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ABSTRACT

Bypass fat can increase the energy density of ration without having any adverse effects on feed intake
and digestion. The experiment was conducted to investigate the effects of supplementation of bypass fat on
the onset of puberty in dairy heifers. The trial was conducted with 12 prepubertal divided into control (C) and
Treatment (T) groups. The ration for the experimental animals in control group were not supplemented with
bypass fat, whereas heifers in treatment group received bypass fat at 50g/day/h for a period of 150 days.
Bypass fat supplementation significantly (P<0.05) improved the mean live body weight, body condition score
(BCS) and body fat thickness (BFT) in supplemented heifers. Bypass fat supplementation had no significant
(P>0.05) effect on the proportion of heifers attaining puberty (50.00 vs. 33.33%) as well as the age at onset of
puberty (605.67+£22.67 vs. 626.50+28.50 days). There was no significant (P>0.05) difference observed between
the control and treatment groups in the mean size of dominant follicle, CL and ovary. The overall mean uterine
horn diameter during the trial period was significantly (P<0.05) higher in bypass supplemented group than in
control group. The number of small, medium and large follicles did not vary between groups (P>0.05) in heifers
during the study period. No significant (P>0.05) effect on plasma NEFA level was observed, however plasma
glucose level was significantly (P<0.05) higher in bypass fat supplemented heifers. Hence, it can be concluded
that bypass fat supplementation at 50g/day/h improved the body growth of supplemented heifers but did not
had any beneficial effect on onset of puberty in heifers.
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INTRODUCTION yield more milk during their entire productive time, but

The dairy industry is dependent on dairy cow’s
reproductive success; since the lactation cycle is reliant
on the cow’s ability to become pregnant and
produce milk after delivery. Nutrition is one of the many
significant factors responsible for reproductive activity.
Various reproductive problems, such as delayed puberty,
anoestrous, repeat breeding, retained foetal membranes,
abortion, weak calf syndrome, efc., could eventuate due
to poor nutrition in cows, thus reducing reproductive
efficiency.

Malnutrition can delay the onset of puberty in dairy
cattle during the heifer stage. Early maturing cows will

delayed puberty is a big concern for dairy cows. The
nutritional plan is the most significant aspect affecting
the age of maturity (Poy and Panday, 1971). In the
tropical zone, puberty occurs in the Bos indicus breeds
between 16 and 40 months (McDowell et al., 1976) but
is associated with the body weight instead of the age of
the animal. The body weight of heifers at puberty was
observed to be between 55% and 60% of adult body
weight (Perry, 2016). Malnourished females lack
ovarian activity due to inhibition of pulsatile luteinizing
hormone (LH) (Rasby and Funston, 2016). The LH
pulse generation system in the hypothalamus and its
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pre-pubertal spike is affected by the nutritional plane
(Schillo et al., 1992). Nutrition influences the
production and release of GnRH (gonadotrophin
releasing hormone), FSH (follicle stimulating hormone),
LH, and GH (Growth hormone) owing to its function on
the hypothalamus and the anterior pituitary. Ovarian
follicular development and steroid production are also
affected by diet. Thus, greater growth rates will reduce
the negative feedback of estradiol on the secretion of
LH and thus promote follicular growth.

Balanced nutrition and effective management will
help to promote growth and early sexual maturity
(Heinrichs et al., 2005). Supplementation of high
energy concentrates or fats have been used as a
technique to increase the energy density of the ration.
However, various negative impacts of such
supplementation viz. decrease in intake and digestion of
fibre, acidosis, and chelation of minerals may be
observed in such animals. To reduce the detrimental
effects of high energy concentrate and fat
supplementation, a specialised rumen-inert lipid,
popularly known as bypass fat was developed. Bypass
fat can resist lipolysis and biohydrogenation in rumen
but is digested in abomasum and can help overcome
negative energy balance (NEB) without negatively
affecting the ruminal digestion and fermentation
process. Initially bypass fat was only considered as a
source of energy during transition period in dairy cows
to reduce NEB and maintain milk production, however
later on, it was demonstrated that the fatty acids present
in bypass fat may have a positive effect on
reproduction (Staples et al., 1998; Rahbar et al., 2014).
Thus, bypass fat supplementation may provide the
energy required for achieving optimum growth in
growing heifers to attain puberty without any adverse
effects. Hence, the main objective of this study was to
determine the effects of bypass fat supplementation in
crossbred Jersey heifers on the onset of puberty and
reproductive parameters.

