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Abstract
The objectives of the present research were to study the factors that influence postpartum reproductive characteristics of suckling beef cows in extensive production
systems in Mozambique and to develop new management strategies to improve their
reproductive efficiency. The effects and interactions between post-partum BW, BCS,
age and parity number on plasma concentrations of estradiol, progesterone, creatinine,
urea and cortisol around oestrus and the related conception rates of Bos indicus cows
in extensive production system were analysed as well as the minimum BCS at the
beginning of breeding to maximise the subsequent conception rates. Thirty-five days
prior to the breeding season cows were synchronised using Crestar. During the
second oestrus after synchronisation, 18 blood samples were collected per animal for
hormonal analysis, from 24 hr before oestrus to 24 hr after oestrus. The hormonal
pattern of estradiol and progesterone around oestrus were similar to that observed in
Bos taurus cows under intensive conditions. Conception rates of cows in the
experimental group were 90.5%. Better results on estradiol pattern and conception
rates were related to a BCS of ≥ 2.5 and it was thus concluded that the post-partum
management of extensive Bos inducus cows should aim to achieve at least a BCS of
2.5 at the beginning of the breeding season.
Twelve-hour and 48-hr calf removal were conducted separately to evaluate their
effects on conception rates of Bos indicus beef cows in extensive production systems
and to quantify the related effects on calf-weaning weights. The 12-hr calf removal
was performed from 45 days post-partum to the beginning of the breeding season, and
the 48-hr calf removal was performed preceding the onset of the breeding season. It
was concluded that 12-hr calf separation at night enhance the energy balance (3%),
increases the conception rates (80%) and improves the calf-weaning weights, whereas
48-hr calf removal increases conception rates (76%) and does not affect calf weaning
weights. Both calf removal management strategies concentrate conceptions in the
early part of the breeding season and stress the importance of the effect of BCS and
estradiol on conception rates in Bos indicus beef cows in extensive production
systems.
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Summary
The objectives of the present research were to study the factors that influence postpartum reproductive characteristics of suckling beef cows in extensive production
systems in Mozambique and to develop new management strategies to improve their
reproductive efficiency. This study was performed in three different experiments in
which specific hypotheses were tested.
In Experiment 1 the objectives were: (1) to test the effects and interactions between
post-partum body weight, post-partum body condition score, age and parity number
on plasma concentrations of estradiol, progesterone, creatinine, urea and cortisol
around oestrus and the related conception rates in Bos indicus cows under extensive
management conditions; and (2) to establishing the minimum BCS at the beginning of
the breeding season in order to maximise the subsequent conception rates.
Twenty-five peri-parturient Brahman type cows on parity ≥ 2 were randomly selected
to compose the experimental group. BW and BCS were measured around partum and
thereafter at monthly intervals to the beginning of the breeding season, along with the
reproductive tract monitored until the cows had shown a RTS≥4. The experimental
animals were kept in the herd under extensive conditions.
Thirty-five days prior to the breeding season cows were divided into two groups and
synchronised for oestrus using Crestar® (implant:3 mg Nergetomet + 2ml of crestar
injection:5 mg oestradiol valerate; 3 mg Nergestomet and 10% Benzil alcohol as
preservative) per group, three days apart. Blood samples for hormonal analysis were
only collected during the second oestrus after synchronisation, from 24 hr before
oestrus to 24 hr after oestrus. A total of 18 samples were collected per animal at 4-hr
intervals before 12 hr preceding oestrus and 12 hr after oestrus and at 2-hr intervals
during the 12 hr preceding oestrus to 12 hr after oestrus. Blood samples were
collected from the jugular vein into vacuum tubes containing EDTA, which were
centrifuged immediately after collection and plasma stored at

-200C. Estradiol,

progesterone, cortisol and urea were assayed by ADVIA Centaur assay and
SYNCRON LX® systems using Chemiluminescent technology while creatinine was
analysed by Cobas Molecular P, based on the method of Jaffé reaction.
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Data were analysed by means of ANOVA in SPSS. At the start of the breeding
season the cows were in a positive energy balance and had a BCS of 2.8±0.3. The CR
of cows was 90.5% and these conceptions were concentrated in the first 21 days after
the onset of the breeding season. BCS at the beginning of the breeding season
correlated positively with estradiol (r=0.12), progesterone (r=0.2), createnine (r=0.3)
at p<0.05. Negative correlations were observed between age of the cows and estradiol
(r=-0.4) and cortisol (r=-0.2) and a similar trend with parity number at p<0.05.
Creatinine and urea were correlated (r=0.5) and the values for both were within the
normal range. The hormonal pattern of estradiol and progesterone around oestrus
were similar to that observed in Bos taurus cows under intensive conditions. A
relative increase in cortisol concentrations was observed at the beginning of the blood
sampling and then declined. Better results on estradiol pattern and conception rates
were related to a BCS of ≥ 2.5 and it was thus concluded that the post-partum
management of extensive Bos inducus cows should be performed toward achieving at
least a BCS 2.5 at the beginning of the breeding season to maximise the re-conception
rates.
Experiment 2 was conducted to evaluate if restricted suckling at night from 45 days
post-partum increases the conception rates of Bos indicus beef cows in extensive
production systems in sub-tropical conditions and to quantify the related effects on
calf-weaning weights. Fifty-two multiparous Brahman type cows with reproductive
tract scoring (RTS)  4 at 45 days post-partum were randomly assigned to two groups
of 26 cows each separated into an ad libitum suckling group or calf no-removal group
(NRG) and treatment group or calf removal group (RG). Calves in the treatment
group were separated for 12 hr during the night from 45 days post-partum to the onset
of the breeding season. Satisfactory classified bulls were used at the ratio of 1:20
cows for a breeding season of 90 days.
Body condition score and BW were recorded 45 days post-partum, at the start of the
breeding season, and at pregnancy diagnosis that took place 60 days after the end of
the breeding season. Pregnant cows were monitored throughout the gestation period.
Calves were weighed at calving and weaning. Weaning weights were corrected to 205
days. BW and BCS at the onset of the breeding season was 395.8  50 kg and 2.5 
0.3 for the RG and 410.5  40 kg and 2.6  0.3 for the NRG. Calving to breeding
viii

intervals were 93  17.5 days for RG group and 99  22.1 days for NRG group,
respectively. Calving to conception intervals differed significantly between the
experimental groups (110.9  10 days for RG and 132.8  19 days for NRG) and a
similar result was obtained for the breeding to conception intervals (17.8  15 days
for RG and 31.1  18.9 days for NRG). Conception rates were 80% for the RG group
and 59% for the NRG group, which correlated better with BW than BCS at the onset
of the breeding season. Weaning weights differed significantly between control and
treatment groups (149.3  18 kg for RG and 134.5  20 kg for NRG). From 45 days
post-partum to the onset of the breeding season, cows in the RG group experienced a
positive energy balance (3%) while those in the NRG had a negative energy balance (0.1%) . It was concluded that 12-hr calf separation at night increases the conception
rates and improves the calf-weaning weights of Bos indicus beef cattle in extensive
production systems under sub-tropical conditions.
The aim of Experiment 3 was to determine if 48-hr calf removal prior to the breeding
season affects (1) ovarian steroids, cortisol, urea and creatinine; (2) improves the
conception rates; and (3) influence the calf-weaning weights of Bos indicus cattle in
extensive production systems. Sixty multiparous Brahman-type cows were randomly
selected in the early post-partum period and equally allocated into a calf removal
group (RG) and a non-removal group (NRG). Calves from cows in the RG were
removed for 48 hr prior to the breeding season and returned afterwards, whereas in
the NRG the calves remained with their dams until weaning. BW and BCS of cows
were recorded at the beginning of the breeding season, mid-breeding season and just
after pregnancy diagnosis.
Pregnant cows were monitored throughout the gestation period and calving dates were
accurately recorded. The calving season was divided into early, mid and late,
corresponding conceptions occurred in the early, mid and late part of the breeding
season, respectively. Calves were weighed at birth and at weaning. Weaning weights
were corrected to 205 days. BW and BCS were similar throughout the experimental
period. Conception rates (CR) were 76% for RG and 55% for NRG but did not differ
significantly between the groups. However, differences (p<0.05) between the groups
were observed for conception rates in the early and late part of the breeding season.
CR was correlated with CBI and BCS at the onset of the breeding season. Productix

limit survival curves Vs CCI differed significantly (p<0.05) between treatment
groups. It was estimated with 95% certainty that 50% of the cows in the RG would
conceive within the first 19 days of the breeding season while for the NRG within the
first 38 days of the breeding season. Weaning weights were 135.2± 22 kg for the RG
and 135.5 ± 19 kg for the NRG. In the RG estradiol concentrations increased with
sampling time, contrary to progesterone. Cortisol decreased with sampling time for
both groups but with higher concentration in the RG. It was concluded that 48-hr calf
removal prior to breeding enhances the conception rates with the majority of cows
conceiving in the early part of the breeding season. It was also concluded that 48-hr
calf removal increases plasma concentration of cortisol without adversely affecting
reproduction and does not affect calf weaning weights of Bos indicus beef cattle in
extensive production systems.
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1. Introduction

1.1 Extensive beef cattle production
Beef cattle production plays an important role in the agricultural sector in
Mozambique, contributing 14.8 % to agriculture GDP and 4.4% to the total GDP
(FAO, 2005).
Extensive beef cattle provides farmers with the most efficient method of utilising
forages grown from pasture, rangelands, forests and crop residues, which are
converted into animal protein of high biologic value. In Mozambique, besides meat
production, extensive beef cattle also contribute to the family livelihood through milk,
ploughing, transport and family social standing. However, farming beef cattle is a
complex activity consisting of various production factors that require appropriate and
sustainable management interventions to ensure productivity and environmental
sustainability.
The efficiency of a beef cattle production system depends on the reproductive rate of
the cows, the growth rate of the calf to weaning, and the overall efficiency of feed
utilisation (Duarte-Ortuno et al., 1988; Pieris et al., 1995; Naazie et al., 1999;
Morrison et al., 1999; Kanuya et al., 2006; Nqeno et al., 2010). The age at which
heifers calve for the first time and their lifetime production has an important effect on
productivity (Nunez-Dominguez et al., 1991; DeRouen et al., 1994; Oliveira et al.,
2009). Both qualitative and quantitative aspects of animal nutrition influence the
reproduction, growth and, therefore, the efficiency of beef cattle production systems.
Pastures are the main source of nutrition for extensive beef cattle, but the quantity or
availability of pastures in the tropical and sub-tropical regions is influenced by the
rainfall patterns, which results in seasonal variation in quantity and quality of
nutrition throughout the year. Unfortunately, changes in nutritional requirements of
extensive beef cattle during the reproduction and production cycle do not coincide
with the seasonal changes in pasture availability. Consequently, when nutrient intake
1

is inadequate and body energy reserves are depleted, the interval from calving to first
oestrus is extended (Rutter and Randel, 1984; DeRouen et al., 1994; Grimard et al.,
1995; Morisson et al., 1999, Aguilar-Pérez et al., 2009). Since reproduction is a major
component of production efficiency in a beef cattle production system, numerous
studies have been performed to understand the factors that influence reproduction in
post-partum beef cows.
Body condition score has been reported to be a good indicator of body energy
reserves and re-breeding performance (Houghton et al., 1990, Morrison et al., 1999;
Ayres al., 2009). It has been shown that cows with a greater BCS at parturition return
early to oestrus and experience high conception rates (Laflamme and Connor, 1992;
Osoro and Wright, 1992; DeRouen et al., 1994; Morrison et al., 1999; Ezanno et al.,
2005). The restriction of dietary energy intake during the peri-partum period
demonstrates that luteinizing hormone (LH) pulse frequency and follicular growth in
post-partum cows were influenced by negative energy balance (Beal et al., 1978;
Grimard et al., 1995; Roche et al., 2009). However, BCS has a low correlation with
BW (Ayres et al., 2009), indicating that the energy balance is probably a better
predictor of reproduction in the post-partum period.
Research on the effects of energy balance on re-conception rates in extensive beef
cows is limited. Leptin, a hormone secreted by adipose tissue, identified by Zhang et
al. (1994), has been proposed to signal nutritional status in ruminants (Delavaud et
al., 2000; Tokuda et al., 2000; Block et al., 2001; Ludwik et al., 2007). Whether
leptin plays a central role in regulating reproduction in cattle has not been determined.
However, plasma leptin concentration is related to adipose cell size and positively
related to feeding level (Delavaud et al., 2000). The decrease in plasma leptin
concentration is associated with a reduction in the secretion of LH, Immunoglobulin
F-I (IgF-I) and insulin in cattle (Amstalden et al., 2000) and in sheep and goat
(Morrison et al., 1999; Azraqi, 2007). There is no information available on the effects
of post-partum BCS, BW and their changes on leptin, follicle stimulating hormone
(FSH), LH, ovarian steroids, their interactions and the related conception rates in
extensive beef cattle.
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Suckling is another important factor that extends post-partum anoestrus, affecting
consequently the rebreeding performance of beef cows (Radford et al., 1978;
Williams, 1990; Stewart et al., 1993; Lamb et al., 1999; Marongiu et al., 2002; Perea
et al., 2008; Pinheiro et al., 2009). The mechanism by which this external stimulus
impairs oestrus during the post-partum period is uncertain. Nevertheless, despite the
fact that the LH concentrations in the anterior pituitary (Nett et al., 1988) and in the
plasma (Radford et al., 1978) are similar after 30 days post-partum in suckling and
non-suckling beef cows, the pulsatile LH pattern is low in suckling cows. Moreover,
Murphy et al. (1990) and Crowe et al. (1998) report that the development of dominant
follicles occurs in suckling and non-suckling cows, but no ovulation was observed in
suckling cows.
Efforts to reduce the effects of suckling on the post-partum reproduction of beef cows
have taken various forms, from understanding of suckling behaviour (Stewart et al.,
1993a; Paranhos da Costa et al., 2006) to the effects of manipulation of different
suckling times on the onset of post-partum oestrous (Reeves and Gaskins, 1981; Bell
et al., 1998; Lamb et al., 1997; Lamb et al., 1999; Alverez-Rodriguez et al., 2010) or
on conceptions rates (Stewart et al., 1993b; Gazal et al., 1999; Escrivão et al., 2009).
The manipulations of suckling times and calf withdrawal have yielded different
results – either on the interval to first oestrus, subsequent conception rates or on calf
weaning weights. However, referring to the effects of calf withdrawal on post-partum
rebreeding, the existing reports fail to consider the nutritional status, metabolic rate,
stress and gonadotropic hormones, since it is believed that the yielded results are the
combinations of these factors rather than calf withdrawal itself.
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1.2 Motivation
In view of defining a strategy to improve reproductive efficiency in post-partum
suckling beef cows an understanding of the complex nutrition-suckling-reproductive
hormone interactions and the manipulation of related factors have to be considered.
However, studies regarding this matter have been mostly performed under intensive
management conditions, with breed types and climatic conditions that differ
significantly from extensive beef cattle production in Mozambique. Therefore, a study
on the effects of post-partum BW, BCS and calf removal on reproductive and
productive characteristics of extensive beef cattle could make an important
contribution to the productivity of extensive beef cattle and also the development of
the beef cattle industry in Mozambique.
Mozambique has a total area of 778,000 km2 of which it is estimated that 440,000
km2 is potentially rich in pastures (FAO, 2005). The available natural pastures are of a
relatively good quality, allowing a carrying capacity of approximately 8 ha per Large
Stock Unit (LSU) (adopted from Timberlake and Reddy, 1986, 2006). If 50% of the
estimated area could be used for cattle production, Mozambique would support a total
of 3,142,857 LSU in a sustainable manner. The cattle population in Mozambique is
1.4 million (DNSV, 2010), that is approximately 935,200 LSU, which means that the
country´s potential for cattle production is used at 29.7%.
Approximately 80% of beef meat consumed in Maputo City (the major beef market in
the country) is imported (DNSV, 2010). Considering the production characteristics of
existing extensive beef cattle in the country (commercial and subsistence sectors),
although the subsistence sector represents 70% of the cattle population, only the
development of commercial farms could compete over the medium – or long term
with imported beef. However, success will be attained if the management of
commercial farms improves and emphasis is placed on reproduction and production
management.
The calving rates in the commercial sector are still very low at <60% (Mandlate,
1985; Escrivão et al., 1998; Escrivão et al., 2009). A similar situation is evident in the
4

family livestock production sector where calving rates are below 50% (Rocha et al.,
1988). This poor calving rate represents one of the major constraints for the
development of cattle production in Mozambique.
Previous studies in Mozambique have identified calving rate as the premium
productivity indicator, but re-conception rates after calving lengthen the inter-calving
period (Mandlate, 1985; Schwalback et al., 1997; Escrivão et al., 1999). None of the
previous studies have focused on the factors that influence post-partum conception
rates of suckling beef cattle under extensive production conditions in Mozambique.
Small increases in productivity could be reasonably attained with lower cost through
improvements in reproduction management and, more specifically, by increasing
calving rates rather than by improvements in feeding management for slaughter
animals (Burns et al., 2010). In addition, financial resources are scarce for the
majority of extensive beef cattle farmers in Mozambique, so reproduction
management remains the most important approach to improving productivity.
For this reason, the present study consisted of a number of trials on the effects of BW,
BCS and calf removal on reproductive and productive characteristics of extensive
beef cattle in Mozambique. In order to ensure that these specific goals were achieved,
the trials were conducted under extensive conditions. First, animals incorporated in
the experiments were maintained in the herd without extra management but removed
only for measurements or sample collections and returned afterwards. Second, the
trials were designed in such a way that the results could be used to compile
management strategies for similar extensive beef cattle production systems in
Mozambique, including the communal farming sector.
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1.3 General objectives


To study the factors that influence post-partum reproduction of suckling beef
cows in extensive production systems in Mozambique; and



To develop new management strategies to improve reproductive efficiency of
suckling Bos indicus beef cows in extensive production systems in
Mozambique.

1.4 Specific objectives
To test the hypothesis in experiments 1, 2 and 3.

EXPERIMENT 1
Effects of post-partum body condition score, body weight, age and parity
number and their interactions on ovarian steroids, cortisol, creatinine, urea and
the related conception rates in Bos indicus cows in extensive production systems

Hypothesis 1
Ho.

