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ABSTRACT

In vitro embryos production from prepubertal heifers can help contribute to breeding pro-
grams; however, strategies are necessary to increase their embryo production. The aim of
this study was to investigate the effects of two nutritional plans on oocyte recovery, embryo
production and growth performance of prepubertal Nelore heifers. Thirty-four Nelore heifers
with age of 6.5 months were divided into two feeding treatments (NP1 and NP2). The NP1
diets served as the control and NP2 diets were formulated to contain an average of 1.22-
fold more energy than NP1. After 3 months of supplementation, the animals underwent fol-
licular aspiration (ovum pick-up, OPU) every 21d for 3 months and embryos were produced
in vitro. Wither height, chest depth, body weight and subcutaneous fat of animals were
measured. The number of retrieved and viable oocytes per OPU were 1.49-fold and 1.42-
fold greater in NP2 heifers (p =0.018 and p =0.049, respectively) than those in NP1 heifers.
Heifers administered NP2 produced 29.7% blastocysts, a percentage higher than NP1
animals that produced 24.40% embryos (p < 0.05). Consequently, females in the NP2 treat-
ment showed improved body development. These results indicate a positive effect of a
higher energy diet on assisted reproduction and body development in prepubertal heifers.

KEYWORDS
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Introduction

Reducing the interval between generations represents
a fundamental point in the genetic improvement of
cattle herds. Owing to the exploration of reproduction
in younger females, significant genetic gains are pos-
sible through bovine selection. The potential to pro-
duce embryos and calves from young prepubertal
females has gained prominence owing to the develop-
ment of genomic prediction evaluations for the traits
of interest, both in dairy and beef cattle. The develop-
ment of follicular aspiration equipment adapted for
calves has led to an increased interest in in vitro
embryo production as it does not involve harmful
manipulation of the animals. Initially, studies with
calves were performed using the laparoscopic aspiration
technique through a surgical procedure’” and later
using the ultrasound-guided transvaginal follicular

aspiration technique (ovum pick-up, OPU) with a spe-
cific guide of adequate size for young females.’
Prepubertal heifers may have a greater number of fol-
licles available for aspiration4; however, in vitro embryo
production rates in these animals are lower than those
of adult animals.”

Among the factors that influence the reproductive
performance of female beef cattle, special attention
should be paid to nutrition, which can directly affect
the ovarian follicles, oocytes and embryos.®
Propionate, a volatile fatty acid produced in large
quantities in diets with high energy concentrations,
plays an important role in reproductive performance.
Propionate serves as the main gluconeogenic substrate
in ruminants and can modify reproductive hormone
profiles through the association of glucose production
with insulin-like growth factor 1 (IGF-1), which can
improve embryonic development’ and progesterone
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production.® Tropical pasture-based animals require
protein and energy supplementation to meet their
nutritional requirements, particularly during the dry
season. During this period, Urochloa brizantha (syn.
Brachiaria brizantha) pastures contain an average of
7% of crude protein (CP) and 1.8 Mcal of metaboliz-
able energy (ME)/kg dry matter (DM).>10

Body weight (BW) is a major factor affecting
puberty in animals. Thus, restricted feeding, which
slows down growth, increases the age at puberty.'' A
prepubertal heifer requires 8.75Mcal of ME daily to
achieve a moderate live weight gain of 400g/d."?
Therefore, during the winter, these animals must
receive supplemental energy ranging from 0.5% to
0.7% of their BW."? In Brazil, pasture-raised cattle are
usually supplemented with concentrates in the form
of soybeans and corn because forage cannot fully
meet their nutritional demand, especially during the
dry season.

Heifers aged 4-9 months are more sensitive to the
pubertal acceleration effects of improved nutrition,'?
which can improve the production and quality of
oocytes and embryos. The most important nutritional
factor affecting reproduction in cattle is the energy
intake.'"" The growth of follicles and ovulation are
dependent on the pulsatile secretion of LH," insulin
and IGF-I, among other factors.'' However, with low-
energy intake, the secretion of these hormones is
inhibited, leading to slow growth and follicle develop-
ment, which delays ovulation.'"'> Therefore, short-
term supplementation with energy dense diets may
improve reproduction in female cattle; increasing diet-
ary energy density has a greater effect than increasing
protein levels. The effects of high energy intake on
follicular dynamics and the developmental competence
of oocytes in cattle may be related to increased plasma
insulin and IGF-I concentrations, compared to a low-
energy diet.'®

