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a b s t r a c t

This study aimed to compare the reproductive efficiency of dairy buffaloes subjected to TAI protocols
based on progesterone, estrogen, and equine chorionic gonadotrophin (P4/E2þeCG) during the fall/
winter (n ¼ 168) and spring/summer (n ¼ 183). Buffaloes received an intravaginal P4 device (1.0 g) plus
estradiol benzoate (EB; 2.0 mg im) at a random stage of the estrous cycle (D-12). Nine days later (D-3),
the P4 device was removed and buffaloes were given PGF2a (0.53 mg im sodium cloprostenol) plus eCG
(400 IU im). GnRH (10 mg im buserelin acetate) was administered 48 h after P4 device removal (D-1). All
animals were subjected to TAI 16 h after GnRH administration (D0). Frozen-thawed semen from one bull
was used for all TAI, which were all performed by the same technician. Ultrasound examinations were
performed on D-12 and D-3 to ascertain cyclicity (presence of CL), D-3 and D0 to measure the diameter of
the dominant follicle (ØDF), Dþ10 to verify the ovulation rate and diameter of the corpus luteum (ØCL),
and Dþ30 and Dþ45 to detect pregnancy rate (P/AI 30d and 45d, respectively) and embryonic mortality
(EM). Fetal mortality (FM) was established between 45 days and birth, and pregnancy loss between 30
days and birth. There were significant differences between fall/winter and spring/summer only for
cyclicity rate [76.2% (128/168) vs. 42.6% (78/183); P ¼ 0.02]. The others variables did not differ between
the seasons: ØDF on D-3 (9.6 ± 0.2 mm vs. 9.8 ± 0.2 mm; P ¼ 0.35); ØDF on D0 (13.1 ± 0.2 mm vs.
13.2 ± 0.2 mm; P ¼ 0.47); ovulation rate [86.9% (146/168) vs. 82.9% (152/182); P ¼ 0.19]; ØCL on Dþ10
(19.0 ± 0.3 mm vs. 18.4 ± 0.3 mm, P ¼ 0.20); P/AI on Dþ30 [66.7% (112/168) vs. 62.7% (111/177); P ¼ 0.31];
P/AI on Dþ45 [64.8%% (107/165) vs. 60.2% (106/176); P ¼ 0.37]; EM [1.8% (2/111) vs. 3.6% (4/110);
P ¼ 0.95]; FM [21.9% (18/82) vs. 8.0% (7/87); P ¼ 0.13]; and PL [23.8% (20/84) vs. 12.1% (11/91); P ¼ 0.13].
In conclusion, dairy buffaloes present similar reproductive efficiency in fall/winter and spring/summer
when subjected to P4/E2/eCG-based protocol for TAI.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

The buffalo species shows seasonality during shorter days
(estrus during fall/winter) and typical reproductive seasonal
behavior which intensifies with increasing distance from the
equator [1e4]. This physiological characteristic adversely affects
ues de Paiva, 87, Cidade Uni-

ro).
the buffalo dairy industry and results in seasonal calving and a
dramatic variation of milk supply throughout the year [1,2,5].
Consequently, the availability of buffalo milk for the industry dur-
ing the fall/winter can reach three times the available amount in
the spring/summer [6,7].

Protocols for synchronization of follicular waves and ovulation
to timed artificial insemination (TAI) based on the combination of
progesterone, estradiol, and equine chorionic gonadotropin (P4/
E2þeCG) are able to bypass the reproductive seasonality of female
buffalo [3,4,8e13]. Thus, the buffalo industry might be able to

mailto:bmmonteiro@usp.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.theriogenology.2018.07.004&domain=pdf
www.sciencedirect.com/science/journal/0093691X
www.theriojournal.com
https://doi.org/10.1016/j.theriogenology.2018.07.004
https://doi.org/10.1016/j.theriogenology.2018.07.004
https://doi.org/10.1016/j.theriogenology.2018.07.004


B.M. Monteiro et al. / Theriogenology 119 (2018) 275e281276
benefit from genetic improvements arising from AI as well as
overcome reproductive seasonality, resulting in calving throughout
the year [8,10,14e16].