Post-partum BCS, BW, age and parity number do not affect ovarian steroids,

cortisol, creatinine, urea and related conception rates of Bos indicus cows in extensive
production system.
H1.

Post-partum BCS, BW, age and parity number affect ovarian steroids, cortisol,

creatinine, urea and related conception rates of Bos indicus cows in extensive
production system.
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EXPERIMENT 2
Effects of 12- hour calf removal on conception rates and calf weaning weights of
Bos indicus cows in extensive production systems

Hypothesis 2
Ho.

Restricting suckling at night from 45 days post-partum does not increase

conception rates of Bos indicus cows in the subsequent breeding season in extensive
production systems.
H1.

Restricting suckling at night from 45 days post-partum increases conception

rates of Bos indicus cows in the subsequent breeding season in extensive production
systems.

Hypothesis 3
Ho.

Calf weights at weaning are not affected by restricted suckling at night from

45 days post-partum in extensive production systems.
H1.

Calf weights at weaning are affected by restricted suckling at night from 45

days post-partum in extensive production systems.
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EXPERIMENT 3
Effects of 48-hour calf removal on conception rates and calf weaning weights of
Bos indicus cows in extensive production systems

Hypothesis 4
Ho.

Forty-eight-hour calf removal prior to breeding does not improve the

conception rates of Bos indicus beef cows in extensive production system.
H1.

Forty-eight-hour calf removal prior to breeding improves the conception rates

of Bos indicus beef cows in extensive production system.

Hypothesis 5
Ho.

Calf weights at weaning are not affected by 48-hour calf removal in extensive

production systems.
H1.

Calf weights at weaning are affected by 48-hour calf removal in extensive

production systems.

In order to address all these aspects appropriately, the present thesis is divided into six
chapters. A general introduction is provided in Chapter one, while the second chapter
provides a detailed literature review on the relevant aspects related to extensive beef
cattle production systems. Chapter two also incorporates the factors that influence
post-partum reproduction of Bos indicus cows reared in extensive production systems.
The effect of BCS, BW and suckling and the related effects on conception rates, as
well as the influence of calf withdrawal on weaning weights are reviewed. The
results of experiment one, two and three are presented and discussed in Chapters
three, four and five, respectively. General discussion and conclusions are presented in
chapter six, followed by a comprehensive bibliography.
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2. Literature Review

Post-partum reproduction in suckling beef cows

2.1 Introduction
Post-partum rebreeding in suckling beef cows has been discussed (Hammond, 1927 cited by Short
et al., 1990; Wiltbank, 1991) and continues to be a vital subject for animal scientists (Goyache et
al., 2005; Satrapa et al., 2010). Poor rebreeding is characterised by the non-appearance of oestrus
(anoestrus) early in the post-partum period and extended interval to first service, which lengthens
the calving interval above 365 days, reduces calf crop, and causes an economic loss to beef cattle
producers (Short et al., 1990; Yavas and Walton, 2000; Quintans et al. 2010).
After parturition, uterine involution is generally completed within four to six weeks (Gier and
Marion, 1968; Dobson et al., 2001; Zhang et al., 2010). Thereafter, the duration of post-partum
anoestrus is governed by the recommencement of the hypothalamic pituitary ovarian (HPO) axis
activity. Due to this fact, much attention has been given to the nature of the signal that controls
pituitary secretion of LH and FSH, the response of the ovary to LH and FSH (Bryner et al., 1990;
Martinez et al., 2005) and to the other ovarian effects that are independent of gonadotropins
(Paranhos da Costa et al., 2006).
Several factors are implicated in the activation of the HPO axis activity during the post-partum
period of suckling beef cows. These factors include suckling and nutrition (body energy reserves) as
the major factors and many minor factors such as age, parity number, breed, individual genetic
variation, presence of bull, diseases, twin births, dystocia, and retained placenta (Deutscher 1991;
Grimard et al., 1995; Marongiu et al., 2002; Martinez et al., 2005; Álvarez-Rodrigez et al., 2010).
The effects of body energy reserves, suckling and the related mechanisms that appear to influence
post-partum reproduction of extensive beef cows are reviewed in sections 2.2 to 2.7.
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2.2 Body condition score
Maintenance of body energy reserves in bovines has been considered to be the basis of any
reproductive management strategy (Houghton et al., 1990; Morrison et al., 1999; Flores et al.,
2008). Body energy reserves were measured through weight loss, when energy reserves (fat) and
protein reserves (muscle) are being depleted or, otherwise, through weight gain. Usually, weight
gain or loss has been held as a good measure of well-being and productivity (Bishop et al., 1994;
Butler, 2003). However, weighing cattle is laborious and rarely done by veterinarians, animal
nutritionists or farmers. A more useful method in assessing the energy reserves is based on
assessing individual BCS, based on visual observation and more accurately by palpation of back,
ribs and rear quarters. There are two main scoring systems: (1) the American scoring system on a
nine-point scale (Herd and Spratt, 1986) and (2) the Scottish scoring system on a five-point scale
(Edmundson et al., 1989; Wiltbank, 1991). The Scottish body condition scoring system seems to
have been adopted quite widely in the Southern African region, including Mozambique.
Equivalence between these two scoring systems is presented in Table 2.1.

2.2.1 Other methods of assessing energy reserves in cattle
It is obvious that looking at the body weight of a cow does not give us an idea of existing energy
reserves. Since an estimation of energy reserves represents an important tool for reproduction and
production management, other techniques rather than BCS have been developed for cattle.
Subcutaneous fat thickness at the longissimus dorsi (UFAT; 12th rib fat thickness) and rump fat
thickness (RFAT) (Schroder and Staufembiel, 2006; Yokoo et al., 2008) have been mostly used in
dairy cattle to estimate the body energy reserves. Although the measurement of RFAT requires the
use of ultrasonographic examinations that are non-invasive practices, skills are, however, needed
for manipulation. Its use in beef cattle is limited and apparently not studied under extensive
conditions. Nonetheless, a recent publication regarding RFAT showed its high correlation with BCS
(Ayres et al., 2009). These findings value the use of simple methods like BCS to estimate the body
energy reserves. Due to this reason there is a probability that widespread use of RFAT in dairy and
beef cattle may not take place.
10

Correlations between BCS and other direct methods of measuring energy reserves like energy
balance, or indirect methods like circulating levels of hormones, leptin, were reported (Wathers et
al., 2007; Murrieta et al., 2010). Recent results indicate that BCS remains the best indicator of
nutritional status because of its high correlations with the related energy reserve indicators.
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Table 2.1 Description of the Scottish Body condition score system and its American equivalent
Group

Score

Description

system
Scottish
(American)
Thin condition

1

Extremely thin with severe muscle wasting may appear
humped in the back with feet close together, usually weak;

(1 and 2)

extremely prominent backbone, hooks, pins and ribs. Similar to
BCS 1 and 2 in 9-point system

2

Thin with little or no wasting of muscle structure; vigorous,
little or no fat in ramp, rib or brisket; prominent backbone,

(3)

hooks, pin and ribs normal appearing muscle structure. Similar
to BCS 3 in 9-point system.

Moderate

3

condition

Ideal Condition. Thrifty with normal muscle structure; some
evidence of fat deposit in fore-rib, brisket and crops but limited

(5)

around the tail-head. Some smoothness over the shoulder, ribs,
backbone, hooks and pins. Similar to BCS 5 in 9-point system.

Fat condition

4

Fat but still firm; vigorous; considerable fat deposit over forerib; brisket protruding; tail-head full (bulging); very smooth

(7)

over backbone with no skeleton visible except at hooks. Similar
to BCS 7 in 9-point system.

5

Very fat with considerable softness; very fat over the fore-rib
and shoulder; large prominent brisket; broad flat top-line; large

( 8 and 9 )

patchy fat deposit around the tail-head; body curvature become
squares in appearance. Similar to BCS 8 and 9 in 9-point
system.

Scores in italics ~ American equivalent
Source:
Edmundson et al., 1989; Wiltbank, 1991 (Scottish BCS system)
Herd and Spratt, 1986 (American BCS System)
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2.3 Effect of changes in body condition score on post-partum reproduction
The effects of BCS on postpartum rebreeding of beef cows (Bishop et al., 1994; Spitzer et al., 1995;
Renquist et al., 2006; Flores et al., 2008) and dairy cows (Roche et al., 2009; Allbrahim et al.,
2010) have been discussed. Variation in BCS of beef cows in the post-partum period has a number
of practical implications for bovine reproduction, such as the association with the length of the postpartum interval to oestrus and ovarian activity (Bishop and Pfeiffer, 2008), and conception rates
(Renquist et al., 2006; Roche et al., 2009).
It is well known that the Gonodatropin releasing hormone (GnRH) pulse generator system and the
secretion of GnRH are inhibited by under nutrition (Randel, 1990; Wade and Schneider, 1996;
Nqeno et al., 2010). Nevertheless, the physiology of nutrition illustrates that the oxidisable
metabolic fuels are used for all physiological functions in the body and the excess is stored to be
retrieved when a deficit occurs and, thus, to maintain production. Moreover, energy is partitioned
by a priority to first maintain the life of the cow and then to propagate the species (Short et al.,
1990). The approximate order of priority has being indicated to be (1) basal metabolism; (2)
activity; (3) growth; (4) basic energy reserves; (5) pregnancy; (6) lactation; (7) additional energy
reserves; (8) oestrus cycle and initiation of pregnancy; and (9) excess reserves (Short et al., 1990).
Thus, reproduction takes place when basic physiological functions are satisfied in terms of energy.
The functioning of the hypothalamus-pituitary-ovarian axis when not energetically challenged is
presented in Figure 2.1 (A), while when energetically challenged in Figure 2.1 (B). Figures 2.1 (A
and B) illustrate that the prerequisite for the resumption of ovarian activity in the post-partum cows
is an increased pulse frequency of episodic release of LH, which may occur in cows with moderate
to good BCS (Bishop et al., 1994).
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Source: Scchneider (20004)
Figure 2..1 Functionning of th
he hypothaalamus-pituiitary-ovarian axis whhen not en
nergeticallyy
challengedd in (A), whhile energetically challeenged in (B)).
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2.4 Effect of suckling on post-partum reproduction
Suckling is important for calf survival and forms the basis of high and sustainable income in beef
cattle production systems. However, there is a concern that this exteroceptive stimulus prolongs the
post-partum anoestrus, probably through a neural-mediated inhibition of LHRH or an inhibitory
effect of RH on gonodatrophins or action at the ovary (Acosta et al., 1983; Convey et al., 1983;
Pérez-Hernández et al., 2002). Notwithstanding the evidence that suckling might act in a chronic
fashion to inhibit LH secretion through the post-partum period (Convey et al., 1983; Garcia-Winder
et al., 1986; Crowe et al., 1998; Pérez-Hernández et al., 2002; Quintans et al., 2009), the true
mechanism by which suckling extends the post-partum anoestrus is uncertain.
Suckling may occur six to nine times a day, with young calves suckling more frequently than older
calves (Shimada et al., 1989; Stewart et al., 1993; Gazal et al., 1999; Das et al., 2000; Paranhos da
Costa et al., 2006). Available reports indicate also that suckling frequency is high in first parity
cows along with the short duration of the suckling meal (Stewart et al., 1993; Paranhos da Costa et
al., 2006).
There is a breed-related difference in daily suckling frequency. Bos indicus cattle have a higher
daily suckling frequency than Bos taurus and cross-breed cow-calf pairs (Das et al., 2000).
Although the precise mechanism by which suckling extends the post-partum anoestrus is uncertain,
evidence exists that suckling frequency is the characteristic that correlates best with the anticipated
onset of oestrus in the post-partum period (Radford et al., 1978; Shimada et al., 1989; Williams,
1990; Stewart et al., 1993; Lamb et al., 1999; Gazal et al., 1999; Marongiu et al., 2002; ÁlvarezRodriguez et al., 2010). In rodents, the inhibitory effect has been shown to be proportional to
suckling intensity (Ford and Melamphy, 1973; Hammons et al., 1973) with comparable suggestion
in ruminants (Quintans et al., 2009).
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2.5 Effects of suckling on post-partum LH and FSH concentrations
Around parturition the hypothalamus-pituitary axis responds to a negative feedback effect of the
placental and ovarian steroids by suppressing FSH release and accumulating this hormone in the
anterior pituitary and depleting LH stores (Yavas and Walton 2000). Severe increase in FSH is
observed after parturition followed by the emergence of first follicular waves of which the dominant
follicles do not ovulate, leading to the development of second follicular waves in both suckling- and
non-suckling beef cows (Murphy et al., 1990; Breuel et al., 1993; Crowe et al., 1998). There are
similarities between suckling- and non-suckling beef cows in LH concentration in the anterior
pituitary (Nett et al., 1988) and in the plasma (Radford et al., 1978, Walters et al., 1982) after 30
days post-partum. For Garcia-Winder et al. (1986), the plasma LH concentration in suckling beef
cows is low irrespective of post-partum period. On the other hand, there is an indication of low LH
pulse frequency in suckling cows after 30 days post-partum (Walters et al., 1982; Garcia-Winder,
1986; Quintans et al.; 2004) which is implicated in un-ovulation of dominant follicles emerged
from second follicular waves (Williams et al., 1983; Acosta et al., 1983; Breuel et al., 1993; Crowe
et al., 1998). Since reports suggest that the pattern of LH pulse frequency is crucial for oestrus to
occur, the given data have reinforced the hypothesis that the suckling stimulus increases time to first
ovulation by increasing the sensitivity of the hypothalamus to the negative feedback of estrogens
during the post-partum period, resulting in decreased LH release.
The elimination of the suckling stimulus for 48 hr in Bos taurus beef cattle in intensive production
systems increases serum LH concentration as well as pulse frequency and amplitude by 24 hr after
calf removal, peaking by 48 hr, and then causes a decrease in LH concentration after the calf returns
(Walters et al., 1982; Whisnant et al., 1985; Edwards; 1985). There is, however, a lack of
information on the effects of temporary calf removal (12 hr or 48 hr) on Bos indicus cows in
extensive production systems.
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2.6 Effects of suckling on cortisol concentrations
Adrenocortical activity has been widely used as an indicator of social stress and, therefore, as an
indicator of animal welfare (Milleder et al., 2003). Koolhaas et al., (1999) reportd that the
difference in adrenocortical activity might express basic differences in physiology rather than in
stress level. In addition, measuring glucocorticoid concentration in plasma has two methodological
problems: (1) blood sampling itself causes an increase in glucocorticoid concentration; and (2)
frequent sampling is necessary due to considerable fluctuations. Because reproductive performance
is altered in cattle subjected to physiological stress (Dobson and Smith 2000), circulating cortisol
levels have been measured together with plasma gonadotropins to analyse their relationship and to
understand to which extent stress could impair reproduction (Echternkamp, 1984; Lyimo et al.,
1999). Despite the fact that several studies on the correlation between cortisol and reproduction in
cattle have been performed in dairy cattle and in Bos taurus beef cattle in intensive production
systems, the influence of stress on gonadotrophin secretion and subsequent reproductive responses
is dependent on the magnitude of the adrenal steroidogenic response and the animal’s adaptability
to the stress.
During the post-partum period of suckling beef cows, cortisol correlates negatively with LH
(Dunlap et al., 1981; Echternkamp, 1984). The increase in systemic cortisol of about 20-fold
subsequent to intensive stress suppresses pulsatile LH release (Echternkamp, 1984). Unfortunately,
very limited information is available on the effect of calf removal or restricted suckling on cortisol
concentrations. Whisnant et al., (1985) studying hormonal changes during 48-hour calf removal
reported that serum cortisol concentration did not differ between cows with removed calves as
opposed to cows with suckling calves, but a transient elevation was notable in the calf-removed
group from 9 to 12 hours after calf removal. Because LH concentration was greater in cows that
have weaned than in suckling cows and cortisol pattern followed the above described trend, it was
concluded that cortisol may not be a physiological inhibitor of LH secretion in the post-partum
period of suckled beef cows.
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2.7 Strategies to reduce the suppressive effect of suckling on LH
The existing knowledge of mechanisms by which suckling seems to interfere in the post-partum
rebreeding of beef cows was used to shorten the interval to first oestrus and to increase subsequent
conception rates. The effects of restricted suckling, calf removal or complete weaning at different
days post-partum ranging from 1 to 30 days (Convey et al., 1983; Edwards, 1985) or after 30 days
(Dunlap et al., 1981; Walters et al., 1982; Whisnant et al., 1985; Dunn et al., 1985) were reported,
but the research was generally restricted to Bos taurus breeds and their crosses. Restricted suckling
and partial calf removal make up the majority of the studies done in this field, probably because
complete weaning would imply early weaning of calves, with subsequent negative effects on
growth rate as well as the removal of the effects of suckling on re-conception rates.
The manipulation of suckling times was performed either to test the effect of suckling on
development of dominant follicles or to analyse the responsiveness of the anterior pituitary on calf
withdrawal.

