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Abstract

Anestrus is one of the most common reproductive disorders in buffalo. The aim of the present
study was to investigate the effect of biostimulation on onset of estrus, estrus behaviour and
reproductive performance of Murrah buffalo heifers. For this study, 24 heifers were allotted to
2 groups: To (control) and T (treatment) of 12 each for a period of 5 months from December
2021 to April 2022. In To the heifers were not exposed to the bull and in T group, the heifers
were exposed to the bull directly for 6 hours daily (3hr in morning and 3hr in evening). Both
groups of heifers were housed separately at a distance of about 0.5 km from each other. All the
experimental animals were housed under a loose housing system and floor space (i.e., 4 m?
covered area, 8 m? open area). The feeding of both groups of heifers were similar comprising
of ad libitum feeding of seasonal green fodders and the concentrate mixture feeding. Data were
analysed using SPSS software (Version 21.0) using t-test: two sample assuming equal variance.
The average age and body weight of the To and T1 group before the start of the experiment
was (25.85+0.32 months, 333.5+6.29 kg) and (25.94+0.48 months, 332.83+7.51 kg). The mean
dry matter intake 10.43+0.24 and 10.72+0.28 kg per day in To and Ty respectively did not differ
significantly between the 2 groups of heifers. The mean daily gain 507+£28.1 gm/day and
605£19.34 gm/day in To and T1 respectively which was significantly (p<0.05) higher in Ty
group. The mean body weight 362.47+7.32 and 369.07+8.2 kg in To and T1 respectively did
not differ significantly between the 2 groups of heifers. The average age at first estrus in To
and T1was 28.04+0.01 and 27.58+0.33 months. The average age at first service in the T1 group
was 28.18+0.57 months and in To none of the heifers was inseminated. The conception rate in
T1 group was 57.14%. The average frequencies of estrus behaviour including sniffing and
licking on the day of estrus are (12.00+3.00 vs. 26.50+3.42), tail raising (9.00+3.00 vs.
20.12+2.64), chin resting (4.00£1.00 vs. 12.00£1.34), stand to be mounted (3.00+£1.00 vs.
9.75+1.16) in To and T respectively. which was higher in T1 group. The mean frequency of
standing in To and T1 was 678.25+4.43 and 722.57+4.93 minutes/day which was significantly
(p<0.05) higher in Ty group. The mean daily times spent on lying in To and T1 was 728.06+£4.01
and 689.59+3.87 minutes/day which was significantly (p<0.05) higher in To group. The mean
frequency of eating and rumination in To and T1 was (249.04+2.27 and 260.89+2.14) and
(375.80£5.36 and 396.22+5.25) minutes/day which was significantly (p<0.05) higher in Ty
group. The mean drinking frequency in To and T1 was 3.76+0.39 and 4.36+0.56 which did not
differ significantly among the 2 groups of heifers. The mean allogrooming frequency in To and
T1 were 9.94+2.49and 20.09+2.26 which was significantly (p<0.05) higher in T1 group. It was
concluded that the biostimulation of anestrus buffalo heifers through direct bull exposure was
effective in bringing the most of the heifers into estrus with normal expression of estrus
behaviour and better reproductive performance.
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INTRODUCTION

Heifers are the future cows/buffaloes of the herd but unfortunately, heifers are the
most neglected stock because of poor feeding, care and management. Buffalo is regarded
as a sluggish breeder because of certain characteristics such as late maturity, poor
expression of estrus signs, especially during the summer, irregular oestrous cycle, silent
heat, seasonality in breeding, poor conception rate and a long inter-calving interval which
reduce the reproductive efficiency (Madan,1990). Buffalo is also a difficult breeder
because of its natural susceptibility to environmental stress, which promotes anestrous and
repeats breeding. These two factors are to blame for the buffaloes protracted inter-calving
time, which results in significant financial losses (Rangamma et al., 2016). The traditional
goal is to produce healthy calves each year. This can only be achieved by improving the
fertility of the animal. Therefore, reproductive efficiency is one of the most important
factors in a viable dairy system. Delayed puberty in dairy heifer’s costs farmers and the
country a lot of money because it reduces the number of calves produced and milk yield,

as well as increases the cost of feeding before they start producing.

Buffalo farming can be made profitable with frequent breeding and calving at the
appropriate times. Oestrous cycle length in buffaloes ranges from 17 to 26 days with a
mean of around 21 days (Jainudeen and Hafez, 1993). Anestrus is one of the most common
reproductive disorders in buffalo. Buffalo anestrus is observed in India at a rate ranging
from 25 to 67% (Singh et al., 2003; Pandit, 2004). In India, a clinical assessment indicated
that buffaloes have a higher rate due of anestrus and inactive ovaries than cows (Nagaraju
et al., 1991). Rural areas have a higher percentage of anestrus, mainly to hunger and poor
management practices (Kumar and Sharma, 1991). In buffaloes, oestrous behaviour is
critical for detecting oestrus and deciding the timing of artificial insemination. Shorter
oestrous durations and less intense oestrous behaviour might lead to an increase in "silent™
oestrus (ovulation without easily detectable oestrus behavioural symptoms), which is a
major hurdle to improving oestrous detection accuracy and efficiency (Walker et al., 2008;
Layek et al., 2011; Choudhary et al., 2019).

Heifers must be produced to replace the farm's older and less productive females
through voluntary culling. Heifer production is the most costly segment of dairy farming
(Heinrichs, et al.,1993). It requires more input over the long term and has no concrete
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Introduction

benefit. Buffalo's reproductive performance is significantly influenced by age at puberty,
especially in systems with seasonal breeding (Ferrell,1982). Early puberty is necessary to
reduce the age at first conception and first calving, and to achieve optimal lifetime
productivity (Lesmeister et al.,1973). Therefore, one of the primary goals in dairy farming
is to shorten anestrus periods in order to achieve a more sustainable level of output. In
buffalo, this means (a) lowering the age of the first service (Patterson et al., 2003) and (b)

shortening the cyclic activity during the postpartum period (Peter et al., 2009).

Under Indian conditions the age at first calving in buffaloes ranges from 40 to 45
months, but it can be reduced to as little as 30-32 months with better management. So far,
major research efforts have been concentrated on improving feeding by supplemental
feeding of energy and protein or growth promoters, feed additives, vitamins and minerals,
which has given mixed results. Another approach has been tried by the use of hormones
but these are costly and unwarranted use of hormones may disturb the normal endocrine
physiology of the animal. Priming of the peripubertal dairy heifers by the provision of
social cues such as through exposure to adult males (biostimulation) has given encouraging
results in indigenous breeds of cattle (Choudhary and Kamboj, 2019) and in buffaloes
(Dutt, 2020). Biostimulation (male/bull effect) refers to the stimulatory effect of a male on
estrus and ovulation through genital stimulation, olfactory pheromones or other less well-
defined external cues such as tactile, visual and auditory (Fiol and Ungerfeld, 2010). The
contact of a bull with a cow influences reproductive activity via olfactory cues via

pheromone which plays a very important role in biostimulation.

Pheromones are chemical signals that are utilised by animals to communicate with
one another (Wyatt, 2010). Pheromones are a primary biostimulatory factor that can work
in two ways: as a signalling pheromone that induces an immediate behavioural response,
or as a priming pheromone that affects physiological processes by inhibiting or stimulating
the neuroendocrine system, influencing reproduction. Pheromones in mammals
communicate species-specific information by activating the vomeronasal organ, which
comprises bipolar, sensory neurons. These neurons provide chemical signals to the
olfactory bulb, which projects to a vomeronasal nucleus in the amygdala, causing the
hypothalamus to release luteinizing hormone-releasing hormone in response (LHRH).
LHRH's extra pituitary activity stimulates the secretion of LH, which aids in the regulation
of reproductive behaviour and puberty induction. (Meredith,1991). Independent of

cognitive recognition, these specialised neurons are likely to trigger a cascade of neuro-
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endocrine reactions (Patra et al., 2012).

Any of the following strategies can be used to achieve biostimulation: 1) Direct
bull contact; ii) Bull contact along the fenceline; iii) Bull urine contact iv) exposure to
testosterone-treated steers or females, or a combination of the previous methods.
Biostimulation has been introduced to increase the percentage of cows in oestrus while
also shortening the post-partum anestrus period (Zalesky et al., 1984). Biostimulation has
been found to have a positive effect on uterine involution and the duration of the first
postpartum estrous cycle (Landaeta, 2004). Several studies have found that having a male
present not only helps to detect estrus more accurately, but also promotes estrus behaviour

and ovarian activity (Mat et al., 2014).

By enhancing postpartum ovarian activity and promoting estrus expression, it has
been discovered that the presence of a sexually mature male animal during the mating
season has a positive impact on the onset of estrus in sheep and goats as well as raising the
expression of estrus in sows. (Langendijk et al., 2000; Rekwot et al., 2001). In this
backdrop, it was hypothesized that biostimulation can be employed to reduce the economic
losses due to delayed and prolonged anestrous in heifers. The study was therefore,

undertaken with the following specific objectives:

1. To study the effect of direct bull exposure on the onset of estrus and estrus

behaviour in anestrus buffalo heifers.

2. To study the reproductive performance of buffalo heifers exposed to a bull for

Overcoming anestrus.
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REVIEW OF LITERATURE

1.1 Anestrus in buffaloes

One of the most essential dairy animals is the buffalo, which is primarily found in
tropical and subtropical regions of the world. One of the most common reproductive issues
in buffaloes is anestrus. Anestrus is defined as the absence of the regular signs of estrus
with absence of physiological sign of estrus associated with corpus luteum or absence of
palpable follicular or luteal structure. One of the most significant factors contributing to
anestrus in buffaloes is an inactive or non-functional ovary. Buffalo's poor reproductive
performance is still a major global economic issue. Reduced reproductive performance in
buffaloes can be attributed to a variety of factors, including delayed sexual maturity,
postpartum anestrus, silent estrus, and the seasonal breeding schedule. Anestrus causes
financial losses due to an increase in inter-calving period, poor net calf crops, productivity
losses, medical costs, and the cost of replacing mature animals with first-calving heifers
(Kumar et al., 2014). According to Kumar et al. (2013), anestrus in a buffalo causes an
estimated loss of Indian Rs. 372.90 each day. Anestrus in buffalo is observed in post-
pubertal heifers, as well as during pregnancy, lactation, the early postpartum phase, and
the non-breeding season. Incidence of anestrus in buffaloes in India state wise is presented
in Table 2.1

Table 2.1 Incidence of anestrus in buffaloes

State Incidence (%) References
Andhra Pradesh 30.76-50 Rao and Sreemannarayanan, 1982; Naidu, 1981
Gujarat 20.84 — 45.97 Kulkarni, 2002; Modi et al., 2011

Madhya Pradesh 29.12 - 60. 83 Pandit, 2004; Kumar et al., 2013

Maharashtra 29.5-41.40 Bharkad and Markandeya, 2003;
Tamilnadu 9.09 Selvaraju et al., 2005

Punjab 38.98-55.5 Singh et al., 2006

Uttar Pradesh 14.69-45.20 Luktuke et al., 1973

Karnataka 56.0 Hussain, 1984
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The classification of anestrus defined for cattle by Roberts (1971) can also be
applied to buffalo. Roberts classified the two varieties of anestrus class I, which refers to
females with a normal functioning corpus luteum, and class Il, which refers to females
without a functional corpus luteum. Class | anestrus includes anestrus due to pregnancy,
due to persistent corpus luteum (CL), due to ‘weak’ or ‘silent’ estrus and due to unobserved
estrus. Buffaloes naturally exhibit anestrus due to weak estrus, often known as "silent
estrus" or "silent ovulation,” which is one of the biggest problems with buffalo
reproduction (Zicarelli et al., 1997). Class Il anestrus include anestrus due to small or
inactive ovaries with no functional corpus luteum. These are non-cyclic animals and

termed as ‘true anestrus’.

The multiple causes of anestrus in buffalo include inadequate nutrition, stress from
the environment, uterine pathology and poor management techniques. The frequency of
postpartum anestrus was found to be influenced by nutrition, calving season, parity,
management techniques and abnormal parturition in buffaloes (Reviewed by EIWishy,
2007).

@ Genotype: Under similar management conditions, the duration of postpartum
anestrus is often longer in buffalo than in cattle (Dobson and Kamonpatana, 1986;
Jainudeen and Hafez, 1993). Buffaloes differ from cows in that they have fewer
preantral and antral follicles, smaller pre-ovulatory follicles and a greater tendency
for follicular atresia (Danell, 1987; Baruselli et al., 1997; Samad and Nasseri,

1979) It could be the cause of the increased rate of anestrus in buffaloes.

(b) Nutrition: Animal nutrition has an effect on follicular development, maturation
and ovulation (Diskin et al., 2003). One of the most common causes of anestrus in
heifers is undernutrition. Reduced feed intake in the late stages of pregnancy or the
early postpartum period or negative energy balance (NEB) caused by a very high
metabolic load after delivery, especially in high yielders, delays the restoration of
LH pulsatility and prolongs the postpartum anestrus (Wiltbank et al., 1962; Rutter
and Randel, 1984; Connor et al., 1990; Hegazi et al., 1994). Anestrus is also linked
with a shortage in minerals like calcium (Ca), phosphorus (P), copper (Cu), zinc
(Zn), and manganese (Mn) (Hidiroglou, 1979; Campbell et al., 1999). It is well

known that minerals act as an intermediary between hormones and enzymes at the
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cellular level and their deficiency ultimately has an impact on how effectively

females reproduce (Bearden et al., 2004).

(© Season/Environment: According to several authors (Shah et al., 1989; Singh and
Lal, 1994, Zicarelli, 1997), buffalo cows display a significant seasonal fluctuation
in estrus, rate of conception and calving rate. Even though buffalo are effectively
used in humid and hot climates. The heat stress significantly decreases ovarian

activity, and expressed in the form of anestrus (Singh et al., 2000).
2.2 Male effects on the female

To boost buffalo reproductive performance, a variety of approaches and strategies
have been developed, although the majority of them require the use of several hormones
as therapies. Nonetheless, there is a growing public awareness and demand for a "clean,
green, and ethical™ production process (Martin et al., 2004). As a result, other more natural
ways to farm management, such as biostimulation, have been promoted to limit the use of
hormone treatments (Fiol et al., 2010). The stimulatory pathway of biostimulation is

shown in Fig 2.1.

It has been discovered that the presence of a sexually mature male animal during
breeding season causes early onset of oestrus in sheep and goats as well as greater oestrus
expression in sows because it stimulates postpartum ovarian activity (Langendijk et al.,
2000). The oestrus cows will generally move closer to the bull if a bull is kept in a corral

near the cows (Gordon, 1996).

Izard and Vandenbergh (1982) added to the evidence that social interaction
between bulls and prepubescent heifers can lead to a younger puberty age because LH
release was enhanced immediately after exposure to the bull. Custer et al. (1990)
speculated that the effect of bull stimulation on the restart of ovarian cyclicity could be
mediated through the central nervous system. The specific method of biostimulation and

the transmission of cues from bull to cow remain unknown.
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Conceptual physiological model of biostimulation |

Carried to urine by MUP, a -2u globulin, or albumin
Excreted with urine
MUP or o -2u globulin releases pheromone into air

Fig 2.1 Stimulatory pathway of biostimulation

2.2.1. Biostimulatory effect of bull exposure on the onset of puberty

A heifer's puberty is determined by the time she has her first estrus. Many
physiological events involving the brain, pituitary gland and ovaries lead to it. Many
factors determine the age of puberty in heifers, including the dam'’s age and breed, the sire's
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breed, environmental temperature, nutrition, body weight, growth rate, and social
environment (Schillo et al., 1992). When a female hits puberty, she begins to cycle on a
regular basis. Delays in puberty will result in a delay in the age of first breeding and the
age of calving, increasing the cost of producing heifers.

The use of a biostimulation approach to expedite puberty in heifers could be a
beneficial and practical tool. The presence of a male can hasten the development of puberty
in rodents (Vandenbergh, 1974). In pigs, Mavrogenis and Robinson (1976) discovered that
gilts who were exposed to a boar achieved puberty at a younger age than gilts who were
not exposed to a boar. As a result, biostimulation by exposing female animals to males has
been shown to assist speed puberty in other species. Heifers who were exposed to bulls

reached puberty earlier than those who had not been exposed (Zelensky et al., 1984).

Izard and Vandenbergh (1982) found that 67 percent of heifers exposed to urine
and 32 percent of heifers subjected to simply water reached puberty, supporting the

concept that bull urine includes a priming pheromone that accelerates heifer puberty.

At the Montana State University Livestock Center in Bozeman, Roberson et al.
(1991) conducted two experiments to test the following hypotheses: 1) Sterile bull
exposure increases the proportion of beef heifers reaching puberty by 14 months of age,
and 2) the rate of growth interacts with bull exposure to influence age at puberty in beef
heifers demonstrated utilizing stimulated heifers from 11.5 to 14 months of age. Heifers
were randomly assigned to one of two treatments in Exp. I: 1) bull exposure (BE; roughly
70 days of exposure) or 2) heifer isolation from bulls (NE) and served as controls. Heifers
were fed to gain at a moderate (MG: 600 gm/d) or high (HG: 800 gm/d) growth rate in
Exp. Il. They were assigned to either BE or NE treatments (175 days of bull exposure) and
were fed to gain at a moderate (MG: 600 gm/d) or high (HG: 800 gm/d) growth rate.
Progesterone concentrations indicative of the onset of corpus luteum function and puberty
were measured twice weekly in blood samples. By 14 months of age, a higher proportion
of heifers getting the BE treatment than those receiving the NE treatment had begun corpus
luteum function. In Exp. I, there was an interaction between bull exposure and growth
rate, with the effect of bull exposure being stronger in the HG groups than in the MG
groups. Finally, they showed that post-weaning gain and bull exposure have a significant
relationship, with heifers exposed to bulls reaching puberty at a younger age (BE 61.8
percent vs. 45.4 percent NE). They concluded that biostimulation method presents a

potentially beneficial and practicable method for enhancing reproductive efficiency in
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livestock species in tropical regions.