Although satisfactory pregnancy rates (~50%) were obtained in
synchronized buffaloes with TAI P4/E2þeCG-based protocols dur-
ing the spring/summer [8,9,11], some studies in Italy have shown
high rates of pregnancy loss (PL) when buffaloes were inseminated
during this period [17]. Rates of embryonic mortality (EM) around
10e45% (between 25 and 45 days after AI) [18e25] and fetal
mortality (FM) around 10e15% (between 45 and 70 days after AI)
[22e24] have also been reported during the nonbreeding season.
Although lower rates of EM between 30 and 43 days (~5%) have
been described in Brazil, this data is limited to buffaloes insemi-
nated after estrus detection only during the fall/winter seasons
[26].

Some studies were designed to compare the reproductive effi-
ciency of buffaloes during different reproductive seasons [21,27].
However, these Italian researchers were restricted to describing P/
AI and EM only up to 45 days of gestation, and using a TAI protocol
based on GnRH and PGF2a (Ovsynch). This protocol presents severe
P/AI impairment during spring/summer in relation to fall/winter
when applied to grazing buffaloes kept under tropical conditions
(6.9% vs. 48.8%) [28]. Therefore, there are no studies that describe
the real effects of reproductive seasonality on pregnancy rates (P/
AI), EM, fetal mortality (FM), and general pregnancy loss (PL) of
dairy buffaloes during different reproductive seasons.

Thus, the aim of the present study was to compare the ovarian
responses and reproductive performance of dairy buffaloes sub-
jected to TAI protocol based on P4/E2þeCG during the fall/winter
and spring/summer. The present hypothesis was that the buffaloes
subjected to P4/E2þeCG-based protocol for TAI during the spring/
summer showed a detrimental effect on follicular, luteal, and P/AI
responses, as well as higher EM, FM, and PL rates compared with
buffaloes receiving the same protocol during the fall/winter.

2. Materials and methods

2.1. Ethical considerations

This research (protocol number 2240/2011) was conducted in
accordance with the Ethical Principles in Animal Research adopted
by the “Ethics Committee in the Use of Animals” of the School of
Veterinary Medicine and Animal Science of University of Sao Paulo
and was approved on 06/22/2011.

2.2. Farms and animals

The experiment was conducted in five commercial dairy buffalo
farms of the Ribeira Valley (Farms 1, 2, 3, 4, and 5) located in the
State of Sao Paulo (Table 1), Brazil (southern hemisphere). All farms
Table 1
Number of dairy buffalo cows subjected to P4/E2/eCG-based protocol for TAI during
fall/winter and spring/summer according to farm (1, 2, 3, 4, and 5) and parity (pri-
miparous and multiparous).

Farm Breeding season Total

fall/winter spring/summer

Primiparous Multiparous Primiparous Multiparous

1 0 25 0 26 51
2 2 12 10 15 39
3 0 70 9 68 147
4 9 12 6 14 41
5 1 37 0 35 73
Total 12 156 25 158 351
included in our experiment had already performed synchronized
ovulation programs for timed-AI, so there was previous infra-
structure to perform TAI management, and distribution of births
throughout the year. A total of 351 crossbreed Murrah and Medi-
terranean buffaloes (37 primiparous and 314 multiparous) were
used and maintained exclusively on Brachiaria spp. grass, with free
access to water. One hundred sixty-eight buffaloes were used
during fall/winter (n¼ 168; winter solstice - May to July) and 183
during spring/summer (n¼ 183; summer solstice - November to
January). At each season of the year, all healthy females that were
available for reproduction were included in the study. Data on days
in milk (DIM; 111.1± 8.8 days in fall/winter and 144.3± 8.6 days in
spring/summer) and body condition scores (BCS; 3.3± 0.0 in fall/
winter and 3.3± 0.0 in spring/summer) of the females were
recorded on the first day of the TAI protocol (Day -12). The BCS scale
was from 1 to 5, where 1 corresponded to emaciated animals and 5
corresponded to obese animals [1].
2.3. Synchronization of follicular wave emergence and ovulation
protocol