According to Davis et al,'”” owing to a rapid
physiological response, the pre-breeding dietary
energy supplementation strategy is of particular inter-
est because it may present a method for enhancing
the success of assisted reproductive technologies. This
suggests that an increase in propionate production
may improve reproductive outcomes. Ovarian tissues
respond directly to metabolic inputs, with consequen-
ces for folliculogenesis, steroidogenesis and the devel-
opment of the oocyte and embryo.'® In addition to
regulating follicular growth, short-term changes in
dietary energy intake can also influence oocyte
morphology and developmental potential.'**°

The nutritional status of an animal is usually
assessed based on changes in its live weight and body
condition. However, these are long-term changes and
many reproductive events, such as ovulation, fertiliza-
tion and placentation occur, over a short period of
time.'" In this context, the aim of this study was to
determine the effects of feeding at two different
energy levels on the quality and quantity of oocytes,
in vitro embryo production and the body development
of prepubertal Nelore heifers.

Materials and methods
Experimental design

The experimental design was randomized. In this
study, 34 prepubertal heifers at 5.5months of age
received the same initial food supplementation in a
creep-feeding system until weaning (6.5 months of
age). After weaning, these animals were divided into
two experimental groups according to age, weight
and total economic genetic merit (MW120g: maternal
effect of weight at 120d of age (kg); DW210g: direct
effect for weight at 210d for age (kg); DW365g:
direct effect for weight at 365d of age (kg); DSC365g:
direct effect for scrotal circumference at 365d of age
(cm); DCFg: carcass finishing (mm?); DSTAYg: stay-
ability (%); D3Pg: probability of precocious calving
(%)) and maintained on one of two nutritional plans
(17 females per treatment) to stimulate oocyte pro-
duction and provide adequate growth for mating.
After 3 months of supplementation (i.e., at 9.5 months
old), animals from both groups underwent follicular
aspiration (OPU) every 21d for three months without
prior follicular wave synchronization. Embryos were
produced in vitro (IEP). The total recovery of oocytes,
quality of oocytes, viable oocytes and blastocyst rates
on culture day 7 were measured. Adult cow oocytes
obtained from local slaughterhouses were fertilized
and used as controls.

The animals were weighed monthly and the average
final weight gain was calculated. In addition, at the
end of supplementation the rib eye area (REA), back
fat thickness (BF) and rump fat thickness (RF) of each
animal were measured via ultrasound. The carcass fin-
ish was measured after adding 35% BF and 65% REF.

Feed supplementation

Throughout the experimental period, all animals had
access to feed bunks containing a mineral supplement
and were provided clean water ad [libitum (Table 1).
All animals had ad libitum access to creep-feeding
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Table 1. Composition of diets NP1 and NP2 during dry and rainy period.

Creep feeding NP1 concentrate—dry

NP2 concentrate—dry NP1 concentrate— NP2 concentrate—

concentrate period period rainy period rainy period

Ingredients (%)

Ground corn 70 76 50 77 80

Ground soybean 27 16 39 17 16

Urea 0 4 5 3 3

Mineral supplement 3 4 6 3 1
Chemical composition (% DM)

DM—dry matter 88.2 85.2 84.5 85.9 85.7

CP—crude protein 19.3 231 334 21.9 21.7

NDF—neutral 14.7 13.4 14.4 13.7 13.9

detergent fibre

ADF—acid 6.1 4.9 6.8 5.1 5.1

detergent fibre

EE—ether extract 7.9 6.1 9.4 6.3 6.2

NFC—nonfibre 574 59.0 45.9 59.9 61.9

carbohydrate

TDN—total 79.8 774 73.7 79.1 80.8

digestible nutrients

Ca—calcium 1.02 1.29 1.74 1.03 0.52

P—phosphorus 0.44 0.53 0.59 0.46 0.33

Mg—magnesium 0.28 0.31 0.26 0.30 0.28

S—sulphur 0.38 0.45 0.47 0.40 0.31
from weighing at 5.5months of age until weaning at ~ OPU and IEP

6.5 months of age, with an average concentrate con-
sumption of 0.568 g/d, equivalent to 0.38% BW. This
creep feed contained 19.3% CP and 79.8% total digest-
ible nutrients (TDN; 3.10 Mcal/’kg of ME) and was
formulated using soybean meal, ground corn and
minerals. After weaning, the animals were divided
into two experimental treatment groups: nutritional
plan 1 (NP1, control) and nutritional plan 2 (NP2).