Rekwot et al. (2000) studied the effect of bull exposure on 97 prepubertal heifers
of Bunaji and Friesian breeds heifers, aged 13-15 months. They randomly assigned to two
treatment groups: (1) heifers exposed to mature teaser bulls (MBE; n=48) and (2) heifers
isolated from bulls (NBE; n=49) for a period of 15 months while working at National
Animal Production Research Institute, Shika, Ahmadu Bello University Zaria Guinea.
Heifers were scored for body condition and live weight at 28-day intervals and were judged
to have reached puberty if they displayed oestrus and had palpable CL with a P4
concentration of more than 1ng/ml. They found that the start of puberty in MBE heifers
(23.1+0.4 months) was considerably sooner than in NBE heifers (26.4 + 0.4 months) at the
end of the experiment. More MBE heifers (70.8%) reached puberty between the ages of
17 and 24 months than NBE heifers (18.3%). It was concluded that bull-cow
biostimulation affects the cow's oestrus, perhaps by olfactory signals, which alters

reproductive activity (pheromones).

Oliveira et al. (2009) conducted research to determine the effect of bull exposure
on age at puberty in Nellore heifers on a farm situated in middle-west Brazil. He selected
heifers (n=392) who were 360+10 days of age, weighing 180+10 kg (initial body weight,
IBW) and were randomly assigned to one of four treatment groups (n=98/group) as follows
1) Heifers in the bull exposed (BE) group were maintained on pasture while being kept in
the presence of bulls.; 2) the animals in the bull exposed+supplemented (S) group were
kept in the presence of bulls while being managed on pasture and were fed a diet with
greater energy and protein content to produce 0.49 kg of BW gain/day; 3) the animals in
the control group (no bull exposure) were kept away from bulls and under pasture
conditions; 4) the animals in the no bull exposed+supplemented group was kept away from
bulls, were maintained on pasture, and were fed the same diet as the BE+S group. Animals
were weighed monthly for weight gain and weekly ultrasound scanning to detect the CL.
The first pubertal animals were identified at 480 days of age which means 120 days after
the beginning of the experimental phase | in all groups. A significant BEXBE+S interaction
was detected for BW at 480 days of age. At this age, the number of pubertal heifers differs
between BE+S (5 out of 33), BE (5/33) vs NBE (7/33), and NBE+S (2/33). At 510 days
exposure period, the number of pubertal heifers differs between BE+S (12/33), BE (8/33)
then NBE (8/33), and NBE+S (12/33) and at 540 days exposure period the number of
pubertal heifers was increasing BE+S (19/33), BE (19/33) vs NBE (11/33) and NBE+S
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(15/33). A significant effect of biostimulation on age at puberty (p<0.05) was found at the
end of the experiment. They concluded that differences between animal groups were
primarily due to effects of early exposure on adult males. This control could represent an
alternative practice in large-scale beef cattle production systems, especially in areas where

climatic conditions limit the availability of feed for replacement heifers.

Fiol et al. (2010) reported that exposing peripubertal beef heifers to androgenized
steers for 35 days advanced puberty in heavier heifers while conducting their research in
the experimental unit "Palo a Pique™ INIA Treinta y Tres, Uruguay with 131 Hereford and
Aberdeen Angus heifers that were 12 months old and were divided into two treatment
groups. 1) Exposed group (E, n=66) was exposed to androgenized steers from days 0 to
35. 2) control group (C, n=65) was isolated from the steer. Estrus behaviour detection
(twice daily) and weekly ultrasound scanning to detect the CL were used to determine the
cyclic activity. As of day 21, exposed heifers had a higher cumulative proportion of
cyclicity than control heifers. By the end of the exposure period, more exposed heifers
(16/66 vs. 2/65; P<0.001) had reached puberty than control heifers. It was concluded that
puberty was accelerated in heavier beef heifers after being exposed to androgenized steers
for 35 days; this response was shown earlier in heifers who were closer to the androgenized

steers.
2.2.3. Biostimulatory effect of a bull on postpartum ovarian cyclicity

The first evidence of a bull effect on postpartum ovarian activity in cows was
provided by Skinner and Bonsma (1964). They discovered that introducing a vasectomized
bull to a breeding herd of females 30 days before breeding season increased postpartum

ovarian activity.

Gokuldas et al. (2010) examined the impact of bull exposure on the restoration of
ovarian cyclicity and reproductive response in postpartum buffaloes raised under typical
farm conditions. A total of 24 Murrah buffaloes were assigned randomly to one of the
following treatments: (1) bull-exposed (BE, n = 11) and (2) non-exposed (NE, n = 13).
Animals were exposed to a vasectomized bull from the 40th to the 90th day postpartum.
The restart of ovarian cyclicity was assessed using changes in progesterone levels. Bull-
exposed animals had a shorter postpartum gap to resumption of ovarian cyclicity (47+2.58
days vs. 56+2.37 days, p<0.05) and behavioural estrus (573.61 days vs. 715.13 days,

p<0.05) than control animals. Similarly, BE animals exhibited a significantly shorter
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postpartum ovulation interval (48.69 days vs. 57.23 days, p<0.05). When compared to the
NE group, the BE group had a lower rate of silent ovulation (18.18 percent vs. 50 percent).
By 60 days postpartum, more than half of the animals in the BE group had conceived,
compared to a very low number of animals in the NE group (54 percent vs. 15%, p<0.05).
Furthermore, BE animals had a higher percentage of first service conception than NE
animals (100 percent vs. 37.50 percent, p<0.05). Finally, continual bull exposure to
buffaloes during the later postpartum period speeds up the restoration of ovarian cyclicity,
reduces the incidence of silent ovulation and improves the first service conception rate.
These findings suggest that introducing males to a buffalo herd could be a sound
management option for minimizing postpartum anestrus and improving buffalo

reproductive performance.

The effect of bull exposure on ovarian cyclicity in postpartum Murrah buffaloes
was investigated by Barman et al. (2011). Twenty-one buffaloes, ranging in age from the
first to the fifth lactation and calving between September and early February, were
randomly assigned to one of two treatments:(1) a vasectomized bull (bull exposed, BE)
and (2) isolation from a vasectomized bull (non-exposed, NE). From the 3rd to the 60th
day postpartum, the buffaloes in the BE group (n=11) were continually exposed to a
vasectomized bull, which was tethered in a semi-open shed, whereas the buffaloes in the
NE group (n=10) were housed in another semi-open shed, about 0.13 km away. Following
the completion of the treatment period, all BE and NE animals were mixed together and
their cyclicity was observed for another 30 days. Blood samples were taken from each
animal at weekly intervals from day 3 to day 30 following delivery, and then at 4-day
intervals until day 90 after delivery. The criterion for the restart of ovulatory cycles was a
rise in progesterone concentration of 1.0 ng/ml for at least two consecutive samples. The
animals in each group were tested for signs of estrus twice a day, at 7:00 a.m. and 17:00
p.m., by parading a teaser bull. Animals in standing estrus were confirmed by rectal
examination before insemination with 0.5 ml of frozen-thawed viable bull semen at 12 and
24 hours following commencement of standing estrus. At 60 days after insemination, a
rectal examination was used to confirm pregnancy. When the buffalo cows were exposed
to the vasectomized bull, neither (1) the postpartum interval to uterine involution, nor the
incidence of initial behavioural estrus and ovulation, nor (2) the proportion of cows who
resumed cyclic activity changed (p>0.05). When compared to the NE group, the incidence

of silent ovulation was considerably (p>0.05) lower in the BE group (57.14 percent) (85.71
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percent). In addition, the BE animals had a greater conception rate (p>0.05) than the NE
animals (81.82 percent versus 40.0 percent). They concluded that continuous exposure of
postpartum buffalo cows to a vasectomized bull curtails the incidence of silent ovulation
and enhances the conception rate.

Akhtar et al. (2018) investigated the influence of bull exposure after calving on the
postpartum interval to estrus in Nili-Ravi buffaloes at the Bahauddin Zakariya University
in Multan, Pakistan. In this study, 48 buffaloes of the Nili-Ravi breed were used. A fully
randomised plan utilising a 4x1 factorial design was used to assign all buffaloes to one of
the four treatments. There were four groups of buffaloes:1) exposed continuously (the bull
was present in the herd at all times) to the physical presence of a bull (BEC; n=12); 2)
exposed intermittently (the bull was introduced for 2 h daily) to the physical presence of a
bull (BEI; n=12); 3) exposed to bull discharge waste (urine and faeces) for 13.5 hrs daily
(EPB; n=12); and 4) not exposed to a bull or bull discharge waste (NE; Throughout the
investigation, the buffalo-to-bull ratio (12:1) was maintained. During the research, estrus
was identified twice a day (07.00 a.m. and 18.00 p.m.). A buffalo stood for mounting
considered to be in estrus. Buffaloes were exposed on day 5 after parturition. For each
therapy, day 5 postpartum was used as d 0. The BEC therapy had a shorter postpartum gap
to the first behavioural estrus than the BEI, EPB, and NE treatments. The mean serum
progesterone concentration was not substantially different between BEC and the other
treatments (BEI, EPB, and NE). It was concluded that buffalo that were regularly exposed
to bulls had shorter postpartum intervals between estrus. Bull presence improves Nili Ravi
buffalo by shortening the calving interval. It was clearly shown that having a bull around

tends to help the buffalo reproduce more effectively.

During the low breeding season, Zaidi and Anwar (2018) investigated the effect of
biostimulation by bull exposure on estrus expression, ovarian activity, and fertility in
anestrus, pluriparous buffaloes (Bubalus bubalis) from May to July 2012. Bull exposed
(24 h exposure per day, N=20, BE), bull partly exposed (1 h per day, N=20, BP), and bull
non-exposed (no bull exposure, N=20, BN) groups were formed from non-pregnant,
lactating Nili-Ravi buffaloes with no corpus luteum (CL) on ovaries as palpated per rectum
twice at 11-day intervals. Over the course of 60 days, estrus expression and the time
between services were documented (June and July). On day 60 after service, the pregnancy
was evaluated. The number of animals in the BE (60%) and BP (40%) groups that
displayed behavioural estrus was substantially larger (p<0.05) than in the BN (5%) group,

Page | 12



Review of Literature

although the BE and BP groups did not differ significantly. The progesterone profile in
five animals per group (blood samples taken once a week) revealed ovarian activity that
matched the visually observed estrus expression. BE had a shorter time to service from the
start of the experiment (p<0.05) than the BP and BN groups (26.3+4.9, 37.0+3.7, and
40.0+0.4 days) respectively. The difference between the BP and BN groups is not
significant. The pregnancy rate was considerably greater in the BE (40%) and BP (20%)
groups than in the BN (0%) group (p<0.05), with the difference between the BE and BP
groups being non-significant. It was concluded that during the low breeding season,
biostimulation for 24 hours per day was found to restore ovarian cyclicity in 60% of

anestrus buffaloes.

Berardinelli et al. (2007) also tested postpartum resumption of ovulatory cycles in
primiparous, suckled beef cows exposed to close physical touch or limited, fence line
interaction with mature bulls in two tests. Experiments (Exps.) 1 and 2 included 53 and 54
spring-calving, primiparous AngusxHereford cows, respectively. Experiments were
conducted 12 months apart at the Bozeman Livestock Teaching and Research Center at
Montana State University. Cows were assigned randomly to be exposed to close physical
contact experiment 1 (Exp.1), BE; (n=14); limited, fence line contact (Exp. 2, BEFL; n =
22); or not exposed (Exp.1 and 2, NE; n = 37) to mature bulls beginning 59 days (Exp.1)
and 68 days (Exp.2) after calving and exposed for 35 and 42 days. The percentage of cows
that resumed luteal activity by the end of the Exp.1 was greater (p<0.05) for BE cows
(100%) than for NE cows (68.8%). 2. Interval from the start of the exposure period to the
resumption of luteal activity was shorter (P<0.05) for BE (12.2 days) and BEFL (18.1
days) cows than for NE cows (28.1) in Exps. 1 and 2, respectively. It was concluded that
degree of the exposure (frequency, duration, and quantity of stimuli) to the pheromonal
stimuli produced by bulls may affect how anovular, primiparous cows react to their

biostimulatory effects.

Miller and Ungerfeld (2008) reported that exposing postpartum anestrus suckled
beef cows to weekly bull exchanges speeds up the resumption of cyclicity when compared
to continuous exposure to the same bulls and that the conception rate was higher (56.2%)

in bull exchanged animals than in non-exchanged animals (35.6%).

At Montana State University in Bozeman, Tauck et al. (2010) observed early
resumption of ovulatory activity (OA) and the percentage of cows that restarted ovarian

activity in two-year-old AngusxHereford primiparous, suckled beef cows (n = 39), which
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were randomly assigned after calving to bulls exposed for 12 hours (BE12; n=15), 6 hours
(BE 6; n=14), or not exposed to bulls (NE; n=10) for 45 days beginning at 51 days after
calving. The interval from calving or from D 0 to the resumption of OA was shorter for
BE12 (87.7 days), BE6 (90.0 days) vs NE (101.2days) (p<0.05), and the proportion of
cows that resumed OA during the experiment was greater (p<0.05) for BE12 (60.0%), BE6
(64.3%) than for NE cows NE (10.0%). An increase in progesterone concentration above
the average progesterone baseline of individual cows in three consecutive samples that
exceeded 1 ng/mL was used to determine the occurrence of resumption of OA. Blood
samples were collected every other day from D 0 to the end of the experiment (D 44) from
each cow by jugular venepuncture. It was concluded that compared to continuous exposure
to a single pair of bulls, weekly interchange of two pairs of bulls decreased postpartum

anestrus in suckled multiparous cows.

During the spring season at the University of Florida's Santa Fe Beef Research
Unit, Hernandez et al. (2013) investigate the effect of social structure and biostimulation
generated by bull exposure on the restart of ovarian activity. Thirty Angus cows were
divided into three groups (10 each) based on parity; two groups were exposed to bulls,
while a third group was not exposed to bulls and acted as a control. Biostimulation
(p<0.002) and dominance order (p<0.004) impacted the time between calving and
resumption of ovarian cyclicity (ICR). As dominance order dropped, the ICR increased
(D=34.5+6 days; 1=45.0+6 days; S=53.1+4 days; p< 0.01). When comparing cows from
different social groups, ICR was lower in the bull-exposed group (D=26.3+8.2 days;
1=42.0+6.4 days; S=46.1+4.1 days) than in the non-exposed group (D 43.0+8.2 days;
1=48.0+10.1 days; S=60.2+6.4 days). They came to the conclusion that biostimulation and
social dominance had an impact on the ICR.

2.2.4. Effects of biostimulation on estrous behaviour and hormone secretion

Zicarelli et al. (1997), investigate the effect of biostimulation on estrus behaviour.
They show the effects of the presence or absence of vasectomized male buffaloes on the
reproductive efficiency of Italian buffalo cows (n=396) were tested on six farms owned
and maintained by a single consortium. On each farm, lactating cows were divided into
two groups of varying sizes and housed in semi-range circumstances. One group had
vasectomized bulls with a bull/empty-cow ratio of 1:30. In the other group, there were no
bulls. Over a 3.5-month period, reproductive efficiency was compared and evaluated

between the two groups based on: 1) the number of spontaneous overt estruses associated
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with feeble or intense signs of estrous behaviour; 2) the number of functional estrous
cycles, i.e., estrous cycles with luteal phases defined as normal, based on specified
progesterone concentrations in milk or blood plasma 8-10 days after estrus; and 3) the
number of consecutive functional estrous cycles. The reproductive effectiveness of groups
with bulls was substantially higher than that of those without them. There was a higher
incidence of spontaneous estrus (92% versus 69%; p<0.01); spontaneous estrus of high
intensity (62.2% versus 31.1%; p<0.01); and functional estrous cycles following both
spontaneous (65.8% versus 57.1%; p<0.05) and induced (77.0% versus 59.5%; p<0.05)
estrus. The pregnancy rate in cows inseminated at spontaneous (42.5 versus 18.9%;
p<0.01) or induced (51.1 against 33.3%; p<0.05) estrus was considerably higher after
exposure to vasectomized bulls (90.5 versus 68.1%; p<0.01. In the absence of bulls, the
pregnancy rate per Al was higher in cows inseminated at induced than in cows inseminated

at spontaneous estrus (33.3 versus 18.9%).

Roelofs et al. (2008) examined the behaviour of cows exposed to the bull at the
Wageningen University and Research Center in the Netherlands. The control (no bull on
the farm), the bull treatment (a bull housed behind the fence), and the no bull treatment (a
bull present on the farm but not housed behind the fence). Cows were fitted with
pedometers and signs of oestrus were observed every 4 hours for 30 minutes. On the day
of oestrus, cows were more frequent in the contact area during the bull treatment (12.0+9.8
times) and the no bull treatment (13.9+£10.2 times) than during the control treatment
(2.6£2.5 times) on the day of oestrus. The number of visits to the contact region was
modest (2.2+1.9 times) and did not differ between treatments on other days. On the day of
oestrus (71.4%), more cows had direct contact with the bull than on days outside of oestrus
(21.4-30%). Based on their findings, they concluded that dairy cows in oestrus appear to
be attracted by the presence of a fence line housed bull, but fence line bull exposure does

not affect oestrus behavioural expression.