At a random stage of the estrous cycle (D-12) (Fig. 1), buffalo
cows received 2.0mg of estradiol benzoate (EB; Sincrodiol®, Our-
ofino Agribusiness, Cravinhos, Sao Paulo, Brazil) intramuscularly
(im) and an intravaginal P4 device (1.0 g of P4, Sincrogest®, Our-
ofino Agribusiness, Cravinhos, Sao Paulo, Brazil). Nine days after (D-
3), the P4 device was removed and 0.53mg im of sodium clo-
prostenol (PGF2a; Sincrocio®, Ourofino Agribusiness, Cravinhos,
Sao Paulo, Brazil) and 400 IU im of equine chorionic gonadotropin
(eCG; Novormon®, MSD Animal Health, Sao Paulo, Brazil) were
administered. Ovulation was induced 48 h after the P4 device
removal (D-1), using 10 mg im of buserelin acetate (GnRH; Sincro-
forte®, Ourofino Agribusiness, Cravinhos, Sao Paulo, Brazil). All
animals were subjected to TAI 16 h after the GnRH administration
(D0).

The inseminations were all performed by the same technician
using semen from a single sire with proven fertility in previous TAI
programs. All batches of semen used in this study were evaluated
through computerized analysis of sperm cells (CASA), using the
Hamilton Thorne system (Hamilton Thorne Research, Beverly, USA)
used for cattle. The evaluations were conducted in the Andrology
Laboratory of the Department of Animal Reproduction, University
of Sao Paulo, Sao Paulo, Brazil.
2.4. Ultrasonographic evaluation

The females underwent ovarian follicular dynamic evaluation
with a linear transducer of 5.0 MHz (Chison D600Vet, Shenzhen,
Fig. 1. Schematic diagram of TAI protocol based on P4/E2 plus eCG during fall/winter
and spring/summer. EB e 2.0 mg of estradiol benzoate; P4 e1.0 g of intravaginal
progesterone device; PGF2a e 0.53 mg of sodium cloprostenol; eCG e 400 IU of equine
chorionic gonadotrophin; GnRH - 10 mg of buserelin acetate; TAI e timed artificial
insemination; OV e ovulation rate; PD e pregnancy diagnosis; Calving e birth rate;
Cyclicity e presence of corpus luteum on D-12 and D-3; ØDF e diameter of dominant
follicle on D-3 and D0; ØCL e diameter of corpus luteum on Dþ10; Embryo survival e
Pregnancy per AI (P/AI) on Dþ30 and Dþ45 after TAI.



Table 2
Reproductive performance (mean± SEM) of dairy buffalo cows subjected to P4/E2/
eCG-based protocol for TAI during fall/winter and spring/summer.

Breeding season P

fall/winter spring/summer

Number of animals 168 183 .
Cyclicity (%) 76.2 (128/168) 42.6 (78/183) 0.02
ØDF iP4 removal (mm) 9.6± 0.2 9.8± 0.2 0.35
ØDF TAI (mm) 13.1± 0.2 13.2± 0.2 0.47
Growth rate of DF (mm/day) 0.06± 0.0 0.06± 0.0 0.92
Ovulation rate (%) 86.9 (146/168) 83.5 (152/182) 0.19
Ovulation before AI (%) 13.0 (19/146) 21.0 (32/152) 0.58
ØCL Dþ10 (mm) 19.0± 0.3 18.4± 0.2 0.20
P/AI Dþ30 (%) 66.7 (112/168) 62.7 (111/177) 0.31
P/AI Dþ45 (%) 64.8 (107/165) 60.2 (106/176) 0.37
Embryonic mortality (%) 1.8 (2/111) 3.6 (4/110) 0.95
Fetal mortality (%) 21.9 (18/82) 8.0 (7/87) 0.13
Total pregnancy loss (%) 23.8 (20/84) 12.1 (11/91) 0.13

