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Abstract

The aim of the present study was to evaluate the impact of the technological
level in small-scale dual-purpose cow-calf Bos indicus female operations on
the resumption of the ovarian activity post-partum. A total of 13 small scale
dual-purpose Bos indicus x Bos taurus operations were included in this expe-
riment and they were classified according to their technological status as:
high technological status (HT), medium technological status (MT) and low
technological status (LT). Ninety-three mature cows were treated with either
a CIDR (controlled internal drug release device) with estradiol benzoate
(CIDR+EB) or alone (CIDR). At day 9 all animals received intravaginally a
CIDR for nine days. At day 0, the CIDR was withdrawn and 24 hours later
one dose of estradiol benzoate was administered to 51 cows (17 in HT, 17 in
MT and 17 in LT), the remaining animals (n = 42) did not receive the estra-
diol benzoate administration (14 in HT, 13 in MT and 15 in LT). Compari-
sons were performed on serum progesterone concentrations after CIDR
treatment. By day 7 after implant withdrawal, the proportion of cows that
resume ovarian activity detected by progesterone concentration increased in
all technological level farms, no statistical main effect was observed within
technological level. By day 17 there was a significant main effect of technolo-
gical level (P = 0.05) on the proportion of animal that resumed the estrous
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cycles, but neither a main effect of treatment (P = 0.97) nor an interaction
between technological level and treatment (P = 0.98). Furthermore, technolo-
gical level of the farm showed a tendency (P = 0.07) to affect that resume the
estrous activity, and a significant effect of treatment was observed (P = 0.005)
but no interaction between technological level and treatment. The proportion
of cows that showed estrus was different across technological level (P = 0.02),
the highest proportion of cows showing estrus regardless of treatment was in
the HT: 90% (40% CIDR and 50% CIDR+EB), MT: 50% (13.3% CIDR and
36.7% CIDR+EB) and in the LT: 50% (18.8% CIDR and 31.3% CIDR+EB). In
conclusion, the combination of a progestogen and estradiol benzoate resulted
in a high proportion of cows that were induced to resume the ovarian activity
and this treatment was particularly beneficial in the medium and low tech-
nological status of the farms.
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1. Introduction

Small scale operations (less than 100 animals) dominate the landscape of Lat-
in-American countries livestock production. This type of production is charac-
terized by a low input level (capital, technology, nutrition, management and la-
bor) and small to moderate outputs [1] [2] [3]. Small scale dual-purpose cattle
producers face several challenges that limit the productivity and reproductive
performance and impede the growth and development of the industry. Among
these challenges are the environmental factors, genetics and breeds of the ani-
mals, nutritional needs, health and the overall management of the animal [4] [5].
Furthermore, some of the most important limitations for these producers is the
low reproductive performance showed by the animals resulting in extended
calving intervals, prolonged ovarian inactivity after calving, reproductive diseas-
es and increase culling rates in addition to low productivity of the farms [2] [6].
Traditionally, reproductive performance of Bos indicus cattle raised in the trop-
ics is very low and has been attributed to many factors such as poor nutrition,
seasonality of the grasses, failure to resume the ovarian activity after parturition,
lack of sexual receptivity, and reproductive diseases [7]. Estrous synchronization
programs were developed to control the follicular development and set the tim-
ing at which a female showed sexual receptivity therefore facilitating the artificial
insemination of the females [8] [9]. Additionally, estrous synchronization pro-
grams also aim to induce the resumption of estrous cycles after calving which is
a feasible approach to improve the reproductive performance of the cows [10].
However, for a small-scale producer, it can be hard and costly to implement
these reproductive programs. Another challenge that small-scale cattle produc-

ers experience is that most of the synchronization programs have been devel-
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oped in large scale operations with excellent management and technology and
not necessarily transferable to the conditions present in small operations and in
tropical environments [1] [11]. Finally, in order to induce the resumption of the
ovarian activity, it is necessary to include a therapy that involves a progestogen
compound either alone or with the application of prostaglandin F2a or the ad-
ministration of estradiol benzoate. These regimes have resulted in highly varia-
ble rates in the efficacy to induce the resumption of the ovarian activity postpar-
tum [7] [12]. Therefore, the aim of the present study was to evaluate the impact
of the technological level in small-scale dual-purpose cow-calf operations on the
resumption of the ovarian activity post-partum of Bos indicus cows with an in-
duction program using a CIDR with either the administration of estradiol ben-

zoate or alone.

2. Material and Methods

All experimental procedures conducted on the animals were approved by the
National Autonomous University of Mexico Animal Care and Use Committee
approved in January 2013. A total of 13 small scale dual-purpose Bos indicus x
Bos taurus operations were included in this experiment. These farms were lo-
cated in the state of Veracruz (southeast of Mexico) with sub-tropical weather,
averaging 1108 mm of annual precipitation and an average temperature of
25.0°C and 81% of humidity.