Salfen et al. (2001) reported that the development of dominant follicles was

independent of suckling following a 48-hr calf removal on days two, four and eight during the postpartum period. The same authors observed an increase in oestrus rate of cows synchronised at 25
days post-partum following a 48-hr calf withdrawal. This observation supports the results reported
by Walters et al. (1982) and Odde et al. (1986), in which 48-hr calf removal preceded the start of
the breeding season.
There is no defined post-partum day on which calf withdrawal has to be implemented in order to
achieve a desirable result from the anterior pituitary. The day of withdrawal may depend; however,
on farmer’s reproductive management and the cow’s body condition score without neglecting the
puerperal period.
At approximately 30 days post-partum, in cows with a moderate to good BCS, a 48-hr calf
withdrawal may induce oestrus but the reestablishment of the oestrus cycle is uncertain (Salfen et
al., 2001).
Reeves and Gaskins (1981); Hoffman et al. (1996) and Lamb et al. (1999) found that when
restricted suckling began before 30 days post-partum once or twice-daily-suckling did not shorten
18

the interval to first oestrus. But, when the same management strategy was carried out after 30 days
post-partum or from about 30 days prior to the breeding season, the interval to first oestrus was
shortened, with increased conception rates in the following breeding season (Reeves and Gaskins,
1981; Odde et al., 1986; Bell et al., 1998; Gazal et al., 1999; Escrivão et al. 2009).
Bell et al. (1998) working with Bos taurus primiparous cows, reported that once daily suckling and
early weaning 30 days before the onset of the breeding season decreased the post-partum interval to
first oestrus. But early weaning had a negative effect on weaning weights at 205-days. Conversely,
Randel (1981); Odde et al. (1986) report that once or twice daily suckling had no adverse effect on
weaning weights.
Successful results for the interval to first oestrus and conception rates were related to restricted
suckling combined with 48-hr calf removal. Similar results were also observed when 48-hr calf
removal was implemented prior to the breeding season (Walters et al., 1982a; Walters et al.,
1982b). A summary of existing reports on the effect of suckling management on the postpartum
rebreeding performance of cattle is presented in Tables 2.2, 2.3 and 2.4.
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Table 2.2 Effects of once-daily suckling on post-partum interval to oestrus and conceptions rates

Author (Year)
Reeves and

Breed

Bos taurus

Days post

PPI** to oestrus (days)

Conception rates (%)

Partum

(ad libidum suckling)

(ad libidum suckling)

21 days

Gaskins (1981)
Reeves and

Bos taurus

> 30 days

38 ± 3

Bos taurus

> 30 days

Crossbred

> 30 days

(Bt X Bi)
Bell et al. (1998)*

Not recorded

(47 ± 3)
52.2 ± 2.6
( 55.2 ± 2.7)

Randel (1981)*

Not recorded

(61 ± 4)

Gaskins (1981)
Odde et al., (1981)

41 ± 2.9

Bos taurus

68.9 ± 6.2

93 %
(82.1%)
Not recorded

(168.2 ± 13.8)
> 30 days

Decreased 12 d compared

Nor recorded

to ad libidum suckling
* First parity cows
** PPI – post-partum interval
Bt – Bos Taurus
Bi – Bos indicus
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Table 2.3 Effects of 12-hour calf removal on post-partum interval to oestrus and conception rates

Author (Year)
Stewart et al.

Breed

Bos taurus

Days post

PPI** to oestrus (days)

Conception rates (%)

partum

(ad libidum succkling)

(ad libidum suckling)

> 30 days*

Not recorded

(1993)
Gazal et al.

(66%)
Crossbreed

From day 9*

36 ± 11 (40 ± 3.9)

(1999)
Escrivão et al.

86%

100%
(93%)

Bos indicus From 45*

(2009)

days to

Not recorded

80%
(59%)

breeding
* Day suckling cows
**PPI – post-partum interval
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Table 2.4 Effects of 48-hr calf removal on post-partum days to oestrus and conception rates

Author (Year)

Breed

Days

post PPI* to oestrous

partum

(days)

Conception rates (%)
(ad libidum suckling)

(ad libidum suckling)
Odde et al., (1981)

Meirelles et al (1994)

Bos taurus

Bos indicus

> 30 days

Prior to

54.9 ± 2.6

90.9 %

(55.2 ± 2.7)

(82.1%)

Not recorded

55%

breeding

(20%)

season

Bos indicus
Escrivão et al. (2011)

Prior to

Not recorded

76%

breeding

(55%)

season
* PPI – post-partum interval
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3. Effects of post-partum BW, BCS, age and parity on ovarian
steroids and metabolites during oestrus in Bos indicus cows in
extensive production systems and the related effects on conception
rates

Summary
The objectives of the present study were to test the effects and interactions between post-partum
BW, post-partum BCS, age and parity number on plasma concentrations of estradiol, progesterone,
creatinine, urea and cortisol around oestrus and the related conception rates in Bos indicus cows
under extensive management conditions. The study also aimed at establishing the minimum BCS at
the beginning of the breeding season in order to maximise the subsequent conception rates. Twentyfive peri-parturient cows on parity ≥ 2 were randomly selected to compose the experimental group.
BW and BCS were measured around partum and thereafter at monthly intervals to the beginning of
the breeding season, along with the reproductive tract monitored until the cows had shown a
RTS≥4. The experimental animals were kept in the herd under extensive conditions.
Thirty-five days prior to the breeding season cows were divided into two groups and synchronised
for oestrus using Crestar® (implant:3 mg Nergestomet + 2ml of crestar injection:5 mg oestradiol
valerate; 3 mg Nergestomet and 10% Benzil alcohol as preservative) per group, three days apart.
Blood samples for hormonal analysis were only collected during the second oestrus after
synchronisation, from 24 hr pre-oestrus to 24 hr post-oestrus. A total of 18 samples were collected
per animal: Sample 1 to 3 (collected at 4-hr intervals during the 24 to12 hr preceding oestrus);
samples 4 to 15 (collected at 2-hr intervals during 12hr-0hr-12hr oestrus); and samples 16 to 18
(collected at 4-hr intervals during the 12 to 24 hr after oestrus). Blood samples were collected from
the jugular vein into vacuum tubes containing EDTA, which were centrifuged immediately after
collection and plasma stored at -200C. Estradiol, progesterone, cortisol and urea were assayed by
ADVIA Centaur assay and SYNCRON LX® systems using Chemiluminescent technology while
creatinine by Cobas Molecular P, based on the method of Jaffé reaction.
Data were analysed by means of ANOVA in SPSS. At the start of the breeding season the cows
were in a positive energy balance and had a BCS of 2.8±0.3. The CR of cows was 90.5% and these
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conceptions were concentrated in the first 21 days after the onset of the breeding season. BCS at
the beginning of the breeding season correlated positively with estradiol (r=0.12), progesterone
(r=0.2), createnine (r=0.3) at p<0.05. Negative correlations were observed between age of the cows
and estradiol (r=-0.4) and cortisol (r=-0.2) and a similar trend with parity number at p<0.05.
Creatinine and urea were correlated (r=0.5) and the values for both were within the normal range.
The hormonal pattern of estradiol and progesterone around oestrus were similar to that observed in
Bos taurus cows under intensive conditions. A relative increase in cortisol concentrations was
observed at the beginning of the blood sampling and then declined. Better results on estradiol
pattern and conception rates were related to a BCS of ≥ 2.5 and it was thus concluded that the postpartum management of extensive Bos inducus cows should be performed toward achieving at least a
BCS of 2.5 at the beginning of the breeding season to maximise the re-conception rates.

3.1 Introduction
A better understanding of the hormonal mechanisms that occur during the oestrous cycle is
undoubtedly becoming more important in a description of the outcome of any reproductive
management strategy of extensive beef cows under tropical conditions (Machado et al., 2008).
However, to analyse and interpret a hormonal profile of beef cows under extensive conditions is a
challenge. Previous reports indicate that to obtain the ovarian steroids and metabolite profile of
post-partum cows involves monitoring the entire period over the oestrous cycle or longer (Evans et
al., 2003). In addition, the monitoring activity consists of an intensive blood-sampling schedule
varying from once or twice daily during the first 19 days of the oestrous cycle to 15-minute
intervals on the days around oestrus (Forde et al., 2011). Following these methodologies requires
the removal of the experimental animals from the herd and changes in handling facilities. Hence,
the experiment is not performed under extensive conditions. On the other hand the relationships
between post-partum BCS, BW, age, parity number and the related conception rates have been
investigated in Bos taurus breeds under intensive conditions (Burns et al., 2010) but have not been
adequately investigated in Bos indicus breeds in extensive production systems.
This study was conducted to determine the effects of and interactions between post-partum BW,
BCS, age and parity number on plasma concentrations of (1) estradiol, (2) progesterone, (3)
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cortisol, (4) creatinine and (5) urea and the related conception rates of Bos indicus beef cows in
extensive production systems under sub-tropical conditions. Since BCS is a good predictor of
conception rates and can easily be estimated by farmers (Ayres et al., 2009), the study also aimed at
establishing minimum BCS values during the post-partum period in order to maximise post-partum
re-conception rates in the subsequent breeding season.

3.2 Materials and methods

3.2.1 Study location
The experiment was carried out at the Inácio de Sousa extensive beef cattle farm located in the
Manhiça district, approximately 100 km to the north of Maputo city, in Mozambique. The climate at
this location is sub-tropical humid, with an average temperature of 28˚C and average annual rainfall
of 950 mm. About 80% of the rainfall occurs during the normal rainy season of six months (October
to March), of which about 50% occurs in December and January.

3.2.2 Animals
Twenty-five peri-parturient Brahman type cows on parity 2 were randomly selected to compose
the experimental group. Body weight and BCS were measured around calving (November) and
thereafter at monthly intervals until the beginning of the breeding season. The post-partum suckling
cows were monitored monthly for uterine involution by rectal palpation and the reproductive tracts
were scored using the reproductive tract score method as described by Schwalback et al. (2000)
until they had shown a RTS  4. The experimental cows were maintained in the herd under similar
management conditions as compared to the rest of the herd, which was kept under extensive
conditions.
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3.2.3 Experimental design
3.2.3.1 Principle of blood-sample collection to monitor hormonal changes
A critical evaluation of hormonal changes in the peripheral plasma during the oestrous cycle of
cows suggests that the endocrine changes that occur around oestrus are the most important during
the oestrous cycle. Therefore, hormonal assays of blood samples around oestrus were obtained to
provide the required information for analysis. Thus, in order to study the effects of BW, BCS, age
and parity on ovarian steroids and metabolites in circulating blood, sampling procedures were
scheduled for these hormones to cover the period of normal secretion of the reproductive hormones;
e.g. before, during and after oestrus.
The efficiency of oestrus detection in Bos indicus cows is generally rather low (LandaetaHernandez et al., 2002; Acevedo et al., 2007; Galina and Orihuela, 2007; Portillo et al., 2008) and a
similar response was anticipated in the present study. For that reason, oestrus synchronisation was
performed to concentrate oestrus within a short period of time during which blood samples were
collected. The exogenous progesterone used in the present study was combined with estradiol, a
well-known estrane with a demonstrated capacity to induce oestrus (Burke et al.; 2001; Bó et al.,
2003; Evans et al., 2003; Macmillan et al., 2003; Maneghetti et al., 2009; Sá Filho et al., 2011). To
avoid possible effects of estradiol treatment on the hormonal profile, blood samples were only
collected during the second oestrous cycle, after synchronisation.

3.2.3.2 Oestrus synchronization
Thirty-five days prior to the breeding season, cows incorporated in the study were divided into two
groups and the synchronisation was performed per group three days apart. Cows were separated
into two groups (group 1= 10 cows; group 2=11 cows) to facilitate the blood sampling and to ensure
the sampling interval. Cows were synchronised for oestrus using a Crestar®1 (implant:3 mg
Nergestomet + 2ml of crestar injection:5 mg oestradiol valerate; 3 mg Nergestomet and 10% Benzil
alcohol as preservative). The synchronisation and blood sampling schedule are presented in Figure
3.1.
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Figure 3.1.Diagram of oestrus synchronisation and blood sampling of Bos indicus cows for
hormonal assay around oestrus

Blood samples were collected from the jugular vein into vacuum tubes containing EDTA and
centrifuged immediately after collection at 3000 rpm. The plasma was stored at – 20oC. After blood
sampling cows were returned to the herd. A total of 18 blood samples were collected from each
animal: Sample 1 to 3 (collected at 4-hr intervals during the 24 to12 hr preceding oestrus); samples
4 to 15 (collected at 2-hr intervals during 12 hr-0 hr-12 hr oestrus); and samples 16 to 18 (collected
at 4-hr intervals during the 12 to 24 hr after oestrus). Since the blood sampling was followed by the
onset of the breeding season, satisfactory classified bulls (Hopkins and Spitzer 1997) were used at a
ratio of 1:20 cows for a breeding season of 90 days, January to March (Schwalback et al., 1997).
Pregnancy diagnosis was done by rectal palpation 60 days after the breeding season ended and the
non-pregnant cows were re-bred in the follow-up breeding season (June to July). Pregnant cows
were monitored to the end of the gestation period and calving dates recorded. The calving season
(October to December) was divided into early, mid and late, as described by Escrivão et. al. (2009).
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3.2.4 Hormonal assay
Hormonal assay were performed at Department of Clinical Pathology in the Ampath Laboratory in
Pretoria.
Estradiol: performed using a second generation kit as supplied by Roche, functional sensitivity 44
pmol/l, measuring range 44-15 781 pmol/l. Results above the analytical range were rerun after
dilution to get an absolute result. The claimed total precision for the method is 2.3-6.2% (higher
value applicable to lower results), and the Laboratory participate in external quality assurance
scheme run by Thistle, to verify method performance.
Progesterone: performed using a second generation kit as supplied by Roche, functional sensitivity
0.5 nmol/l, measuring range 0.5-191 nmol/l. Results above the analytical range can be rerun after
dilution to get an absolute result. The claimed total precision for the method is 2.0-4.8% (higher
value applicable to lower results), and laboratory participate in external quality assurance scheme
run by Thistle, to verify method performance.

3.2.4.1 Test validation
Validation of tests for bovine hormones and metabolites was done by collecting blood samples from
cows confirmed pregnant (n=3) and in oestrus (n=3) via caudal venepuncture at the first blood
sampling (t0) and again at the second sampling 12-hr later (t12). Samples were centrifuged
immediately after collection and plasma was stored at -20ºC. Plasma samples were analysed for
FSH, LH, progesterone, estradiol, cortisol, creatinine and urea. The ADVIA Centaur Assay and
SYNCRON LX system automatically calculate the precision illustrated by intra- and interassay
coefficient of variation, sensitivity and specificity as the main criteria for validation. The test was
repeated twice and similar results were obtained. Based on these results, tests were validated for
estradiol, progesterone, cortisol, urea and creatinine.
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3.2.4.2 Estradiol assay
The estradiol ADVIA Centaur assay is a competitive assay using direct chemiluminescent
technology that derives its name from coupling of the estradiol immunogen at the specificityenhancing sixth position, allowing for the production of a highly specific antibody. This 17βestradiol-6-antibody allows the ADVIA Centaur Estradiol-6 assay to be used across a wide range of
applications. Estradiol in the sample competes with acridinium ester-labelled estradiol in the Lite
Reagent for a limited amount of rabbit anti-estradiol antibody in the Antibody Reagent. Rabbit antiestradiol is captured by mouse anti-rabbit IgG, which is coupled to paramagnetic particles in the
solid phase.
The system automatically performs the following steps:


Dispenses 50 µL of sample and 50 µL of Antibody Reagent into a cuvette and incubates for
5.5 minutes at 37 0C;



Dispenses 50 µL of Lite Reagent and 250 µL of Solid Phase and incubates for 5.0 minutes at
37 0C;



Separates, aspirates, and washes the cuvettes with reagent water;



Dispenses 300 µL each of Acid Reagent and Base Reagent to initiate the chemiluminescent
reaction; and



Reports results according to the selected option, or in the online help system;

An inverse relationship exists between the amount of estradiol present in the sample and the amount
of relative light units (RLUs) detected by the system.

3.2.4.3 Progesterone assay
As with the estradiol assay, the ADVIA progesterone assay is a competitive immunoassay using
direct chemiluminescent technology. Progesterone in the sample binds to an acridinium esterlabelled mouse monoclonal anti-progesterone antibody in the Lite Reagent. Unbound antibody
binds to a progesterone derivative, covalently coupled to paramagnetic particles in the Solid Phase.
The system automatically performs the following steps:
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Dispenses 20 µL of sample and 90 µL of Releasing Agent into a cuvette;



Dispenses 100 µL of Lite Reagent and incubates for 2.5 minutes at 370C;



Dispenses 200 µL of Solid Phase and incubates for 5.0 minutes at 370C;



Separates, aspirates, and washes the cuvettes with reagent water;



Dispenses 300 µL each of Acid Reagent and Base Reagent to initiate the chemiluminescent
reaction; and



Reports results according to the selected option, as described in the system operating
instructions or in the online help system.

There is also an inverse relationship between the amount of progesterone present in the sample and
the amount of relative light units (RLUs) detected by the system.

3.2.4.4 Cortisol assay
The ADVIA Centaur cortisol assay is also a competitive immunoassay using direct
chemiluminescent technology. Cortisol in the sample competes with acridinium ester-labelled
cortisol in the Lite Reagent for binding to polyclonal rabbit anti-cortisol antibody in the Solid
Phase. The polyclonal rabbit anti-cortisol antibody is bound to monoclonal mouse anti-rabbit
antibody, which is covalently coupled to paramagnetic particles in the Solid Phase.
The system automatically performs the following steps:


Dispenses 20 µL of the sample into a cuvette;



Dispenses 50 µL of Lite Reagent and 250 µL of Solid Phase and incubates for 5.0 minutes at
37 0C;



Separates, aspirates, and washes the cuvettes with reagent water;



Dispenses 300 µL each of Acid Reagent and Base Reagent to initiate the chemiluminescent
reaction; and



Reports results according to the selected option, as described in the system operating
instructions or in the online help system.
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As with the previous assays there is an inverse relationship between the amount of cortisol present
in the sample and the amount of relative light units (RLUs) detected by the system.

3.2.4.5 Urea Nitrogen (BUN) assay
BUN Reagent is used to measure urea nitrogen by an enzymatic rate method (. In the reaction, urea
is hydrolysed by urease to ammonia and carbon dioxide. Glutamate dehydrogenase (GLDH)
catalyses the condensation of ammonia and α-ketoglutarate to glutamate with concomitant oxidation
of reduced β-nicotinamide adenine dinucleotide (NADH) to β-nicotinamide adenine dinucleotide
(NAD) (Tietz, 1995).
The SYNCHRON LX System automatically dilutes samples and proportions to the appropriate
sample reagent into the cuvette. The ratio used was one part sample to 100 parts reagent for plasma.
The system monitors the change in absorbance at 340nm. This change in absorbance is directly
proportional to the concentration of urea nitrogen in the sample and used by the SYNCHRON LX
System to calculate and express the urea nitrogen concentration. The chemical reactions are as
follows:
Urease
Urea + H20

2NH3 + CO2

GLDH
NH3 + α-ketoglutarate + NADH + H+

Glutamate + NAD+ + H2O

3.2.4.6 Creatinine assay
Creatinine in the plasma was assayed based on the method of Jaffé reaction as described by Pooper
et al. (1937), Seeling and Wust (1969) and modified by Bartels et al. (1972). The modified version
has a higher sensitivity and better precision than the original Jaffé method (Tietz, 1995). The
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addition of sodium hydroxide and piric acid trigger kenetic colorimetric assay with the following
reaction:

Alkaline solution
creatinine + piric acid

Creatinine-piric acid complex

In the alkaline solution, creatinine forms a yellow-orange-complex with picrate. The colour
intensity is directly proportional to creatinine concentration and can be measured photometrically.
The plasma samples contain proteins which react non-specifically in the Jaffé method. Therefore,
plasma results were corrected by 26 mol/L (0.3mg/dl) to obtain accurate values. The assay was
performed in Cobas Modular P.
Estradiol, progesterone, cortisol and urea were measured using ADVIA Centaur Assay and
SYNCRON LX Systems, while creatinine was assayed by Cobas Modular P.