The biostimulatory effect on circulating LH concentration is minimal, and it may
not be enough to stimulate estradiol secretion, which would influence oestrus behaviour
modifications. Cows that were continually exposed to bulls and cows who were exposed
to bulls on a regular basis had higher mean LH concentrations and more LH pulses than
cows who were not exposed to bulls (Fernandez et al., 1996). Roelofs et al. (2005) found
that fence line bull exposure to anoestrus dairy cows during the early postpartum period

had an effect on LH release, with an increase in basal and average LH concentrations as
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well as the frequency of LH pulses.

The different researcher has reported the effect of biostimulation on the estrus

behavior of cows as given below in table 2.2

Table 2.2: Occurrence of different estrous signs and symptoms

Estrous symptom Khanh et al. Roelofsetal. | Matetal.

(2012) (2005a/b) in (2014)
H.F. cows

Vulva mucus discharge 75 % -- 16.7%

Flehmen reflex 66.67 % 29 % --

Restlessness 33.33% -- --

Sniffing the vulva of another cow 50 % 100 % -

Mounted but not standing 100 % -- 58.3%

Resting with chin on the back of 8.33 % 100 % 41.7%

another cow

Mounting other cows(attempt) 91.67 % -- 66.7%

Mounting head side of other cows 8.33% 12 % --

(attempt)

Standing heat 83.33 47 % -

2.2.5. Effects of biostimulation on conception rate

By exposing buffalo cows to the bull and accelerating the restoration of ovarian
cyclicity from biostimulation, the conception rate in buffaloes could be boosted.
Continuous bull exposure of buffaloes during the later postpartum period (40 days post-
calving) accelerates postpartum resumption of ovarian cyclic activity, reduces the
incidence of silent ovulation, and improves the first service conception rate, according to
Gokuldas et al. (2010). Biostimulation using bull stimuli is an effective approach for

increasing the number of pregnant animals during the early days after calving.

Barman et al. (2011) discovered that exposing postpartum buffalo cows to a
vasectomized bull increases the conception rate. According to Ebert et al. (1972), the
conception rate to the first service was greater in cows exposed to the bull (68 percent),
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compared to (48 percent) in cows not exposed to the bull. In a similar experiment
conducted by lzard (1982), postpartum beef heifers exposed to a vasectomized bull for 3
to 4 hours, two times a day, conceived to a viable mating earlier than cows not exposed to
the bull.

While conducting research at Government Farm, Pantai Timor, Kelantan,
Malaysia, Khanh et al. (2012) found that spontaneous mating has a greater conception rate
than Al. They studied three groups of cattle: 1) Controlled non-exposed multiparous
(CNB; n=17) 2) Bull primiparous (PB; n=12) 3) MB (n=13) is a multiparous cow with a
bull. Three bulls were put into the MB and PB groups for biostimulation on the third day
of the CIDR insert. From the time the CIDR was implanted until the end of the experiment,
blood samples were taken every three days. The conception rate (pregnancy rate) in PB
(66.67%) and MB (69.23%) was three times higher than in CNB (23.53 percent).

2.3.  Stimulation methods used in exposing the heifers to a bull

Various methodologies were used in past studies on the biostimulation of heifers

and postpartum cows by bull exposure in order to define the mechanism of biostimulation.
2.3.1. Continuous or direct contact bull exposure

Previous research on beef heifers indicated that long-term continuous exposure of
heifers to a mature bull had no effect on age at puberty (Roberson et al., 1987) and that
short-term exposure of heifers to a mature bull had no effect on age at puberty (Berardinelli
etal., 1978).

2.3.2. Fenceline bull exposure

In a study by Fike et al. (1996), 30 days postpartum, crossbred primiparous and
multiparous beef cows from the University of Nebraska Agricultural Research and
Development Center beef physiology herd were randomly allocated to one of two
treatments: fence line exposure to bulls or isolation from bulls. Blood samples were taken
twice weekly for 13 weeks, beginning 1 to 4 weeks after delivery, in each experiment.
These samples were utilised to measure progesterone levels and establish when ovarian
luteal function began after calving (p<0.05); however, there was no difference between the
treatments in the multiparous group. Primiparous cows with fence line exposure had a
shorter duration of postpartum anoestrus (BE=78 days) compared to heifers without bull

exposure (NE=92 days).
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In other investigations, in primiparous, postpartum, and anestrus cows, fence line
exposure to bulls accelerated the restart of cyclic activity, although not as successfully as

direct male-female contact. (Berardinelli et al., 2007).
2.4.  Application of the biostimulation technique on dairy farms

On most dairy farms in India, the use of a bull is currently restricted to breeding
purposes. However, exposing dairy cows to a bull and employing biostimulation
technology to boost their reproductive condition has a lot of potentials. As a result, the
purpose of this research is to explore if the biostimulation effect can help buffaloes reduce
their anestrus period and boost their reproductive performance, in the hopes of enhancing

lifetime performance and extending individual buffaloes' production lives.
2.5  Biostimualtory effect on age at puberty and reproductive performance

Choudhary et al. (2019) investigated the effect of biostimulation on the age of
puberty and reproductive performance of Sahiwal heifers. They selected 24 pre-pubertal
heifers and divided them into three groups based on age and body weight: non-bull
exposed, fenceline bull exposed, and fenceline bull exposed+direct bull exposed. Heifers
in the non-bull exposed group were not exposed to bulls, while those in the fenceline bull
exposed group had 24 hours of fenceline interaction and those in the direct bull exposed
group had 6 hours of direct bull contact. The average age and body weight at puberty in
fenceline bull exposed groups (19.33+0.36 months and 226.20+6.35 kg), fenceline bull
exposed + direct bull exposed (19.11+0.58 months and 224.19+4.54 kg) heifers were
almost similar but significantly lower than non-bull exposed group heifers (24.13+0.16
months and 262.50+8.50 kg). The average age at first service and first calving was similar
in fenceline bull exposed groups (20.41+0.45 and 30.20+0.73 months) and fenceline bull
exposed + direct bull exposed (20.78+0.36 and 29.90+0.44 months) heifers but
significantly lower than non-bull exposed group heifers (25.15+0.14 and 34.29+0.53
months). They concluded that biostimulation of heifers by fenceline contact with the bull
is as effective in hastening puberty and enhancing reproductive performance as fenceline

bull exposure + 6 h of daily direct bull contact.
2.6 Biostimualtory effect on puberty and estrus behaviour

Sahu (2022) observed that late puberty and poor estrus detection are severe
reproductive difficulties in water buffaloes. Biostimulation has been demonstrated to

hasten puberty and aid in the accurate detection of estrus in cattle, sheep, goats, and pigs.
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In this study 24 pre-pubertal Murrah heifers were allotted to 3 groups of 8 each on the
basis of age (15.08+0.16 months) and body weight (199.5+0.21 kg). In the no bull
exposure group, heifers were not exposed to a bull; in fenceline bull exposure, heifers were
exposed to a bull through a fenceline contact round-the-clock, and in direct bull exposure,
heifers were exposed to a bull through direct contact twice daily for 6 hours. Estrus
behaviours were recorded 3 days prior to estrus, d 0 (on the day of estrus), and on 3 days
post estrus using 24 hours CCTV cameras. The number of heifers detected in estrus in
fenceline bull exposure, direct bull exposure and non-bull exposure were 5, 8, and 5; age
at first estrus was 23.55+0.85, 21.50+0.44 and 25.61+0.70 months with a body weight of
342+13.46, 348+8.53 and 330+12.45 kg respectively after 10 months of the experiment.
Frequencies of estrus behaviours sniffing/licking, tail raising, micturition, chin resting, and
mounting attempts on the day of the first estrus were in DBE (89.00£0.63, 14.25+0.65,
23.00+0.80, 55.13+0.13, and 23.63+0.94 respectively), in FBE (64.00+0.63, 11.20+0.74,
19.20+0.80, 32.60+1.08 and 13.00+0.71 respectively) and in NBE (35.80+0.66,
5.80+£0.58, 16.40+£0.51, 10.20+0.66 and 6.60+0.40 respectively). DBE has the highest
incidence of these frequencies, followed by FBE and NBE. Most estrus activities began
on d-3 and increased in frequency until d-0 when they began to drop on d+1 and nearly
disappeared on d+3. They concluded that direct bull contact or fenceline bull contact

hastened puberty and increased the expression of estrus behaviours in buffalo heifers.
2.7  Biostimualtory effect on estrus behaviour and reproductive performance

Rajput (2019) investigate the effect of biostimulation on behaviour and energy
balance of Sahiwal cows during peri-estrus. The prolonged inter-calving interval caused
by a delay in the commencement of post-partum ovarian function and poor estrus detection
is one of the most serious reproductive difficulties, especially in native breeds of cattle in
India. Biostimulation has been found to improve both estrus detection and reproductive
performance in various beef breeds of cattle during the postpartum period. In this study 24
postpartum cows were divided into three groups (To, T1, and T>) of eight each based on
their yield in the previous lactation in pleuriparous cows and estimated producing
capacities of primiparous cows. To cows were not exposed to the bull; T1 cows were
introduced to the bull through round-the-clock fenceline interaction 15-30 days after
calving. The cows in T> were exposed to direct bull interaction for 12 hours per day. The
estrus behaviours were captured by 24-hour CCTV camera recording on 3 days prior to

estrus, d 0 (on the day of estrus), and 3 days after estrus. During first estrus, mean
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frequencies of different estrus behaviours viz., sniffing/licking (8.75+0.52, 16.00+1.22 and
26.88+0.78), tail raising (5.88+0.61, 14.50+0.63 and 23.63+1.36), micturition
(10.13+£0.80, 15.50+0.48 and 18.88+0.71), chin resting (8.38+0.65, 18.62+0.77and
25.25+0.86), the total number of steps (3053.88+55.86, 3767.75+81.39 and
4106.50+87.69), mounting attempts (8.37+ 0.41, 15.50+1.01 and 23.62+1.48), flehmens
response (0, 6.38+0.88 and 10.88+0.97) and cow-bull agonistic interactions (6.25+0.32,
13.88+0.47 and 19.50+0.66) were significantly (p<0.05) higher in T2 thanin T1 and To on
the d 0. In all three groups of cows, the frequency of estrus behaviours increased in the
second estrus compared to the first estrus. The average days to first estrus post-partum in
Ty and T2 were significantly lower than in To. They concluded that the biostimulation of
sahiwal cows by exposure to bull contact from 15 to 30 days postpartum enhanced the
expression as well as the intensity of estrus symptoms and decreased the days of the first
estrus in postpartum when compared to non-bull exposed cows. Direct contact with a bull
was found to have a greater effect on increasing the expression and intensity of estrus than

contact with a bull from the fenceline.

2.8 Effect of bull biostimulation on growth performance, ingestive and resting

behaviour

Dutt (2020) investigated the effect of biostimulation on growth performance of
buffalo heifers. On the basis of age (16.09+0.17 months) and body weight (210.88+ 2.68
kg), twenty-four prepubertal heifers were divided into three groups of eight each. Heifers
in the no bull exposure group were not exposed to a bull; heifers in the fenceline bull
exposure group were exposed to a bull 24 hours a day through fenceline contact, and
heifers in the direct bull exposure group were exposed to a bull twice daily for 6 hours.
Mean dry matter intake (kg/day) and mean dry matter intake (kg/100 kg body weight)
differed significantly (p<0.05) among the 3 groups; being highest in DBE (8.52+0.55 and
2.73%0.15 kg) followed by FBE (7.76+0.44 and 2.67%+0.14 kg) and NBE (7.14+0.36 and
2.62+0.15 kqg). Feeding time, watering time, and rumination time (min/day) were lower
(p<0.05) in NBE (261.35+3.95, 14.36+0.77, and 344.76+6.75 respectively) than in DBE
(282.67+4.46, 16.86+0.90 and 368.79+6.30) and FBE (273.10+3.02, 16.32+0.94 and
361.61+5.58 respectively). The feed conversion ratio was higher (p<0.01) in DBE and
FBE than in NBE. There were no differences in feeding frequency, water drinking
frequency, rumination frequency, idle laying time, or idle standing time among the three
groups. Total standing time (min/day) in DBE (692.42+14.70), FBE (709.87+£14.04), and
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NBE (774.21+9.97) and lying time (min/day) in FBE (724.62+13.51), DBE
(744.56+15.37) and in NBE (665.79+9.97) were different (p<0.05) among 3 groups. Final
weights and daily weight gain after 8 months differed (p<0.01) among 3 groups; being
highest in DBE (310.34+8.02 kg; 0.764+0.02 gm) followed by FBE (289.33+5.19 kg;
0.678+0.02 gm) and NBE (271.07+4.49 kg; 0.545+0.01 gm). They concluded that
biostimulation of buffalo heifers, either directly or through fenceline bull interaction,

tended to improve feed intake, resting and improve the growth of buffalo heifers.
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MATERIALS AND METHODS

The present work entitled “Effect of bull biostimulation on anestrus in Murrah
buffalo heifers” was carried out on Murrah buffaloe heifers maintained at Livestock
Research Center (LRC), National Dairy Research Institute, Karnal. In order to achieve the

specific objectives of the study the following materials and methods were used:
3.1 Location of experiment and climatic conditions

The experiment was conducted at the LRC, ICAR, National Dairy Research
Institute, Karnal, which is situated at 29°43" N Latitude and 77° 2" Longitude, at an
altitude of 227 m above mean sea level respectively. The maximum ambient temperature
in summer goes up to 45°C and the minimum temperature in winter comes down to 4°C
with a diurnal variation in the order of 15-20 °C. The annual rainfall is 70 cm, most of

which is received from July to mid-September.
3.2 Experimental study

For this study, 24 Murrah heifers was selected from the LRC. These heifers were
above 24 months of age and had a body weight >300 kg. Buffalo heifer divided into two
groups (control and treatment) based on their body weight and age. The average age and
body weight of heifers at the start of the experiment were (25.85+0.32 months, 333.5+6.29
kg) in control (To) group and in treatment group (25.94+0.48 months, 332.83+7.51 kg).
The selected animals were confirmed as being healthy and in the anestrus condition
respectively. The list of animals with their age and body weight at the start of the

experiment is presented in Table 3.1.
3.2.1 Duration of experiment

The experiment was started in the month of December 2021 and lasted up to April
2022. An adjustment period of 15 days was given to the animals before the actual start of

the experiment.
3.3 Experimental treatments

A total of 24 Murrah buffalo heifers selected from the herd as described in previous
sections were randomly allocated to one of the following 2 treatments with 12 animals

each.
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0.5 km
Togroup T1group
Control group (No bull [ | Heifers (N=12) direct bull
exposure) (N=12) exposure twice daily for 6 hr

3.3.1 Treatment 1 (T1): Direct bull contact

The heifers were exposed directly to an apronized intact bull by letting in the
heifer shed for a total duration of 6 hours daily (3 hours in the morning from 07.00 to 10.

00 am and again for 3 hours in the evening from 4.00 to 7.00 pm) in the heifer shed. The

bull used for direct contact in this group of heifers was weekly replaced with another
bull.

-
y

2y
= '-:‘"

Plate 3.1 Heifers of treatment T1 group (Direct bull contact group)
3.3.2 Control (To): No bull contact

The heifers in this group were not exposed to the bull and were housed at a distance

of about 0.5 km from the sheds used for housing treatment groups of heifers.

Plate 3.2 Heifers of To group (Control group)
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Table 3.1: List of animals with their age and body weight at the start of the

experiment
sr. ' Control (To) group
Animal No.
No. Body weight (kg) Age (months)
1 7912 360 24.4
2 7864 359 26.22
3 7855 352 26.29
4 7871 348 26.9
5 7836 336 27.15
6 7862 324 26.24
7 7851 312 26.3
8 7866 302 26.19
9 7830 305 27.28
10 7820 320 24.9
11 7913 325 24.23
12 7923 360 24.1
Mean 333.5+6.29 25.85+0.32
Sr _ Treatment (T1) group
No. Animal No. ]
Body weight (kg) Age (months)
1 7832 380 27.18
2 7828 376 28.1
3 7826 338 28.6
4 7916 345 24.18
5 7842 334 26.12
6 7841 332 27.12
7 7902 305 24.25
8 7844 303 27.1
9 7863 309 26.26
10 7812 304 24.23
11 7965 326 24.13
12 7924 342 24.1
Mean 332.83+7.51 25.94+0.48
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3.4 Bulls used for biostimulation

Two adult Murrah buffalo bulls aged 50 to 54 months were selected for exposure
to treatment group of heifers. The bulls were intact and bull apron was tied around the
animal body during exposure to heifers in order to prevent mating while mounting on

heifers

Plate 3.3 Bulls used for biostimulation

3.5  Housing management

All the experimental animals were housed under a loose housing system and floor
space (i.e., 4 m? covered area, 8 m? open area), and other housing conditions were provided
according to BIS standard recommendations. The feeding of all 2 groups of heifers was
similar comprising of feeding of seasonal green fodders and the concentrate mixture
feeding. In order to ward off the effect of airborne pheromones; the two groups of animals
housed at an approximate distance of 0.5 Km from each other. Experimental sheds were

equipped with CCTV cameras 24x7 hours.
3.6  Feeding management

Both the experimental groups of heifers were fed at a similar ration as per ICAR
(2013) feeding standards for buffaloes. The animals were provided ad libitum all seasonal
farm-grown green fodder, dry roughage and concentrate mixture. Green fodders available

for feeding during different months of the experimental period are presented in Table 3.2
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Table 3.2 Green fodder availability in LRC

Sr. No. [Month Name of fodder crop fed to experimental heifers
1 November Mustard and jowar
2 December Berseem, mustard and jowar
3 January Berseem, oats, mustard
4 February Berseem, oats, wheat bhusa
5 March Berseem, oats, wheat bhusa
6 April Berseem, oats, wheat bhusa

The available concentrate mixture with 16-18 % DCP and 70 % TDN with the
ingredients as mentioned in Table 3.3 was offered to animals at the rate of 1 kg per 100 kg

body weight per day (around 3.0 kg to 3.5 kg/day).