Cyclicity e Buffalo with CL at P4 intravaginal device implant and/or removal; was
considered cyclic.
ØDF e Diameter of dominant follicle.
Growth rate of DF - Difference between the ØDF at TAI and the ØDF at P4 device
removal; Ovulation before TAI - Presence of dominant follicle �7 mm at D9 (P4
device removal) and presence of CL in the same ovary 10 days after TAI; however, no
follicles�5 mmwere detected at the time of TAI (D12); P/IA Dþ 30e Pregnancy per
AI 30 d after TAI.
P/IA Dþ45 - Pregnancy per AI 45 d after TAI.
Embryonic mortality e Embryonic loss between 30 and 45 d after TAI; Fetal mor-
tality e Pregnancy loss between 45 d after TAI and birth; Total pregnancy loss e

Pregnancy loss between 30 d after TAI and birth.
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China). The ultrasound examinations were all performed by the
same examiner, using the same settings and image resolutions.
Cows were evaluated (Fig. 1) according to the following: cyclicity [a
buffalo was considered cyclic in the presence of a corpus luteum
(CL) at the P4 device implantation (CL D-12) and/or removal (CL D-
3)]; diameter of the dominant follicle (ØDF) at P4 device removal
(ØDF D-3) and at TAI (ØDF D0); diameter of the CL 10 days after TAI
(ØCL Dþ10); and growth rate of the DF (mm/hour) calculated as the
difference between the ØDF measured at TAI and at P4 device
removal [divided by 60 h between the P4 device removal (D-3) and
TAI (D0)].

The ovulation rate (Ov) was determined 10 days after TAI based
on the presence or absence of a CL in the same ovary containing the
DF on both D-3 and D0 of the synchronization protocol. Ovulation
before AI occurred when the buffalo had a DF� 7mm [29] on D-3
and a CL 10 days after TAI in the same ovary, without any follicle
�5mm present at TAI (D0).

Pregnancy diagnosis was performed at 30 d (P/AI Dþ30) and
45 d (P/AI Dþ45) after TAI, with the detection of a viable embryo
compatible with these periods used as an indicator of pregnancy.
Pregnancy per AI (P/AI) was calculated as the number of pregnant
buffaloes divided by the number of inseminated buffaloes. The
embryonic mortality (EM) was determined based on the number of
cases in which the embryo or the embryo heartbeat was absent at
45 d after TAI compared with the total number of females that had
embryos with beating hearts at 30 d {EM ¼ [(No. of pregnant
buffaloes at 30 d - No. of pregnant buffaloes at 45 d)/No. of pregnant
buffalo at 30 d]*100}.

The parturitions of buffaloes diagnosed as pregnant at P/AI 45 d
in 4 of 5 farms used in this study (farms 1, 2, 3, and 4) were fol-
lowed. Fetal mortality (FM) was determined when a buffalo diag-
nosed as pregnant at 45 d did not give birth to a live calf at the
expected time {FM ¼ [ No. of pregnant buffaloes at 45 d - No. of live
caves born of pregnant buffaloes at 45 d)/No. of pregnant buffalo at
45 d]*100}. Pregnancy loss (PL) was determined when a buffalo
diagnosed as pregnant at 30 d did not give birth to a live calf at the
expected time {PL ¼ [(No. of pregnant buffaloes at 30 d - No. of live
calves born of pregnant buffaloes at 30 d)/No. of number of preg-
nant buffaloes at 30 d]*100}.

2.5. Statistical analysis

Continuous variables were presented as the mean± standard
error of the mean (mean± SEM) and frequency of occurrence (%)
for binomial variables. The comparison among variables for each
breeding season (fall/winter or spring/summer), farms (1, 2, 3, 4,
and 5), and their interactions was performed by analysis of variance
(ANOVA), using the GLIMMIX procedure of SAS® version 9.3 (SAS/
STAT, SAS Institute Inc., Cary, NC, USA).