3.2.5 Statistical analysis
Data were analysed by means of the analysis of variance (ANOVA) procedure in SPSS version 14.0
for Windows by including sampling time, BCS at the beginning of the breeding season, age, parity
and pregnancy status as fixed factors as well as the corresponding interactions in the model.
Estradiol, progesterone, cortisol, creatinine and urea were included as variables. Pearson product
moment correlation coefficients were calculated between variables as well as the significance
levels. Differences between factors were assessed at the level of p< 0.05 (95% accuracy). All results
were expressed as least square means (LSmeans) ± standard deviation (SD) and multiple
comparisons of means were done by means of the Bonferroni method in order to correct for
unbalanced data, where the number of observations differed. Pregnancy status was analysed by Chisquare analysis (SPSS, 2005).
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3.3 Results
From calving to the beginning of the breeding season all cows incorporated in the study had a
positive energy balance and a relative increase in BCS as indicated in Table 3.2. Four cows were
not synchronised for oestrus because the RTS were below 4 and, thus, excluded from the study. All
cows showed oestrus signs between day 11 and 13 post-synchronisation. During the scheduled
period for blood sampling cows also showed oestrus signs. The numbers of observations per factor
are presented in Table 3.1
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Table 3.1 Number of observations (n) for BCS, parity number and age of cows.

Characteristic
Body Condition Score

Parity Number

Age

No of observations
2

4

2.5

10

3

7

2

5

3

5

4

5

5

6

4

4

5

3

6

3

7

8

8

3

The overall conception rate of cows in the study was 90.5%. The majority of conceptions occurred
during the first 21 days after the onset of the breeding season. The two cows that did not conceive
had a BCS of 2 and 3 but were relatively old cows of about 8 years of age.
The mean concentrations of steroids and metabolites around oestrus and the related reproduction
data are presented in Table 3.2
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Table 3.2 Serum concentration of steroids and metabolites around oestrus and the related
reproduction data in Brahman type cows under extensive conditions

Characteristics
Estradiol (pmol/l)
Progesterone (nmol/l)
Urea (mmol/l)

LSMeans±SD
131.7±107.7
6.3 ±10.9
4.6 ±1.4

Creatinine (μmol/l)

96.9 ± 15.4

Cortisol (nmol/l)

21.1 ± 14.8

BCS Nov

2.4 ± .39

BCS Jan

2.8 ± .28

BW Nov

404 ± 50

BW Jan

418 ±51

Age (Years)

6.4 ±1.2

Parity_Number

3.8 ± 1.1

Early conceptions (%)

60

Mid conceptions (%)

20

Late conceptions (%)

10

BCSJan- BCS January (BCS at the start of the breeding season)
Early conception – Conceptions in the 1st 21 days after the onset of the breeding season
Mid conception - Conceptions in the 2nd 21 days after the onset of the breeding season
Late conceptions - Conceptions above 42 days after the onset of the breeding season

The blood concentrations of steroids and metabolites around oestrus and the productive and
reproductive characteristics included in the present study were either correlated or not, as illustrated
in Table 3.3.
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Table 3.3 Pearson product moment correlation coefficients between BCS, age, parity and estradiol,
progesterone, urea, criatenine and cortisol around oestrus in Bos indicus cows under extensive
conditions

Control Variables
Sample_No

Estradiol

Progesterone

Urea

Creatinine

Cortisol

BCSJan

Age

Parity_No#

Estrad
Correlation

Proge

Creat

cortisol

BCSJan

Age

.

Df

0
-.081

1.000

Significance (2-tailed)

.141

.

Df

334

0

Correlation

.202

.035

1.000

Significance (2-tailed)

.000

.519

.

Df

334

334

0

Correlation

.009

.378

.455

1.000

Significance (2-tailed)

.870

.000

.000

.

Df

334

334

334

0

Correlation

.079

-.006

-.094

-.026

1.000

Significance (2-tailed)

.146

.908

.085

.632

.

Df

334

334

334

334

0

Correlation

.115

.231

.104

.248

.022

1.000

Significance (2-tailed)

.035

.000

.057

.000

.684

.

Df

334

334

334

334

334

0

Correlation

P_No#

1.000

Significance (2-tailed)
Correlation

Urea

-.352

.064

.136

.094

-.171

-.101

1.000

Significance (2-tailed)

.000

.244

.012

.084

.002

.064

.

Df

334

334

334

334

334

334

0

.114

.185

-.095

-.163

.904

1.000

.003

.000

.

334

334

0

Correlation

-.289

.094

Significance (2-tailed)

.000

.084

.037

.001

.082

Df

334

334

334

334

334

In Bold means differ significantly p<0.05

The effect of BCS at the onset of the breeding season on estradiol, progesterone, creatinine, urea
and cortisol around oestrus are illustrated in figures 3.2 to 3.6 while the effect of age is presented in
figures 3.7 to 3.11 and the effect of parity number in figures 3.12 to 3.16 (These effects will be
discussed in Section 3.5).
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Figuree 3.2 Effectts of BCS onn estradiol concentratio
c
ons around oestrus
Esttradiol at BC
CS 2; 2.5 an
nd 3 (illustrrated on axis –Y2) diffeered significcantly (p<0..05)
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Figure 3.3
3 Effect of
o BCS on pprogesteronee concentrattions aroundd oestrus
Progesterone at BCS 2; 2.5 and 3 (illusstrated on axis
a –Y2) difffered signifficantly (p<
<0.05)
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Figuree 3.4 Effect of BCS on creatinine concentratio
c
ons around oestrus
B 2; 2.5 and
a 3 (illustr
trated on axis –Y2) difffered signifiicantly (p<0
0.01)
Creeatinine at BCS
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Figure 3.5 Relationship of BC
CS and ureaa concentrations aroundd oestrus
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Figure 3.6 Relation
nship BCS a nd cortisoll concentrattions aroundd oestrus
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Figure 3.77 Effect off age of cow
ws on estradiiol concentrrations arouund oestrus
a 8 (illusttrated on ax
xis –Y2) difffered signifi
ficantly (p<0
0.05)
Estrradiol at agee 4; 5; 6; 7 and
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F
Figure 3.8 Effect of ag
ge of cows on progesteerone conceentrations arround oestru
us
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Figure 3.99 Effect of age of cowss on creatin
nine concenttrations arouund oestrus

44

Figure 3.110 Relationsship age of cows and urea concenttrations arouund oestrus
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F
Figure 3.11 Relationshiip age of coows and corrtisol conceentrations arround oestrrus
Corrtisol at agee 4; 5; 6; 7 and
a 8 (illustrrated on axiis –Y2) diffeered significcantly (p<0
0.05)
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F
Figure 3.122 Effect of parity numbber on estraadiol concen
ntrations aroound oestru
us
Estradiool at parity number
n
3; 4;
4 5 and 6 (iillustrated on axis –Y2) differed siggnificantly (p<0.05)
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Fiigure 3.13 Effect of parity numberr on progestterone conccentrations a round oestrrus
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Figgure 3.14 Relationship
R
p parity num
mber on creatinine conccentrations around oesttrus
Creatininne at parity number 3; 4;
4 5 and 6 ((illustrated on
o axis –Y2) differed siignificantly
y (p<0.05)
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F
Figure 3.155 Relationsh
hip parity nuumber and urea
u concen
ntrations aroound oestru
us
Urea aat parity num
mber 3; 4; 5 and 6 (illuustrated on axis
a –Y2) diiffered signnificantly (p<0.05)
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Figgure 3.16 Relationship
p parity nuumber and cortisol conccentrations a round oesttrus
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The mean concentrattions of estradiol andd progestero
one around
d oestrus (ffrom 24 ho
ours beforee
oestrus to 224 hours aft
fter oestrus) are presentted in Figuree 3.17

c
ons of estrad
diol and pro
ogesterone aaround oestrrus in Bos
Figure 3.17 Pattern of plasma concentratio
ind
dicus cows uunder extensive conditiions
52

Mean concentrations of estradio
ol, progesteerone, ureaa, creatininee and cortiisol in plassma of Boss
ws around oestrus
o
are illustrated
i
inn Figure 3.1
18.
indicus cow

Figure 33.18 Patternn of steroidss and other metabolitess during oesstrus in Bos indicus cow
ws under
extennsive condiitions
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3.4 Discussion
The present study shows that the hormonal pattern of estradiol and progesterone during oestrus in
Bos indicus cows under extensive management conditions is similar to that observed in Bos taurus
cows under intensive management conditions (Forde et al., 2011) as illustrated in Figure 3.17.
The great value of determining BCS prior to the breeding season in cows under extensive
management to maximise conception rates is demonstrated in Figure 3.2 where estradiol
concentrations tend to peak in cows with BCS 2.5. In addition, the conception rate of cows with
BCS of 2.5 was 100%. Although the conception rate of cows included in this study was 90.5%, the
two cows that did not conceive during the breeding season of 90 days were aged 8 years but with
BCS of 2 and 3, respectively. Since cows were in positive energy balance at the start of the
breeding season these results suggest the possibility of age-related sub fertility in Bos indicus cows
under extensive conditions.
BCS correlates positively with estradiol (r=0.12; p<0.05) as well as with the conceptions early in
the breeding season. This finding strongly suggest that in Bos indicus cows under extensive
management conditions, a minimum BCS of 2.5 has to be achieved at the start of the breeding
season in order to increase the conception rates. Similar results on the correlations between BCS
and conception rates have been previously reported (Renquist et al., 2006; Roche et al., 2009).
The blood concentrations of estradiol correlate negatively with age and parity number (r= -0.35; r= 0.29 and p<0.001), respectively. Studies suggests that the threshold estradiol value to induce oestrus
may differ between cows (Coe and Allrich, 1989; Forde et al.,2011) and it appears that in older Bos
indicus cows under extensive management the estradiol peak is lower during oestrus (Figure 3.7)
compared to young cows.
The effect of stress was more pronounced in young cows compared to older cows as cortisol
correlated negatively with age (r= -0.171). In addition, cortisol did not interfere with reproduction
in any of the cows in the present study, which agrees with the findings from other studies (Wikhund
et al., 1996; Butler, 2000; Eberhard et al., 2007; Walker et al., 2008). During the scheduled period
of blood sampling, from 24 hours before oestrus to 24 hours after oestrus, cortisol tended to
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decrease irrespective of BCS, age and parity number, indicating the probability of adaptability of
cows to the stressor; i.e., blood sampling procedure.
Creatinine and urea concentrations were correlated, as both indicate the catabolism of protein
(Wikhund et al., 1996; Butler, 2000; Ndlovu et al., 2007). In addition, a correlation between
creatinine and BCS was observed although higher BCS is often accompanied with increased
muscular mass from where creatinine originates. During oestrus in Bos indicus cows the magnitude
of muscular protein catabolism was related to BCS (r=0.248), but serum creatinine concentrations
around oestrus were within the normal range. Although serum creatinine is primarily linked to
glomerular filtration rate, an increased concentration in circulating creatinine is mostly seen when
breakdown of endogenous protein from the muscles occurs to compensate for energy deficiency or
after a long walking distance or renal pathologies. In terms of reproduction, creatinine is important
due to its impact on blood urea nitrogen, which has a positive influence on fertility (Butler, 2000)
while very high levels may have a negative effect on fertility (Butler, 1998). Therefore, the
maintenance of creatinine within the normal range in the cows included in the present study is
accomplished due to nutritional status of the cows (positive energy balance) and further confirmed
with the blood urea concentrations.
Blood urea concentrations were within the normal range (<3.6 mmol/l) and correlated positively
with estradiol. This was expected to occur since cows included in the experiment were extensively
managed based on natural pastures without any type of energy or protein supplementation. The
present study indicated that post-partum cows managed at a BCS of 2; 2.5 and 3 at the beginning of
the breeding season under extensive management should not be expected to reach the critical levels
of urea (19 mmol/l) that impair reproduction (Betler et al., 1998).
The conception rates of cows in the present experiment (90.5%) were elevated considerably as
compared to those rates reported in commercial beef cattle farms in Mozambique (<60%)
(Schwalback et al., 1997; Escrivão et al., 2009). Considering that cows that did not conceive were
under the minimum BCS reported for oestrus to occur, BCS of 2 and 3 (Flores et al., 2008;
Quintans et al., 2009) the present study lacks a complete retrospective post-partum reproductive
history of every cow for a better understanding of the observed phenomenon.
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3.5 Conclusions
The present study suggest that better BCS (≥2.5) at the onset of the breeding season improves the
conception rates and concentrates conceptions during the first 21 days of the breeding season in
Brahman type cows under extensive management conditions.
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4. Effects of 12-hour calf withdrawal on conception rates
and calf performance of Bos indicus beef cattle in extensive
production systems
(Published in the Journal Tropical Animal Health and Production (2009) 41, 135-139)

Summary
This study was conducted to evaluate if restricted suckling at night from 45 days postpartum increases the conception rates of Bos indicus beef cows in extensive
production systems in sub-tropical conditions and to quantify the related effects on
calf-weaning weights. Fifty-two multiparous Brahman type cows with reproductive
tract scoring (RTS)  4 at 45 days post-partum were randomly assigned to two groups
of 26 cows each separated into an ad libitum suckling group or calf non-removal
group (NRG) and treatment group or calf removal group (RG). Calves in the
treatment group were separated for 12 hr during the night from 45 days post-partum to
the onset of the breeding season. Satisfactory classified bulls were used at the ratio of
1:20 cows for a breeding season of 90 days.
BCS and BW of cows were recorded 45 days post-partum, at the start of the breeding
season, and at pregnancy diagnosis that took place 60 days after the end of the
breeding season. Pregnant cows were monitored throughout the gestation period.
Calves were weighed at calving and weaning. Weaning weights were corrected to 205
days. BW and BCS at the onset of the breeding season was 395.8  50 kg and 2.5 
0.3 for the RG and 410.5  40 kg and 2.6  0.3 for the NRG. Calving to breeding
intervals were 93  17.5 days for RG and 99  22.1 days for NRG, respectively.
Calving to conception intervals differed significantly between the experimental
groups (110.9  10 days for RG and 132.8  19 days for NRG) and a similar result
was obtained for the commencement of the breeding season to conception intervals
(17.8  15 days for RG and 31.1  18.9 days for NRG). Conception rates were 80%
for the RG and 59% for the NRG, which correlated better with BW than BCS at the
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onset of the breeding season. Weaning weights differed significantly between control
and treatment groups (149.3  18 kg for RG and 134.5  20 kg for NRG). From 45
days post-partum to the onset of the breeding season, cows in the RG experienced a
positive energy balance (3%) while those in the NRG had a negative energy balance (0.1%). It was concluded that 12-hr calf separation at night increases the conception
rates and improves the calf-weaning weights of Bos indicus beef cattle in extensive
production systems under sub-tropical conditions.

4.1 Introduction
Twelve-hour calf separation shortens the interval to first oestrus post-partum and
increases the conception rate of Bos taurus beef cows in intensive production systems
(Stewart et al., 1993b; Gazal et al., 1999). There is, however, no information on 12-hr
calf separation in Bos indicus cows in extensive production systems under subtropical conditions as well as the influence of calf separation on the weaning weights
of calves. The present study was thus conducted to determine if restricted suckling at
night from 45 days post-partum increases the conception rates in Bos indicus beef
cows in extensive production systems and to quantify the related effects on calf
weaning weights.

4.2 Materials and Methods

4.2.1 Study location
The experiment was carried out at the Inácio de Sousa extensive beef cattle farm
located in Manhiça district, about 100 km to the north of Maputo city, in
Mozambique. The climate at this location is sub-tropical humid, with an average
temperature of 28˚C and average annual rainfall of 950 mm. About 80% of the
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rainfall is concentrated during the rainy season that last for six months (October to
March), with 50% of the rain distributed in December and January.

4.2.2 Experimental design
Fifty-two multiparous Brahman-type cows were randomly allotted from a group of
post-partum cows that had all calved during the calving season (October to
December), normal parturition, irrespective of the sex of their calves. The cows were
randomly assigned to two groups of 26 cows each: treatment group (RG) and control
group (NRG). Reproductive tract scoring (RTS) was performed at 45 days postpartum (calculated based on the actual calving dates) via rectal palpation using a 5point cows reproductive tract scoring method as described by Schwalback et al.
(2000). Only cows with a RTS of 4 or above were incorporated in the experiment.
Cows were maintained in the herd under the same management as the whole farm,
taken to grazing areas between 7:00 hours and 17:00 hours, without supplementary
feeding and calves from the treatment group were removed at 18:00 hours after the
herd returned to the coral.
Separation of calves for a period of 12 hr (12-hr night-calf-separation; 18:00 hours to
6:00 hours) began 45 days post-partum until the beginning of the breeding season and
then calves were allowed to suckle ad libitum. Calves from the control group
remained with their dams for the entire period. Breeding soundness examinations
were performed using the system of Hopkins and Spitzer (1997) and only satisfactory
classified bulls were used at a ratio of 1:20 cows for a breeding season of 90 days
(January to March).
The post-partum interval to the start of the breeding season (CBI) and the duration of
treatment were calculated. Body weight was recorded using a standard scale for cattle
(Richter scale Company® - Livestock &Animal Scale, Model CS-001 Series, Cattle Scale Weigh
Beams) 45 days post-partum and at the onset of the breeding season and during

pregnancy diagnosis along with the BCS determinations. BCS determinations were
done using a 5-point Scottish scoring method (Wiltbank, 1991). The energy balance
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of the cows (weight loss or weight gain) at the onset of the breeding season was
calculated and expressed as a percentage. Pregnancy diagnosis took place 60 days
after the end of the breeding season.
Pregnant cows were monitored to the end of the gestation period, and calving dates
were recorded. Calving intervals (CI) were calculated and then used to calculate the
calving to conception intervals (CCI) and breeding to conception intervals (BCI), as
follows:
CCI = CI – 280 days
BCI = CCI – CBI
280 days is the mode gestation length for Brahman type cows used in the present
study (Escrivão, 1998).
The weights of the calves were recorded at calving, within 48 hr of parturition and at
weaning.
As calving dates differed marginally, but all calves were weaned on the same day, a
correction factor was included to correct for these differences in weaning weights.
Weaning weight was corrected to 205 days using the following formula:
Cww = Bw + [ (Ww – Bw) / Wa)* 205)]
Where:
Cww – Corrected weaning weight
Bw – Birth weight
Ww – Weaning weight
Wa – Weaning age
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4.2.3 Statistical analysis
Data was analysed using the analysis of variance (ANOVA) procedure in SPSS
version 14.0 for Windows, by including the treatment group as fixed factor in the
model and the variables BW, BCS, energy balance, pregnancy status, post-partum
interval to breeding, birth weights, corrected weaning weight and the corresponding
interactions. Pearson product moment correlation coefficients were calculated
between variables as well as the significance levels. Differences between factors were
assessed at a significance level of p<0.05 (95% accuracy). All results were expressed
as least square means (LSmeans) ± standard deviation (SD) and multiple comparisons
of means were done by means of the Bonferroni method in order to correct for
unbalanced data, where the number of observations differed. Pregnancy status of
treated and control cows was compared by Chi-square analyse (SPSS, 2005).