For NP1, animals were maintained in a deferred
Urochloa brizantha (syn. Brachiaria brizantha) pasture
during the dry season with an average consumption
of concentrate (24.2% CP, 77.4% TDN, 3.0 Mcal/kg
ME) of 1.4kg/d, equivalent to 0.7% BW. This diet was
formulated to achieve a gain of 400 g/d, according to
the methods of Valadares Filho et al.'” At the begin-
ning of the wet season, animals were kept in the same
pasture with an average concentrate (21.8% CP, 79.1%
TDN, 3.07Mcal/kg ME) consumption of 650g/d,
equivalent to 0.25% BW. This diet was used to achieve
a weight gain of 500 g/d (Table 1).

For NP2, the animals received diets containing
26% and 19% more ME than NP1 during the dry
and rainy seasons, respectively. During the dry
season, these animals were kept confined after wean-
ing and were fed an average of 11kg of corn silage
(33.0% DM) and 1kg/d of concentrate (33.4% CP,
72.9% TDN, 2.8 Mcal’kg ME), equivalent to 0.33%
BW. At the beginning of the rainy season, these
animals were supplemented with 1.87kg/d (0.35%
BW) of the concentrate.

Before each OPU session, the presence of corpus
luteum in the ovaries of heifers was evaluated using a
B-mode ultrasound device (SSD 500; Aloka, Tokyo,
Japan) equipped with a 7.5 MHz linear rectal probe to
monitor the onset of puberty. Follicle aspiration was
performed using a real-time B-mode ultrasound scan-
ner (HS 1500; Honda®, Toyohashi, Japan) equipped
with a 7.5MHz convex array transducer (Honda®,
Toyohashi, Japan).

The recovered cumulus—oocyte complexes (COCs)
were classified by quality into grade 1, 2, 3 or 4 based
on the number of layers, expansion of cumulus cells
and cytoplasmic appearance in terms of colour, homo-
geneity and integrity. Only oocytes of grades 1-3, con-
sidered to have the greatest potential to develop into
embryos,”’ were denominated as viable oocytes and
matured and used for fertilization. Briefly, 30 COCs
were cultured in a 2.0mL cryotube with 600puL of
in vitro maturation media covered with 250 puL of
mineral oil. Maturation media consisted of TCM199
with Earle’s salts (Thermo Fisher Scientific, USA) sup-
plemented with 10% foetal bovine serum (FBS, v/v),
0.2mM of pyruvate, 5mg/mL of luteinizing hormone,
1 mg/mL of follicle-stimulating hormone, 75 pug/mL of
amikacin and 1mM of cystamine. The COCs were
matured in drops covered with mineral oil for 22-
24h at 38.5°C in 5% CO, and high O, tension. After
this, COCs were transferred to 100 uL drops of fertil-
ization media, consisting of Tyrode’s albumin lactate
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pyruvate supplemented with 6 mg/mL of bovine serum
albumin (BSA), 0.2 mM of pyruvate, 30 ug/mL of hep-
arin, 20 uM of penicillamine, 10 uM of hypotaurine,
1 uM of epinephrine and 75mg/mL of amikacin. For
fertilization (IVF), conventional commercial semen
from a Nelore bull with proven in vitro fertility was
used. Each COCs drop was fertilized with a final con-
centration of 1 x 10°spermatozoa/mL for 18h at
38.5°C, 5% CO, and high O, tension. Presumptive
zygotes were transferred into drops (200 uL) of modi-
fied synthetic oviduct fluid media supplemented with
2.7mM of myo-inositol, 0.2 mM of pyruvate, 2.5% of
FBS (v/v), 5mg/mL of BSA and 75 ug/mL of amikacin
and cultured in the same conditions as the maturation
and fertilization phases. Embryos were cultured for
7d with evaluations on day 2 for cleavage and day 7
to determine blastocyst production rate. Adult cow
oocytes from a local slaughterhouse were fertilized
and used as the control group.