MATERIALS AND METHODS

This study was conducted in the Dairy farm
complex of ICAR-National Dairy Research Institute,
Eastern Regional Station, Kalyani, West Bengal, India.
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Kalyani is located at the lower Gangetic basin in the
Nadia district of West Bengal at an altitude of 11m above
sea level. The coordinates of Kalyani are: 22° 58°30" N
latitude and 88° 26’4" E longitude. The climatic
condition is tropical hot and humid. The study was
conducted between the months of October, 2020 to
March, 2021. The average climatic conditions during
the trial period were viz. temperature: 28.3° C (31.8-
23°C), rainfall: 16.6 mm (0.00-94.1 mm), and humidity:
46 % (34-73 %).

Twelve (n=12) Jersey x Zebu crossbred heifers
above 16 months of age with no history of observed
sign of estrus and ovaries without any functional
structures (corpus luteum or matured follicles), were
selected and assigned to one of the two dietary
treatment groups for the study. Heifers were similar in
age (16.84+ 0.36 months), body weight (184.54+ 7.46
kg), and BCS (2.75+ 0.08), and distributed equally to
one of the two groups with six cows in each group:
Control (non-supplemented) or treatment
(supplemented) group. The trial was conducted for a
period of 150 days (5 months). The BW and BCS were
measured at fortnightly interval for both the groups.
Body weight was recorded using a digital weight
recording platform (Spider — 300, Future weighing &
engineering). BCS were determined by the same
individual for the entire experiment according to a 1 (thin)
to 5 (obese) scale (Edmonson et al., 1989). The
experimental cows were dewormed and vaccinated
regularly according to farm schedule. Subcutaneous
back fat thickness was measured at the end of trial
period by real time ultrasound (Linear ultrasonograph
DIGI 1100 CD-E VET, SSMED Ltd. probe- 6.5 MHz).

All the experimental animals were housed in the
experimental sheds, which was well-ventilated having
cemented floor with individual feeding and watering
arrangement throughout the experimental period.
Proper cleanliness and healthy surroundings were
ensured throughout the experimental period. All cows
were fed with concentrate mixture, 20 to 30 kg of
seasonally available green fodders and paddy straw
according to the farm protocol. The treatment group
was supplemented with bypass fat at the rate of 50 g/
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animal/day for a period 05 150 days. Bypass fat was
procured from ICAR- Central Coastal Agricultural
Research Institute, Old Goa, Goa.

Blood samples were collected at early morning at
fortnightly interval from both the groups by means of
jugular vein puncture using sterile needles. The blood
samples were collected into centrifuge tubes containing
EDTA (10%), put in an ice bucket and carried to the
laboratory within 20 minutes of collection. Blood samples
were centrifuged at 3000 rpm for 30 min and plasma
was separated and kept in the labelled storage vials of 5
ml capacity and stored at -20°C till analysis. Samples
were later analysed for blood glucose and plasma
non-esterified fatty acids (NEFA) levels. Blood glucose
was analysed by spectrophotometry using
AUTOSPAN® Glucose (ARKRAY, Inc.). Plasma
NEFA was analysed by the copper soap extraction
method modified by Shipe et al. (1980).

The onset of puberty in heifers was monitored by
observing the behavioural signs of estrum, presence of
cervico-vaginal mucus discharge, rectal palpation of
genital organs and ultra-sonographic examination
of ovaries. Heifers were observed for the visual signs
of estrus twice in a day and the ultra-sonographic
evaluation of reproductive tract was carried out at 7
days interval. Reproductive tract score (RTS) values
are gauged through rectal palpation and ultrasound
examination of the uterine horns and ovaries as per the
method of Andersen et al. (1991). Puberty and sexual
maturity of heifers was gauged based on ovarian
development and palpable size of the reproductive tract.

Intensity of estrus in all the experimental animals
was scored, based on the score card (maximum score:
100) designed by Layek et al. (2011). Each observation
of sign of the estrus was assigned a score as per the
scale and the sum of the scores was recorded.
Duration of behavioural estrus in all the animals was
estimated in hours from the time of first appearance of
estrous to the time of detection of last estrous sign.