4.3 Results
Cows incorporated in the present study showed at 45 days post-partum the following
reproductive tract characteristics: vulva and vagina were normal with moist pink
mucosa, intra-pelvic location of the cervix, involuted uterus and approximately
symmetric and thin wall without content, good tone and active ovaries with either
follicle or corpus luteum.
Body weight and BCS of cows in the experimental groups were typical for Brahmantype cows in an extensive production system in Mozambique (Schwalback et al.,
1997), taking into consideration the physiological status of the cows and season of the
year.
From calving to breeding, the available forage increased in both quantity and quality
as a result of the seasonal variation on forage production associated with the subtropical climate. Nevertheless cows in the control group experienced a negative
energy balance, though the BCS were similar (Table 4.1).
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Under the true extensive production conditions with minimal management on which
the experiment took place the BW, BCS and energy balance of cows at the start of the
breeding season and, birth weights of calves, corrected weaning weights, calving to
breeding interval, breeding to conception interval and conception rates are
summarised in Table 4.1, while correlations between variables are presented in Table
4.2.

Table 4.1 Effects of calf removal on live weight, BCS, energy balance, weaning
weights of the calves and re-conceptions characteristics of Bos indicus beef cows in
extensive productions systems (LS means ± SD)
Group
Trait

RG

NRG

Live weight at calving (kg)

384  43

410.9  32

Live weight (kg)*

395.8  50

410.5  40

Body condition score*

2.5  0.3

2.6  0.3

Energy balance (kg)*

11.8  10a (3%)

0.4  12b (-0.1%)

Birth weigth (kg)

28.3  0.9

28.5  0.9

Corrected weaning weight (kg)

149.3  18a

134.5  20b

Calving to breeding interval (days)

93  18

99  22

Calving to conception interval (days)

111  10a

133  19b

Breeding to conception interval (days)

18  15a

31  17.3b

Conception rate (%)

80

59

* At the start of the breeding season
a,b

Means with different superscripts in the same row differ significantly (p < 0.05)
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Table 4.2 Pearson product moment correlations coefficients between BW, BCS and conceptions and re-conceptions data of Bos indicus beef
cows under extensive conditions
Control Variables
Group

CWW
CWW

CBI

BwOBS

BCSOBS

BWMBS

BCSMBS

BWPD

CBI

BwOBS

BCSOBS

BWMBS

BCSMBS

BWPD

Correlation

1.000

Significance (2-tailed)

.

Df

0

Correlation

-.212

1.000

Significance (2-tailed)

.158

.

Df

44

0

Correlation

.046

-.062

1.000

Significance (2-tailed)

.761

.683

.

Df

44

44

0

Correlation

.160

-.003

.254

1.000

Significance (2-tailed)

.289

.986

.088

.

Df

44

44

44

0

Correlation

.038

-.060

.957

.250

1.000

Significance (2-tailed)

.802

.693

.000

.093

.

Df

44

44

44

44

0

Correlation

.074

-.173

.008

.477

.109

1.000

Significance (2-tailed)

.626

.251

.955

.001

.471

.

Df

44

44

44

44

44

0

Correlation

.087

.012

.759

.292

.793

.166

1.000

Significance (2-tailed)

.567

.936

.000

.049

.000

.271

.

Df

44

44

44

44

44

44

0
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BCSPD

PD

BCSPD

PD

Correlation

-.035

.064

.153

.399

.244

.585

.484

1.000

Significance (2-tailed)

.817

.671

.311

.006

.102

.000

.001

.

Df

44

44

44

44

44

44

44

0

Correlation

-.086

.313

.356

.348

-.007

.241

.008

.419

1.000

Significance (2-tailed)

.570

.034

.015

.018

.964

.107

.960

.004

.

Df

44

44

44

44

44

44

44

44

0

Cww – Corrected weaning weight; CBI – calving to breeding interval; BWOBS – Body weight at the onset of breeding season; BCSOBS – Body condition score at the onset of the breeding season; BWMBS – Body
weight at the mid of breeding season: BCSMBS – Body conditions score mid breeding season; BWPD – Body weight at pregnancy diagnosis; BCSPD – Body condition score at pregnancy diagnosis; PD – Pregnancy
data. In Bold - (p<0.05)
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4.4 Discussion
The present study was conducted on Bos indicus beef cattle with the 12 hr night-calf
removal for 48  18 days prior to the breeding season in extensive production system in
sub-tropical region. Previous studies have been performed on Bos taurus beef cattle
within weeks prior to the onset of the breeding season (Stewart et al., 1993b) and in
crossbreed Bos taurus x Bos indicus beef cattle from 9 to 12 days post-partum to first
luteal phase or 100 days post-partum in intensive production systems (Gazal et al., 1999).
The conception rates were 80% for the RG and 59% for the NRG. Although the
conception rates did not differ (p>0.05) between groups, the numerical difference of
almost 20% was considerable (Table 1). The observed numerical increase in conception
rates for cows in the RG agrees with the results of Stewart et al. (1993b) but contrast with
those from Gazal et al. (1999) who reported that 12-hr (night or day) calf separation did
not affect the duration of post-partum anestrus. The agreement with Stewart’s results is
probable due to the fact that both experiments were performed in sub-tropical conditions
and prior to breeding season, although the breed type differed significantly. In addition,
results of the present study indicated that by performing a 12-hr calf withdrawal at night
there is an increase on BW of cows with consequent positive energy balance (3%),
which, if combined with the reduced teat stimulation frequency, triggered the
hypothamuls-ovarian function (BCI of 18  15 days). The ad libitum suckling group had
a conception rate of about 59%, which concurs with the previous results of Escrivão
(2005) (unpublished report) for extensive beef cattle in the south of Mozambique.
Like BW and BCS at the onset of the breeding season, CBI is an important predictor of
pregnancy rate. In the present study, conception rates were affected (p <0.05) by CBI,
which concurs with the findings in literature (Requist et al., 2006), but the treatment
effects were stronger because the conception rates were higher for cows in the RG and
they had a shorter CBI. The BCI of cows in the RG was only 18  15 days, which
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represents a meaningful improvement in reproductive efficiency of extensive beef cattle,
where the norm is in the order of 31  17 days (NRG). This improvement is probably due
to the fact that cows in the RG calved earlier in the calving season, weaned a heavier calf,
and had enough time to recover for the following breeding season. These results agree
with those of Stewart et al. (1993b) where 56.8% of the day-suckled cows showed estrus
activity during the first 30 days of the breeding season, compared to 22% of the nightsuckled cows.
In the current study, weaning weights increased (p< 0.05) with 12-hr calf removal at
night contrary to the common belief. A number of reports in the literature suggest that
temporarily calf removal does not affect the weaning weights of calves (Odde et al.,
1986; Bell et al., 1998). The finding in the present study that 12-hr calf withdrawal has a
positive effect on weaning weights of calves is probably because of the period of calf
removal coinciding with the availability of good green pastures and calves making better
use of it and compensatory growth seems to play a role.
The correlations observed between BCS, BW, energy balance at the start of the breeding
season and conceptions rates demonstrated the importance of these variables in terms of
reproduction. Results of the present study agree with those of other studies (Osoro and
Wright, 1992; DeRouen et al., 1994; Morrison et al., 1999). Although animal scientists
and veterinarians use BCS more often than BW in their routine work, this study indicated
that BW when assessed in a consecutive manner is the most appropriate indicator of body
energy reserves and re-breeding performance of Bos indicus beef cows in extensive
production systems under sub-tropical conditions.
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4.5 Conclusions
Twelve-hour calf removal at night for about 48 days prior to the breeding season
increases the percentage of cows that exhibit estrus within the first 21 days of the
breeding season, enhance conception rates and has a beneficial effect on calf weaning
weights of Bos indicus beef cattle in extensive production systems.

68

5. Effects of 48-hour calf removal on conception rates of Bos
indicus cows and calf-weaning weights in extensive production
systems
(Published in the Journal Tropical Animal Health and Production, 2012, DOI 10.1007/s11250-012-0137-x)

Summary
The current study aimed to determine if 48-hr calf removal prior to the breeding season
affects (1) ovarian steroids, cortisol, urea and creatinine; (2) improves the conception
rates; and (3) influence the calf-weaning weights of Bos indicus cattle in extensive
production systems. Sixty multiparous Brahman-type cows were randomly selected in the
early post-partum period and equally allocated into a calf removal group (RG) and a nonremoval group (NRG). Calves from cows in the RG were removed for 48 hr prior to the
breeding season and returned afterwards, whereas in the NRG the calves remained with
their dams until weaning. BW and BCS of cows were recorded at the beginning of the
breeding season, mid-breeding season and just after pregnancy diagnosis.
Pregnant cows were monitored throughout the gestation period and calving dates were
accurately recorded. The calving season was divided into early, mid and late,
corresponding conceptions occurred in the early, mid and late part of the breeding season,
respectively. Calves were weighed at birth and at weaning. Weaning weights were
corrected to 205 days. BW and BCS were similar throughout the experimental period.
Conception rates (CR) were 76% for RG and 55% for NRG but did not differ
significantly between the groups. However, differences (p<0.05) between the groups
were observed for conception rates in the early and late part of the breeding season. CR
was correlated with CBI and BCS at the onset of the breeding season. Product-limit
survival curves Vs CCI differed significantly (p<0.05) between treatment groups. It was
estimated with 95% certainty that 50% of the cows in the RG would conceive within the
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first 19 days of the breeding season while for the NRG within the first 38 days of the
breeding season. Weaning weights were 135.2 ± 22 kg for the RG and 135.5 ± 19 kg for
the NRG. In the RG estradiol concentrations increased with sampling time, contrary to
progesterone. Cortisol decreased with sampling time for both groups but with higher
concentration in the RG. It was concluded that 48-hr calf removal prior to breeding
enhances the conception rates with the majority of cows conceiving in the early part of
the breeding season. It was also concluded that 48-hr calf removal increases plasma
concentration of cortisol without adversely affecting reproduction and does not affect calf
weaning weights of Bos indicus beef cattle in extensive production systems.

5.1 Introduction
In a beef cow-calf operation the optimum calving percentage can be attained if the first
post-partum oestrus and the reestablishment of oestrous cycle occur prior to the breeding
season. Walters et al. (1982) and Odde et al. (1986) found that 48-hr calf removal
preceding the onset of the breeding season increases the number of cows in oestrus in the
early breeding season. Salfen et al. (2001) observed an increase in oestrus rate of cows
synchronised at 25 days post-partum following a 48-hr calf removal. Better results in
interval to first oestrus and conception rates were related to restricted suckling combined
with 48-hr calf removal or only the latter, when these were implemented prior to the
breeding season (Odde et al., 1981; Walters et al., 1982a, Walters et al., 1982b; Meirelles
et al., 1994) or in synchronisation protocols using GnRH and PGF2α with 48-hr calf
removal (Yelich et al., 1995; Gear et al., 2001; Vasconcelos et al., 2009). There is,
however, a lack of information on the effects of 48-hr calf removal on the rebreeding
performance of Bos indicus cows in extensive production systems.
In Mozambique, the breeding season is used to better manage reproduction in a few
extensive beef cattle farms but conception rates are yet relatively low (<60%). The
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current study aimed to determine if 48-hr calf removal prior to the breeding season: (1)
affects ovarian steroids, cortisol, urea and creatinine in Bos indicus cows in extensive
production systems; (2) improves the current conception rates of Bos indicus cows in
extensive production systems and (3) affects the calf-weaning weights.

5. 2 Materials and Methods
The study was carried out at the same location as described in 4.2.1.
Sixty multiparous Brahman-type cows were randomly selected in the early post-partum
period and assigned to two groups of 30 cows: a calf removal group (RG) and a nonremoval group (NRG). Calves from cows in the RG were removed for 48-hr prior to the
breeding season and returned afterwards, whereas calves from cows in the NRG
remained with their dams until weaning. BW and BCS of cows were recorded at the
beginning of the breeding season, mid-breeding season and just after pregnancy diagnosis
using the methods as described by Escrivão et al. (2009). Satisfactory classified bulls
(Hopkins and Spitzer, 1997) were used at a ratio of 1:20 cows for a breeding season of 90
days (January to March).
Cows from both groups were submitted to the breeding season at the same time.
Pregnancy diagnoses were done by rectal palpation 60 days after the end of the breeding
season. Calves from both groups were weighed approximately 48-hr after parturition and
again at weaning. Weaning weights were corrected to 205 days (Escrivão et al., 2009).
The interval from calving to the onset of the breeding season was calculated and defined
as calving to breeding interval (CBI). Pregnant cows were monitored throughout the
gestation period and calving dates were accurately recorded, while non-pregnant cows
were re-bred in the follow-up breeding programme. The calving season was divided into
early-calving season (ECS) (first 21days of the calving season), mid-calving season
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(MCS) (second 21 days of the calving season) and late-calving season (LCS) (third 21
days of the calving season and above) and corresponding conceptions in the early, mid
and late parts of the breeding season, respectively.

5.2.1 Blood sampling
Blood samples were collected by caudal venepuncture at 24 and 36 hours after calf
removal (24 and 12 hours prior to breeding season) from all cows in the RG and NRG
using sterile vacuum tubes containing EDTA and centrifuged immediately after
collection. Plasma was harvested and stored at - 20ºC until hormone analysis. Collection
of blood samples at time zero (t0 = time of calf removal) was not considered due to the
fact that cow-calf management from both groups was similar by the time of calf
withdrawal. In addition, reports on Bos taurus beef cows in intensive production systems
indicate that when 48-hr calf removal is performed the first LH peak is observed
approximately 24 hr after calf removal (Walters et al., 1982; Edwards, 1985; Whisnant et
al., 1985).

5.2.2 Hormonal assay
Estradiol, progesterone, creatinine, cortisol and urea were assayed using ADVIA Centaur
Assay and SYNCRON LX Systems, while creatinine was assayed by Cobas Modular P,
as described in 3.2.4.
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5.2.3 Statistical analysis
Data were analysed by means of the analysis of variance (ANOVA) in the GLM
procedure of SAS by including treatment group, sampling time as fixed factors, as well as
the corresponding interactions in the model. The variables measured included BW and
BCS at the onset of the breeding season, pregnancy data, CBI, CCI, and corrected
weaning weight, progesterone, estradiol, cortisol, creatinine and urea. When appropriate
the BW of the cows at the start of the breeding season and CBI were included as
covariates. Differences between factors were assessed at the level of p<0.05 (95%
accuracy). All results were expressed as least square means (LSmeans) ± standard
deviation (SD) and multiple comparisons of means were done by means of the
Bonferroni method in order to correct for unbalanced data, where the number of
observations differed. Pregnancy status of treated and control cows were compared by
Chi-square analysis (SAS, 1996). To compare the survival distributions (in the time
before conception) the Log-rank test (Nathan, 1966) was applied to the two experimental
groups. Cows that did not conceive were included in the analysis as censored data with a
weighting factor to compare conception rates between treatment groups. The KaplanMeier estimator was used to estimate and graphically display the survival functions
(Kaplan and Meier, 1958).

5.3 Results
Calves of two cows incorporated in the experiment died before the onset of the breeding
season and were thus excluded from the data set. Body weight and BCS of cows were
similar (p>0.05) between and within the groups throughout the experimental periodnamely at the onset of the breeding season, mid-breeding season and around pregnancy
diagnosis, as illustrated in the Table 5.1.
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Table 5.1 BW and BCS of cows at the onset (OBS), mid breeding season (MBS) and
around pregnancy diagnosis (PD) for the RG and NRG
Group

a,a

Trait

RG

NRG

BW OBS (kg)

409  38a

421  48a

BW MBS (kg)

408  41a

420  44 a

BW PD (kg)

415  42 a

431  49 a

BCS OBS

2.8  0.5 a

2.8  0.4 a

BCS MBS

2.4  0.3 a

2.4  0.3 a

BCS PD

2.8  0.4 a

2.8  0.3 a

Means with same superscripts in the same row do not differ (p>0.05)

The conception rates were 76% for the RG and 55% for the NRG. Although a numerical
difference was evident, conception rates did not differ (p>0.05) between treatment
groups. However, when conception rates were allocated into early, mid and late parts of
the breeding season, differences (p<0.05) between RG and NRG were observed.
Conception rates differed between the RG and NRG during the early and late part of the
breeding season but not in mid-breeding season. The conception pattern is presented in
Figure 5.1.
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90%

Conception pattern
80%

70%

Conception rates

60%

50%
R
40%

NR

30%

20%

10%

0%
EBS

MBS

LBS

Part of the breeding season

() indicates significant differences (p<0.05)

Figure 5.1 Conception rates in early (EBS), mid (MBS) and late part of the breeding
season (LBS) for RG and NRG
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Survvival analyysis indicatted that pproduct-limiit survival curves Vs
V CCI diiffered
signnificantly (pp<0.05) betw
ween the rremoval andd non-remooval groupss (Figure 5..2). In
addiition, survivval analysiss showed thhat CBI andd BCS at thhe beginningg of the breeeding
seasson were siggnificant (p<
<0.001) preddictors of coonception.

