day 30 

of the experiment both groups of calves were creep fed. 

This may have masked or minimized any possible difference 

between groups. 

Several investigators have reported that there is a 

refractory period of 10 to 15 days postpartum during which 

time there is no pituitary responsiveness to exogenous GnRH» 

Fernandez et al. (1978) reported that in dairy cows plasma 

LH release in response to GnRH is not fully restored until 

after 10 days postpartum. In postpartum suckled beef cows' 

pituitary responsiveness to exogenous gonadotropin releas

ing hormone increases after parturition and appears to be 

fully restored by 15 to 16 days postpartum (Irvin et al., 

1977). One possible explanation for this refractory period 



Table 8. Weights and weight changes (kg) of calves. 

Parameter Group 
Average 

Weight (kg) 

Weight at birth Control 36 
Treatment 33 

Weight at end of Control 90 
the experiment Treatment 87 

Weight change during Control + 54 
entire experimental Treatment + 54 
period 

Average daily gain Control .72 
Treatment .72 

that exists in both dairy and beef cows is that the pitui

tary has not stored enough LH during pregnancy and thus will 

not respond to a GnRH injection because of an absence of 

security material. In support of this theory is the fact 

that pituitary LH content is very low at parturition and 

increases during the postpartum period, being fully re

stored by about 14 days postpartum. The results that were 

obtained in the present experiment disagree with the length 

of the refractory period reported by Irvin et al. (1977) in 

postpartum suckled beef cows. According to our data the 
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pituitary gland has regained responsiveness to exogenous 

GnRH by day 7 postpartum as was evidenced by the response 

in plasma LH levels on the seventh day. Mean LH levels 

using natural log transformation were 2.90 ug/ml (18 ug/ml) 

and 2.56 yg/ml (13 yg/ml) for the treatment and control 

group respectively. These results agree with those previ

ously reported by Kesler et al. (1977). They indicated 

that in some cows pituitary responsiveness to exogenous 

GnRH appears to be restored by 7 to 8 days postpartum. 

The data collected from the LH response to GnRH 

injection was analyzed by running orthogonal polynomial 

comparison between treetments to see if there were any dif

ferences between the control and the treatment groups. 

Also statistical analyses were made to detect any possible 

difference in time response to LH secretion. The data 

obtained from this experiment shows that there was a lot of 

individual variation in the LH response, both within and 

between treatment groups. To increase the homogeneity of 

variance it was necessary to use natural log transformation. 

It was then found that even though the LH values tended to 

be somewhat higher in the treatment group than those for 

the control cows, they were not statistically different. 

The predicted equations were In (LH) = .2554 + .2080T + 

•0022T2 - .0002T3 and In (LH) = .5423 + .2274T + .0001T2 -

3 .0002T for the treatment and control group respectively. 
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Both groups had a multiple correlation coefficient of .67. 

It can be seen from these predicted equations that there 

was practically no difference between the two groups. Table 

9 shows the regression coefficients for both groups. The 

cows that received the protected-fat tended to have 

slightly higher regression coefficient values. However, 

again they were not statistically significant. Figure 2 

shows the LH predicted values plotted against time. There 

were practically no differences from the time of GnRH injec

tion to LH peak between groups. Based on the results of our 

previous experiments, these findings are difficult to ex

plain. 

One possible explanation for the lack of differences 

between treatments may be that the cows were on the treat

ment diet for only seven days. This may not have been long 

enough for the cows to adapt metabolicly to the changes 

imposed by high circulating lipids. This conjecture seems 

to be substantiated by the fact that there were significant 

differences in the estrus response between these same two 

groups of cows. The difference here was that the cows had 

been fed the protected-fat for longer periods of time. One 

other item that supports this supposition was that in Ex

periment I when the cows were fed the protected-fat for 30 

days, there was a significant difference in LH release 

(p < .05) between the control and the treatment groups. 



Table 9. Regression coefficientsa' /̂C 

Intercept Linear Quadratic Cubic Quartic Quintic 

Treatment cows 35.54 9.36 - 6.27 - 1.04 1.31 0.18 

Control cows 31.35 8.98 - 6.73 - 1.39 1.93 - 0.37 

a 
Regression coefficients values were obtained using natural log transformation. 

None of these values were statistically significant. 

C 2 R = .67 for both treatment and control groups. 

a\ 
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CONTROL » 

[=S 7 = 0.26 

TREATMENT 

SAMPLE NUMBER 

Figure 2. Predicted values of LH concentration (ng/ml) of 
intact cows, with natural log transformation 



Thus it seems that if we fed the cows for about 20 days, 14 

days postpartum, we might see a different response. Obvi

ously, further research is needed to substantiate this. 