Ultrasound examination (Transrectal ultrasono-
graph DIGI 1100 CD-E VET, SSMED Ltd. probe- 9
MHz) was carried out at weekly intervals in
experimental animals. Monitoring of follicular growth
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(small<4 mm; medium 4-8 mm and large>8 mm) was
carried out. On each examination and for each animal
in control and treatment groups, the diameter of uterine
horn (cm) was assessed. The diameter and area of
ovaries, presence of corpora lutea and dominant
follicles and their sizes were also measured.
Statistical analysis

The data were captured in excel and analysed
using suitable statistical package. The model contained
the diet and interval as fixed parameters, two-way
ANOVA was used to compare the effect of bypass fat
supplementation on the mean differences between the
control and treatment group. Data were presented as
least square means + standard error of the mean (SEM).
The level of significance was set at P<0.05.

RESULTS AND DISCUSSION

The live body weight increased along with
increasing age in both the groups throughout the trial
period. The overall mean body weight during the 150
days trial period was significantly higher (P<0.05) in
treatment (220.47+5.85 kg) group than in control
(209.34+4.95 kg) group. There was no significant
(P>0.05) difference in final body weight at the end
of trial period between control (231.83+17.18 kg) and
treatment (251.5+£11.94 kg) group. The average daily
weight gain during the 150 day trial period was
non-significantly (P>0.05) higher in treatment group

(417.78+18.65g/day) than in control group
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(343.89+47.94g/day). Vahora et al. (2012) observed
significantly higher average daily gain in bypass fat
supplemented growing buffalo heifers. Gajera (2013)
observed significant improvement in total weight
gain and average daily body weight gain in bypass fat
supplemented Jaffarabadi heifers. Rosadiuk ez al. (2021)
observed that the overall, average daily gain and body
weight were greater for heifers offered increased plane
of nutrition during both the pre- and post-weaning
phases. The ADG can be improved by increasing levels
of nutrition, and in general around 750 g/day ADG is
optimal for dairy heifers (Wathes et al., 2014) with lower
rates delaying puberty and age at first calving (AFC).
In the present study, we observed the ADG to be lower
than 750 g/day in both control (343.89+47.94¢g/day) and
treatment (417.78+18.65g/day) group, which may be the
reason of delayed puberty in both the groups during our
study.

The overall mean BCS for 150 days period was
significantly (P<0.01) higher in treatment group
(3.18+0.08) than the control group (3.00£0.07). The
average gain in BCS during the trial period was
non-significantly higher in treatment group (0.75+0.09)
than in control group (0.67+£0.11). Campanile et al.
(2010) found significant improvement in BCS of Murrah
buffalo heifers fed high energy diet in contrast to those
fed a low energy diet. Carvalho et al. (2013) found
higher energy intake to increase the BCS of zebu
heifers significantly without altering the BW at puberty.
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The BFT (mm) was significantly higher (P<0.05) in
treatment group (22.94+0.85 mm) than in control group
(21.17£0.61 mm) at the end of 150" day trial period.
Similar to our findings, Ortega et al. (2020) observed
significant improvement in fat thickness in the rump
region in heifers fed with high energetic-protein
supplement in post-weaning period. Chelikani et al.
(2003) observed back fat thickness to be lower in dairy
heifers fed with low protein and energy containing diet
in comparison to that of high protein and energy
containing diet.

The overall mean RTS during the trial period of
150 days was similar (P>0.05) in both treatment
(3.4240.08) and control (3.32+0.11) group. RTS was
developed as an indirect technique of predicting
pubertal age and an indication of heifer nutritional
requirements before the breeding season (Anderson et
al. 1991). Heifers were assigned a score ranging from
1 to 5 for their reproductive tract. A RTS of one
suggested an immature, non-cycling reproductive
system, whereas an RTS of five suggested a cycling
heifer with a functional corpus luteum. On the final trail
day (150™ day) of the experiment, two heifers in the
control group and three heifers in the treatment
group had an RTS of 5, suggesting cyclicity with a
functional corpus luteum. Parallel to our findings, Speer
et al. (2020) observed that increased energy diet
supplementation had no effect on heifer RTS and that
all heifers showed similar reproductive maturity near
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the breeding season. Rosasco et al. (2017) found that
increasing nutritional supplementation had no effect on
RTS in beef heifers.