Figu
ure 5.2 Prodduct-Limit ssurvival currves Vs calvving to conception interrvals of cow
ws with
calvees removed 48 hours coompared to cows without calves reemoved
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Survival analysis estimates that 50% of cows in the RG will conceive an average within
the first 19 days of the breeding season while for NRG in the first 38 days of the breeding
season. The approximate speed of conception for cows in the RG and NRG is presented
in Table 5.2.

Table 5.2 Speed of conception for Removal and Non removal groups
Day of Conception
Removal Group

Non Removal Group

CCI1

BCI2

CCI1

BCI2

25%

93 [55 - 108]

3

126 [113- 142]

22

50%

109 [96 - 132]

19

142 [≥ 132]

38

75%

138 [≥ 114]

38

[≥ 154]

% of Cows
Conceiving

1
2

Calving to conception interval: Average (95% confidence interval)
Breeding to conception interval

The weights of calves were similar at birth (p>0.05) and again at weaning (Cww was
135.2 ± 22 kg for R group and 135.5 ± 19 kg for NR group) but gender differences
(p<0.05) in terms of weaning weights of calves were observed as bull calves were 9%
heavier than heifer calves.
The effect of 48-hr calf withdrawal on ovarian steroids, metabolites and their variation
with sampling time is presented in Table 5.3.
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Table 5.3 Effect of 48-hr calf withdrawal on circulating estradiol, progesterone, cortisol,
urea and creatinine concentrations in beef cows under extensive conditions (Mean ± SD)
Group
Characterists

SP1

R group

NR group

Estradiol (pmol/l)

24 hr

118.8  100.1a

84.7  58.3a

36 hr

151.9  110.1b

141.386.3b

24 hr

11.7  26.2

4.2  4.6

36 hr

7.4  6

4.7  3.2

24 hr

26.2  18.7

19.1  18.4

36 hr

19.414

17.617

24 hr

3.3  2c

2.9  1.4d

36 hr

3.9  1.5c

2.5  0.9d

24 hr

92.1  17.9a

89.5  17a

36 hr

82.6  17.9b

75.4  14.6b

Progesterone (nmol/l)

Cortisol (nmol/l)

Urea (mmol/l)

Creatinine (mol/l)

SP1 = sampling time
a,b
cd

Means with different superscripts in the same column differ significantly (p < 0.05)
Means with different superscripts in the same row differ significantly (p < 0.05)

Cows with longer calving to breeding interval showed an increased (r=0.393 and
p=0.001) estradiol concentration compared to cows with shorter CBI. There was an
association between the concentration of plasma cortisol and urea (r=0.344 and p=0.01),
as well as concentration of cortisol and creatinine (r=0.278 and p=0.05).
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Table 5.4 Correlation between variables – Effects of 48-hr calf removal on rebreeding performance of Bos indicus cows and calfweaning weights in extensive production systems
Control
Variables
Group and

EBS
EBS

Correlation

Samp_time

MBS

LBS

BwDec

BCSDec

PD

MBS

LBS

BwDec

BCSDec

PD

Estrad.

Prog

Urea

Creat

Cort

Dayspp

1.000

Significance (2-tailed)

.

Df

0

Correlation

-.508

1.000

Significance (2-tailed)

.000

.

Df

54

0

Correlation

-.680

-.285

1.000

Significance (2-tailed)

.000

.033

.

Df

54

54

0

Correlation

-.145

-.045

.200

1.000

Significance (2-tailed)

.285

.742

.139

.

Df

54

54

54

0

Correlation

-.089

.132

-.013

.551

1.000

Significance (2-tailed)

.515

.333

.922

.000

.

Df

54

54

54

54

0

Correlation

-.032

.022

.017

.082

.340

1.000

Significance (2-tailed)

.815

.874

.901

.546

.010

.

Df

54

54

54

54

54

0
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Cww

Control
Variables

Estradiolpmoll

Progst_nmoll

Urea_mmoll

Creat_umoll

Cortisol_nmoll

Dayspp

Cww

EBS

MBS

LBS

BwDec

BCSDec

PD

Estrad.

Prog

Urea

Creat

Cort

Dayspp

Correlation

.092

-.030

-.076

-.054

.100

.112

1.000

Significance (2-tailed)

.502

.827

.575

.690

.463

.409

.

Df

54

54

54

54

54

54

0

Correlation

.022

.000

-.024

-.123

-.274

-.628

.017

1.000

Significance (2-tailed)

.874

.999

.859

.365

.041

.000

.900

.

Df

54

54

54

54

54

54

54

0

Correlation

.165

-.097

-.101

.145

.088

.025

-.066

.019

1.000

Significance (2-tailed)

.225

.479

.459

.287

.521

.855

.628

.892

.

Df

54

54

54

54

54

54

54

54

0

Correlation

.066

.089

-.148

-.015

.303

.074

.169

.001

-.034

1.000

Significance (2-tailed)

.631

.516

.275

.915

.023

.589

.212

.992

.802

.

Df

54

54

54

54

54

54

54

54

54

0

Correlation

-.072

.130

-.030

-.023

.084

-.285

-.173

.146

.344

.278

1.000

Significance (2-tailed)

.597

.341

.826

.864

.537

.033

.203

.282

.009

.038

.

Df

54

54

54

54

54

54

54

54

54

54

0

Correlation

.471

-.057

-.475

-.428

-.089

-.210

.393

.179

.018

.160

.158

1.000

Significance (2-tailed)

.000

.676

.000

.001

.516

.120

.003

.188

.895

.240

.243

.

Df

54

54

54

54

54

54

54

54

54

54

54

0

Correlation

-.082

-.183

.248

.159

.094

.160

-.085

-.074

-.104

-.176

-.362

-.471

1.000

Significance (2-tailed)

.546

.177

.066

.242

.490

.240

.535

.588

.447

.195

.006

.000

.

Df

54

54

54

54

54

54

54

54

54

54

54

54

0
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Cww

5. 5 Discussion
Results of the present study indicate that BW and BCS were similar between RG and
NRG over the experimental period, which was likely to occur because cows were
randomly allocated to the two experimental groups and were in the same extensive
management system. In addition, the observed results were congruent with those of other
studies on 48-hr or 96-hr calf removal (Quintans et al., 2004).
As cows in both groups had a good body condition score at the onset of the breeding
season (BCS ≥ 2.7) and since this variable has been reported to be strongly correlated
with conception rates (Osoro and Wright, 1992; DeRouen et al., 1994; Morrison et al.,
1999; Renquist et al., 2006), similar conception rates between the groups tested in this
study were expected. However, conception rates were numerically greater for the RG
(76%) than for the NRG (55%), which finding agrees with the results of several others
studies (Walters et al., 1982; Fanning et al., 1995; Geary et al., 2001; Roche et al., 2009).
Despite the shorter CBI in RG and similar BCS and BW between the groups at the onset
of the breeding season, the higher conception rates observed in RG highlights the positive
effect of 48-hr calf removal on conception rates of Bos indicus cows in an extensive
production system in sub-tropical conditions. Furthermore, the beneficial effect of 48-hr
calf removal on herd productivity was evident through increasing the number of cows
that conceived early in the breeding season (Figure 5.1 and Figure 5.2). Similar results
have been previously reported (Walters et al., 1982; McCartney et al., 1990; Belloso et
al. 2002).
Cows in the NRG had lower conception rates and conceived later in the breeding season.
These cows weaned lighter calves (calves were younger at weaning and weighed less)
and according to Marshall et al. (1990) they had an increased likelihood of conceiving
later in the subsequent breeding season or even not conceiving. Non-pregnant cows are
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often culled due to reproductive inefficiency and represent an economic loss to the farmer
(Grossi et al, 2008).
It was found in the present study that weaning weights of calves were not affected by 48hr calf removal and these findings agree with those from other studies (Odde et al., 1986;
Fanning et al., 1995; Bell et al., 1998).
In the RG estradiol concentrations increased and progesterone concentration decreased
with sampling time, which is in concurrence with previous studies (Walters et al., 1982;
Whisnant et al., 1985). The observed trend for the concentration of estradiol and
progesterone in the RG and the fact that the majority of cows in the same group
conceived in the early part of the breeding season illustrates that the withdrawal of
suckling may have provoked estrus in RG by removing the negative effect of suckling.
It was expected that cortisol concentration would decrease with sampling time due to the
adaptation of cows to the stress of blood sampling (Koolhaas et al., 1999). Despite the
lack of any statistical difference between the groups, cortisol concentrations were
numerically higher in the RG than in NRG, probably due to the combined stress of blood
sampling and calf removal. Previous data on 48-hr calf removal in Bos taurus cows in an
intensive production system (Whisnant et al., 1985) indicated a temporary increase in
cortisol concentrations, 9 to 12 hr after calf removal. Our findings in Bos indicus cows in
an extensive production system in sub-tropical conditions show a similar increase in
cortisol concentrations, although these were higher at 24 and 36 hr after calf removal
compared to the NRG.
High plasma urea and creatinine concentrations have been reported to be associated with
catabolism of protein due to negative energy balance or stress (Wikhund et al., 1996;
Butter, 2000). In the current study the concentrations of urea and createnine were within
the reference ranges (Ndlovu et al., 2007) but urea differed significantly between the
groups, suggesting that the catabolism of protein was higher in the RG than in NRG. In
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addition, urea concentration in the NRG and creatinine in both groups followed the
cortisol trends with sampling time and these variables were correlated with cortisol.
Therefore, stress may explain part of the variations observed in the concentration of
creatinine and urea and cortisol was more pronounced in the RG than in the NRG.
However, the results suggest that stress due to calf removal did not interfere with
reproduction hormones or conception rates which agree with the finding from other
studies (Wikhund et al., 1996; Butter et al., 2000).

5.6 Conclusions
Forty-eight-hour calf removal prior to the breeding season seems to block the negative
effect of suckling and enhance conception rates, so that the majority of cows conceive in
the early part of the breeding season. Calf removal marginally increased plasma
concentrations of cortisol, creatinine and urea without adversely affecting reproduction or
calf-weaning weights of Bos indicus beef cattle in extensive production systems.
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6. General Discussion and Conclusions
The major factors that influence post-partum re-conception rates in Bos indicus cows
under extensive management conditions were reviewed (Chapter 2). There is a need for a
better understanding of the reproductive hormones and metabolite profile during the postpartum period in extensively managed Bos indicus cows. These aspects have only been
studied in detail in Bos taurus cows under intensive management conditions (AlverezRodiguez et al., 2010; Forde et al., 2011). The primary focus of the present study was
thus on the effects of post-partum BCS, BW, age and parity number on ovarian steroids,
metabolites and the related conception rates in Bos indicus cows under extensive
management conditions.
The difficulties of obtaining the hormonal profile of Bos indicus cows in true extensive
management conditions over the entire oestrous cycle was taken into consideration and
this is probably the reason for the limited number of reports in this field. In order to
overcome these problems the present study was performed based on: (1) synchronisation
of oestrus to avoid low oestrus detection in Bos indicus cows; (2) analysis of
concentrations and changes in concentrations of plasma hormones and metabolites from
24 hours before oestrus to 24 hours after oestrus; and (3) maintenance of experimental
animals under extensive management conditions throughout the study period (Chapter 3).
The results of the present study on post-partum plasma concentrations of estradiol and
progesterone (Figure 3.17) around oestrus in Bos indicus cows under extensive conditions
were similar to that reported in Bos taurus cows in intensive management systems
(Forde et al., 2011). In addition, the present experiments enclose an extended analysis by
including the metabolic status (energy balance) of the cows to the start of the breeding
season. The concomitant analysis of metabolic status of the cows (BCS and energy
balance) observed in the present study provide a better interpretation of the effects and
interactions of BCS on plasma concentrations of steroids, metabolites and subsequent
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conception rates. The results obtained on the correlation between BCS at the start of the
breeding season with estradiol, indicate with confidence the necessity of maintaining at
least a BCS of 2.5 at the beginning of breeding season in order to maximise the postpartum re-conception rates. These new findings differ from those of previous reports
(Shwalback et al.1996; Renquist et al., 2006) in which a BCS of at least 2 is
recommended in extensive and semi-extensive Bos indicus beef cows and their crosses.
Despite the fact that the effects of BCS at the start of the breeding season or at calving
were related to the subsequent conception rates (Ezanno et al., 2005; Renquist et al.,
2006; AlIbrahim et al., 2010) the present study provides more data to stress the
importance of BCS in post-partum reproduction, based on the positive correlation
complex between BCS-estradiol-conception rates. The practical implications of the
present findings are more important for the management of Bos indicus cattle in
extensive conditions, with emphasis on Mozambican farmers where the study took place
and where the conception rates are generally rather low (< 60%).
Results of the metabolites that indicate the catabolism of protein (urea and criatenine)
show that at a BCS 2, 2.5 and 3, in cows experiencing a positive energy balance the
requirements for energy seems to be satisfied as the breakdown of protein did not exceed
the upper level concentrations of creatinine and urea in the circulating blood.
The hypothesis that stress could impair the post-partum re-conception rates in beef cows
under extensive conditions was the topic of a number of studies but the data were
inconclusive (Dieleman et al., 1986; iDobson and Smith, 2000; Walker et al., 2008). In
the present study, similar results were obtained for plasma cortisol concentrations,
compared to previous studies on Bos taurus beef cows and dairy cows but with a
transient elevation at the beginning of the blood sampling and decreasing thereafter.
Since cortisol did not correlate with estradiol or progesterone, the observed results
support the thesis that stress probably did not interfere with post-partum re-conception
rates of extensive beef cows.
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The average conception rate (90.5%) obtained for cows in the experimental group in the
present study (Chapter 3) was high. This data represents a tremendous increase in cattle
productivity in Mozambique compared to the conception rates that are generally below
60%. Furthermore, the fact that for 60% of the cows, conceptions occurred in the first 21
days after the start of the breeding season indicates that the reproductive management
based on BSC of at least 2.5 to the breeding season contributed positively to the weaning
weight of the calves and, therefore, to the herd productivity.
The mechanisms involved in the effect of suckling on post-partum re-conception rates
and on calf-weaning weights were considered in the present study by testing two
hypotheses: (1) If restricting suckling at night from 45 days post-partum increases
conceptions rates in the subsequent breeding season; and (2) If 48-hr calf removal prior to
the breeding season improves the conceptions rates of Bos indicus cows under extensive
conditions. For productive characteristics calf-weaning weights were compared between
treatment and control groups.
Results from both hypotheses demonstrate a considerable increase in post-partum reconception rates: 80% for 12 hr calf removal and 76% for 48-hr calf removal compared
to their control groups 59% and 55%, respectively. Although a numerical difference was
evident, the conception rates did not differ significantly between treatment and control
groups. Similar results were observed in terms of period of occurrence of conception
during the breeding season in both suckling-management strategies in which conceptions
were concentrated in the first 21 days after the start of the breeding season.
The analysis of conception data by means of Chi-square analysis showed no statistical
difference between treatment and control groups. But when the evaluation of conception
data was performed by means of survival analysis (conception over time of the breeding
season) it was found that the product-limit survival curves Versus CCI differed
significantly (p< 0.05).
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This new way of analysing conception data (by means of survival curves) provides a
better understanding of the factors that influence reproduction in post-partum Bos indicus
beef cows under extensive conditions by simultaneous inclusion of time and binary
variables and predict the conception rates over the breeding season (Table 5.2). Results
from the present study indicate that the use of Chi-square analysis to compare conception
rates of extensive beef cows under natural breeding over a defined period of breeding
season do not take into account the events over time. For this reason, the analysis might
not express the reality. In addition, conception rates are true rates (Transfield et al., 1996)
and these rates measures the speed at which a cow conceives over a defined period of
time. It follows that survival analysis provides a more accurate method for comparing
conception rates between groups of animals.
The 12-hr-calf-removal strategy used in the present study is similar to that used in
subsistence production systems but the purpose of this practice in subsistence systems is
to increase milk yield for the following morning. The later practice does not result in an
increase in subsequent conception rates or reduce inter-calving periods because the milk
is used for household purposes followed by excessive suckling by the calf after milking.
In terms of conception rates and calf weaning weights the reproductive management
strategy based on 12-hr calf removal from 45 days post-partum to the start of the
breeding season is more advantageous under extensive conditions since it improves
conceptions rates and increases the calf-weaning weights compared to 48 hr-calf removal.
Results from the experiments performed in the present study emphasise the benefits of
calf removal on post-partum re-conception rates of Bos indicus cows under extensive
management. In addition, the findings stress the correlation complex of BCS-estradiolconception rates. Furthermore, maximum post-partum re-conception rates can be
achieved if the BCS at the beginning of the breeding season is at least 2.5, regardless of
the calf-removal strategy.
87

7. Bibliography
Acevedo, N., Galina, C.S., Pulido, A., Orihuela, A., 2007. Dynamics in sexually active
groups of Zebu cattle (Bos indicus) comparing two procedures for estrus induction,
Journal of Veterinary Behavior, 2, 5-9.
Acosta, G.K., Tarnavsky, T. E., Platt, D. L., Hamernik, J. L., Brown,H. M.,
Schoenemann and J. J. Reeves., 1983. Nursing enhances the negative effect of estrogen
on LH Release in the cow, Journal of Animal Science, 57, 1530-1536.
Aguilar-Pérez, C., Vera, J.K., Castro, F.C., Garnsworthy, P.C., 2009. Energy balance,
milk production and reproduction in grazing crossbred cows in the tropics with and
without cereal supplementation, Livestock Science, 122, 227–233.
Alvarez-Rodríguez, J. A., Palacio, J., Sanz, A., 2010. Effects of nursing frequency and
parity on the productive, metabolic and reproductive parameters of beef cows, Livestock
Science, 129, 111–121.
AlIbrahim, R.M., Crowe, M.A., Duffy, P., O‘Grady, L., Beltman, M.E., Mulligan, F.J.,
2010. The effect of body condition at calving and supplementation with Saccharomyces
cerevisiae on energy status and some reproductive parameters in early lactation dairy
cows, Animal reproduction Science 121, 83-71.
Amstalden, M., Harms, P.G., Welsh, T.H.Jr., Randel, R.D., Williams, G.L., 2005.
Effects of leptin on gonadotropin-releasing hormone release from hypothalamic–
infundibular explants, and gonadotropin release from adenohypophyseal primary cell
cultures: further evidence that fully nourished cattle are resistant to leptin, Animal
Reproduction Science, 85, 41–52.