To determine the effect of the season on reproductive efficiency,
the statistical models were formed by classificatory variables (P-
values of season, farm, and interaction season*farm) and linear
effect variables (DIM, BCS, CL, batch, and parity). The reproductive
efficiency was measured by means of continuous response vari-
ables (ØDF D-3, ØDF D0, growth rate of DF and ØCL Dþ10;
dist¼ normal) and binomial response variables (cyclicity, ovulation
before AI, Ov, P/AI Dþ30, P/AI Dþ45, EM, FM, and PL;
dist ¼ binomial). The relationships between the ØDF D0 with
ovulation; ØCL Dþ10; pregnancy at 45 d; and occurrence of EM, FM,
and PL were determined. Correlation analysis among all response
variables was performed using the CORR RANK procedure of SAS.
Relationships among the ØDF, ovulation rate, ØCL, and P/AI Dþ45,
and the occurrence of EM, FM, and PL, we determined from these
correlations. Logistic regression curves were created using the co-
efficients provided by the interactive data analysis from SAS
[Logit ¼ intercept þ slope*(ØDF)]. The probability curves were
obtained using the following formula: Y ¼ [EXP(logit)/
1 þ EXP(logit)]*100.

Additionally, the adjusted odds ratio (AOR) were generated with
their respective confidence intervals (CI - 95%) for the occurrence of
P/IA Dþ45 and FM in relation to classes including: Farm (1, 2, 3, 4, or
5); Parity (primiparous or multiparous); DIM (44.9 ± 1.4,
102.1 ± 2.9, or 241.1 ± 11.0); BCS (�2,5, 3.0, 3.5, or �4,0); and
Ovulation before AI (Before AI or After IA). The results were pre-
sented as a percentage (%) and AOR (minimum-maximum).

The continuous response variables were subjected to the
response scaling test through the Guided Data Analysis solution of
SAS. Variables that did not follow these assumptions were trans-
formed accordingly. The graphics were created using Sigmaplot
12.0 software programs (Systat Software GmbH, Erkrath, Germany).
The tables were created using Microsoft Excel version 2007 for
Windows 7.0. Differences were considered significant when
P� 0.05 and tendencies were determined when P� 0.10.
3. Results

Data relating to reproductive efficiency is shown in Table 2. The
females synchronized during spring/summer showed a lower
cyclicity rate (P ¼ 0.02). The other variables did not differ between
the seasons. There was no effect on the interaction between the
reproductive season and farm (P-value of season*farm) for any of
the studied variables.

The correlations between reproductive variables are presented
in Table 3. The ØDF D0was positively correlatedwith the ØCL Dþ10,
ovulation rate, and P/AI Dþ30 and Dþ45. Similarly, the ØCL Dþ10
showed a positive correlation with the rates of P/AI Dþ30 and
Dþ45. However, the ØDF on D0 was negatively correlated with the
occurrence of embryonic mortality (see ).

As shown in Fig. 2, the raise of ØDF D0 increases the probability
of ovulation (Panel A) and of P/AI Dþ45 (Panel B). Also, the ØDF D0
influences the probability of occurrence of embryo mortality. It was



Table 3
Correlation coefficients (r) probability (P) and number of occurrences (No.) among the variables of ovarian follicular dynamics and reproductive efficiency indexes.

ØDF D0a ØCL Dþ10b Ovc P/AI 30 dd P/AI 45 de EMf FMg

ØDF D0
r 1 0.27864 0.50794 0.33088 0.34363 �0.14159 �0.08735
P <0.0001 <0.0001 <0.0001 <0.0001 0.0513 0.303
No. 293 240 292 287 284 190 141
ØCL Dþ10
r 1 e 0.14861 0.13785 0.01638 0.0157
P - 0.0114 0.0199 0.8104 0.8408
No. 293 293 289 285 217 166
Ov
r 1 0.5631 0.54097 e e