The average numbers of specific type of follicles
based on size (small<4 mm; medium 4-8 mm and large>8
mm) at a given interval throughout the trial period was
observed using ultrasound examination. The overall mean
number of small follicles was 6.05+0.46 and 5.67+0.36
in control and treatment groups, respectively. The
overall mean number of medium follicles was 4.83+0.24
and 4.98+0.37 in control and treatment groups,
respectively. The average number of large follicles was
0.9120.07 and 0.92+0.08 in control and treatment groups,
respectively. There was no significant (P>0.05)
difference in number of small, medium as well as large
follicles between the groups. Similar to our findings,
Rosasco et al. (2017) found no effect of increased
nutritional supplementation on antral follicle count (AFC)
in beef heifers, which is consistent with our findings.
Stokes et al. (2018) observed that trace mineral
supplementation had little influence on the AFC of
Angus breed heifers. Speer et al. (2020) found that
supplementing a higher calorie diet had no effect on
total follicle count in heifers across treatment groups.
The similarity in follicular growth between groups can
be attributed to the absence of an energy shortage in
the research animals (Mattos et al. 2000).

The mean maximum diameter of the follicles (mm)
during the 150 day trial was almost similar (P>0.05)
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Fig 4. Fortnightly uterine horn diameter (mm) in
experimental heifers (Mean +SEM)
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between treatment (12.67+0.99 mm) group and control
group (12.00+0.97 mm). The overall mean area of the
largest follicle (mm?) during the 150 days trial was
slightly higher in treatment (434.89+77.06) group than
in control group (391.98+58.28), however the difference
was non-significant (P>0.05). In a study on postpartum
buffaloes, Ganie (2011) observed no significant effect
of bypass fat supplementation on the largest follicle and
preovulatory follicle diameter; nevertheless, it was
improved in contrast to the control. Similarly, Petit et al.
(2002) and Katiyar et al. (2017) observed that
supplementing with bypass fat had no effect on the size
of dominant follicles in postpartum buffalo cows.

The overall mean ovarian diameter (mm) during
the 150 day trial was insignificantly higher (P>0.05) in
treatment (20.70+£0.39) group than in control group
(20.12+0.39). Similarly, the mean area of the ovary (mm?)
during the 150 day trial was higher in treatment
(974.54£33.94) group than in control group
(939.72+36.17), however the difference was non-
significant (P>0.05). In support of the present findings,
Freetly et al. (2014) found that diet had no influence on
ovarian weight and size in peripubertal heifers. Speer et
al. (2020) observed that increased energy diet
supplementation had no effect on ovarian length and
height in heifers across treatment groups.

The overall mean uterine horn diameter during
the 150 day trial period was significantly (P<0.05) higher
in treatment group (16.39£0.40 mm) than in control
group (15.62+0.56 mm). The uterine horns of the
prepubertal heifer are often flaccid and undeveloped.
However, as puberty approaches and in response to
increasing stimulation by ovarian estrogens, the uterus
and cervix become bigger and display more smooth
muscle tone when palpated manually (De Carvalho,
2014). Akhtar (2002) observed a substantial
improvement in uterine horn diameter in Nili-Ravi
buffalo heifers fed a greater amount of dietary energy.
Summers et al. (2012) recorded increased uterine horn
diameter in heifers administered a corn gluten feed-based
supplement throughout development period.

The heifers were monitored for onset of puberty
by observing the estrus signs and development of
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corpus luteum (CL) in ovaries during 150 days trial
period. Out of 6 heifers, 2 in control group and 3 in
treatment group attained puberty during the trial period.
The difference in percentage of heifers that attained
puberty was insignificant (P>0.05) between treatment
(50.00%) and control group (33.33%). The age at onset
of puberty (days) was insignificantly (P>0.05) lower in
treatment group heifers (605.67+22.67 days) than in
control heifers (626.50+£28.50 days).