88

Amstalden,

M.,Garcia,

M.R.,

Williams,

S.W.,

Stank,

R.L.,

Nizielski,S.E.,

Morrison,C.D., Keisler,D.H., and Williams, G.L., 2000. Leptin Gene Expression,
Circulating Leptin, and Luteinizing Hormone Pulsatility Are Acutely Responsive to
Short-Term Fasting in Prepubertal Heifers: Relationships to Circulating Insulin and
Insulin-Like Growth Factor I, Biology of Reproduction 63, 127–133.
Ayres, H., Ferreira, R. M., Torres, J. R.S.Jr., Demétrio, C.G. B., Lima, C.G., Baruselli,
P. S., 2009. Validation of body condition score as a predictor of subcutaneous fat in
Nelore (Bos indicus) cows, Livestock Science, 123, 175–179.
Azraqi, A.A., 2007. Effect of fasting on luteal function, leptin and steroids concentration
during oestrous cycle of the goat in natural photo-status, Animal Reproduction Science,
98, 343–349
Bartels, H., Bohmer, M., Heierli, C., 1972. Serum creatinine determination without
protein precipitation, International Journal of Clinical Chemistry, 37, 193-197.
Beal, W.E., Short, R.E., Staingmiller R.B., Bellows R.A., Kaltenbach C.C., Dunn, T.G.,
1978. Influence of dietary energy intake on bovine pituitary and luteal function, Journal
Animal Science, 46, 181-188.
Bearden, H.J., Fuquay, J.W., Willard, S.T. 2004. Applied Animal Reproduction, Sixty
Edition, Mississipy State University, Person practice Hall, pp 66-40.
Bell, D.J., Spitzer, J.C. and Bums, G.L., 1998. Comparative effects of early weaning or
once daily-suckling on occurrence of post-partum estrus in primiparouos beef

cows,

Theriogenology 50(5), 701-715.
Belloso, E.S., Martinez,G.P., Ondiz,A.De., Rojas,N., Castilho G.S., IglesiaL.R.,
GanchouF.P., 2002. Improvement of reproductive performance in crossbred zebu
89

anestrous primiparous cows by treatment with norgestomet implants or 96 h calf removal,
Theriogenology, 57, 1503-1510.
Bishop, D.K., Wettemann, R.P., Spicer, L.J., 1994. Body energy reserves influence the
onset of luteal activity after early weaning of beef cows, Journal of Animal Science, 72,
2703-2708.
Bishop, H., Pfeiffer, D., 2008. Factors effecting reproductive performance in Rwandan
cattle, Tropical Animal Health and Production, 40, 181-184.
Block, S.S., Butler, W.R., Ehrhardt, R.A., Bell A.W., Van Amburgh, M.E., Boisclair,
Y.R, 2001. Decreased concentration of plasma leptin in periparturient dairycows is
caused by negative energy balance, Department of Animal Science, Cornell
University,Ithaca, New York, 14853–4801.
Bo, G.A., Baruselli, P.S., Martinez, M.F., 2003. Pattern and manipulation of follicular
development in Bos indicus cattle, Animal Reproduction Science, 78, 307–326.
Borell, E.V., Dobson, H., Prunier, A., 2007. Stress, behaviour and reproductive
performance in female cattle and pigs, Hormones and Behavior, 52, 130-138.
Breuel, K.F., Lewis, P.E., Inskeep, E.K., Butcher, R.L., 1993. Endocrine profiles and
follicular development in early-weaned postpartum beef cows, Journal of Reproduction
and Fertility, 97,205-212.
Breuel, K.F., Lewis, P.E., Schrick, F.N., Lisshman, A.W., Inskeep, E.K., Butcher, R.L.,
1993. Factors affecting fertility in the postpartum cow: Role of the oocyte and follicle in
conception rate1, Biology of Reproduction, 48, 655-661.

90

Bristow D.J., Holmes, D.S., 2007. Cortisol levels and anxiety-related behaviours in cattle,
Physiology and Behavior, 90,626-662.
Bryner, R.W., Garcia-Winder, M., Lewis, P.E., Inskeep, E.K., Butcher, R.L., 1990.
Changes in hormonal profiles during the estrous cycle in old lactating beef cows,
Domestic Animal Endocrinilogy, 7, 181-189.
Burke, C.R., Mussard, M.L., Grumb, D.E., Day, M.L., 2001. Effects of maturity of the
potential ovulatory follicle on induction of oestrus and ovulation in cattle with oestradiol
benzoate, Animal Reproduction Science, 66 , 161–174.
Burns, B.M., Fordyce, G., Holroyd, R.G., 2010. A review of factors that impact on the
capacity of beef cattle females to conceive, maintain a pregnancy and wean a calf—
Implications for reproductive efficiency in northern Australia, Animal Reproduction
Science ,122, 1–22.
Butler, W.R., 2000. Nutritional interactions with reproductive performance in dairy
cattle, Animal Reproduction Science, 60–61,449–457
Butler W.R., 1998. Effect of protein nutrition on ovarian and uterine physiology in dairy
cattle. Symposium: Optimizing Protein Nutritionfor Reproduction and Lactation. Journal
of Dairy Science, 81, 2533–2539.
Butler, W. R. 2003. Energy balance relationships with follicular development, ovulation
and fertility in postpartum dairy cows. Livestock Production Science, 83,211–221.
Coe, B.L., Allrich, R.D., 1989. Relationhip between endogenous estradiol-17 and estrous
behavior in heifers, Journal Animal Science, 67, 1546-1551.

91

Convey E.M., Tucker, H.A. and Short, R.E., 1983. Acute effect of suckling on
gonadotrophin ,prolatin and glucocorticoid concentration in serum of intact and
ovariectomized beef cows, Theriogenology 20 (6), 661-674.
Crowe, M.A., Padmanaban, V., Mihm, M., Beitins, I.Z., and Roche, J.F., 1998.
Resumption of follicular waves in beef cows is not associated with periparturient changes
in follicle-stimulating hormone heterogeneity despite major changes in steroid and
luteinizing hormone concentrations, Biology of Reproduction 58, 1445-1450.
Das, S.M., Redbo, I. and Wiktorsson, H., 2000. Effect of age of calf on suckling
behaviour and other behavioural activities of zebu and crossbreed calves during restricted
suckling periods, Applied Animal Behavior Science. 67, 47-57.
Das, S.M., Wiktorsson., Forsberg,M.,1999. Effects of calf management and level of feed
supplementation on milk yield and calf growth of Zebu and crossbreed cattle in the semiarid tropics, Livestock Production Science, 59,67-75.
Delavaud, C., Bocquieri, F., Chilliard, Y., Keisler, D.H., Gertler, A., Kann, G., 2000.
Plasma leptin determination in ruminants: effect of nutritional status and body fatness on
plasma leptin concentration assessed by a specific RIA in sheep, Journal of
Endocrinology, 165, 519-526.
DeRouen, S.M., Franke, D.E., Morrison, D.G., Wyatt. W.E., Coombs, D.F., White, T.,
Humes, P.E. and Greene, B.B., 1994. Prepartum Body Condition and Weight Influences
on Reproductive Performance of First-Calf Beef Cows, Journal of Animal Science 72,
1119-1125.
Deutscher, G.H., Stotts, J.A., Nielsen, M.K., 1991. Effects of breeding season length and
calving season on range beef cow productivity, Journal of Animal Science, 69,34533460.
92

Dielemam, S.J., Bevers, M.M.,Van Tol, H.T.M., Willemse, A.H.,1986. Peripheral plasma
concentrations of oestradiol, progesterone, cortisol, LH and prolactin during the oestrous
cycle in the cow, with emphasis on the peri-oestrous period, Animal Reproduction
Science, 10, 275-292.
DNSV, 2010. National Directorate of Veterinary Services in Mozambique, Annual
Report.
Dobson, H., Smith ,R.F., 2000. What is stress, and how does it affect reproduction?
Animal Reproduction Science, 60-61,743-752.
Dobson, H., Tebble, J.E., Smith, R.F., 2001. Is stress really all that important?
Theriogenology 55, 65-73.

Duarte-Ortuno, A., Thorpe, W., Tewolde, A., 1988. Reproductive performance of
purebred and crossbred beef cattle in the tropics of Mexico, Animal Pruduction, 47, 1120.

Dunlap, S.E., Kiser. T.E., Rampacek, G.B., Kraeling, R.R., Thompson, F.N., 1981. Effect
of suckling on cortisol, progesterone and luteinizing hormone in postpartum beef cows,
Theriologenology, 16, 185-193.
Dunn, R.T., Smith, M.F., Garverick, H.A., Foley, C.W., 1985. Effects of 72 hr calf
removal and/or gonadotropin releasing hormone on luteinizing hormone release and
ovarian activity in postpartum beef cows, Theriogenology, 23, 767-776.
Eberhard, von B., Dobson, H., Prunier, A. (2007). Stress, behaviour and reproductive
performance in female cattle and pigs, Hormones and Behavior 52, 130–138.
93

Echternkamp, S.E., 1984. Relationship between LH and cortisol in acutely stressed beef
cows, Theriogenology, 22, 305-311.
Edmonson, A. J., I. J. Lean, L. D. Weaver, T. Farver, and G. Webster, 1989. A body
condition scoring chart for Holstein dairy cows, Journal of Dairy Science 72:68–78.
Edwards, S. 1985. The effect of short term calf removal on pulsatile LH secretion in the
postpartum beef cow, Theriogenology, 23:5, 777-785.
Ereno, R.L., Barreiros, T.R.R., Seneda, M.M., 2007. Pregnancy rates in milking Nelore
cows submitted to progesterone treatment associated to temporary calf removal or e CG
administration, Revista Brasileira de Zootecnias., 36, 1288-1294.
Escrivão, R.J.A., Webb, E.C., Garcês, A.P.J.T. 2009. Effects of 12 hour calf withdrawal
on conception rate and calf performance of Bos

indicus

cattle

under

extensive

conditions, Tropical Animal Health and Production, 41, 135-139.
Escrivão, R.J.A. 1998. Improving livestock production in Mozambique with emphasis on
dairy cattle. MSc. Dissertation, The University of Reading, UK.
Escrivão, R.J.A., Lopes Pereira, C.M., Mota Cardoso, J.M., 1999. Improving
reproductive efficiency of dairy farms in the south of Mozambique, Ciência Técnica
Veternária 3; 1, 2-4.
Evans, A.C.O., Keefee.P.O., Mihm,M., Roche,J.F., Macmillan,K.L., Boland, M.P.,2003.
Effect of oestradiol benzoate given after prostaglandin at two stages of follicle wave
development on oestrus synchronisation, the LH surge and ovulation in heifers, Animal
Reproduction Science,76, 13-23.

94

Ezanno, P., Ickowicz, A., Lancelot, R., 2005. Relationships between N’Dama cow body
condition score and production performance under an extensive range management
system in Southern Senegal: calf weight gain, milk production, probability of pregnancy,
and juvenile mortality, Livestock Production Science, 92, 291–306.
Fanning, M.D., Lunt,D.K., Sprott, L.R., Forrest, D.W., 1995. Reproductive performance
of synchronized beef cows as affected by inhibition of suckling with nose tags or
temporary calf removal, Theriogenology, 44, 715-723.
Flores, R., Looper, M. L., Rorie, R. W., Hallford, D. M. and Rosenkrans, C. F.Jr. 2008.
Endocrine factors and ovarian follicles are influenced by body condition and
somatotropin in postpartum beef cows, Journal of Animal Science, 86:1335-1344.
Food and Agriculture Organization of the United Nations (FAO), 2005. Livestock sector
brief Mozambique, Livestock Information, sector analysis and policy branch.AGAL
Ford, J.J. and Melampy, R.M., 1973. Gonadotropin level in lactating rats: Effect of
ovariectomy, Endocrinology 93, 540-547 (cited by Garcia-Winder et al., 1986).
Forde, N., Beltman, M.E., Lonergan, P., Diskin, M., Roche, J.F., Crowe, M.A., 2011.
Oestrous cycles in Bos taurus cattle, Animal Reproduction Science, 124, 163–169.
Galina, C.S., Orihuela, A., 2007. The detection of estrus in cattle raised under tropical
conditions: What we know and what we need to know, Hormones and Behavior, 52, 32–
38.
Galindo-Gonzalez, s., Arthington,J.D., Yelich.J.V., Hansen, G.R., Lamb,G.C., Vries,A.
De, 2006. Effects of cow parity on voluntary hay intake and performance responses to
early weaning of beef calves, Livestock Science, 110, 148-153.
95

Garcia-Winder, Imakawa, M. K., Day, M. L., Zalesky, D. D., Kittok, R. J. and Kinder,
J.E. 1986. Effccts of suckling and low doses of estradiol on luteinizing hormone
secrection during the postpartum period in beef cows, Domestic Animal Endocrinology
3:79.
Gazal, O.S., Guzman-Vega, G.A. and Williams, G.L., 1999. Effects of time of suckling
during the solar day on duration of the postpartum anovulatory interval in Brahaman X
Geary, T.W., Whittier, J.C., Hallford, D.M. and MacNeil, M.D., 2001. Calf removal
improves conception rates to the Ovsynch and CO-Synch protocols, Journal of Animal
Science 79, 1-4.
Gier,H.T., Marion,G.B.,1968.Uterus of the cow after parturition,involutional changes,
American Journal of Veterinary Research, 29, 83-96.
Goyache,F., Gutierrez,J.P., Fernandez,I., Royo,L.J., Alvarez, I., 2005.Genetic analysis of
days open in beef cattle, Livestock Production Science,93, 283-289.
Grimard, B., P. Humblot, A. A. Ponter, J. P. Mialot, D. Sauvant, and M. Thibier. 1995.
Influence of postpartum energy restriction on energy status, plasma LH and oestradiol
secretion and follicular development in suckled beef cows, Journal of Reproduction and
Fertility 104:173–179.
Grossi, D.A., Frizzas, O.G., Paz, C.C.P., Bezerra, L.A.F., Lôbo, R.B., Oliveira, J.A.,
Munari, D., 2008.

Genetic associations between accumulated productivity and

reproductive and growth traits in Nelore cattle, Livestock Science 117, 139-146.
Hammons, J.M., Velasco, M., Rothchild, I. 1973. Effect of sudden withdrawal or increase
in suckling on serum LH levels in ovariectomized postparturient rats, Endocrinology 92,
206-211 (cited by Garcia-Winder et al., 1986).
96

Henricks,D.M., Dickey,J.F.,1970. Serum Luteinizing Hormone and Plasma Progesterone
Leveis During the Estrous Cycle and Early Pregnancy in Cows1, Biology of
Reproduction, 2,346-335.
Herd, D. B., and. Sprott , L. R. 1986. Body condition, nutrition, and reproduction of beef
cows. No. B-1526. Texas AandM University Agricultural Extension, College Station,
Texa.s
Hoffman,D.P., Stevenson,J.S., Minton,J.E.,1996. Restricting calf presence without
suckling compared with weaning prolongs, Journal of Animal Science, 74, 190-198.
Hopkins, F.M. and Spitzer, J.C. 1997. The New Society for Theriogenology Breeding
Soundness Evaluation System, Theriogenology 13, 2, 283-293.
Houghton,

P.L.,Lemeneger,R.P.,

Moss,G.E.,

Hendrix,K.S.,1990.

Prediction

of

Postpartum Beef Cow Body Composition Using Weight to Height Ratio and Visual Body
Condition Score, Journal of Animal Science, 1428-1437.
Kanuya, N.L., Matiko, M.K., Kessy, B.M., Mgongo, F.O., Ropstad, E., Reksen, O., 2006.
A study on reproductive performance and related factors of zebu cows in pastoral herds
in a semi-arid area of Tanzania, Theriogenology, 65, 1859–1874.
Kaplan, E.L.; Meier, Paul, 1958. Nonparametric estimation from incomplete
observations. Journal of American Statistic Association. 53, 457-481.
Koolhaas,J.M. Korte,S.M.,De Boer,S.F.,Van Der Veg, B.J., Van Reerien,C.G.,
Hospster,H., De Jong,I.C., Ruis,M.A.W.,Blokhuis,H.J.,1999. RCoping styles in animals:
current status in behavior and stress-physiology, Neuroscience and Behavioral Reviews,
23,925-935.
97

Lamb, G.C., Miller, B.L., Lynch, J.M., Thompson, K.E.,

Heldt,

J.S.,

Loest,

C.A.,

Grieger, D.M.,and Stevenson, J.S., 1999. Twice daily suckling but not milking with calf
presence prolongs postpartum anovulation, Journal of animal Science, 77, 2207-2218.
Lamb,G.C., Lynch, J.M., Grieger, D.M., Minton,J.E, Stevenson.,1997.Ad libitum
suckling by an unrelated calf in the presence or absence of a cow's own calf, Journal
Animal Science, 75,2762-2769.
Landaeta-Hernandez, A.J., Yelich, J.V., Lemaster, J.W., Fields, M.J., Tran, T., Chase Jr.,
C.C., Rae, D.O., Chenoweth, P.J., 2002. Environmental, genetic and social factors
affecting the expression of estrus in beef cows, Theriogenology 57, 1357–1370.
Lanflamme, L.F. and Connor, A., 1992. Effects of post-partum nutrition and cow body
condition at parturition on subsequent performance of beef cattle. Canadian Journal of
Animal Science 72, 843-851.
Lopes,A.S., Butler,S.T., Gibert,R.O., Butler,W.R.,2007. Relationship of pre-ovulatory
follicle size, estradiol concentrations and season to pregnancy outcome in dairy cows,
Animal Reproduction Science, 99, 34-43.
Lyimo,Z.C., Nielen,M.,Ouweltjes,W., Kruip,T.A.M., Van erdenburglb, F.J.M., 1999.
Relationship among estradiol, cortisol and intensity of estrous behavior in dairy cattle,
Theriogenology 53,1783-1795.
Ludwik K. Malendowicz, Marcin Rucinski, Anna S. Belloni, Agnieszka Ziolkowska and
Gastone G. Nussdorfer, 2007. Leptin and the Regulation of theHypothalamic–Pituitary–
Adrenal Axis, International Review of Cytology, Volume 263 ISSN 0074-7696, DOI:
10.1016/S0074-7696(07)63002-2

98

Machado, R.,. Bergamaschi, M.A.C.M., . Barbosa, R.T., de Oliveira C.A., Binelli, M.
2008. Ovarian function in Nelore (Bos taurus indicus) cows after post-ovulation
hormonal treatments, Theriogenology 69, 798–804.
Macmillan,K.L.,Segwagwe,B.V.E.,

Pino,C.S.,

2003.