P <0.0001 <0.0001 - -
No. 350 345 341 221 169
P/AI 30 d
r 1 0.96281 0.01596 e

P <0.0001 0.8134 -
No. 345 341 221 169
P/AI 45 d
r 1 �0.86199 e

P <0.0001 -
No. 341 221 169
EM
r 1 e

P -
No. 221 169
FM
r 1
P
No. 169

a ØDF e Diameter of dominant follicle.
b ØCL Dþ10 e Diameter of corpus luteum 10 d after TAI.
c Ov e Ovulation.
d P/AI 30 d e Pregnancy per AI 30 d after TAI.
e P/AI 45 d e Pregnancy per AI 45 d after TAI.
f EM - Embryonic loss between 30 and 45 d after TAI.
g FM e Pregnancy loss between 45 d after TAI and birth.
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possible to observe a negative correlation between the ØDF D0 and
the probability of occurrence of embryonic mortality between 30
and 45 days after TAI (Panel C). Regarding the relationship between
ØDF D0 and ØCL Dþ10 (Panel D), there was a positive linear
response (R2¼ 0.08; P< 0.01) showing a direct relationship be-
tween follicle size and CL formation after ovulation.

The P/AI Dþ45 (Table 4) was not influenced by farm (P ¼ 0.52),
parity (P ¼ 0.27), DIM (P ¼ 0.58), or BCS (P ¼ 0.20). However, P/AI
Dþ45 had a three-fold increased risk for occurrence in animals that
ovulated after TAI, compared to those who ovulated before the TAI
(P < 0.01). Regarding risk factors for the occurrence of fetal mor-
tality, it was observed that gestational failures occurring between
pregnancy diagnosis at 45 days and parturitionwere not affected by
farm (P ¼ 0.18), parity (P ¼ 0.58), DIM (P ¼ 0.32), BCS (P ¼ 0.64), or
ovulation before AI (P ¼ 0.67).

4. Discussion

Unexpectedly, the results of the present study showed compa-
rable outcomes in terms of follicular growth, ovulation rate, P/AI,
and pregnancy loss in buffaloes subjected to P4/E2þeCG-based
protocol for TAI during the breeding (fall/winter) and
nonbreeding seasons (spring/summer), even though cyclicity rates
have been lower during the spring/summer. These data support the
use of an alternative method to enhance reproductive performance
of dairy buffaloes artificially inseminated throughout the year.

As expected, buffaloes had a lower cyclicity rate during the
spring/summer, which is the nonbreeding season. The condition of
anestrus was previously described in buffaloes, and is closely
related to seasonality and poor body condition scores [30e33].
However, in the present study the body condition scores were
similar between seasons. Thus, the lower cyclicality rate observed
during the spring/summer can be attributed to the reproductive
seasonality of buffaloes, corroborating previous studies [2].

The diameters of the dominant follicle and the corpus luteum,
the ovulation rate, and P/AI after TAI protocol did not differ be-
tween seasons. Similar results were described in previous studies
using P4/E2/eCG-based protocol for TAI only during the spring/
summer [13,34,35] and only during fall/winter [36]. Furthermore,
other studies also found similar P/AI between the fall/winter and
spring/summer, with P/AI of 50.0% and 47.9% [27], and 55.2% and
70.1% [21], respectively. Thus, the data of the present study support
that TAI can be used throughout the year, without compromising
the follicular and luteal development, ovulation rates and P/AI of
dairy buffaloes.