Table 3.3: Ingredient composition (%) of concentrate

Ingredient Part of total (%)
Maize grain 25.00
Barley grain/ bajra grain 10.00
Soyabean meal 12.00
Groundnut cake 6.00
Mustard oil cake 13.00
Cotton seed cake 5.00
Gram chuni 10.85
Wheat bran 10.00
Deoiled rice bran 5.00
Toxin binder 0.15
Mineral mixture 2.00
Commen salt 1.00
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Fresh water was available for drinking to all the animals round the clock. Animal
sheds and animals were cleaned daily and good hygienic conditions were maintained
throughout the experimental period. Animals were monitored daily for the early detection
of any health problem. The feeding managers were cleaned once a day in the morning at
6:00 AM, the feces were collected twice daily. The water troughs were disinfected with a

fresh coat of lime at monthly intervals.

3.7 Parameters recorded

3.7.1 Recording of growth performance
3.7.1.1 Dry matter

Total dry matter intake (DMI) was calculated at fortnightly intervals on two
consecutive days by tying the heifers individually by taking into account of the daily
average amount of roughage and concentrate mixture consumed. The amount of
concentrate mixture, green fodder, and roughage offered daily was weighed out, and the
residues that remained weighed the next morning (i.e., 24 h later). A sample of all offered
and remaining feed was taken for the dry matter (DM) analysis, so the DM consumed
could be calculated.

(Wt. of aluminium tray + sample after drying — Wt. of aluminium tray)
DM (%) = X 100
Weight of fresh sample

DMI of each heifer was calculated using the following formula: DMI = DM of
the feed offered — DM of residual feed

Plate 3.4 Weighing of green fodder and drying of feed

Page | 27



Materials and Methods

3.7.1.2 Body weight

The body weight of the experimental animals was recorded initially at the start of
the experiment and then on a fortnightly basis till the end of the experimental period. The
body weight of each animal was measured early in the morning before providing the
animals any feed or water, using an electronic weighing scale. The change of body weight
between key periods was assessed by deducting the values of body weight at the first

record in time from the second record in time.

Plate 3.5 Recording of body weight of heifers

3.7.2 Recording of heifer behaviour

The general heifer behavior and various estrus behaviour were observed through
direct visual observation and video cameras were installed to record the activity of cows
24 hours per day. Two video cameras were attached to view the area of cows in the control
group (cows without any bull contact), and another three were placed to view the area of
cows in the treatment groups (cows with bull exposure). The video observations were

analyzed for changes in behaviour of contacting the bull on the day of estrus.

All the behaviour parameters were recorded by digital video recording done by five
CCTV outdoor cameras (CP Plus). The camera had 8x digital zoom for closer viewing.
The cameras were enabled with an array of infrared technology for the best night vision.
Cameras were installed at different places and at different angles in the experimental shed
so that the whole shed can be covered from a viewing angle. The images and video were
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stored in 16 channel digital video recorder (DVR) with a hard disk of 1 TB space. All the
parameters were recorded in hours: minutes format initially which were later changed to

hours according to the needs of the parameters.
3.7.3 General behaviour
1. Eating time

The average eating time was recorded at the fortnightly interval by video recording
of 24 h. It is the total time the animal has taken for feeding all feedstuffs including green
and dry fodders and concentrate mixture.

2. Rumination time

Rumination time was recorded at the fortnightly interval as the total time spent by
an animal to ruminate the previously ingested food during the day. It is represented in
minutes per day.

3. Lying time

It is the time when the animal was sitting calmly in the shed. It is represented in

minutes per day. It was also recorded fortnightly.

4. Standing time

It is the total amount of time spent by the animal in standing posture. It is

represented in minutes per day. It was also recorded fortnightly.
3.7.4 Estrus behaviours

Expression of the estrus behaviour defined as “stand to be mounted” was
considered as the primary sign of estrus, while signs including sniffing/licking of the vulva
by a bull and other herd mates, tail raising in response to sniffing/licking of the vulva by a
bull and other herd mates, chin resting, vulval discharge and mounting other heifers were

considered as the secondary signs of estrus.

For this purpose, the following signs of estrus were recorded

o Stand to be mounted

o Mounting other heifers
o Chin resting

o Mucus discharge

o Tail raising
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J Sniffing/licking
A brief description of estrus behaviour recorded is given as below:
3.7.4.1 Stand to be mounted

The score for the “stand to be mounted” sign was derived by observing CCTV
camera recording for 24 h observations during that cycle on the day of estrus. The
designated points were given for each time the cows showed “stand to be mounted”
behaviour. If a particular heifers stood to be mounted and then walked away before
standing to be mounted again, this was counted as two occasions, and points were given
again.
3.7.4.2 Mounting other heifers

The scores were based on the CCTV camera photoaged and points were given for
each occasion in that estrus cycle a heifers was detected mounting another heifers on the

day of estrus. If she walked away and then repeated the behaviour, this was counted as two

occasions and points were given again.
3.7.4.3 Chin resting

The same scoring procedure as for mounting other heifers was used for assigning

points for chin resting behaviour.
3.7.4.4 Vulval discharge

For vulva discharge, points were only assigned one time for any estrus cycle.
3.7.4.5 Cervical mucus characteristics

(@) Appearance

Classification of appearance was done as described by Deo and Roy (1971):
1.  Clean- Like the white of an egg

2. Turbid - Cloudy in appearance, not homogenous in look, and

3. Dirty — Colour like yellowish, grey, red etc.

(b) Consistency

It was noted as described by Deo and Roy (1971):

1. Thin - Freely flowing mucus on the 45 inclined glass slides

2. Medium - Mucus moves slowly
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3. Thick - Mucus is sticky and moves in lumps
(c) Arborisation

It was classified as follows as described by Luktuke and Roy (1967):

1. Typical, fern pattern with primary, secondary and tertiary branches.
2. Atypical, fern pattern with primary and secondary branches.
3. Nil, fern pattern with no primary, secondary and tertiary branches.

(d) Spinnbarkeit value of mucus

Few drops of cervical mucus were taken on a grease-free glass slide; then another
grease-free glass slide was placed over it; then the upper glass slide was slowly moved
away from the first slide; the mucus was stretched between two slides; the slide was moved
until the mucus breaks and the distance between the two slides was measured just before
the breakage of the mucus string through a scale (cm scale) mounted on the wall
(Panigrahi, 1964). The obtained Spinnbarkeit values were grouped into three groups:

1. 0-8 cm

2. 8-16 cm
3. 16-24 cm
() pH

The pH of cervical mucus was measured using a pH-Conductivity Benchtop
(Orion 4 star, Thermo Electron Corporation, USA). The observed pH was categorised

into three categories:

1. 7-71.5
2. 7.5-8
3. Above 8

3.7.5 Ovarian cyclicity using ultrasonography (USG)

The ovarian structure of all the heifers in each treatment and control group was
observed ultrasonographically using a real-time, B-mode, diagnostic scanner equipped
with a transrectal 7.5 MHz, linear array transducer (Aloka, Prosound 2 Japan).
Ultrasound examination were performed fortnightly of all the animals. On each

examination the diameter of the follicle in each ovary was measured.
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Plate 3.6 USG machine

3.7.6  Collection of blood samples

The blood samples were collected from all animals in treatment and control groups
in vacutainer tubes by jugular venipuncture using 20G sterile disposable needles at
fortnight intervals. The plasma was harvested from blood samples using a refrigerated
centrifuge machine (REMI) at 3000 rpm for 15 minutes and was stored in different aliquots

at -20°C till hormonal analysis (Progesterone hormone).
3.7.6.1 Hormone assay

3.7.6.2 Bovine progesterone ELISA Kit

A. Description of the assay kit

This sandwich kit was for the accurate quantitative detection of Bovine
Progesterone (also known as PROG) in serum, plasma, cell culture supernates, cell lysates,

and tissue homogenates.

B. Detection range
Range: 0.5-100 ng/ml
Sensitivity: 0.22 ng/ml

C. Test principle

This kit was an Enzyme-Linked Immunosorbent Assay (ELISA). The plate had
been pre-coated with Bovine PROG antibody. PROG present in the sample was added and
binds to antibodies coated on the wells. And then biotinylated Bovine PROG Antibody
was added and binds to PROG in the sample. Then Streptavidin-HRP was added and binds
to the Biotinylated PROG antibody. After incubation unbound Streptavidin-HRP has

Page | 32



Materials and Methods

washed away during a washing step. Substrate solution was then added and color develops
in proportion to the amount of Bovine PROG. The reaction is terminated by the addition

of acidic stop solution and absorbance was measured at 450 nm.
D. Reagent preparation and storage

All reagents were brought to room temperature before use.
1. Wash Buffer:

Diluted 20 ml of wash buffer concentrate 30x into deionized or distilled water to
yield 500 ml of 1x Wash Buffer. If crystals have formed in the concentrate, mix gently

until the crystals have completely dissolved.
2. Standard dilution:

Standard reconstituted the 120 pl of the standard (128 ng/ml) with 120 pl of
standard diluent to generate a 64 ng/ml standard stock solution. Allowed the standard to
sit for 15 mins with gentle agitation prior to making dilutions. Prepared duplicate standard
points by serially diluting the standard stock solution (64 ng/ml) 1:2 with standard diluent
to produce 32 ng/ml, 16 ng/ml, 8 ng/ml, and 4 ng/ml solutions. Standard diluent serves as
the zero standard (0 ng/ml). Any remaining solution were frozen at -20°C and used within

one month. Dilution of standard solutions suggested were as follows:

64ng/ml Standard No.5 120ul Original Standard + 120ul Standard Diluent
32ng/ml Standard No .4 120ul Standard No.5 + 120ul Standard Diluent
16ng/ml Standard No.3 120ul Standard No.4 + 120ul Standard Diluent
8ng/ml Standard No.2 120ul Standard No.3 + 120ul Standard Diluent
4ng/ml Standard No.1 120u! Standard No.2 + 120ul Standard Diluent

120 pl 120 ul 120 pl 120 ul 120 ul

veuels

Standard No.5 | Standard No.4 | Standard No.3 Standard No.2 | Standard No.l

Standard
Concentration

128ng/ml 64ng/ml 32ng/ml 16ng/ml 8ng/ml 4ng/ml
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Assay procedure

Prepared all reagents, standard solutions, and samples as instructed. Brought all
reagents to room temperature before use. The assay was performed at room
temperature.

Determined the number of strips required for the assay. Inserted the strips in the
frames for use. The unused strips were stored at 2-8°C.

Added 50 pl standard to standard well. Note: Didn’t add antibody to standard well
because the standard solution contains biotinylated antibody.

Added 40 pl sample to sample wells and then added 10 pl anti-PROG antibody to
sample wells, then added 50 pl streptavidin-HRP to sample wells and standard
wells (Not blank control well). Mixed well. Covered the plate with a sealer.
Incubated for 60 minutes at 37°C.

Removed the sealer and wash the plate 5 times with wash buffer. Soaked wells
with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash. For
automated washing, aspirate all wells and wash 5 times with wash buffer,
overfilling wells with wash buffer. Blotted the plate onto paper towels or other
absorbent material.

Added 50 pul substrate solution A to each well and then add 50 pl substrate
solution B to each well. Incubated plate covered with a new sealer for 10 minutes
at 37°C in the dark.

Added 50 pl stop solution to each well, the blue colour will change into yellow
immediately.

Determined the optical density (OD value) of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop solution.

Plate 3.7 Blood collection and pipetting are done for progesterone estimation
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3.8  Statistical analysis of data

The data generated were subjected to the following test statistics so as to arrive at

meaningful inferences:
@) Mean and their standard errors
(b) Frequencies
(© Percentages
T-test assuming equal variance

The significance of differences between the mean values of two groups of
experimental animals was analysed by subjecting the data to T-test assuming equal

variance using SPSS computer software version 21.
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RESULTS AND DISCUSSION

Anestrus is one of the most common reproductive disorders in buffalo. Anestrus in
buffalo is observed in India at a rate ranging from 25 to 67%. Shorter oestrous durations
and less intense oestrous behaviour might increase "silent™ oestrus, which is a major hurdle
to improving estrus detection accuracy and efficiency. Buffalo is also a difficult breeder
because of its natural susceptibility to environmental stress, which promotes anestrus and
repeats breeding. These two factors are to blame for the dairy protracted inter-calving time
in buffaloes, which results in significant financial losses. The goal of the current study was
to address the issue of anestrus by using a unique stimulus known as biostimulation. The
data were analysed using standard statistical techniques as outlined in the previous chapter.

The results are presented and discussed in this chapter as under:
4.1 Growth performance
4.1.1 Dry matter intake (DMI)

The data on average dry matter intake (DMI) of two groups measured during
experimental period at fortnight intervals are presented in table 4.1 and graphically
represented in fig 4.1. In To and Ty, the average DMI was 10.43+0.24 and 10.72+0.28 and
DMI/100 kg body weight was 2.87+0.011 and 2.9+0.014 kg, respectively. There was no
significant difference in DMI in between the two groups of buffalo heifers. The average
DMI/100 kg of body weight in both groups of buffalo heifers was within the acceptable
range (2.5 to 3 percent) for feeding of buffalo heifers as per ICAR (2013) feeding
standards. This is in agreement with the findings of Dutt (2020) who reported that DMI
was higher in bull exposure group of growing buffalo heifers as compared to no bull

exposed heifers.
4.1.2 Body weight and average daily gain (ADG)

The average body weight of both groups of heifers, recorded at the beginning and then at
fortnightly intervals, is shown in table 4.3 and graphically represented in fig 4.2. In To and
T1, the final body weight was 362.47+7.32 and 369.07+8.2 kg respectively which did not
differ significantly from each other. The data on the fortnightly average daily gain in To
and T is presented in table 4.4 and graphically represented in fig 4.3. The overall daily
average gain in body weight in T1 was 605+19.34 gm/day which was significantly (P<0.05)
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higher than To (507+28.1 gm/day). Significantly greater amounts of leptin hormone and
growth hormone may be responsible for the significantly higher ADG in the treatment

groups of heifers.

Dutt (2020) reported that the higher growth in bull exposed heifers at about 15
months of age was mainly due to higher level of growth hormone. Choudhary et al. (2019)
found that overall average daily body weight gain was significantly (p<0.01) higher in
direct bull exposure+fenceline bull exposure group (508.11+14.57gm) and fenceline bull
exposure group (501.6+4.3gm) in comparison with no bull exposed group (441.84+2.9gm)
in Sahiwal heifers. Earlier Harder et al. (2003) and Garratt et al. (2016) had reported that
female mice exposed to male pheromones grew at a faster rate than non-exposed females.
The increased growth rate observed in female mice exposed to male pheromones was
attributed by both of these researchers to the activation of the hypothalamic-pituitary-

gonadal axis, which led to higher levels of the growth hormone (HPG).

Table 4.1 Mean DMI at a fortnightly interval (kg/head/day) of two groups of heifers

Day To (No bull exposure) T1 (Direct bull exposure)
0 9.38+0.21 9.52+0.24
15 9.93+0.34 9.86+0.28
30 9.83+0.27 10.28+0.31
45 10.39+0.25 10.57+0.35
60 10.52+0.33 11.02+0.30
75 10.92+0.29 11.30+0.31
90 11.10+0.27 11.43+0.34
120 11.40+0.29 11.78+0.32
Overall 10.43+0.24 10.72+0.28
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Table 4.2 Mean DMI (kg/day/100 kg body weight) of two groups of heifers

Results and Discussion

Day To (No bull exposure) T1 (Direct bull exposure)
0 2.82+0.05 2.84+0.04
15 2.85+0.04 2.85+0.05
30 2.86x0.05 2.89+0.04
45 2.90+0.04 2.89+0.04
60 2.87+0.04 2.95+0.04
75 2.92+0.04 2.95+0.05
90 2.90+0.04 2.91+0.04
120 2.89+0.04 2.92+0.05
Overall 2.87+0.011 2.90+0.014
—=8—Control Treatment
3.40
3.20
B
S 3.00
(@] _a B
5, '—”\f‘__., V — 4
S 280
@)
2.60
2.40
2.20
0 15 30 45 60 75 90 120
Days after experiment

Fig 4.1 Total dry matter intake per 100 kg body weight (kg/day/animal) of heifers at

fortnightly intervals
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Table 4.3 Mean body weight (kg) of two groups of heifers at fortnightly intervals

Day To (No bull exposure) T1 (Direct bull exposure)
0 333.11£7.7 335.78+9.44
15 341.44+7.97 345.33+£9.12
30 350.44+8.04 354.89+8.94
45 358.22+8.29 364.78+8.89
60 366.11+£8.82 373.56+8.86
75 373.78+8.79 383.22+8.64
90 383.11+8.25 392.56+8.64
120 393.56+7.02 402.44+8.08
Overall 362.47+£7.32 369.07+8.21
—=8—Control Treatment
550
480
§ 410 —a
b= —3 $ S
2 340 O m—— —
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Fig 4.2 Average body weight (kg) of two groups of heifers at fortnightly intervals
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Table 4.4 Average daily body weight gain (kg/day) of two groups of heifers

Day To (No bull exposure) T1 (Direct bull exposure)
15 0.56+0.04 0.64+0.05
30 0.6+0.02 0.64+0.06
45 0.52+0.04 0.66+0.05
60 0.53+0.05 0.59+0.02
75 0.51+0.04 0.64+0.06
90 0.42+0.03 0.58+0.06
105 0.47+0.07 0.6+0.07
120 0.45+0.06 0.49+0.05
Overall 0.507%£0.028 0.605°+0.019

Mean bearing different superscripts in a row differ significantly (P<0.05)

ADG (gm/day)

=@-—Control

Treatment

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20
15

30

45 60 75
Days after experiment

90 105

120

Fig 4.3 Average daily body weight gain (kg/day) of two groups of heifers at fortnightly

intervals
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4.2  Reproductive performance
4.2.1 Ovarian activity through ultrasonography (USG)

Before the start of the experiment i.e., on d O the heifers of two groups were
examined through ultrasound scanning. The average size of a follicle in both groups ranged
from 2-6 mm. It was therefore, confirmed that all animals were in an anestrus condition.