Associations

between

the

manipulation of patterns of follicular development and fertility in cattle, Animal
Reproduction Science, 78,327-344.
Mandlate, F. (1985) – Problems of animal fertility in Mozambique, Proceedings of
Livestock Production Simenar, Ministerio de Agricultura and FAO.
Maneghetti, M., Filho, O.G.S., Peres, R.F.G., Lamb, G.C., Vasconcelos, J.L.M., 2009.
Fixed-time artificial insemination with estradiol and progesterone for Bos indicus cows I:
Basis for development of protocols, Theriogenology, 72, 179–189.
Marongiu, M.L., Molle, G., San Juan, L., Bomboi, G., Ligios, C., Sanna, A., Casu, S.,
Diskin, M.G., 2002. Effects of feeding level before and after calving, and restricted
suckling frequency on postpartum reproductive and productive performance of Sarda and
Charolais X Sarda beef cows, Livestock Production Science. 77, 339-348.
Marshall, D.M., Minqiang, W. And Freking, B.A. 1990. Relative calving date of first-calf
heifers`as related to production efficiency and subsequent reproductive performance,
Journal of Animal Science 68, 1 812-1 817.
Martinez, M.F., Kastelic, J.P., Bo, G.A., Caccia, M., Mapletoft, R.J., 2005. Effects of
estradiol and some of its esters on gonadotrophin release and ovarian follicular dynamics
in CIDR-treated beef cattle, Animal Reproduction Science 86, 37–52.

99

McCartney, D.H., Spurr, D.T., Cates, W.F., Barth, A.D., Mapletoft, R.J. 1990. The
effectiveness of 48-hour calf removal, Syncro- Mate-B or prostaglandin treatments in
advancing the breeding season of beef cows, Theriogenology 34:6, 1139-1148.
Morrison, D.G., Spitzer, J.C. and Perkins, J.L., 1999. Influence of prepartum body
condition score change on reproduction in multiparous beef cows calving in moderate
body condition score, Journal of animal Science 77, 1048-1053.
Mulleder,C., Palme, R., Menke.C. Waiblinger, S., 2003. Individual differences in
behaviour and in adrenocortical activity in beef-suckler cows, Animal Behavioral
Science, 84,167–183.
Murrieta, C.M., Hess, B.W., Lake, S.L., Scholljegerdes, E.J., Rule, D.C., 2010. Body
condition score and day of lactation regulate fatty acid metabolism in milk somatic cells
and adipose tissue of beef cows, Livestock Science, 131, 65–72.
Murphy, M.G., Boland, M.P., Roche, J.F., 1990. Pattern of follicular growth and
resumption of ovarian activity in post-partum beef suckler cows. Journal of Reproduction
and Fertility, 90, 523–533.
Naazie, A.; Makarechian, M. and Hudson, R.J., 1999. Evaluation of Life-Cycle Herd
Efficiency in Cow-Calf System of Beef Production, Journal of Animal Science 77, 1-11.
Naazie.A., Makarechian,M., Hudson,R.J.,1997.Efficiency of Beef Production Systems:
Description and Preliminary Evaluation of a Model, Agricultural Systems, 54,357-380.
Nathan, M. 1966. Evaluation of survival data and two new rank order statistics arising in
its consideration, Cancer Chemotherapy Reports 50 (3): 163–70.

100

Ndlovu,T.,

Chimonyo,M.,

Okoh,A.I.,

Muchenje,V.,

Dzama,K.,

Raats,J.G.,

2007Assessing the nutritional status of beef cattle: current practices and future prospects,
African Journal of Biotechnology, 6 ,2727-2734.
Nett, T. M., D. Cermak, T. Braden, J. Manns and G. Niswender. 1988. Pituitary receptors
for GnRH and estradiol, and pituitary content of gonadotropins in beef cows. 11. Changes
during the postpartum period, Domestic Animal Endocrinology, 5, 81.
Nqeno, N., Chimonyo, M., Mapiye, C., Marufu, M.C., 2010. Ovarian activity, conception
and pregnancy patterns of cows in the semiarid communal rangelands in the Eastern Cape
Province of South Africa, Animal Reproduction Science, 118, 140–147.
Nunez-Dominguez, R.; Cundiff, L.V.; Dickerson, G.E.; Gregory, K.E. and Kock, R.M.
,1991. Lifetime Production of Beef Heifers Calving First at Two Vs Three Years of Age,
Journal of Animal Science 69, 3467-3479.
Odde, K.G., Kiracofe, G.H., Shalles, R.R. 1986. Effects of forty-eight-hour calf removal,
once or twice-daily suckling and nergostomet on beef cow and calf performance,
Theriogenology 26:3, 371-381.
Oddec,K.G.,Wardc,H.S., Kiracofec,G.H., MckeeC,R.M., Kittokd,R.J., 1980, Short estrus
cycles and associeted serum progesterone, Theriogenology, 14, 2.
Oliveira, C.M.G., Filho, B.D.O., Gambarini, M.L., Viu, M.A.O., Lopes, D.T, Sousa,
A.P.F., 2009. Effects of biostimulation and nutritional supplementation on pubertal age
and pregnancy rates of Nelore heifers (Bos indicus) in a tropical environment, Animal
Reproduction Science, 113, 38–43.

101

Osoro, K. and Writght, I.A., 1992. The effect of body condition, live weight, breed, age,
calf performance and calving date on reproductive performance of spring-calving beef
cows. Journal of animal Science 70, 1661-1666.
Paranhos da Costa, M.J.R., Albuquerque, L.G., Eler, J.P., Silva, J.A.II.V., 2006. Suckling
behaviour of

Nelore, Gir and Caracu calves and their crosses, Applied Animal

Behavioral Science 101, 276-287.
Perea, F.P., Ondiz, A.D., Palomare, R.A., Hernández, H.J. b, González, R., Soto, E.R.
2008. Control of postpartum anestrous with an intra-vaginal progesterone device plus
eCG or calf removal for 120 h in suckled crossbred cows managed in a pasture-based
system, Animal Reproduction Science 106, 298–310.
Pérez-Hernández, P., Garcia-Winder, M., Gallegos- Sanchez,

J.,

2002.

Postpartum

anoestrus is reduced by increasing the within-day milking to suckling interval in dual
purpose cows. Animal Reproduction Science 73, 159-168.
Peters, A.R.; Lamming, G.E. and Fisher, M.W., 1981. A comparison of plasma LH
concentration in milked and suckling post-partum cows. Journal of Reproduction and
Fertility 62:567-573.
Pieres, H.; Elliott, R.; Hales, J.W. and Norton, B.W., 1995 – Alternative Management
Strategies for Maximizing Productivity in Beef Cattle in Subtropics, Australian Journal
of Experimental Agriculture, 35:317-324.
Pinheiro, V.G., Souza, A.F., Pegorer, M.F., Satrapa, R.A., Ereno, R.L., Trinca, L.A.,
Barros, C.M., 2009. Effects of temporary calf removal and eCG on pregnancy rates to
timed-insemination in progesterone-treated postpartum Nellore cows, Theriogenology,
71, 519–524.
102

Portillo, G.E., Bridges, G. A., Araujo, J.W., Shaw, M.K.V., Schrick, F.N., Thatcher,
W.W., Yelich, J.V., 2008. Response to GnRH on day 6 of the estrous cycle is diminished
as the percentage of Bos indicus breeding increases in Angus, Brangus, and
Brahman×Angus heifers, Animal Reproduction Science, 103, 38–51.
Quintans, G., Banchero, G., Carriquiry, M., Lopez-Mazz, C., Baldi, F. 2010. Effect of
body condition and suckling restriction with and without presence of the calf on cow and
calf performance, Animal Reproduction Science 50, 10:931-938.
Quintans, G., Vázquez, A.I. Weigel, K.A., 2009. Effect of suckling restriction with nose
plates and premature weaning on postpartum anestrous interval in primiparous cows
under range conditions, Animal Reproduction Science, 116, 10–18.
Quintans, G., Viñoles, C., Sinclair, K.D. 2004. Follicular growth and ovulation in
postpartum beef cows following calf removal and GnRH treatment. Animal Reproduction
Science 80, 5-14.
Radford, H. M.. C. D. Nancmow and P. E. Maimer, 1978. Ovarian function in suckling
and non-suckling beef cows post partum, Journal of reproduction and fertility, 54, 49.
Randel, R.D., 1990. Nutrition and post-partum rebreeding in cattle, Journal of Animal
Science, 853–862.
Randel, R.D., 1981. Effect of once-daily suckling on post-partum interval and cow-calf
performance of first-calf Brahman×Hereford heifers. Journal of Animal Sciences, 53,
755–757.
Reeves, J. J. and Gaskins, C. T., 1981. Effsct ofonce-a-daynursingon rebreedinge
efficiency of beef cows. 3, Journal of Animal Science, 53, 889-891
103

Renquist, B.J., Oltjen, J.W, Sainz, R.D., Calvert, C.C., 2006. Relationship between body
condition score and production of multiparous beef cows. Livestock Science 104, 147155.
Rocha, A., Dionísio A.C., Mutsando A., 1988. Subsistence cattle production systems in the
Mazimichopes river zone compared to other traditional production systems in Africa.
Ministery of Agricultura, Animal Production Institute, Maputo-Mozambique.
Roche, J. R., Friggens, N. C., Kay, J. K., Fisher, M. W., Stafford, K. J. and Berry, D. P.,
2009. Invited review: Body condition score and its association with dairy cow
productivity, health, and welfare, J. Dairy Sci. 92:5769–5801.
Rutter, L.M. and Randel, R.D., 1984. Postpartum nutrient intake and body condition:
Effect on pituitary function and onset of oestrus in beef cattle. Journal of Animal Science
58:2:265-273.
Sá Filho, M.F.,

Santos, J.E.P., Ferreira, R.M., Sales, J.N.S., Baruselli, P.S., 2011.

Importance of estrus on pregnancy per insemination in suckled Bos indicus cows
submitted to estradiol/progesterone-based timed insemination protocols, Theriogenology,
76, 455–463.
Salfen, B.E., Kojima, F.N., Bader, J.F., Smith, M.F. and Garverick, H.A. 2001. Effect of
short term calf removal at three stages of follicular wave on fate of dominant follicle in
postpartum beef cows. Journal of Animal Science 79, 2688-2697.
SAS, 1996. Statistical Analysis System User’s Guide. Version 6.12. SAS Institute Inc.,
Cory, North Carolina, USA.

104

Satrapa, R.A, Pinheiro, V.G., Ereno R.L., Membrive C.M.B., Piagentini, M., Binelli, M.,
and Barros, C.M., 2010. 13,14-Dihydro-15-Keto Prostaglandin F2a Release in Response
to Oxytocin Challenge Early Post-Partum in Anoestrous Nelore Cows Submitted to
Temporary Calf Removal and Progesterone Priming, Reproduction in Domestic Animals,
45, 881-887.
Schillo, K.K.; Hall, J.B. and Hileman, S.M., 1992 - Effects of Nutrition and Season on
the Onset of Puberty in the Beef Heifer, Journal of Animal Science , 70: 3994-4005.
Schröder, U. J. and Staufenbiel, R., 2006. Invited Review: Methods to determine body fat
reserves in the dairy cow with special regard to ultrasonographic measurement of backfat
thickness, J. Dairy Sci. 89:1–14.
Schwalback, L.M.J., Greyling, J.P.C. and Taylor, G.J., 2000. Postpartum reproductive
tract score in beef cows – a proposed method. South African Journal of Animal Science,
suppl. 1, 120-121.
Schwalback, L.M.J., Lopes Pereira, C.M., Escrivão, R.J.A. , Mota Cardoso, J.M.,
1997.Determination of body condition and its relation with fertility in five beef cattle
farms in Mozambique.Veterinária Tecnica 5, 18-20.
Short, R. E., R. A. Bellows, R. B. Staigmiller, J. G. Berardinelli and E. E. Custer. 1990.
Physiological mechanisms controlling anestrus and infertility in postpartum beef cattle,
Journal of Animal Sciences 68:799–816.
Shimada, K., Izaike, Y., Suzuki, O., Kosugiyama, M., 1989. Effects of breed, calf age,
sex, parity and season on suckling behaviour in beef cattle. Japanese Journal of
Zootecnic. Sciences. 60 (10), 908-915.

105

Sidibé-Anago,A.G., Ouedraogo,G.A., Ledin,I.,2007. Effect of suckling period on calf
growth and milk yieldof Zebu cows, Tropical Animal Health Production,40, 491-499.
Spitzer, J.C.; Morrison, D.G.; Wettemann, R.P. and Faulkner, L.C. (1995) –
Reproductive Response and Calf Birth and Weaning Weights as Affected by Body
Condition at Parturition and Postpartum weight gain in Primiparous Beef Cows, Journal
of Animal Science 73,1251-1257.
SPSS, 2005. SPSS version 14.0 for Windows. SPSS Inc. USA (www.spss.com)
Stewart, I.B., Louw, B.P., Lishman, A.W., 1993a.

Suckling behaviour and fertility in

beef cows on pasture, 1. Suckling behaviour. South African Journal of Animal Science 23
5/6, 176-179.
Stewart, I.B., Louw, B.P., Lishman, A.W., 1993b. Suckling behaviour and fertility in
beef cows on pasture, 2. Influence of twelve hours calf

separation on interval to first

oestrus after onset of mating period. South African Journal of Animal Science

23 5/6,

180-182.
Tokuda, T., Matsui, T., Yano, H., 2000. Effects of light and food on plasma leptin
concentrations in ewes, Animal Science, 71, 235–242.
Tietz, N.W., 1995. Clinical Guide to Laboratory Tests, (3rd Ed.) WB Saunders Company,
Philadelphia, PA.

Timberlake, J., 1985 – Natural Pastures in Mozambique, Proceedings of Livestock
Production Simenar, Ministerio de Agricultura and FAO.

106

Vasconcelos, J.L.M., Filho, O.G.S., Perez, G. C., Silva, A.T.N., 2009. Intravaginal
progesterone device and/or temporary weaning on reproductive performance of anestrous
crossbred Angus×Nelore cows, Animal Reproduction Science, 111, 302–311.
Wade, G.N., Schneider, J.E., Li, H.Y., 1996. Control of fertility by metabolic cues.
American Journal of Physiology, 270, 1–19.
Walker,S.L., Smith, R.F., Jones D.N., Routly ,J.E, Dobson,H., 2008. Chronic stress,
hormone profiles and estrus intensity in dairy cattle, Hormones and Behavior, 53, 493501.
Walters, D.L., Smith, M.F., Harms, P.G. and Wiltbank, J.N. 1982. Effects of steroids and
/or 48 hr calf removal on serum luteinizing hormone concentration in anestrous beef cow.
Theriogenology, 18:3, 349-356.
Walters. D. L.. R. E. Short. E. M. Convey. R. B. Staigmiller,T. G. DUM and C. C.
Kaltenbach. 1982b. Pituitary and ovarian function in postpartum beef cows. 11.
Endocrine changes prior to ovulation in suckled and nonsuckled postpartum cows
compared to cycling cows. Biology of Reproduction 26, 647.
Wathes, D.C., Cheng, Z., Bourne, N., T aylor, V.J., Coffey, M., Brotherstone, S., 2007.
Differences between primiparous and multiparous dairy cows in the inter-relationships
between metabolic traits, milk yield and body condition score in the periparturient period,
Domestic Animal Endocrinology, 33, 203–225.
Whisnant, C.S., Kiser, T.E., Thompson, F.N. 1985. Effect of calf removal on serum
luteinizing hormone and cortisol concentrations in postpartum beef cows. Theriogenology
24:1, 119-128.

107

Wiklund,E., Andersson,A., Malmfors, G., Lundstriim, K., 1996. Muscle Glycogen Levels
and Blood Metabolites in Reindeer (Rangifer tarandus tarandus L.) After Transport and
Lairage, Meat Science, 42, 133-144.
Williams, G.L., 1990. Suckling as a regulator of postpartum rebreeding in cattle: a
review. Journal of Animal Science, 68, 831–852.
Wiltbank, J.N., 1991. Body Condition score in Beef Cattle, In: Large Animal Clinical
Nutrition. Ed. Naylor JM, Ralston Sl, Baltimore Mosby-Year Book Inc. pp. 196-178.
Yavas, Y., Walton, J.S., 2000. Induction of ovulation in postpartum suckled beef cows: a
review. Theriogenology 54,1–23.
Yelich,J.V.,Holland,M.D., Schutz,D.N.,Odde,D.N.,1995.Syncronization of estrus in
suckled postpartum beef cows with melengestrol Acetate, 48 hour calf removal and PGF,
Theriogenology, 43,401-410.
Yokoo, M.J.; Albuquerque, L.G, Lôbo, R.B.;. Bezerra, L.A.F.; . Araujo, F.R.C.; Silva,
J.A.V.; Sainz,

R.D. 2008.Genetic and environmental factors affecting ultrasound

measures of longissimus muscle area and backfat thickness in Nelore cattle, Livestock
Science 117, 147–154.
Zhang, Y., Proenca, R., Maffei, M., Barone, M., Leopold, L., Friedman, J.M., 1994.
Positional cloning of the mouse obese gene and its human homologue. Nature 372, 425–
432.
Zhang, J., Deng, L.X., Zhang, H.L., Hua, G.H., Han, L., Zhu, Y., Meng, X.J. and Yang,
L. G., 2010. Effects of parity on uterine involution and resumption of ovarian activities in
postpartum Chinese Holstein dairy cows, J. Dairy Sci. 93: 1979–1986.

108