Using the concept of “targeted body weight,”
nutritional management involving continuous, high rates
of growth is one approach for promoting the timely
onset of sexual maturity. As thumb rule, this strategy
sets a target of 60 to 65 percent of mature body weight
(BW) for individual heifers to have achieved puberty.
Feeding heifers a high-concentrate diet during crucial
developmental windows causes alterations in metabolic
endocrine state, as seen by increased circulatory
concentrations of leptin, insulin, and IGF-1, which can
trigger the onset of puberty months later (De Carvalho
et al., 2014; Speer et al., 2020). The results of
our current investigation show that bypass fat
supplementation has no influence on the age at pubertal
onset in prepubertal heifers. Similar to the current
observation, Lammoglia et al. (2000) fed dietary fat to
beef heifers and found no effect on pubertal age, but
did found an effect on the proportion of heifers
reaching puberty. Chelikani et al. (2003) provided
prepubertal Holstein heifers with diets differing in dietary
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energy and protein density, but observed that dairy
heifers achieved puberty with consistent body weight
and body composition independent of dietary
modification. Shike et al. (2013) investigated the effect
of supplementary fat on beef heifers but found no change
in the proportion of pubertal heifers. Manthey et al.
(2017) fed dairy heifers with distillers’ dry grain of high
fat content but found no effect of diet on heifer age and
body weight at puberty. Oliveira et al. (2008) opined
that the influence of a greater protein and energy diet
on the age at puberty was unclear; however exposing
heifers to a male significantly lowered the age at
puberty in heifers.

The estrus intensity score (P>0.05) in heifers
attaining puberty was similar in both treatment
(56.00£1.15) and control group (55.50+1.50). Layek et
al. (2011) reported that the estrus intensity score in Bos
indicus breeds is generally around 50%, which was
similar to the findings of the present study. Mucus
discharge was observed as the most commonly
expressed estrus behaviour in heifers attaining puberty.
The duration of estrus (hours) in treatment group
(21.33+4.81) and control group (18+6.00), did not differ
statistically (P>0.05).

The mean blood NEFA level during 150 day trial
period was similar (P>0.05) in both treatment group
(267.92+23.26 umol/1) and control group (268.76+21.23
umol/1) and did not differ significantly. There have been
conflicting studies of plasma NEFA levels in dairy cows
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fed with bypass fat. Manriquez et al. (2019) found that
bypass fat supplementation had no effect on NEFA
levels in supplemented cows. Postpartum cows given
bypass fat had significantly lower plasma NEFA levels,
according to Singh ef al. (2016) and Nirwan et al.
(2019). However, Dhami et al. (2017) and Ranaweera
etal. (2019) observed an elevated level of plasma NEFA
in bypass fat supplemented postpartum cows. Jorritsma
et al. (2003) observed the plasma NEFA levels to
be increased in heifers subjected to acute fasting
indicating NEFA level rises in case of negative energy
balance.

The mean blood glucose level during 150 day trial
period was significantly (P<0.01) higher in treatment
group (72.04+£1.81 mg/dl) than in control group
(66.98+1.65 mg/dl). Similar to our findings, Yelich et al.
(1996) observed plasma glucose levels to be higher in
heifers fed to high-gain in comparison to those fed to
low-gain diet. Campanile et al. (2010) found significantly
greater concentration of glucose in Murrah buffalo
heifers fed high energy diet in contrast to those fed a
low energy diet. Cappellozza et al. (2014) observed that
beef heifers supplemented with cracked corn, soybean
meal and urea had higher glucose levels in contrast to
heifers without any supplementation. Ortega et al.
(2020) observed significant increase in the mean
glucose level in heifers supplemented with high levels
of energy and protein supplement in the post-weaning
period. Rosadiuk et al. (2021) observed overall glucose
level to be higher in heifers fed with high plane of
nutrition in both preweaning as well as postweaning
period. The increase in glucose level in dietary fat
supplemented animals might be due to glucose sparing
effect of dietary fatty acids (Voigt et al., 2005).
Additionally, fat feeding is known to induce insulin
resistance therefore leading to increase in glucose level
of animals fed with dietary fats (Palmquist and Moser,
1981).

CONCLUSIONS
Based on the present study it was concluded that,

bypass fat supplementation at 50 g/day over a period of
150 days improved the body growth and condition in
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supplemented heifers. However, supplementation of
bypass fat at the above mentioned level did not have
any significant effect on reproductive tract development
and onset of puberty in prepubertal heifers. Further
studies on bypass fat supplementation on prepubertal
heifers at higher inclusion level, larger sample size,
different age group and trial interval can be done to
further validate the effect of bypass supplementation
on onset of puberty in prepubertal heifers.
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