All farms were classified according to their technological status as: high, me-
dium or low. The definition of the technological status was as follows:

High technological status (HT): Farms implemented improved grazing sys-
tems and seeding grass such as Africa star grass (Cynodon plectostachyus),
African Bermuda grass (Cynodon nlemfuensis), Pangola grass (Digitaria de-
cumbens), Signal grass (Brachiaria decumbens), with nutritional supplementa-
tion at the time of milking, annual preventive veterinary medicine programs
(vaccinations and deworming) at the farm and consultation with a veterinarian
when a medical treatment is necessary for an animal. Finally, these farms had a
computer with health, reproductive and productive records.

Medium technological status (MT): These farms had all the characteristics of a
high technological status but not computer or records.

Low technological status (LT): These farms fed their animals with native
grazing pastures that included Bahiagrass (Paspalum spp.) and carpet grass
(Axonopus spp.) with no supplementation, and lack of preventive veterinary

medicine and no veterinarian, and no records are collected.

2.1. Animals and Treatments

Ninety-three mature Bos indicus x Bos taurus cows were used in this experi-
ment, the characteristics of the cows at the beginning of the experiment are
shown in Table 1. All cows were treated with either a CIDR with estradiol ben-
zoate (CIDR+EB) or alone (CIDR). Briefly, the body condition score (BCS) in a
scale of 1 - 5 (where 1 = emaciated and 5 = obese) was recorded at day 9 (day of
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Table 1. The descriptive statistics of the cows from the different levels of technology at
the farm at the beginning of the experiment (High technology = HT, Medium technolo-
gy = MT and Low technology = LT) included in the experiment. Different literal within
row significantly differ.

Technological status

HT (n = 31) MT (n = 30) LT (n=32)

Variable 4 farms 4 farms 4 farms Pvalue
Age of the cows (years) 7.09 £ 2.69 548 +1.71 5.81+1.83 0.08
Number of parturitions/cow (n) 3.58 +2.15 2.23 + 1.35 2.68 + 1.83 0.11
Postpartum days 67.74 £ 11.53 67.1+7.71 70.03 + 10.66 0.62
Body condition score

D-9 1.83 £ 0.32 1.65 £ 0.23 1.81 £ 0.32 0.09
D17 1.90 £ 0.32a 1.56 £ 0.31b 10.70 + 0.37b 0.01

CIDR insertion), and day 17. All animals received intravaginally a controlled in-
ternal drug release devise (CIDR, containing 1.9 g of progesterone; Zoetis Ani-
mal Health) for nine days. At day 0, the CIDR was withdrawn and 24 hours later
1 mg of estradiol benzoate (Estradiol benzoate; Zoetis Animal Health) was ad-
ministered intramuscularly to 51 cows (17 in HT, 17 in MT and 17 in LT), the
remaining animals (n = 42) did not receive the estradiol benzoate administration
(14, 13 and 15 in HT, MT and LT, respectively). At day 0 the calves were sepa-
rated from their dams for 48 hours. The characteristics of the animals are pre-
sented in Table 1.

2.2. Reproductive and Productive Evaluations

Evaluation of the reproductive tract was be performed using an ultrasound
(Aloka SDD 500; Aloka CO. LTD, Japan) screening of the ovarian structures
performed at the day of the CIDR insertion. During this evaluation, the diameter
of the dominant follicle and the presence of Corpus luteum were recorded [13]
[14]. Additionally, blood samples (approximately 10 mL) were taken from veni-
puncture of the coccygeal vein or artery of the tail using a monoject tube (red
cap 16 mm x 100 mm, Coviden, Mansfield, MA, USA). In order to assess the
progesterone concentration and determine if the female had a functional Corpus
luteum (defined as blood serum progesterone concentration greater than 1
ng/mL), blood samples were collected at day 9, day 7, day 17 and day 45 (at this
day ultrasonography of the ovarian structures were not assessed) [15]. Samples
were centrifuged at 2000 xg for 20 min and the serum was stored at —20°C for
progesterone analysis. These tests were carried out in the endocrinology labora-
tory of the Veterinary School of the Universidad Nacional Auténoma de México.
Serum concentrations of progesterone were determined through a solid phase
RIA (Coat a Count®, Diagnostic Products Corporation, Los Angeles, CA, USA).
The bound fraction was quantified in a gamma radiation counter for 1 min and

calculations were performed by means of the Riastat software. Assay sensitivity
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was 0.1 ng/ml, while intra-assay variance coefficient was 3.33%.