Assessment of lipid accumulation in the embryos

Twenty expanded blastocysts from each treatment
group were evaluated for lipid accumulation. This
evaluation was performed according to the methods
of Faria et al.** with slight modifications for in vitro
embryos. Firstly, embryos were fixed for 1h in 4%
paraformaldehyde, then washed thrice in PBS and
stored for up to 1week at 4°C in 1% paraformalde-
hyde. After this fixation period, the embryos were
washed twice in PBS supplemented with 0.3% poly-
vinylpyrrolidone (PVP) and then incubated for 30 min
at room temperature in PBS supplemented with 0.2%
Triton. Embryos were then washed thrice in PBS with
0.3% PVP and stained for 1h at room temperature
with Bodipy 493/503 (20 mgmL/L; Molecular Probes,
Eugene, OR, USA) diluted in 50 mL of absolute etha-
nol and 950mL PBS. Embryos were then washed
thrice in PBS with 0.3% PVP, placed individually into
8uL drops of an anti-fade solution (SlowFade™;
Molecular Probes, Eugene, OR, USA) in a polystyrene
petri dish (35.00mm diameter x 10.00mm depth)
and viewed under a confocal microscope. All embryos
were subjected to the same microscopic laser dissec-
tion conditions (LSM Leica Sp8 microscope; New
Orleans, LA, EUA). All liquid droplets were analysed
and photographed using a 20x objective and a 488-
nm argon laser in a fluorescence spectrum between
495 and 505 nm. Embryos were processed one-by-one,
creating 30 cross-sections at 2.96mm intervals. Z-
stacking was used to create images of overlapping sec-
tions. Final images were created for each embryo by

adjusting the scale of grain (8-bit image) and correct-
ing the background using Image] software (National
Institutes of Health, Bethesda, MD, USA). No fluores-
cence compensation was applied and all samples were
proven and photographed following a single set of
parameters. Lipid quantification was calculated as the
ratio of the area occupied by lipids to the total area of
the embryo.

Morphometric traits

REA, BF and RF

Ultrasound scanning was used to obtain carcass traits,
such as REA, BF and RF, in real time in vivo. REA
and BF were measured between the 12 and 13™ ribs,
transversely over the longissimus dorsi muscle, while
RF was measured at the rump, between the ileum and
ischium bones, at the intersection of the gluteus med-
ius and biceps femoris. These traits were obtained
using Aloka 500V ultrasound equipment (Tokyo,
Japan) with a 17.5cm linear probe and a frequency of
3.5MHz with a silicone coupler and vegetable oil as
an acoustic coupler.

Statistical analysis

All analyses were performed using R statistical soft-
ware (version 3.5.1). The homogeneity of variance was
assessed using Leven’s test and data normality was
verified by the Shapiro-Wilk test. The variation in the
number of COCs among the OPU sessions was deter-
mined due to the increase in animal age. When the
ANOVA test detected statistical differences, the
Student t-test was used to compare the treatment
parameters. To compare rates the ANOVA test and
Student t-test group by group were used. These results
were confirmed by the Bonferroni test. All statistical
tests were considered at the 5% probability level.

Results

Prepubertal Nelore cows that received the NP2 diet
had 49% more recovered oocytes than NP1 animals
(p=0.018; Table 2). There was no statistical difference
in the number of grades 1, 2 or 3 oocytes between
treatments; however, the NP2 group had more grade
4 (poor quality) oocytes than the NP1 group
(p=0.008; Table 2). The total number of viable
oocytes per OPU was approximately 42% higher in
NP2 animals than that in NP1 animals (p=0.049;
Table 2). A low variation in the number of oocytes
between the OPU treatments was also observed



(12.30% for NP1 and 13.35% for NP2), indicating that
the increased age of the animals at each OPU had no
influence.

There was no difference in the cleavage rate
between treatments (p =0.57; Table 3); however, NP2
animals had D7 blastocyst rates greater than those of
NP1 animals and lower than those of the control
group, which used oocytes from the ovaries of adult
cows (p=0.047; Table 3).

Lipid accumulation was equally dispersed through-
out the cytoplasm and was not concentrated in a spe-
cific area of the ooplasm in any sample. No difference
in lipid accumulation was observed between the NP1
and NP2 embryos (p =0.066; Table 4 and Fig. 1).

Considering the difference between the initial aver-
age weight and the final average weight, NP2 animals
showed a higher average weight gain than NP1 ani-
mals (p=0.0133; Table 5). The accumulated weight of
the animals was slightly different between groups,
with NP2 animals weighing approximately 15kg more
than NP1 animals (284.88 £20.19 vs 298.19 + 25.15 for
NP1 and NP2, respectively).