The data on follicle diameter of two groups of heifers is presented in table 4.5.

According to Sahu (2002) and Adams (1999), anestrus is characterised by the
presence of anovulatory follicular waves. Instead of lacking GnRH responsive follicles,
these heifers' small size follicles may be the result of insufficient hypothalamic GnRH
impulses to induce the anterior pituitary release of gonadotropins (Peters and Lamming,
1984).

Table 4.5 Follicles diameter of two groups of heifers

Control Treatment
Sr. No. Follicular Animal Follicular
Animal number
diameter (mm) number diameter (mm)
1 7855 5 7828 3.3
2 7836 5.6 7826 55
3 7851 59 7832 5.1
4 7830 2.0 7841 4.9
5 7871 3.5 7863 5.4
6 7820 4.2 7916 2.8
7 7913 4.4 7902 5.2
8 7823 3.8 7965 3.7
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- - F . -

Plate 4.1 Ultrasound images depicting follicle size in two groups of heifers
4.2.2 Age at first estrus

The average age and body weight of the To and T1 group before the start of the
experiment was (25.85+0.32 months, 333.5£6.29 kg) and (25.94+0.48 months,
332.83£7.51 Kkg). In the control group out of 12 animals, only 2 animals came into heat,
and in the treatment group out of 12 animals, 10 came into heat. The average age at first
estrus in To and Ty was 27.89 and 28.29 months (table 4.6).
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Heifers in treatment groups may have come into estrus because the presence of a
bull through visual, tactile, olfactory, and vocal signals primed their neuroendocrine
response. In domestic animal priming pheromones from male have been reported (lzard,
1983) to influence on termination of anestrus and shortening of post-partum anestrus. The
male pheromones may have triggered the hypothalamus and there is release of LHRH
(luteinizing hormone releasing hormone). LHRH acts on pituitary and controls the
pulsatile release of luteinizing hormone (LH). The increase in LH secretion is supposed to
probably stimulate the ovarian secretion of estrogen that via positive feedback effect at the
hypothalamic level induces the preovulatory LH surge and hence ovulation occurs in

heifers.

Earlier Gokuldas et al. (2010) reported that exposing post-partum Murrah
buffaloes to buffalo bull (kept tied inside buffalo shed) considerably shortened postpartum
intervals to the resumption of ovarian cyclicity as compared to non-exposed buffaloes.
Further, Akhtar et al. (2018) found that post-partum interval to first behavioural estrus was
shorter in (BEC) buffalo exposed than (BEI) buffalo exposed intermittently, EPB (buffalo
exposed to excretory product of the bull) and NE (non-exposed) treatments. In contrast to
the non-exposed group, there was a lower incidence of silent ovulation in the bull exposed
group. Barman et al. (2011) found that bull exposed buffaloes had a significantly lower

incidence of silent ovulation than the NE group.

Sahu (2022) reported that growing buffalo heifers came into estrus as early as
21.50+0.44 months in direct bull exposure group as compared to 25.61+0.70 months in no
bull contact. Choudhary et al. (2019) reported first estrus at 19.11+0.58, 24.00+0.12
months in bull exposed group than no exposed group in Sahiwal heifers. Miller and
Ungerfeld (2008) reported that weekly exchange of two pairs of bulls shortened
postpartum anestrus in beef cows as compared to continuous exposure to a single pair of
bulls. Roberson et al. (1991) observed that those heifers exposed to bulls attained puberty
at younger ages 61.8 % than non-exposed 45.4%. Although at lower body weights of the
heifers during the bull exposure phase, Berardinelli et al. (1978) and Macmillian et al.
(1979) claimed that the presence of the bull did not have an impact on accelerating onset
of estrus in the heifers. Previous reports on Angus heifers by Roberson et al. (1991), Angus
heifers by Izard and VVandenbergh (1982), Angus heifers by Rekwot et al. (2000), Nelore
heifers by Oliveira et al. (2009) and Hereford, as well as Angus, crossbred heifers by Fiol
and Ungerfeld (2016) all, support the findings of the current study. They concluded that

exposing the heifers to a bull lowered the age at first estrus in heifers.
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4.2.3 Age at first service

The total number of 7 heifers out of 10 which were seen in estrus in the treatment
group were inseminated while the other three were not inseminated as they were in weak
estrus. In control group the two heifers observed in estrus were also not inseminated
because they also had weak symptoms. The average age at first service in the treatment

group was 28.18+0.57 months.

Sahu (2022) found that age at first service in buffalo heifers was 22.28+0.50
months in bull exposed group as compared to 26.29+0.70 months in no bull exposed group.
Choudhary et al. (2019) reported 24.25+0.25, 20.37+£0.54, 20.78+0.52 months in no bull
exposed, fenceline+direct and direct exposed group of Sahiwal heifers. Earlier studies of
Izard and Vandenbergh (1982) in Holstein heifers; Rekwot et al. (2000) in Bunaji heifers;
Oliveira et al. (2009) in Nelore heifers; Fiol and Ungerfeld (2016) in Hereford and Angus
crossbred heifers reported the reduction of age at first service in bull exposed animals.

The reduction in age at first service in the treatment groups of heifers might be
attributable to the priming of these heifers by the presence of bull via visual, tactile,
olfactory, and auditory cues, which could have resulted in the activation of the neuro-
endocrine response. Fiol et al. (2010) had reported that distance between androgenised
steers and females was positively related to the likelihood of ovulating in prepubertal
heifers, indicating that physical closeness modulates the response. As a result, cues related
to courting (tactile, physical touch) are crucial and stimulation is not only dependent on

chemical signals but also another possibility may be due to the duration of exposure time.
4.2.4 Conception rate

The conception rate of the treatment group was 57.14% This might be explained
by the bull recognising estrus early and the A.l. of identified heifers at the appropriate time
and the average service per conception was 1.75. Sahu (2022) reported higher conception
rate in bull exposure group as compared to no bull contact in Murrah buffalo heifers.
Gokuldas et al. (2010) reported first service conception rate in bull exposed group was
100% as compared to 37.50% in non-exposed group of Murrah buffalos. Barman et al.
(2011) found that bull exposed group had higher conception rate than non-exposed group.
Miller and Ungerfeld (2008) reported that there is higher conception rate 30 days after the
end of bull exposure. These results concur with those of Ungerfeld (2009), Khanh et al.
(2012), Filho et al. (2015), and Choudhary et al. (2019) who found that bull exposed
heifers and cows had a higher conception rate than non-exposed counterparts.
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It might be connected to precise time of detection of onset of estrus by the bull and

insemination of the heifers at right time during standing estrus. It has been reported that a

higher first-service conception rate was strongly correlated with insemination during clean

cervical mucus discharge (Loeffler et al. 1999).

4.2.5 Numbers of heifers come into heat at different months

The data on a number of heifers that come into heat at different months are

presented in table 4.7. Most of the heifers in T1(50%) come into heat within the first month

due to the stimulatory effect of a male. This indicated the stimulatory response of the

presence of bull of the heifers was stronger in the beginning of exposure during the first

month.

Table 4.6 Reproductive performance of two groups of heifers

Parameter

To (Control) (n=12)

T1(Treatment) (n=12)

Average body weight at the start of

. 333.546.29 332.83+7.51

the experiment (kg)
Average age at the start of the

. 25.85+0.32 25.94+0.48
experiment (months)
No. of heifers come into heat 2 (16.7 %) 10 (83 %)
No. of heifers inseminated 0 7 (70 %)
Average age at first estrus (months) 28.04+0.01 27.58+0.33
Average age at first service (months) - 28.18+0.57
Conception rate (%) - 57.14
Number of services per conception - 1.75

Table 4.7 Total number of animals came into heat in different months

Month after start of experiment

Group of heifers

0-1 1-2 2-3 3-4
Control - - 1 1
Treatment 5 2 2 1
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4.3 ESTRUS CHARACTERISTICS
4.3.1 Estrus behaviour

The suggested order for the various behaviours associated with the onset of estrus
in cattle is sniffing, tail raising, micturition, chin resting, mounting attempts, and finally
standing to be mounted (Roelofs et al., 2005). The different symptoms were recorded
through CCTV camera in the proforma as described in materials and methods. The data
on the average frequency of various estrus behaviours were recorded on the day of estrus
in two groups of Murrah heifers and are presented and discussed here as:

Table 4.8 Average frequency of estrus behaviour expressed by heifers on the day of

estrus
Average frequency Control Treatment
Sniffing and licking 12.00+3.00 26.50+3.42
Tail raising 9.00£3.00 20.12+2.64
Chin resting 4.00+1.00 12.00+1.34
Stand to be mounted 3.00+1.00 9.75%£1.16
OControl BTreatment
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Fig 4.4 Average frequency of estrus behaviour of heifers on the day of estrus
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4.3.1.1 Sniffing and licking by a bull and other herd mates

The data on average frequency of sniffing and licking by a bull and other herd
mates during estrus is presented in table 4.8 and graphically represented in fig 4.3. The
average frequency of sniffing and licking by a bull and other herd mates during estrus in
T1 group heifers was higher (26.50+3.42 vs. 12.00+3.00) than in To group heifers. The
sniffing/licking of external genitalia of treatment group of heifers was observed to a greater
extent since the bull had a greater chance to do the same as it was directly present in the
same shed with heifers as compared to the control group in which no bull was present.

Sahu (2022) reported sniffing/licking was higher in bull exposed group as compare
to fenceline + direct and no bull exposed group in Murrah buffalo heifers on the day of
estrus. Due to an inadequate concentration of the hormone estrogen during the first estrus,
the frequency of this behaviour remained low (Sveberg et al., 2011). It's possible that direct
bull exposure increased females’ physical activity because T1 heifers were more active and
allowed more sniffing and licking than To heifers. Previously, when a teaser bull was
placed into a herd of buffaloes for 20 to 30 minutes each time to detect estrus, a bull's
sniffing or licking of an estrus female's external genitalia was seen to a great extent. The
current study's findings support those of Mondal et al. (2006), Roelofs et al. (2008), and
Choudhary and Kamboj (2019), who reported that bull exposed cows showed a higher

frequency of sniffing and licking than non-exposed cows/ buffaloes.

Plate 4.2 Sniffing and licking by a bull and other herd mates
4.3.1.2 Tail raising

The values of average frequencies of tail raising in response to sniffing and licking
by a bull and other herd mates during estrus is presented in Table 4.8 and graphically
represented in fig 4.3. The average frequency of tail raising in response to sniffing and
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licking by a bull and other herd mates during estrus in Ty group heifers was higher
(20.12£2.64 vs. 9.00£3.00) than in To group heifers.

Sahu (2022) observed tail raising was higher in bull exposed group, than fenceline
+ direct and direct bull exposure in Murrah buffalo heifers on the day of estrus. The results
of the current study are similar to those of Silper (2010), who showed that as the day of
estrus approaches, the behaviour of the bull and other herd members to sniffing and licking
increases. Verma et al. (2014) also noted that on the day of estrus, the degree of tail-raising
by buffalo heifers was greatly augmented by the teaser male's sniffing or licking.

LAZZ 21 1 10 53:21

= 7
7
Plate 4.3 Tail raising by estrus buffalo heifers

4.3.1.3 Chin resting

The average frequency of chin resting by a bull and other herd mates during estrus
is presented in Table 4.8 and graphically represented in fig 4.3. The average frequency of
chin resting by a bull and other herd mates during estrus in T1 group heifers was higher
(12.00+1.34 vs. 4.00+1.00) than in To group heifers.

Prior to mounting, bulls, and cows frequently rub or rest their chins on the rump or
back of the cow. The cow's or buffalo's reaction to chin pressing serves as a cue to the bull
about the animal's receptivity and preparedness for mounting. In the current investigation,
it was observed that the bull's chin-resting behaviour was an investigative strategy for

determining whether an estrus heifer was ready to accept the mount.

Sahu (2022) reported higher chin resting frequency in bull exposed group than
fenceline + direct and no bull exposed group in Murrah buffalo heifers on the day of estrus.
Kumar et al. (2007), Joshi (2016) and Verma et al. (2014) observed that teaser bulls
paraded in buffalo enclosures for estrous detection allowed chin resting in the majority of
buffaloes in estrus. The results of this study are in agreement to those of Roelofs et al.
(2005) and Sveberg et al. (2011) who found that cows in estrus were more likely to
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favorably respond to chin rest when a bull and other cows were present than when there

were no cows in estrus.

Plate 4.4 Chin resting by a bull during direct contact
4.3.1.4 Stand to be mounted

The average frequency of stand to be mounted by a bull and other herd mates
during estrus is presented in Table 4.8 and graphically represented in fig 4.3. The average
frequency of stand to be mounted by a bull and other herd mates during estrus in T1 group
heifers was higher (9.75+1.16 vs. 3.00+1.00) than in To group heifers. In the current
research, it was revealed that the mean frequencies of stand to be mounted showed the
similar pattern with previous findings of Hernandez et al. (2002) who reported that more

mounts were obtained by cows with longer estrus duration than during silent estrus.

Esslemont and Bryant (1976) and Hurnik et al. (1987), mounting episodes last
longer when two cows are in estrus than when just one animal is receptive. The current

study's findings that mounting episodes last longer when two cows are in estrus are

confirmed by the lower frequency of mounting attempts in the control group.

Plate 4.5 Stand to be mounted by estrus heifers
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4.4  General behaviour
4.4.1 Standing time

The data on average standing time of two groups of Murrah heifers at fortnightly
intervals is presented in table 4.9 and graphically represented in fig 4.4. The mean + SE of
standing time between treatment (T+1) and control group (To) of heifers was 722.57+4.93,
678.25+4.43 minutes per day respectively.

The standing time was significantly higher (p<0.05) in the treatment group of
heifers when compared to no bull exposed. The higher standing time in bull exposed
heifers was attributed to more activity and more expression of estrus behaviour which kept

the heifers engaged and standing.

Dutt (2020) recorded a standing time of 692.42+14.70 minutes/day in direct bull
contact and 774.21+£9.97 minutes/day in no bull exposure in Murrah buffalo heifers.
Choudhary (2021) observed 652.75+£9.58, 686.42+7.54, 689.48+11.174 minutes/day in
fenceline contact, restricted contact and no bull contact in Murrah buffaloes. Singh et al.
(1985) recorded a daily standing time of 758 minutes. This study's findings of standing
time are similar to those reported by Singh et al. (1985) and Choudhary (2021).

Table 4.9 Average time spent on the standing (minutes/day) of two groups of heifers

Days after the start of
the experiment To (no bull exposure) T1 (bull exposure)

0 696.33+12.35 (11.60) 707.44+13.01 (11.79)

15 676.78%+14.37(11.27) 724.56°+12 81 (12.07)

30 685.89+13.23 (11.43) 699.44+16.37 (11.65)

45 681.78+11.20 (11.36) 718.67+15.35 (11.97)

60 657.89%+20.63 (10.96) | 723.11°+18.57 (12.05)

75 681.00%+13.58 (11.35) 722.33%+13.58 (12.03)

90 673.56%+14.49 (11.22) 741.33%+18.64 (12.35)

120 688.222+10.2 (11.47) 734.67°+18.22 (12.24)
Overall 678.25%+4.43 (11.30) 722.57°+4.93 (12.04)

Means bearing different superscripts in a row differ significantly (P<0.05)
Figures in parenthesis represent the standing time in hours
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Fig 4.5 Average standing time of two groups of heifers

Plate 4.6 Standing animal of two groups of heifers

4.4.2 Lyingtime

The data on average lying time of two groups of Murrah heifers observed at
fortnightly intervals is presented in table 4.10 and graphically represented in fig 4.5. The
mean = SE of lying time between treatment (T+1) and control group (To) were 689.59+3.87,
728.06+4.01 minutes per day respectively.

The lying time was significantly higher (p<0.05) in the control group as compared
to the treatment group. The lying time was more in the control group of heifers as the
heifers were not disturbed by the presence of bull and further the estrus symptoms may
also be weak and duration of estrus lower in these heifers and therefore these heifers rested

more.
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Dutt (2020) recorded a lying time 744.56+15.37 minutes/day in direct bull contact
and 665.79+9.97 minutes/day in no bull exposure in buffalo therefore at lower age, Singh
et al. (1985) found lying times of 594 minutes in the summer and 679 minutes per day in
the winter. In dairy animals, restlessness is one of the most significant secondary oestrus
signs (Firk et al., 2002). Greater physical restlessness in response to an increase in estrogen
secretion that started at the pro-oestrus phase and more engagement in mounting and other
estrous behaviours of heifers as a result of the presence of a bull may likely be attributed
to the greater reduction in resting time in bull exposed heifers.