Under the breeding conditions of the present study, the results
could have not been confirmed if the Ovsynch protocol was used for
TAI. In a previous study, lower P/AI were observed during the
spring/summer in relation to fall/winterwhen Ovsynch protocol for
TAI was used (6.9% vs. 48.8%) [28]. Essentially, the first GnRH of the
Ovsynch protocol causes ovulation of a dominant follicle with
ovulatory capacity and induces a new follicular wave, on average 2
days later [37]. The ovulation after the first GnRH depends of the
diameter of the largest follicle at the time of treatment. The buf-
faloes that ovulate after GnRH treatment present larger follicles
than those animals that did not ovulate (9.5 þ 1.7 mm vs
6.9 þ 2.4 mm) [28]. During the seasonal anestrus, buffaloes have
insufficient LH to support the final stages of follicular development
and the subsequent estrus behavior and ovulation [4]. Souza et al.
[38] verified that buffalo without a CL at the beginning of the
protocol responded poorly to the first (42.0% vs. 89.8%) and second
(52.0% vs 87.8%) GnRH treatments, and these ovulatory failures
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Fig. 2. Probability of ovulation after TAI protocol (Panel A), probability of pregnancy 45 d after TAI (Panel B), probability of embryonic mortality (EM) between 30 and 45 d of
gestation (Panel C), and non-polynomial simple regression of diameter of corpus luteum (ØCL) 10 d after TAI (Panel D) according to the diameter of the DF at TAI in dairy buffalo
cows (n ¼ 351) subjected to P4/E2/eCG-based protocol for TAI during fall/winter and spring/summer. Panel A - Probability of ovulation ¼ exp[-6.0197 þ 0.6325(ØDF D0)]/1 þ exp
[-6.0197 þ 0.6325(ØDF D0)]; P < 0.01. Panel B - Probability of pregnancy ¼ exp[-3.1120 þ 0.2876(ØDF D0)]/1 þ exp[-3.1120 þ 0.2876(ØDF D0)]; P < 0.01. Panel C - Probability of
EM ¼ exp[1.5916e0.4044(ØDF D0)]/1 þ exp[1.5916e0.4044(ØDF D0)]; P ¼ 0.05. Panel D - Predictive regression of ØCL ¼ 13.48 þ 0.39(ØDF D0); P < 0.01; R2¼ 0.08.
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resulted in a lower pregnancy rate after TAI (20.0% vs. 65.3%,
respectively) compared to the animals with a CL. Therefore, buf-
faloes in seasonal anestrus present low ovulation capacity after
GnRH treatment, and the Ovsynch protocol might not be able to
induce a new CL to increase circulatory P4 concentration to restore
the LH pulsatility and the cyclicity [39,40]. The low ovulation rate
after GnRH treatment and P/AI found in the Ovsynch protocol
during spring/summer raises doubts about the efficacy of using this
protocol during the seasonal anestrus [28,36,38,41]. Thus, the re-
sults of this experiment suggest that the protocol based on P4/
E2þeCG can be an alternative to the synchronization of ovulation
during both seasons.

Probably, the similar reproductive efficiency found during both
breeding seasons can be explained due to the use of P4/E2þeCG-
based protocol for TAI. Previous studies carried out in anestrous
cattle during the postpartum period have shown that treatment
with P4 results in increased LH pulse frequency during and after the
treatment period [42]. The exposure of anestrous cattle to P4
resulted in greater follicular fluid volume and circulating
concentrations of E2, as well as increased numbers of LH receptors
on granulosa and theca cells of preovulatory follicles [31,42]. In
addition to the treatment of P4/E2 stimulating follicular growth, it
has been reported that eCG was able to bind in both FSH and LH
receptors, and its parenteral administration stimulated follicular
growth in cattle [43] and in buffaloes [11]. The treatment with eCG
at removal of the P4 device during a P4/E2-based protocol
increased the diameter of the dominant follicle and ovulation rate,
CL growth rate, and P4 concentrations during the initial early
diestrus following synchronized ovulation and pregnancy rates
after TAI in anestrous buffalo [11,44]. Thus, the P4/E2-based pro-
tocol plus eCG should be considered to promote similar reproduc-
tive performance in dairy buffaloes during the fall/winter and
spring/summer.

In this study, no differences were founded between the embry-
onic mortality, fetal mortality, and pregnancy loss between the fall/
winter and spring/summer. Similar results of EM were obtained in
previous studies in buffaloes subjected to TAI during both repro-
ductive seasons [14.8% (7/47) vs. 31.9% (15/47) [21]; and 7.1% (26/



Table 4
Risk factor [odds ratio e OD (95% of confidence interval)] for pregnancy per AI on day 45 after timed artificial insemination (TAI) and for fetal mortality (FM) in dairy buffalo
subjected to P4/E2/eCG-based protocol for TAI during fall/winter and spring/summer.