Although NP2 animals reached the suggested
weight to begin reproduction, no heifers from either
treatment presented with a corpus luteum in their
ovaries; thus, they remained prepubertal throughout
the experiment.

The results of the morphometric trait analyses are
presented in Table 4. REA and WH values did not
differ between the two treatment groups. Animals fed
NP2 had a mean BF of 3.70 + 0.59 mm, which was sig-
nificantly higher than that of NP1 animals

Table 2. Number of recovery oocytes, viable oocytes and
quality of oocytes (average + standard deviation), obtained per
OPU from Nelore prepubertal heifers feeding with different
nutritional plan.

Treatments

Variables NP1 NP2 p value
Recovery oocytes 99.0+19.85° 148.25 +20.76° 0.018
Viable oocytes 79.75+14.82° 113.25+21.40° 0.049
G1 oocyte 17.0+13.68 220+7.30 0.55
G2 oocyte 12.50 £ 4.65 18.0+4.24 0.14
G3 oocyte 50.25+8,61 73.25+20.07 0.10
G4 oocyte 19.25+8.01° 35.0+6.97° 0.008

Values with different lowercase superscripts in the same row differ signifi-
cantly (p < 0.05).
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(3.11 £0.48 mm; p=0.013). Likewise, the mean RF of
NP2 animals was significantly higher than that of NP1
animals, with a value 1.11 mm greater than that of
NP1 animals (p =0.001; Table 5).

The mean CD of NP2 animals was higher than that
of NP1 animals (p =0.009; Table 3). In addition, NP2
animals had improved carcass finishing compared to
NP1 animals (p < 0.0001; Table 5).

Discussion

The results of this study support the hypothesis that
short-term supplementation with higher energy dens-
ity diets may promote an increase in the number of
total oocytes retrieved, viable oocytes and blastocyst
rates on D7, in association with improved body devel-
opment in prepubertal Nelore heifers.

In the present study, we observed that the number
of retrieved COCs per OPU was 1.49-fold greater with
1.42-fold more viable oocytes in Nelore prepubertal
heifers fed the NP2 diet containing greater ME levels.
Although not measured, these findings indirectly indi-
cate that a larger follicular population was present in
the ovaries of these animals, especially because a low
variation in COCs number among OPUs was
observed. These results indicate that positive effects of
higher dietary energy could be related to major body
development, fat deposition and, consequently, repro-
ductive hormone production. According to Sartori
et al,”> management factors, such as diet type and
feed intake, are known to have a great impact on
oocyte quality and energy intake; these factors can
affect circulating levels of insulin and IGF-1 and are
directly involved in the function of the hypothalamic-
pituitary—gonadal axis.

Female heifers administered the NP2 diet had 1.8-
fold more grade 4 oocytes than NP1 animals; these
oocytes are considered inviable for IVF. It is possible

Table 4. Percentage of the cytoplasm area occupied by lipids
in relation to total area of oocytes matured from prepubertal
heifers feeding different nutritional plan.

Treatments Lipid drop area (%) Standard deviation (%)
NP1 13.80 6.47

NP2 18.05 7.90

p = 0.066.

Table 3. Cleavage and blastocyst rate at D7 from prepubertal heifers feeding of different nutritional

plan.
Treatments
NP1 NP2 IVF control p value
Cleavage rate (%) 82.4 (206/250) 81.9 (295/360) 86.3 (316/366) 0.57
D7 blastocyst rate (%) 24.40 (61/250)° 29.7 (108/360)° 36.3 (133/366)° 0.047

Values with different lowercase superscripts in the same row differ significantly (p < 0.05).
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Figure 1. Representative confocal microscopy (LSM Leica sp8; 488-nm argon laser, 20x objective) of embryos stained with Bodipy
493/503. (A) Lipid analysis of embryo from NP2 treatment and (B) lipid analysis of embryo from NP1 treatment.

Table 5. Parameters (meanz+standard deviation) of body
development performance between prepubertal Nelore heifers
submitted to two nutritional plans.