The results of the current study are consistent with those of Singh et al. (1985),
Kerbrat and Disenhaus (2004) and Dolecheck (2015), who reported a decrease in the
amount of time spent resting each day during estrus.

Table 4.10 Average time spent on lying (minutes/day) of two groups of heifers

Days after th_e start of To (no bull exposure) T1 (bull exposure)
the experiment

0 717.56%+12.73 (11.95) 674.33°+13.17 (11.23)

15 736.11%+15.63 (12.26) 681.56°+13.15 (11.35)

30 723.33%+9.12 (12.05) 686.560+11.15 (11.44)

45 727.11+10.82 (12.11) 707.78+13.09 (11.79)

60 731.33%+£10.81 (12.18) 685.33°+15.08 (11.42)

75 716.11+8.17 (11.93) 684.33+13.18 (11.40)

90 722.22+11.41 (12.03) 699.00+10.86 (11.65)

120 750.78%+14.78 (12.51) 697.89°+16.38 (11.63)
Overall 728.06%+4.01 (12.13) 689.59°+3.87 (11.49)

Means bearing different superscripts in a row differ significantly (P<0.05)
Figures in parenthesis represent the lying time in hours
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Fig 4.6 Average lying time of two groups of heifers

Plate 4.7 Lying behaviour of two groups of heifers

4.4.3 Eating time

The mean + SE of eating time in treatment (T1) and control group (To) was
260.89+2.14, 249.04+2.27 minutes per day respectively. The eating time was significantly
higher (p<0.05) in the treatment group of heifers as compared to control group of heifers.

Dutt (2020) recorded an eating time of 282.67+4.46 minutes/day in direct bull
contact and 261.35+3.95 minutes/day in no bull exposure of buffalo heifers. Different
researchers have reported feeding times of 3-5 hours per day in cattle (Grant and Albright
2000), daily meal time of 272.18+82.14 minutes/day Dado and Allen (1994). The results
of the current study are consistent with those of Dutt (2020) in bull exposed buffalo heifers
and Rajput (2019) in Sahiwal heifers.
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Table 4.11 Average time spent on eating (minutes/day) two groups of heifers

Days after the start of the

To(no bull exposure)

Tz (bull exposure)

experiment
0 247.67+6.72 (4.12) 267.67+7.4 (4.46)
15 246.22+6.16 (4.10) 253.80+8.91 (4.23)
30 243.11+6.13 (4.05) 263.33+7.61 (4.38)
45 252.22+5.33 (4.20) 267.00+5.98 (4.45)
60 054.44+6.74 (4.24) 263.78+8.91 (4.39)
75 057.20+4.84 (4.28) 257.56+7.81 (4.29)
90 253.33+5.98 (4.22) 251.11+7.78 (4.18)
120 238.11%46.64 (3.96) 262.78"+8.65 (4.37)
Overall 249.04%+2 27 (4.15) b

260.89°+2.14 (4.34)

Means bearing different superscripts in a row differ significantly (P<0.05)

Figures in parenthesis represent the eating time in hours
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Fig 4.7 Average eating time of two groups of heifers at fortnightly interval
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Plate 4.8 Eating behaviour of two groups of buffalo heifers
4.4.4 Rumination time

The mean + SE of rumination time in treatment (T1) and control group (To) was
396.22+5.25, 375.80+5.36 minutes per day respectively (Table 4.12). The rumination time
was significantly higher (p<0.05) in the treatment group of heifers as compared to control

group of heifers.

Table 4.12 Average time spent on rumination (minutes/day) of two groups of heifers

Days afet)e(;;?ien?;ﬁ:t of the To (no bull exposure) Tz (bull exposure)
0 379.78+16.23 (6.32) 389.89+8.09 (6.49)
15 373.44+15.79 (6.22) 386.67+11.42 (6.44)
30 397.56+17.45 (6.62) 393.56+7.59 (6.55)
45 358.89%+13.23 (5.98) 415.67°+14.40 (6.92)
60 396.67+13.21 (6.61) 392.89+12.54 (6.54)
75 372.33%+10.10 (6.20) 421.89°+20.36 (7.03)
90 370.89+11.31 (6.18) 378.00+13.07 (6.3)
120 356.89%+10.88 (5.94) 391.22°+10.31 (6.52)
Overall 375.80%+5.36 (6.26) 396.22°+5.25 (6.60)

Means bearing different superscripts in a row differ significantly (P<0.05)

Figures in parenthesis represent the rumination time in hours
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Fig 4.8 Average rumination time of two groups of heifers

Plate 4.9 Rumination behaviour of two groups of heifers

Dutt (2020) reported a rumination time of 368.79+6.30 minutes in direct bull
contact and 344.76+6.76 in no bull exposed buffalo heifers. Rumination time was
estimated to be 475.57 minutes per day for Murrah buffalo heifers living in loose housing
by Singh et al. (1985). Similar findings were also reported by Choudhary and Kamboj,
(2019) in fenceline bull exposed Sahiwal heifers and Rajput and Kamboj (2019) in bull

exposed Sahiwal cows.
4.45 Drinking frequency

The data on average frequency of drinking observed for heifers is presented in table
4.13 and graphically represented in fig 4.7. The average frequency of drinking in the Ty
and To group of heifers was 4.36+0.56 and 3.76+0.39. The drinking frequency was not

statistically different between the two groups of buffalo heifers.
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Dutt (2020) recorded drinking frequency 10.81+0.68, 12.24+0.80, 11.65+0.73 in

control, fenceline and direct contact in Murrah buffalo heifers. The drinking frequency of

dairy cattle has been reported by various workers as 5.2/day (Jago et al., 2005), 9.4/day
(Huzzey et al., 2005), 7.3/day (Cardot et al., 2008), 8.1 drinking bouts/day (Gavojdian at

al., 2008). The observations of drinking frequency in this study are lower than reported. It

might be due to the experiment being conducted in the winter months.

Table 4.13 Average drinking frequency (times/day) of two groups of heifers

Dayf[shgfg)e(;;?iems;ﬁ:t of To (no bull exposure) Tz (bull exposure)
0 3.44+0.67 3.67+0.29
15 3.00+0.33 3.56+0.18
30 2.78%+0.32 3.89°+0.35
45 3.44%40.29 2.33°+0.17
60 3.20%40.36 4.22°+0.22
75 3.22+0.55 3.78+0.43
90 5.22+0.89 6.00+0.78
120 5.78+0.91 7.44+1.19
Overall 3.76+0.39 4.36+0.56

Means bearing different superscripts in a row differ significantly (P<0.05)
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Fig 4.9 Average drinking frequency of two groups of heifers recorded at fortnightly

intervals
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Plate 4.10 Drinking behaviour of two groups of heifers

4.4.6 Allogrooming frequency

The average frequency of allogrooming observed for heifers is presented in table

4.14 and graphically represented in fig 4.8. The overall average frequency of allogrooming

in the Ty and To group of heifers were 20.09+2.26 and 9.94+2.49. The allogrooming

frequency was significantly higher (p<0.05) in the treatment group of heifers as compared

to control group. During first month of experiment most of the animals in treatment group

came into estrus under the influence of high estrogen in these heifers. The allogrooming

frequency (licking and grooming) was observed to be more in treatment group.

Table 4.14 Average allogrooming frequency (times/day) of two groups of heifers

Days af;i;;pi?;’;ﬁ:t of the To (no bull exposure) T1 (bull exposure)

0 4.56%+1.53 19.67°+5.39

15 14.67%+3.84 29.80%+5 83

30 02.11+1.63 11.11+6.09

45 21.56+4.84 23.11+6.78

60 10.89+4.10 15.11+7.87

75 3.00%+1.84 16.00+4.51

90 16.22+5.90 18.33+6.66

120 6.56%+4.07 27.56°+5.21

Overall 9.94%+2.49 20.09°+2.26

Means bearing different superscripts in a row differ significantly (P<0.05)
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Fig 4.10 Average allogrooming frequency of two groups of heifers

Plate 4.11 Allogrooming behaviour of two groups of heifers

Although there haven't been any published scientific studies on buffalo
allogrooming. Winckler et al. (2002) and Wasilewski (2003) reported that social licking
in cattle can be a stress-relieving behavior that also deepens and stabilises social ties. Wood
(1977) and Sato (1984) reported a positive link between being licked and weight gain and
milk production in this species, respectively.

45  Cervical mucus characteristics
4.5.1 Physical properties of cervical mucus

The frequency distribution of some physical properties of cervical mucus viz.
quantity (amount), appearance (colour), consistency, spinnbarkeit value and arborisation
pattern (fern pattern) are presented in table: 4.15.
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Table 4.15 Physical properties of cervical mucus of heifers

Percent of total heifers
Sr.No. | Parameter Control Treatment
(n=2) (n=10)
1 Quantity
Copious - 20 (2)
Moderate 50 (1) 70 (7)
Scanty 50 (1) 10 (1)
2 Appearance
Clear 50 (1) 80 (8)
Cloudy 50 (1) 20 (2)
Dirty - -
3 Consistency
Thin - 20 (2)
Moderate 100 (2) 80 (8)
Thick - -
4 Spinnbarkeit Value
0-8 cm 50 (1) 30 (3)
8-16 cm 50 (1) 50 (5)
16-24 cm - 20 (2)
5 Arborization pattern
Typical 50 (2) 60 (6)
Atypical 50 (1) 30 (3)
Nil - 10 (1)
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(@) Quantity

The majority of estrus episodes (70%) in the treatment group were connected to
moderate mucus flow during Al (Table 4.15). For the characteristic changes in the cervical
mucus during the estrus threshold estrogen level is required which may be the reason for

more copious discharge in cows.

Verma (2012) reported 53.84% moderate, 30.78% copious, 15.38% scanty. Layek
(2011), claimed that 70.17 % of estruses were accompanied by profuse mucus discharge.
The results found in the current study are higher than those reported by Verma (2012).

(b)  Appearance

In the majority of the heifers in treatment group cervical mucus was clear in
appearance and in the rest, mucus was cloudy in appearance (table 4.15). No animal in the
present study was observed with dirty discharge.

Sahu (2022) reported 60% clear and 40% cloudy appearance in Murrah buffalo
heifers. Verma (2012) observed 76.92% clear and 23.08% cloudy appearance in Murrah
buffaloes. Similar to the current study, Gill et al. (1974) observed 82.42 % clean mucus
discharge in Murrah buffaloes. Gunasekaran et al. (2007) reported a lower proportion of

67.9 and 62.86 % respectively of clean discharge in buffaloes.
(© Consistency

A higher percentage of buffalo heifers displayed cervical discharges with moderate
consistency. In the treatment group 80% (n=10) and in the control group 100% (n=2) of

heifers showed moderate consistency of mucus (table 4.15).

Sahu (2022) reported 40% thin, 40% medium and 20% thick consistency in bull
exposed buffalo heifers. Verma (2012) observed 15.38% thin, 61.54% medium and
23.08% thick consistency in buffaloes. Gunasekaran et al. (2007) reported more findings
in Murrah buffaloes (68.57 %). Deo and Roy (1971) and Agarwal and Purbey (1983),
reported the presence of a larger percentage of thin mucus was present (61.8 and 54.17%
respectively). The consistency of mucus mostly depends on the estrus stage at the time the
sample is taken, and this may account for the variations in results among studies since the
animals used for insemination may not always be in the same estrus stage. Consistency is
a subjective quality, and how it is defined will depend on the observer or researcher, which

could be a contributing factor to the difference between studies. In the present study, most
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of the buffalo heifers are associated with moderate consistency of cervical mucus which

implies that the majority of the animals were in mid-estrus during the time of insemination.
(d) Spinnbarkeit value

Cervical mucus of 50 % of estruses was in the 8-16 cm range whereas 16.7 % of
estruses were in the 16-24 cm range and 33.3 % of estruses were in the 0-8 cm range (Table

4.13) with respect to Spinnbarkeit value.

Verma (2012) reported 30.77% (0-8cm), 46.15% (8-16cm), 23.08% (16-24cm) in
Murrah buffalo heifers. The present Spinnbarkeit values of which are almost similar to the
results in present study. The higher values i.e., 19 cm. were observed by Pattabiraman et
al. (1967) in crossbred cows whereas the lower values were reported by Rao and Rao
(1982) in crossbred heifers and Tsiligianni et al. (2001) in Friesian heifers (7.25 cm and
7.6 cm., respectively).

Plate 4.12 Spinnbarkeit value of cervical mucus

(e) Arborisation pattern

Cervical mucus in a higher proportion of estruses (58.3%) (n=7) had shown the
typical fern pattern predominantly with primary, secondary and tertiary venation. Among
the remaining estruses, 33.3% represented the atypical and 0.083 % represent the nil fern
pattern (Fig. 4.13).

Sahu (2022) also reported higher percentage (75) of bull exposed buffalo heifers
showing typical fern pattern of mucus whereas Verma (2012) reported lower (38.4%)
number of buffaloes showing typical fern pattern. The present study finding is slightly
lower than the findings observed by Kumar (1989) in buffaloes (60.29%) and Rangnekar
et al. (2002) in HF cows (60%) whereas the typical fern pattern value of the present finding
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is higher than the values reported by Deo and Roy (1971) and Agarwal and Purbey (1983)

in buffaloes (42.1 and 25%, respectively).

Plate 4.13 Typical, Atypical and nil fern pattern of cervical mucus

4.5.2 Chemical properties of cervical mucus

(@ pH

In the present study in the majority of the animals, the average pH value was 7.5 -
8.0. The pH value in our study is lower than that found by Chhatry et al. (1999) in Murrah
buffaloes (8.18). Cervical mucus of estruses (41.6%) was within pH range 7.5- 8.0 while
0.16% and 41.6% of cervical mucus were in pH range >8 and 7.0-7.5 respectively (table
4.16).

Verma (2012) and Joshi (2016) also reported that cervical mucus during estrus in

most of buffaloes had a pH range of 7.5-8.0.

Table 4.16 Number of heifers with different cervical mucus pH

pH
Group
7.0-7.5 7.5-8.0 Above 8.0
Control 2 (100) - -
Treatment 3 (30) 5 (50) 2 (20)

Figures in parenthesis represent the percentage of animals
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4.6 Hormone assay
4.6.1 Plasma progesterone concentration

The data on average progesterone concentration (ng/ml) on alternate days between
the 7" to 15" days of the estrous cycle during both the first and second estrous cycle are
presented in table 4.17 and graphically presented in fig 4.9. The reason for selecting the
days ranging from the 6th to 16th days of the estrus cycle was that the active corpus luteum
is present during this period of the estrous cycle. The pattern of P4 concentration had
shown variations between the above-mentioned period of the oestrus cycle but the peak
concentration of P4 was seen from the 11th day of the oestrous cycle during both the
oestrus cycles in two groups. It was also observed that the amount of progesterone
hormone was significantly (P<0.05) higher in the bull exposed groups as compared to the
no bull exposed group which might be due to the presence of a bigger size of corpus luteum
in the bull exposed groups. The amount of progesterone hormone in the body is more than
1 ng/ml of blood between the 7th to 15th days of the oestrous cycle proving that all the

heifers were in estrus in the recent period.

These results are consistent with those of Fike et al. (1996b), who found that cows
exposed to a bull elevated progesterone concentration quicker than cows who were not
exposed to the bull. Patra (2006), on the other hand, found no difference in progesterone

levels between bull-exposed and no bull exposed postpartum cows.
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Table 4.17 Average progesterone (P4) hormone concentration (ng/ml) in blood plasma in two groups of heifers

Days after 1%t estrus

Days after 2" estrus

Group

7 9 11 13 15 7 9 11 13 15
To | 1.202+0.06 | 1.24%+0.12 | 1.34%+0.14 | 1.73%+0.19 | 1.91%+0.24 | 1.26%+0.05 | 1.36%+0.2 | 1.61%+0.21 | 1.88%+0.22 | 2.32%+0.18
Ti | 2.00°40.20 | 2.16°+0.17 | 2.53P+0.13 | 2.72P+0.22 | 2.83%+0.12 | 2.24P+0.21 | 2.59%+0.20 | 2.81P+0.27 | 3.30°+0.20 | 3.37°+0.21

Means bearing different superscripts differ significantly (P<0.05)
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Fig 4.11 Average progesterone (P4) hormone concentration (ng/ml) of heifers in first and second estrus.