Restricting energy intake has been shown to have an 

adverse effect on postpartum reproductive performance. The 

parameters that are especially affected are: postpartum 

anestrus, interval to rebreeding, and number of services 

per conception (Dunn et al., 1969; Joubert, 1954; Oxenreider 

and Wagner, 1971) . It has also been shown that both pre 

and postpartum energy restrictions have adverse effects on 

postpartum reproduction. Of the two, postpartum energy 

restrictions appears to have more detrimental effect (Wilt-

bank et al., 1964). 

In this experiment, decreasing the postpartum TDN 

intake below NRC recommendation had a negative effect on 

the postpartum interval to estrus in the control group when 

compared with the treatment group (Table 10). Fifty per

cent of the cows receiving the protected-fat supplement 

showed estrus by day 45 postpartum vs 20% for the control 

group. By day 45 postpartum all the cows in the treatment 

group had shown signs of estrus activity. Estrus and estrus 

activity was detected by using an intact bull with a chin-

ball marker and by daily visual observation. 

The results shown in Table 10 indicate a marked 

difference in standing estrus and signs of estrus activity 
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Table 10. Estrous responses of cows to protected-fat 
supplement at 15, 30, 45 and 75 days postpartum 

Standing Signs of 
Number Estrusa Estrous Activity 

Day 15: 
Treatment cows 10 6 
Control cows 10 1 

Day 30: 
Treatment cows 10 3 10 
Control cows 10 1 3 

Day 45: 
Treatment cows 10 5 10 
Control cows 10 2 5 

Day 75: 
Treatment cows 10 8 10 
Control cows 10 6 6 

Estrus and signs of estrous activity were detected by 
using a bull with a chinball marker and by daily 
visual observation. 

Significant differences at p < .01. 
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between the two groups. The relatively high number of cows 

showing signs of estrus in the protected-fat group by day 

45 indicates a possible positive correlation between lipid 

levels in the blood and the release of hormone affecting 

postpartum ovarian activity. A minimum lipid level may be 

necessary before the hypothalamus can signal the secretion 

of the releasing factors. A similar theory was presented 

by Frisch and McArthur (1974). They studied the degree of 

fatness as a determinant of minimum weight for height neces

sary for maintenance of onset of menstrual cycles in women. 

They reported that normal girls become relatively and abso

lutely fatter from menarche to reproductive maturity. They 

mention that previous findings have associated a certain 

body weight with occurrence of menstrual function. However, 

they proved that the average critical weight represents a 

critical body composition of fat as a percentage of body 

weight, which was attained at varying weight and heights 

within a population. They suggested that a minimum level 

of stored, easily mobilized energy was necessary for ovula

tion and menstrual cycles in the human female. The results 

of this experiment indicate that in lactating beef cows a 

similar theory may hold true. However, by increasing the 

circulating total lipid level in the blood, rather than 

having the cows attain a certain percentage of body fat, 

one may trigger the mechanisms that are necessary for the 
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hypothalamus-pituitary and ovary to start normal release 

soon after parturition. These results agree with what 

Seerley (1981) reported. He was able to reduce the number 

of days to postweaning estrus in sows by feeding high fat 

rations. He mentioned that lipid feeding causes some meta

bolic responses that are important in reproduction and that 

cannot be duplicated by providing more feed. He did not 

elaborate on how these metabolic responses affect the 

mechanisms necessary to start postpartum ovarian activity. 

Butler (1980) reported that there was a positive correlation 

between cows that did not conceive 80 to 90 days postpartum 

and those that had a relatively low empty body lipid per

centage (EBLP). Furthermore, he indicated that there might 

be a minimum lipid percent necessary for estrus, conception 

and maintenance of pregnancy, and that an EBLP of below 13% 

would result in reduced reproductive performance during a 

restricted breeding season. 

It can be said, based on the results of this experi

ment and on other published results discussed above, that 

in fact there does appear to be a minimum body/or blood 

lipid content necessary before mammals can start the repro

ductive process. Once the blood or body lipid content go 

either below or above certain levels it signals the hypo

thalamus to stop or start, respectively, secreting the 



102 

releasing factors that are necessary to start any reproduc

tive activity in the female animal. 