Parameters NP1 NP2 p value
Weight gain in the period (kg)* 120.71+ 13.81° 135.88+18.55* 0.0133

REA (mm?) 50.16 £2.13 48.78+2.25  0.075
BF (mm) 3.11+0.48° 3.70+£059°  0.013
RF (mm) 4.12+0.99° 523+056° 0.001
WH (cm) 133234269  137.0+9.44 0.197
CD (cm) 5523+3.38°  5831+2.38  0.009
Carcass finish (mm) 3.68+0.64° 474048  0.0001

Values with different lowercase superscripts in the same row differ signifi-
cantly (p < 0.05).

REA: rib eye area; BF: back fat thickness; RF: rump fat thickness; WH:
wither height; CD: chest depth (CD); carcass finish was measured by
adding 35% BF and 65% RF.

*Difference between initial mean weight and final mean weight between
females from treatments NP1 and NP2.

that this could be attributed to the greater amount of
oocytes recovered from available follicles of different
sizes in the ovary of NP2 animals. Despite this
increased number of low-quality oocytes, NP2 diets
increased the number of viable oocytes recovered
compared to NP1 diets (113.25+21.40 vs
79.75+14.82 in NP2 and NP1, respectively). This
result was superior to those reported by Silva et al.**
who obtained 20.60+5.12 viable oocytes per OPU
from prepubertal Nelore heifers of the same age as
the animals in this study. We hypothesize that this
increase in the oocytes quantity and quality in heifers
fed NP2 diets is linked to improved body develop-
ment and moderate fat deposition promoted by this
food supplementation; consequently generating greater
availability of metabolites and improving hormone

balance in prepubertal females. According to Sartori
et al* insulin and IGF-1 are directly involved in the
functioning of the hypothalamic—pituitary-gonadal
axis and are controlled by nutritional status and level
of DM intake.

Some research laboratories have successfully pro-
duced viable embryos from prepubertal heifers®’;
however, oocytes from young females have shown a
lower capacity for embryonic development than
oocytes from adult females,”>*” which may be attrib-
uted to cytoplasmic*® and/or nuclear”” differences.
Furthermore, the oocytes of prepubertal heifers are
known to have a lower number of transcripts than
those of pubertal bovine females.”® In the current
study, NP2 animals had a higher D7 blastocyst rate
than NP1 animals and a lower rate than the control
group (p <0.05), which used oocytes from the ova-
ries of adult cows. Animals receiving more ME likely
produced more propionate and, consequently, more
IGF-1 and progesterone, which could have altered
heifer blastocyst development. One positive effect
that supports this idea is that NP2 animals produced
43% more embryos than NP1 animals. Our results
reinforce the theory of Santos et al.,>! who stated
that nutritional manipulation can influence the com-
petence of oocytes within follicles and the ability of
fertilized ova to result in embryos with high develop-
mental potential.

The D7 blastocyst rate of NP2 heifers (29.7%) was
higher than that of NP1 heifers (24.4%). This result



indicates a beneficial effect of feeding energy dense
diets short-term, which may be related to the
increased production of hormones, such as insulin.
However, high and excessive energy intake over a
long period of time has been shown to have a nega-
tive effect on the blastocyst rate.”> The blastocyst for-
mation rate of NP2 heifers was higher than that
reported by Silva,” who obtained a 19.2% blastocyst
rate in 12-month-old Nelore heifers. The blastocyst
production rate found in the present study was also
higher than that reported by Baruselli et al.,** who
showed that prepubertal females between 8 and
12months of age had a 20.2% blastocyst rate, and
Silva et al.,** who reported a 27.1% blastocyst rate in
13-month-old Nelore heifers.

In our study, greater animal growth and fat depos-
ition in NP2 animals may have positively influenced
the increased number of viable oocytes, allowing them
to present the same potential for embryonic develop-
ment as oocytes from adult cows. Heifers fed diets
that do not meet their nutritional requirements pro-
duce lower quality oocytes and reduced embryo cleav-
age and blastocyst rates compared to animals of a
moderate body condition score fed diets that meet
their requirements. Similarly, obesity in heifers is cor-
related with low-quality embryos and reduced preg-
nancy rates.”