Page | 66



CHAPTER -5

Summary and Conclusions



SUMMARY AND CONCLUSIONS

Buffalo is regarded as a sluggish breeder because of certain characteristics such as
late maturity, poor expression of estrus signs, especially during the summer, irregular
oestrous cycle, silent heat, seasonality in breeding, poor conception rate and a long inter-
calving interval which reduce the reproductive efficiency. Buffalo is also a difficult
breeder because of its natural susceptibility to environmental stress, which promotes
anestrous and repeats breeding. These two factors are to blame for the buffaloes protracted
inter-calving time, which results in significant financial losses. Delayed puberty in dairy
heifer’s costs farmers and the country a lot of money because it reduces the number of
calves produced and milk yield, as well as increases the cost of feeding before they start
producing. Anestrus is one of the most common reproductive disorders in buffalo. Priming
of the peripubertal dairy heifers by the provision of social cues such as through exposure
to adult males (biostimulation) has given encouraging results in indigenous breeds of cattle
and in buffaloes. However, there is a great potential for application of the biostimulation
technique by exposure to a bull for an early onset of estrus. For this reason, this study has
been planned to explore the possible potential of the biostimulation effect to improve their
reproductive performance, with the intention that this will improve lifetime performance

and longer production life for individual buffalo heifers.
Experimental methodology

The experiment was conducted on Murrah buffalo heifers to study the effect of
biostimulation on onset of estrus, estrus behaviour and reproductive performance. For this
study, 24 heifers were allotted to 2 groups: To (control) and Ty (treatment) of 12 each for a
period of 5 months from December 2021 to April 2022. An adjustment period of 15 days
was given to the animals before the actual start of experiment. In To the cows were not
exposed to the bull and in T1 group, the cows were exposed to the bull directly for 6 hours
daily (3hr in morning and 3hr in evening). Both groups of heifers were housed separately
at a distance of about 0.5 km from each other. All the experimental animals were housed
under a loose housing system and floor space (i.e., 4 m? covered area, 8 m? open area).
The feeding of both groups of cows was similar comprising of ad libitum feeding of
seasonal green fodders and the concentrate mixture feeding. Apart from concentrate

mixture, all experimental heifers were fed twice a day on a ration consisting of roughages
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as per the availability in the farm at 9 A.M. and 3.30 P.M. respectively. Fresh water was

available for drinking to all the heifers round the clock inside the shed. At fortnightly

intervals, the body weights were taken. A CCTV camera was used to track the heifers'

estrus behavior and general behavior around the clock. The blood was collected on 7%, 9",

11™, 13" and 15" day of estrous cycle for estimation of level of progesterone. Data were

analysed using SPSS software (Version 21.0) using t-test: two sample assuming equal

variance.

Salient findings

The final body weight was in To (362.47+7.32) and T1 (369.07+8.2) kg respectively

which did not differ significantly from each other.

The overall daily average daily gain in body weight in T1 was 605+£19.34 gm/day
which was significantly (P<0.05) higher than To (507+28.1 gm/day).

The mean dry matter intake (DMI) of both groups was not significantly different
in the two groups in Ty (10.72+0.28 kg/head) and in To (10.43+0.24 kg/head)

A total of 10 anestrus heifers out of 12 in bull exposed group and only 2 in control
group were observed in estrus. Seven heifers in treatment group were inseminated

and 4 were conceived whereas none of the To heifers was inseminated.

The average age at first estrus in To and T1was 28.04+0.01 and 27.58+0.33 months.

The average age at first service in the T1 group was 28.18+0.57 months.

The conception rate in T1 group was 57.14% and number of services per conception
in Tywas 1.75.

The average frequencies of estrus behaviour including sniffing and licking on the
day of estrus were (12+3.00 vs. 26.5%3.42), tail raising (9+3.00 vs. 20.12+2.64),
chin resting (4+1.00 vs. 12+1.34), stand to be mounted (3+1.00 vs. 9.75+1.16) in
To and Ty respectively. which were higher in T1 group as compared to To group of

heifers.

The mean standing time in treatment (T1) and control group (To) was 722.57+4.93,
678.25+4.43 minutes per day respectively. which was significantly higher (p<0.05)

in bull exposed heifers as compared to no bull exposed heifers.
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The average lying time in treatment (T1) and control group (To) of heifers was
689.59+3.87, 728.06+4.01 minutes per day respectively. This was significantly

higher (p<0.05) in the control group as compared to treatment group of heifers.

The mean eating time in treatment (T1) and control group (To) was 260.89+2.14,
249.04+2.27 minutes per day respectively. The eating time was significantly higher

(p<0.05) in the treatment group as compared to control group of heifers.

The average rumination time in treatment (T1) and control group (To) were
396.22+5.25, 375.80+5.36 minutes per day respectively. The rumination time was
significantly higher (p<0.05) in the treatment group as compared to control group

of heifers.

The average frequency of drinking in the T1 and To group of heifers was 4.36+0.56
and 3.76+0.39. The drinking frequency was not statistical different in the two

groups of buffalo heifers.

The average frequency of allogrooming in the Ty and To group of heifers was
20.09+2.26 and 9.94+2.49 respectively. The allogrooming frequency was
significantly higher (p<0.05) in the treatment group as compared to control group

of heifers.

Conclusions

1.

The biostimulation of anestrus buffalo heifers through direct bull exposure was
effective in bringing most of the heifers into estrus with normal expression of estrus

behaviour.

The reproductive performance of bull exposure anestrus heifers was better in

comparison to non-bull exposure heifers.

Page | 69



Bibliography



BIBLIOGRAPHY

Adams, G.P. (1999). Comparative patterns of follicle development and selection in

ruminants. Journal of Reproduction and Fertility Supplement, 54: 17-32

Agarwal, S.K. and Purbey, L.N. (1983). Oestrus behaviour and its relation to conception

in rural buffaloes. Indian Veterinary Journal, 60 (8): 631-636

Akhtar, M. S., Sana, I. R. U. M., Lashari, M. H., Ahmad, E., Ahmad, T., Ayaz, M. M. and
Akhtar, M. (2018). Bio-stimulatory effect of bull on post-partum estrus interval
in Nili-Ravi buffaloes. Kafkas Universitesi Veteriner Fakiltesi Dergisi, 24 (4):
603-606

Barman, P., Yadav, M. C., Kumar, H. and Meur, S. K. (2011). Effect of bull exposure on

ovarian cyclicity in postpartum buffaloes. Buffalo Bulletin, 30: 18-23

Baruselli, P.S., Mucciolo, R.G., Visintin, J.A., Viana, W.G., Arruda, R.P., Madureira,
E.H., Oliveira, C.A. and Molero-Filho, J.R. (1997). Ovarian follicular
dynamics during the estrous cycle in buffalo (Bubalus bubalis).
Theriogenology. 47: 1531-1547

Bearden, H.J., Fuquay, J.W. and Willard, S.T. (2004). Applied animal reproduction. 6%
Edition. Mississippi State University, USA, 427.

Berardinelli, J.G., Fogwell, R. L. and Inskeep, E.K. (1978). Effect of electrical
stimulation or presence of a bull on puberty in beef heifers. Theriogenology, 9
(2): 133-141.

Berardinelli, J. and Tauck, S. (2007). Intensity of the biostimulatory effect of bulls on
resumption of ovulatory activity in primiparous, suckled, beef cows. Animal
Reproduction Science, 99 (1-2): 24-33

Bharkad, G.P. and Markandeya, N.M. (2003). Incidence of bovine anoestrum. Indian
Veterinary Journal, 80: 190-191

Campbell CS, Wood R and Kelly M. (1999). Social Capital and Health, Health Education
Authority, London, UK. London School of Economics and Political Science
Research Online, 3

Cardot, V., Le Roux, Y. and Jurjanz, S. (2008). Drinking behavior of lactating dairy cows

Page | i



Biéﬁqymp@

and prediction of their water intake. Journal of Dairy Science, 91 (6): 2257-
2264

Chhatry, U., Pandit, R.K. and Agrawal, R.G. (1999). Fertility following progesterone
induced estrus in Murrah buffaloes. Indian Journal Animal Science, 69 (9):
672-675

Choudhary, S. (2021). Effect of calf-mother-bull contact on the performance, behaviour
and welfare of post-partum Murrah buffaloes. Ph.D. Thesis, ICAR- National

Dairy Research Institute, Karnal, Haryana, India

Choudhary, S., Kamboj, M., Raheja, N., Prasad C, K., Singh, P., Kumar, N., Barman, D.,
and Bhakat, M. (2019). Influence of bull exposure on the behavioural intensity
of estrus in Sahiwal heifers (Bos Indicus). Indian Journal of Dairy Science, 72
(3): 307-311

Connor, H. C., Houghton, P. L., Lemenager, R. P., Malven, P. V., Parfet, J. R. and Moss,
G. E. (1990). Effect of dietary energy, body condition and calf removal on
pituitary gonadotropins, gonadotropin-releasing hormone (GnRH) and
hypothalamic opioids in beef cows. Domestic Animal Endocrinology, 7 (3):
403-411.

Custer, E.E., Berardinelli, J.G., Short, R.E., Wehman, M. and Adair, R. (1990). Postpartum
interval to estrus and patterns of LH and progesterone in first-calf suckled beef

cows exposed to mature bulls. Journal of Animal Science, 68 (5): 1370-1377

Dado, R. G. and Allen, M. S. (1994). Variation in and relationships among feeding,
chewing, and drinking variables for lactating dairy cows. Journal of Dairy
Science, 77 (1): 132-144

Danell, B. (1987). Oestrous behaviour, ovarian morphology and cyclical variation in
follicular system and endocrine pattern in water buffalo heifers. Thesis.

Swedish University of Agricultural Sciences, 124.

Deo, S. and Roy, D.J. (1971). Investigations on repeat breeding cows and buffaloes-studies
on physical properties of cervical mucus. Indian Veterinary Journal, 48 (5):
479-484.

Diskin, M.G., Mackey, D.R., Roche, J.F. and Sreenan, J.M. (2003). Effects of nutrition
and metabolic status on circulating hormones and ovarian follicle development
in cattle. Animal Reproduction Science 78 (3-4): 345-370

Page | ii



B:'ngmp@

Dobson, H. and Kamonpatana, M. (1986). A review of female cattle reproduction with
special reference to a comparison between buffaloes, cows and zebu. Journal
of Reproduction and Fertility, 77 (1): 1-36

Dolecheck, K.A. (2015). Assessment of the technical and economic potential of automated
estrus detection technologies for dairy cattle. Masters of science, Thesis,

Animal and food Science, 44

Dutt, S. (2020). Effect of Biostimulation on Nutrient Utilization, Behavior and Growth in
Murrah Buffalo Heifers. M.V.Sc. Thesis, ICAR-National Dairy Research
Institute, Karnal, Haryana, India

Ebert, J.J., Conteras, P. and Saelzer, P. (1972). Influence of a teaser bull on puerperium
and fertility in dairy cows. In: Proceedings of the 8th International Congress on
Animal Reproduction and Artificial Insemination, Munich, Vol. 3, pp. 1743-
1748.

El-Wishy, A. B. (2007). The postpartum buffalo: 1l. Acyclicity and anestrus. Animal
Reproduction Science, 97 (3-4): 216-236

Esslemont, R.J. and Bryant, M.J. (1976). Oestrus behavior in a herd of dairy cows. The
Veterinary Record, 99 (24): 472-475

Fernandez, D. L., Berardinelli, J. G., Short, R. E. and Adair, R. O. N. A. L. D. (1996).
Acute and chronic changes in luteinizing hormone secretion and postpartum
interval to estrus in first-calf suckled beef cows exposed continuously or

intermittently to mature bulls. Journal of Animal Science, 74 (5): 1098-1103.

Ferrell, C. L. (1982). Effects of Postweaning Rate of Gain on Onset of Puberty and
Productive Performance of Heifers of Different Breeds. Journal of Animal
Science, 55 (6): 1272-1283

Fike, K.E., Bergfeld, E.G., Cupp, A.S., Kojima, F.N., Mariscal, V., Sanchez, T.S.,
Wehrman, M.E. and Kinder, J.E. (1996). Influence of fence line bull exposure
on duration of anestrus and pregnancy rate in beef cows. Animal Reproduction
Science, 41 (3-4): 161-167

Filho, M.L.S., Bezerra, L.R., Ferreira-Silva, J.C., Souto, F.M.P.P., Oliveira, N.R.P.,
De Lima, P.F., Bartholomew, C.C. and de Oliveira, M.A.L. (2015). Influence
of biostimulation and temporary weaning on follicular dynamics and

pregnancy rates in Nellore cows (Bos taurus indicus). Tropical Animal Health

Page | iii



Biéﬁqymp@

and Production, 47 (7): 1285-1291

Fiol, C. and Ungerfeld, R. (2016). Positive effects of biostimulation on luteinizing
hormone concentration and follicular development in anestrous beef heifers.
Journal of Animal Science, 94 (3): 971-977

Fiol, C., Quintans, G. and Ungerfeld, R. (2010). Response to biostimulation in peri-puberal
beef heifers: influence of male-female proximity and heifer’s initial body
weight. Theriogenology, 74 (4): 569-575

Firk, R., Stamer, E., Junge, W. and Krieter, J. (2002). Automation of oestrus detection in
dairy cows: A review. Livestock Production Science, 75 (3): 219-232

Garratt, M., Kee, A.J., Palme, R. and Brooks, R. C. (2016). Male presence can increase
body mass and induce a stress-response in female mice independent of costs of
offspring production. Scientific Reports, 6 (1): 1-8

Gavojdlan, D., Cziszter, L. T., Acatincai, S., Stanciu, G., Tripon, I. and Feiler, M. A.R. L.
A. N. A. (2008). Daily time budget of dairy cows housed in tie stall barns,
during total confinement. Lucrari Stiintifice-Zootehnie si Biotehnologii,

Universitatea de Stiinte Agricole si Medicina Veterinara a Banatului

Timisoara, 42 (2): 266-270

Gill, R.S., Gangwar, P.C. and Kooner, D.S. (1974). Optimum time of insemination for
high conception rate in buffaloes. Indian Journal of Animal Science, 43 (6):
355-357

Gokuldas, P., Yadav, M., Kumar, H., Singh, G., Mahmood, S. and Tomar, A. (2010).
Resumption of ovarian cyclicity and fertility response in bull-exposed
postpartum buffaloes. Animal Reproduction Science, 121 (3-4): 236-241

Gordon, 1. (1996). Controlled reproduction in cattle and buffaloes, CAB International,
Wallingford, Oxon, UK, 432-66

Grant, R. J. and Albright, J. L. (2000). Feeding behaviour. Farm Animal Metabolism and
Nutrition, 365-382

Gunasekaran, M., Singh, C. and Gupta, A. K. (2007). Effect of oestrus behaviour on
fertility in Murrah buffaloes. Indian Journal of Dairy Science, 60 (5): 348-351

Harder, J.D. and Jackson, M.L. (2003). Male pheromone stimulates ovarian follicular

development and body growth in juvenile female opossums (Monodelphis

Page | iv



B:'ngmp@

domestica). Reproductive Biology and Endocrinology, 1 (1): 1-9

Hegazi, M.A., EI-Wishy, A.B, Youssef, A.H., Awadalla, S.A. and Teleb, H.M. (1994).
Interrelationship between pre and/or post-partum feeding levels, blood
constituents and reproductive performance of buffaloes. In Proceedings of the
Fourth World Buffalo Congress, vol. 111, San Paulo, Brazil, pp. 632-633

Heinrichs, A. (1993). Raising Dairy Replacements to Meet the Needs of the 21st Century.
Journal of Dairy Science, 76 (10): 3179-3187

Hernandez, J., Shearer, J.K. and Webb, D.W. (2002). Effect of lameness on milk yield
in dairy cows. Journal of Veterinary Medicine Association, 220 (5): 640-644

Hidiroglou, M. (1979). Manganese in ruminant nutrition. Canadian Journal of Animal
Science 59 (2): 217-236

Hurnik, J.F. and King, G.J. (1987). Estrous behavior in confined beef cows. Journal
of Animal Science, 65 (2): 431-438

Hussain, P.M. and Muniraju, L. (1984). Studies on the incidence of reproductive disorders

of bovines in a part of southern Karnataka. Livestock Advisor. 9: 13-16

Huzzey, J.M., Von Keyserlingk, M.A.G. and Weary, D.M. (2005). Changes in feeding,
drinking, and standing behavior of dairy cows during the transition period.
Journal of Dairy Science, 88 (7): 2454-2461

Izard, M. K. (1983). In: Pheromones and reproduction in mammals (Vandenbergh J. G.,
Editor). Academic Press, New York. 253- 285

Izard, M. K. and Vandenbergh, J. G. (1982). The Effects of Bull Urine on Puberty and
Calving Date in Crossbred Beef Heifers. Journal of Animal Science, 55 (5):
1160-1168

Jago, J. G., Roche, J. R., Kolver, E.S. and Woolford, M.W. (2005). The drinking behaviour
of dairy cows in late lactation. Proceedings of the New Zealand Society of
Animal Production, 65: 209-214

Jainudeen, M.R., Hafez, E.S.E. Cattle and buffalo. In: Hafez ESE, editor. Reproduction
in Farm Animals. 6th edition Lea and Febiger; Philadelphia, PA, USA: 1993.
pp. 315-329

Joshi, S.K. (2016). Evaluation of accuracy and efficiency of estrus detection using

videography activity monitoring and doka phenomena in Murrah buffaloes.