Variable P/AI Dþ45 (%)d Adjusted OR (95% CI) P Fetal Mortality (%)e Adjusted OR (95% CI) P

Farm
1 60.8 (31/51) referent 0.52 26.7 (8/30). referent
2 74.4 (29/39) 1.871 (0.749e4.675) 6.9 (2/29) 0.204 (0.039e1.072) 0.18
3 59.9 (88/147) 0.962 (0.500e1.851) 14.8 (13/88) 0.477 (0.174e1.306)
4 58.5 (24/41) 0.911 (0.393e2.112) 9.1 (2/22) 0.275 (0.051e1.469)
5 65.1 (41/63) 1.202 (0.558e2.589) . .
Parity
multiparous 63.5 (193/304) referent 0.27 15.3 (23/150) referent 0.58
primiparous 54.1 (20/37) 0.677 (0.339e1.349) 10.5 (2/19) 0.650 (0.139e3.037)
DIM (days)a

44.9 ± 1.4 66.0 (62/94) referent 0.58 16.7 (10/60) referent 0.32
102.1± 2.9 58.7 (54/92) 0.733 (0.403e1.333) 18.9 (10/53) 1.163 (0.439e3.079)
241.1± 11.0 60.9 (56/92) 0.803 (0.440e1.463) 8.9 (5/56) 0.490 (0.155e1.549)
BCS (1e5)b

�2.5 50.5 (12/24) referent 0.20 9.1 (1/11) referent 0.64
3.0 65.0 (80/123) 1.860 (0.768e4.508) 14.9 (10/67) 1.754 (0.199e15.499)
3.5 66.0 (93/141) 1.937 (0.807e4.652) 13.3 (10/75) 1.538 (0.174e13.565)
�4.0 52.8 (28/53) 1.120 (0.425e2.950) 25.0 (4/16) 3.333 (0.314e35.439)
Ovulation before AIc

ovulation before TAI 52.0 (26/50) referent <0.01 12.0 (3/25) referent 0.67
ovulation after TAI 77.9 (187/240) 3.257 (1.725e6.151) 15.3 (22/144) 1.322 (0.361e4.844)

a DIM e Days in milk.
b BCS e Body condition score (1e5).
c Ovulation before TAIe Presence of dominant follicle�7mmat D9 (P4 device removal) and presence of CL in the same ovary 10 days after TAI, however, no follicles�5mm

were detected at the time of TAI (D12).
d P/AI Dþ45 e Pregnancy per AI 45 days after TAI.
e FM e Pregnancy loss between 45d after TAI and birth.
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368) vs. 9.9% (35/354) [27] for fall/winter and spring/summer,
respectively]. The result of the present study suggest that the
reproductive season does not interfere in the pregnancy losses of
buffaloes synchronized to TAI with the protocol based on P4/
E2þeCG.

Since there was no interaction between the reproductive seasons
and farms for any of the variables, the data were unified for proba-
bility analyses. A positive correlation between ØDF at TAI (D0) and
ovulation and pregnancy rates was observed. The association be-
tween the follicular diameter and the risk of ovulation or pregnancy
have also been reported in Bos taurus dairy cows [45e47], Bos taurus
beef heifers and cows [48,49], Bos indicus beef heifers and cows
[50e52], and dairy buffaloes [36]. Also, it was demonstrated that
ØDF D0 showed a negative correlation with the occurrence of em-
bryonic mortality. Although we did not measured the circulating
concentrations of estradiol in this experiment, we expect that higher
concentrations of this hormone would be found in buffaloes with
larger follicles, given that the follicular measures are directly related
to the production of estradiol [53e55]. Increased preovulatory con-
centrations of estradiol resulted in increased fertilization success,
influencing embryo survival and the uterine environment [56].
Therefore, this highlights the importance of promoting the devel-
opment of healthy ovulatory follicles during TAI protocols, which
would increase the likelihood of ovulation and pregnancy after TAI.

The results allow us to conclude that dairy buffaloes reared
under grazing tropical conditions can show similar reproductive
efficiency after TAI protocols, even with marked reproductive sea-
sonality. Thus, the P4/E2/eCG-based protocol should be considered
to enhance the reproductive efficiency in lactating buffaloes
(Bubalus bubalis) subjected to TAI programs during the breeding
and nonbreeding season.
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