According to Ashworth et al.,’® optimal nutrition
of replacement heifers provides the opportunity for
increased reproductive capacity by improving gamete
quality and embryonic competence, whereas overnu-
trition can lead to obesity, which may result in the
reduced performance of these animals.”” The effects of
obesity on oocyte quality and fertility are complex.
However, there are reports that obesity is related to
mitochondrial damage, endoplasmic reticulum stress
response and dysregulated hormonal synthesis in
granulosa cells (GCs) obtained from individuals with
obesity, whereas none of these changes occur in indi-
viduals with normal weight.”® GCs play important
roles in the development of oocytes and follicles,
including the secretion of essential nutrients and hor-
mones for follicular growth, thereby providing a suit-
able microenvironment for meiosis and oocyte
maturation.”® Another factor that may lead to poor
oocyte quality in individuals with obesity is the expos-
ure of ovarian cells to high levels of fatty acids. This
exposure can result in an inflammatory response
within ovarian follicles, excessive production of ovar-
ian androgens through ineffective oxidation of free
fatty acids in the mitochondria,*® insulin resistance,*!
oxidative damage to DNA, decreased oestradiol levels,
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low ovulation rates and compromised oocyte qual-
ity.®** In our study, the NP2 diet was sufficient to
promote adequate body development and moderate
fat deposition, however, without generating overnutri-
tion and harming the reproduction of the animals.

As heifers fed the NP2 diet received a greater sup-
ply of energy, it was hypothesized that a greater accu-
mulation of lipids could occur in the embryos, which
could compromise their cryopreservation quality.
However, no differences in lipid deposition were
observed between the embryos of heifers subjected to
the two treatments.

Considering weight gain, NP2 animals had a
greater accumulated gain at the end of the trial, with
an average gain 15kg greater than that of NP1 ani-
mals and their final weight was within the recom-
mended weight for artificial insemination. According
to Mousquer et al,*’ the reproductive cyclicity of
bovine females is a consequence of a series of hormo-
nal events and is more closely related to BW than age,
which was confirmed by Gregianini et al.,** who eval-
uated Nelore heifers with a mean age of 12 months. In
those studies, the mean weight of heifers that became
pregnant was 287.27 + 30.28 kg, while that of females
who were not pregnant was 274.84 +29.14 kg, indicat-
ing an influence of weight on reproductive efficiency.
However, in the present study, females from both
treatments did not have a corpus luteum in the ovary
and remained prepubertal. For adequate body devel-
opment, a hormonal protocol may be used to induce
puberty, followed by artificial insemination.

Animals with higher mature BWs tend reach sexual
maturity later®> as they begin fat deposition and the
physiological processes that trigger puberty at an older
age. However, the greater BW of the heifers in the
NP2 group reflects an increased speed of growth and
body development, which could lead to reaching the
body condition that triggers puberty. Studies have
shown that the genetic correlation between BW and
the probability of precocious calving and/or age at
first calving in Nelore cattle is low to moderate but
favourable, especially when evaluated at younger
ages.”® This is likely because younger animals with a
faster growth rate have greater body development,
including fat deposition, a hormone precursor tissue
that leads to the development of the reproductive sys-
tem and sexual maturity.**”~* These reports support
the results obtained in the present study and suggest
that nutritional strategy improvements that lead to
greater BW and anticipate animal development enable
the production of heifers with precocious development
and a younger age at first calving.
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Animals that received a higher supply of energy
(NP2) showed a higher accumulation of general sub-
cutaneous fat (BF) and subcutaneous fat in the rump
(RF) than those that received less energy (NP1). Body
fat is important for the initiation and maintenance of
puberty, nutrition and the rate of weight gain that
acts on intermediary metabolism and can modulate
the generation of gonadotropin hormone-releasing
hormone (GnRH) pulses in the central nervous sys-
tem, initiating the activity of the hypothalamic axis,
and triggering puberty.”® Animals fed the NP2 diet
not only had higher body fat than NP1 animals, but
likely also had a higher proportion of visceral fat; this
total body fat content could influence precocious
puberty in females. According to Basarab et al.,’’
body fat may be responsible for differences in inter-
mediary metabolism and reproductive maturation
rates in young animals. However, no methodology is
currently available to estimate the composition of vis-
ceral tissues in vivo.

Conclusions

Prepubertal Nelore heifers that received short-term
higher energy density diets (NP2) presented an
increase in the number of recovered oocytes, viable
oocytes and embryos produced in vitro. Moreover,
these heifers presented greater weight and fat depos-
ition in the carcass, allowing females to reach the sug-
gested mating weight at 12-14 months of age. The use
of short-term nutrition with higher-density diets is an
option for maximum exploitation of the reproduction
in immature Nelore females for the production of
embryos in vitro and preparation for an artificial
insemination program.
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