In this experiment the breeding period lasted 75 

days for both groups. Bulls were separated from the cows on 

the 76th day; and cows were kept for 70 more days for preg

nancy checking. Of the twenty cows used in this experiment, 

only one cow from the control group conceived during the 

breeding period. It is the author's opinion that the cows 

failed to get pregnant because the bulls used were too 

small to breed the cows. Estrous activity was checked dur

ing the entire experimental period by using bulls with a 

chinball marker and also by daily visual observation. Dur

ing that time a bull was never actually seen breeding the 

cows. When a cow was in standing estrus the bulls marked 

the cow all over and jumped on her, but they were just not 

able to breed her because most of the cows were fairly tall 

compared to the bulls. Thus, one probably cannot blame the 

lack of pregnancy on the libido of the bulls because the 

bulls did mark every cow that showed any signs of ovarian 

activity or any cow that was in estrus. In fact, to mini

mize any libido or fertility difference between the two 

bulls that were used, they were switched from one group of 

cows to the other everyday. Percent TDN intake cannot be 

blamed either as previous workers have reported that de

creasing postpartum energy intake will lengthen the 
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postpartum anestrus but that it will not dramatically affect 

pregnancy rates unless TDN intake is below 50% of the rec-

commended levels (Wiltbank et al., 1962, 1964). TDN intake 

in the present experiment was about 80% of the NRC (1976) 

recommendations. Thus this TDN intake would not be expected 

to dramatically affect pregnancy rate. 

Summary 

Twenty multiparous 4-year old pregnant brangus cows 

were used to see the effect of protected-fat diet on post

partum pituitary response to GnRH. As cows calved they were 

randomly assigned to either the control or treatment group. 

The treatment consisted of adding .68 kg of protected fat 

to the ration. The diet for both groups was designed to 

supply approximately 4.4 kg of TDN daily per animal. This 

is about 80% of the NRC requirement. On day 7 postpartum 

an indwelling catheter was inserted into the jugular vein. 

Blood samples were taken for 5 hours every ten minutes. 

After the sixth sample was taken 200 ug of GnRH were in

jected intramuscularly to induce LH release. The pre-GnRH 

injection period was used to establish basal LH levels. 

Luteinizing hormone levels were analyzed using the radio

immunoassay double antibody technique. The latter part of 

this experiment was designed to assess the effect of pro

tected-f at diet on postpartum estrus activity. A bull with 
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a chinball marker was used to detect estrus activity. Estrus 

was also checked by daily visual observation. 

Average- weight of the cows at the start of the ex

periment was 514 and 474 kg for the control and the treat

ment group respectively. By the end of the trial (75th 

day) cows in the control group lost 35 kg, whereas those in 

the treatment group lost only 22 kg. Average daily gain of 

calves whose mothers were on treatment or control did not 

differ. Mean LH levels were 18 and 13 ng/ml for the treat

ment and control cows respectively. This difference was 

not statistically significant due to a large mean standard 

error. Fifty percent of the cows receiving the protected-

fat supplement had shown standing estrus by day 45 post

partum vs 20% for the control group. By day 15 postpartum 

60% of the cows in the treatment group had shown signs of 

postpartum estrus activity vs only 10% for the control group. 

By day 45 postpartum all the cows receiving the protected-

fat supplement had shown signs of estrus activity vs only 

50% for the control. 



APPENDIX A 

PREPARATION OF PROTECTED-FAT FEED 

The general procedure used in the laboratory to 

make the protected-fat feed was the one described by Scott 

et al. (1970), but some modifications were made. The pro

cedure that was used is outlined below. 

1. The acid precipitated casein was dissolved in 

water (1 part casein: 5.5 parts water) by adding 

sufficient NaOH solution to adjust the mixture to 

a pH of 7. 

a. The water should be preheated to 55°C 

before adding the casein to it. 

b. Then while continuously stirring add the 

casein slowly. Keep on stirring until 

the casein is in solution. 

2. The casein solution was allowed to sit for 24 hours 

before adding the tallow to give a 70:30 tallow: 

casein mixture. 

3. The mixture was then heated to 65°C and homogenized 

using a two-stage homogenizer at 2500 p.s.i. and 

500 p.s.i. of pressure. 

105 
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4. A 37% formaldehyde solution was stirred into the 

homogenate at the rate of 3% formaldehyde by weight 

of the casein. 

5. The resulting gel was sealed in plastic containers 

and refrigerated for 24 hours. The homogenate gel 

was then ground through a meat grinder filter with 

3/8-inch openings. 

6. The resulting small particles were then spread on a 

concrete floor to dry them out. 

7. When the homogenate was dry (80 to 90% DM), it was 

then ground through a hammermill using a screen 

with openings 

8. The protected-fat feed was then mixed with the 

ration. 

The reason for grinding the homogenate once it was 

dry was to reduce particle size so that the cows wouldn't 

sort it out. This seems to work very well in our experi

ment because the homogenate was so finely ground that the 

cows could not sort it out. 
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