Page | v



Biéﬁqymp@

Ph.D. Thesis, ICAR- National Dairy Research Institute, Karnal, Haryana, India

Kerbrat, S. and Disenhaus, C. (2004). A proposition for an update behavioural
characterization of the oestrus period in dairy cows. Applied Animal Behaviour
Science, 87 (3): 223-238

Khanh, N. P., Rosnina, Y., Omar, M. A., Dhaliwal, G. K., Wahid, H., Khumran, A. M.
and Azmil, A. (2012). Effects of biostimulation on oestrus behaviour, ovulation
time and conception rate in primiparous and multiparous beef cows. Journal of
Animal and Veterinary Advances, 11 (3): 404-411

Kulkarni, M. D., Khanvilkar, A. V. and Bansod, R. S. (2002). Incidence of reproductive
disorders in indigenous and crossbreds in an organized farm. Indian Veterinary
Journal, 79 (11): 1196-1197

Kumar, P. R,, Singh, S. K., Kharche, S. D., Govindaraju, C. S., Behera, B. K., Shukla, S.
N. and Agarwal, S. K. (2014). Anestrus in cattle and buffalo: Indian
perspective. Advance Animal Veterinary Science, 2 (3): 124-138

Kumar, P., Shankar Rao, T. K., Kumar, N., Chaurasia, S. and Patel, N. B. (2013). Heat
detection techniques in cattle and buffalo. Veterinary World, 6 (6): 363-369

Kumar, R., Singh, U., Singh, I. and Phogat, J.B. (2007). Estrus behavioral signs and its
detection in hormonal treated summer anestrus buffaloes. Haryana
Veterinarian, 45: 57-60

Kumar, S. (1989). Conception rate in relation to estrus cervical mucus crystallization fern
pattern in buffaloes. Livestock Adviser. 14 (12): 25-27

Kumar, S. and Sharma, S.C. (1991). Hematological changes during fertile and non-fertile

estrus in rural buffaloes. Buffalo Journal, 9 (1): 69-73

Landaeta-Hernandez, A. J., Giangreco, M., Meléndez, P., Bartolomé, J., Bennet, F., Rae,
D. O. and Archbald, L. F. (2004). Effect of biostimulation on uterine
involution, early ovarian activity and first postpartum estrous cycle in beef
cows. Theriogenology, 61 (7-8): 1521-1532

Landaeta-Hernandez, A. J., Meléndez, P., Bartolomé, J., Rae, D. O. and Archbald, L. F.
(2013). Effect of biostimulation and social organization on the interval from
calving to resumption of ovarian cyclicity in postpartum Angus
cows. Theriogenology, 79 (7): 1041-1044

Page | vi



B:'ngmp@

Langendijk, P., Van den Brand, H., Soede, N. and Kemp, B. (2000). Effect of boar contact
on follicular development and on estrus expression after weaning in

primiparous sows. Theriogenology, 54 (8): 1295-1303

Layek, S., Mohanty, T., Kumaresan, A., Behera, K. and Chand, S. (2011). Behavioural
signs of estrus and their relationship to time of ovulation in zebu (Sahiwal)
cattle. Animal Reproduction Science, 129 (3-4): 140-145

Lesmeister, J. L., Burfening, P. J. and Blackwell, R. L. (1973). Date of First Calving in
Beef Cows and Subsequent Calf Production. Journal of Animal Science, 36 (1):
1-6

Loeffler, S. H., De Vries, M. J., Schukken, Y. H., De Zeeuw, A. C., Dijkhuizen, A. A., De
Graaf, F. M. and Brand, A. (1999). Use of Al technician scores for body
condition, uterine tone and uterine discharge in a model with disease and milk
production parameters to predict pregnancy risk at first Al in Holstein dairy
cows. Theriogenology, 51 (7): 1267-1284

Luktuke, S. N., Bhattacharyya, A. R., Singh, S. K. and Khan, B. U. (1973). Studies on
aberrations in functional activity of the ovaries in buffaloes. The Indian
Veterinary Journal, 50 (9), 876-881

Luktuke, S.N. and Roy, D.J. (1967). Studies on the cervical mucus pattern in relation to
fertility in bovine. Indian Journal of Veterinary Science and Animal
Husbandary, 37: 26-31

Macmillan, K. L., Allison, A. J. and Struthers, G. A. (1979). Some effects of running bulls
with suckling cows or heifers during the premating period. New Zealand

Journal of Experimental Agriculture, 7 (2): 121-124

Madan, M. L. (1990). Factors limiting superovulation responses in embryo transfer

programs among buffaloes. Theriogenology, 33 (1): 280

Martin, G., Milton, J., Davidson, R., Banchero Hunzicker, G., Lindsay, D. and Blache, D.
(2004). Natural methods for increasing reproductive efficiency in small
ruminants. Animal Reproduction Science, 82 (3): 231-245

Mat, K. B. (2014). Influence of bull exposure on reproductive performance of postpartum
dairy cows. Ph.D. Thesis, Newcastle University, U.K

Mavrogenis, A. P. and Robison, O. W. (1976). Factors Affecting Puberty in Swine.

Page | vii



Biéﬁqymp@

Journal of Animal Science, 42 (5): 1251-1255

Meredith, M. (1991). Sensory processing in the main and accessory olfactory systems:
Comparisons and contrasts. The Journal of Steroid Biochemistry and
Molecular Biology, 39 (4): 601-614

Miller, V. and Ungerfeld, R. (2008). Weekly bull exchange shortens postpartum anestrus
in suckled beef cows. Theriogenology, 69 (8): 913-917

Modi, L. C., Patel, P. A., Patel, S. P., Patel, G. G., Joshi, A. H. and Suthar, D. N. (2011).
Prevalence of reproductive problems in buffalo in Mehsana milk-shed area of
Gujarat. International Journal for Agro Veterinary and Medical Sciences, 5
(4): 424-428

Mondal, M., Rajkhowa, C. and Prakash, B.S. (2006). Relationship of plasma estradiol-
17B, total estrogen and progesterone to estrus behaviour in Mithun (Bos

frontalis) cows. Hormone and Behaviour, 49 (5): 626-633

Nagaraju, N., Reddy, V.S.C., Rao, A.S., Sharma, G.P., Reddy, G.V.N. and Reddy, C.E.
(1991). Studies on certain biochemical constituents of blood in cycling and true

anestrus buffaloes during post-partum period. Cheiron, 20: 6-8

Naidu, V. K. and Rao, A. R. (1981). Incidence of infertility among cross-bred cattle of
Andhra Pradesh. Indian Journal of Animal Sciences, 51: 829-831

Oliveira, C., Filho, B. O., Gambarini, M., Viu, M., Lopes, D. and Sousa, A. (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 (1-4): 38-43

Pandit, R. K. (2004). Incidence of different kinds of reproductive disorders in

livestock. Indian Journal of Animal Reproduction, 25: 35-36

Panigrahi, B. (1964). Spinnbarkeit test of bovine cervical mucus-an index to optimal
fertility time. Indian Veterinary Journal, 41 (6): 410-412

Patra, M K. (2006). Effect of biostimulation through urine and cervico-vaginal mucus on
induction of estrus in cross bred heifers. M.V.Sc. Thesis, ICAR-Indian
Veterinary Research Institute, 1zatnagar, India

Patra, M. K., Barman, P. and Kumar, H. (2012). Potential application of pheromones in
reproduction of farm animals a review. Agricultural Reviews, 33 (1): 82-86

Page | viii



B:'ngmp@

Pattabiraman, S.R., Venkataswamy, V. and Thangraj, T.M. (1967). Physicochemical
properties of oestrual mucus of cows. The Indian Veterinary Journal, 44 (5):
413-417

Patterson, D.J., Kojima, F.N. and Smith M.F. (2003). A review of methods to synchronize
estrus in replacement beef heifers and postpartum cows. Journal of Animal
Science, 81 (14): E166-E177

Peter, A., Vos, P. and Ambrose, D. (2009). Postpartum anestrus in dairy cattle.
Theriogenology, 71 (9): 1333-1342

Peters, A.R. and Lamming, G.E. (1984). Reproductive activity of the cow in the post-
partum period. Il Endocrine patterns and induction of ovulation. British
Veterinary Journal 140 (3): 269-280

Rajput, M. S. (2019). Effect of biostimulation on the sexual behaviour and reproductive
performance of Sahiwal cows. M.V.Sc. Thesis, ICAR-National Dairy Research

Institute, Karnal, Haryana, India

Rangamma, B., Jagadeeswara Rao, J., Prasad, R. M. V. and Raghava Rao, E. (2016). A
study on breeding and health management practices followed by buffalo milk
producers in Krishna district of Andhra Pradesh. Global Journal of Bio Science
and Biotechnology, 5 (3): 331-334.

Rangnekar, M.N., Dhoble, R.L., Gacche, M.G., Ingawale, M.V., Sawale, A.G. and Jadhav,
J.M. (2002). Physical properties of oestrual cervical mucus in repeat breeding
crossbred (Holstein Friesian) cows with reference to fertility. Indian Journal
of Animal Science, 72 (12): 1122-1124

Rao, A. N. and Sreemannarayana, O. (1982). Clinical analysis of reproductive failure
among female buffaloes (Bubalus bubalis) under village management in
Andhra Pradesh. Theriogenology, 18 (4): 403-411

Rao, S.V.and Rao, A.R. (1982). Characteristics of cervical mucus and cytology of vaginal

epithelium of crossbred heifers. Indian Veterinary Journal, 59: 400-401

Rekwot, P., Ogwu, D., Oyedipe, E. and Sekoni, V. (2000). Effects of bull exposure and
body growth on onset of puberty in Bunaji and FriesianxBunaji heifers.
Reproduction Nutrition Development, 40 (4): 359-367

Rekwot, P., Ogwu, D., Oyedipe, E. and Sekoni, V. (2001). The role of pheromones and

Page | ix



1yﬁﬁywqpéy

biostimulation in animal reproduction. Animal Reproduction Science, 65 (3-4):
157-170

Roberson, M. S., Ansotegui, R. P., Berardinelli, J. G., Whitman, R. W. and Mclnerney,
M. J. (1987). Influence of biostimulation by mature bulls on occurrence of
puberty in beef heifers. Journal of Animal Science, 64 (6): 1601-1605

Roberson, M. S., Wolfe, M. W., Stumpf, T. T., Werth, L. A., Cupp, A. S., Kojima, N.,
Wolfe, P. L., Kittok, R. J. and Kinder, J. E. (1991). Influence of growth rate
and exposure to bulls on age at puberty in beef heifers. Journal of Animal
Science, 69 (5): 2092-2098

Roberson, M.S., Wolfe, M.W., Stump, T.T., Werth, L.A., Cupp, Andrea S., Kojima, N.,
Wolfe, P.L., Kittok, Roger J. and Kinder, J.E. (1991). Influence of growth rate
and exposure to bulls on age at puberty in beef heifers. Journal of Animal
Science, 69 (5): 2092-2098

Roberts, S.J. (1971). Veterinary Obstetrics and Genital Diseases. (2nd edition), Ann
Arbor: Edwards Brothers, Inc, 421-433.

Roelofs, J.B., Van Eerdenburg, F.J., Soede, N. M. and Kemp, B. (2005). Pedometer
readings for estrous detection and as predictor for time of ovulation in dairy
cattle. Theriogenology, 64 (8): 1690-1703

Roelofs, J., Soede, N., Voskamp-Harkema, W. and Kemp, B. (2008). The effect of
fenceline bull exposure on expression of oestrus in dairy cows. Animal
Reproduction Science, 108 (1-2): 226-235

Rutter, LM and Randel RD. (1984). Postpartum nutrient intake and body condition: effect
on pituitary function and onset of oestrus in beef cattle. Journal of Animal
Science 58 (2): 265-274

Sahu, S.K. (2002). Ovarian activity and vaginal resistance in pubertal and postpartum
anestrus  Sahiwal cattle. M.V.Sc. Thesis, Indira Gandhi Krishi

Vishwavidyalaya, Raipur, Chhattisgarh, India

Sahu, D. (2022). Effect of bull biostimulation on puberty and reproductive performance of
Murrah buffalo heifers. Ph.D. Thesis, ICAR- National Dairy Research

Institute, Karnal, Haryana, India

Samad, H.A. and Nasseri, A.A. (1979). A quantitative study of primordial follicles in

Page | x



B:'ngmp@

buffalo heifer ovaries. In Compendium, 13" FAO/SIDA International Course

on Animal Reproduction, Uppsala, Sweden.

Sato, S. (1984). Social licking pattern and its relationships to social dominance and live
weight gain in weaned calves. Applied Animal Behaviour Science, 12 (1-2): 25-
32

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 (12):
3994-4005

Selvaraju, M., Veerapandian, C., Kathiresan, D., Chandrahasan, C. (2005). Incidence of

bovine reproductive disorders. Indian Veterinary Journal, 82 (5): 556

Shah, N.H., Willemse, A.H., Van de Weil, D.F.M. and Engel, B. (1989). Influence of
season and parity on several reproductive parameters in Nili-Ravi buffaloes in
Pakistan. Animal Reproduction Science, 21 (3-4): 177-190

Silper, B.F. (2010). Characteristics of estrous behaviour in heifers and lactating cows and

its associations with fertility, Ph.D. Thesis, The university of British Columbia.

Singh, V.K. and Verma, H.K. (1994). Analysis of reproductive disorders of buffaloes.
Livestock Advances, 19 (1): 20-21

Singh, J., Nanda, A.S. and Adams, G.P. (2000). The reproductive pattern and efficiency
of female buffaloes. Animal reproduction science, 60 (61): 593-604.

Singh, J., Verma, H.K., Singh, K.B. and Singh, N. (2006). Incidence of reproductive
disorders in dairy animals in different agroclimatic regions in Punjab. Journal
of Research, 43 (3): 224-227

Singh, K. (2003). Use of bio-stimulation in improving reproductive efficiency. Proc. 4th
Asian Buffalo Congress on Buffalo for food security and rural employment,
New Delhi (India) Volume (9): pp. 284-289

Singh, M.M. and Kharche, K.C. (1985). Sexual behaviour and reproductive efficiency of
crossbred cows. Livestock Adviser, 10: 9-13

Skinner, J.D. and Bonsma, J.C. (1964). The effect of early introduction of vasectomized
bulls upon the sexual activity of the breeding herd. South African Society of
Animal Production, 3: 60-62

Sveberg, G., Refsdal, A.O., Erhard, H.W., Kommisrud, E., Aldrin, M., Tvete, I. F.,

Page | xi



Biéﬁqymp@

Buckley, F., Waldmann, A. and Ropstad, E. (2011). Behavior of lactating
Holstein-Friesian cows during spontaneous cycles of estrus. Journal of Dairy
Science, 94 (3): 1289-1301

Tauck, S.A., Olsen, J.R., Wilkinson, J. R. C. and Berardinelli, J. G. (2010). Duration of
daily bull exposure on resumption of ovulatory activity in postpartum,

primiparous, suckled, beef cows. Animal Reproduction Science, 118 (1): 13-18

Tsiligianni, T., Karagiannidis, A., Brikas, P. and Saratsis, P. (2001). Physical properties of
bovine cervical mucus during normal and induced (progesterone and/or
PGF2a) estrus. Theriogenology, 55 (2): 629-640

Ungerfeld, R. (2009). Short-term exposure of high body weight heifers to testosterone-
treated steers increases pregnancy rate during early winter bull breeding.
Animal Reproduction, 6 (3): 446-449

Vandenbergh, J. G. (1974). Social determinants of the onset of puberty in rodents. Journal
of Sex Research, 10 (3): 181-193

Verma, K.K. (2012). Managemental interventions to improve heat detection accuracy,
efficiency and conception rate in Murrah buffaloes. M.V.Sc. Thesis, ICAR-

National Dairy Research Institute, Karnal, Haryana, India

Verma, K.K., Prasad, S., Mohanty, T.K., Kumaresan, A., Layak, S.S., Patbandha, T.K.
and Kantwa, S.C. (2014). Behavioural signs of estrus in different parity of
Murrah buffaloes (Bubalus bubalis). A comparative study. Indian Journal of
Animal Research, 48 (6): 620-624

Walker, S., Smith, R., Routly, J., Jones, D., Morris, M. and Dobson, H. (2008). Lameness,
Activity Time-Budgets, and Estrus Expression in Dairy Cattle. Journal of
Dairy Science, 91 (12): 4552-4559

Wasilewski, A. (2003). Friendship in ungulates. Sociopositive relationships between non-
related herd members of the same species. Ph.D. Thesis, Philipps-Universitat,
Marburg, Germany

Wiltbank JN, Rowden WW, Ingalls JE, Gregory, KE. and Koch RM. (1962). Effect of
energy level on reproductive phenomena of mature Hereford cows. Journal of
Animal Science, 21 (2): 219-225

Page | xii



B:'ngmp@

Winckler, C., Buehnemann, A. and Seidel, K. (2002). Social behaviour of commercial
dairy herds as a parameter for on-farm welfare assessment. Proc. 36th
International Congress. ISAE, Wageningen, The Netherlands, 86

Wood, M.T. (1977). Social grooming patterns in two herds of monozygotic twin dairy
cows. Animal Behaviour. 25: 635-642

Wyatt, T. D. (2010). Pheromones and signature mixtures: defining species-wide signals
and variable cues for identity in both invertebrates and vertebrates. Journal of
Comparative Physiology A, 196 (10): 685-700

Zaidi, N.E.S. (2018). Effect of Biostimulation on Estrus Expression, Resumption of
Ovarian Activity and Conception Rate in Postpartum Anestrus Nili-Ravi
Buffaloes during Low Breeding Season. Pakistan Veterinary Journal, 38 (01):
35-38

Zalesky, D. D., Day, M. L., Garcia-Winder, M., Imakawa, K., Kittok, R. J., D’Occhio, M.
J. and Kinder, J. E. (1984). Influence of Exposure to Bulls on Resumption of
Estrous Cycles Following Parturition in Beef Cows. Journal of Animal Science,
59 (5): 1135-1139

Zicarelli L. Reproductive seasonality in buffalo. In: Proceedings of Third
International Course of Biotechnology in Buffalo Reproduction, Napoli 6-
10 October. Bubalus Bubalis 1997; 4 (Suppl): 29-52.

Zicarelli L. Reproductive seasonality in buffalo. In: Proceedings of Third
International Course of Biotechnology in Buffalo Reproduction, Napoli 6-
10 October. Bubalus Bubalis 1997; 4 (Suppl): 29-52.

Zicarelli, L. (1997). Reproductive seasonality in buffalo. In: Proceedings of Third
International Course of Biotechnology in Buffalo Reproduction, Napoli 6-10
October. Bubalus bubalis, 4: 29-52.

Zicarelli, L., Esposito, L., Campanile, G., di Palo, R. and Armstrong, D. (1997). Effects
of using vasectomized bulls in artificial insemination practice on the
reproductive efficiency of Italian buffalo cows. Animal Reproduction Science,
47 (3): 171-180

Page | xiii