3. Statistical Analysis

Descriptive statistics (PROC MEANS procedure in SAS for windows version 9.4,
SAS Institute, Cary, North Carolina, USA) was calculated for all the variables
assessed in this experiment. Initial comparisons were performed between farms
to determine the main effect of the farm and the treatment. No farm statistical
significance effect was observed; therefore, the farms were pooled into their
technological level. A general linear model (PROC GLM in SAS) with a 2 x 3
factorial arrangement, (two synchronization regimes, and three technological
levels) was used to determine differences between BCS and dominant follicular
diameter. Finally, to determine differences between binomial responses such as
induction to resumption of ovarian activity and the display of sexual receptivity
a logistic regression model was constructed using the PROC GLIMMIX proce-
dure in SAS, the technology level of the farm and the treatment (either CIDR+EB
or CIDR alone) were used as a fixed effect. Statistical difference among variables
was established at a = 0.05. Results are presented as means + standard devia-

tions.

4. Results

Opverall, the proportion of cows that were in anestrus at the beginning of the ex-
periment was similar across technological levels. However, by day 7 after im-
plant withdrawal, the proportion of cows that resume ovarian activity detected
by progesterone concentration (>1 ng/ml) increased in all technological level
farms, no statistical main effect was observed within technological level, howev-
er, it was observed a significant effect of treatment (P = 0.003) in technological
level medium and low (Figure 1). Specifically, in the MT, out of the 44% of cows
that were found to be cycling, 31% belonged to CIDR+EB and 17.24% to CIDR
(P = 0.04). Similarly, in the LT, out of the 34% of the cows that resume estrous
cycles 6.2% were from CIDR treatment and 28.1% from CIDR+EB (P = 0.03). By
day 17 there was a significant main effect of technological level (P = 0.05) on the
proportion of animal that resumed the estrous cycles, but neither a main effect
of treatment (P = 0.97) nor an interaction between technological level and
treatment (P = 0.98). Furthermore, technological level of the farm showed a
tendency (P = 0.07) to affect that resume the estrous activity, a significant effect
of treatment was observed (P = 0.005) but no interaction between technological
level and treatment (Figure 2).

The proportion of cows that showed estrus was different across technological
level (P = 0.02) (Figure 3). The highest proportion of cows showing estrus re-
gardless treatment was in the HT: 90% (40% CIDR and 50% CIDR+EB), MT:
50% (13.3% CIDR and 36.7% CIDR+EB) and in the LT: 50% (18.8% CIDR and
31.3% CIDR+EB).

The diameter of the dominant follicle was the time of the CIDR insertion was
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Figure 1. Proportion cows that resumed the estrous cycle across time and according to
the different levels of technology at the farm (High technology = HT, Medium tech-
nology = MT and Low technology = LT) included in the experiment. Day 9 was the day
of CIDR insertion, CIDR lasted for 9 days, day 0 was the day of implant withdrawal.
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Figure 2. Proportion cows that resumed the estrous cycles at the end of the experiment
(day 45) according to the different levels of technology at the farm (High technology =
HT, Medium technology = MT and Low technology = LT) and according to the induc-
tion treatment received, all cows were treated with either a CIDR for 9 days with estradiol
benzoate 24 hours after CIDR withdrawal (CIDR+EB) or alone (CIDR).

not different (P = 0.37) among cows, HT: 11.06 + 4.85, MT: 12.06 + 3.44 and LT
10.65 * 4.91. In terms of the body condition of the animals at the end of the ex-
periment (d 17) there was a significant difference between technological status,
cows from HT had a higher BCS compared to cows in the MT and LT (Table 1).
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Figure 3. Proportion cows that showed estrus according to the different levels of tech-
nology at the farm (High technology = HT, Medium technology = MT and Low technol-
ogy = LT) and according to the induction treatment received, all cows were treated with
either a CIDR for 9 days with estradiol benzoate 24 hours after CIDR withdrawal
(CIDR+EB) or alone (CIDR).

5. Discussion

This experiment showed that the technological status of the farm affected the
reproductive outcome of the hormonal treatment reflected in terms of propor-
tion of cows that resumed the estrous cycle. Several reports have indicated that
the scale of the farm impacts the productivity of the cattle [16] [17] due to feed-
ing supply, health of the animals, breeding management and the genotype of the
animals. Typically, producers in the tropical regions of the world faced a series
of limitations that are reflected in the low productive and reproductive perfor-
mance. In the present study, it was observed that a high proportion of cows at
the beginning of the estrous induction program were in anestrus, just a small
percentage of cows were cycling in the high technology status. This outcome is
expected when working with females that have a low body condition score and
bad genetics. Several authors have suggested that the intrinsic characteristics of
the cows such as the age of the animal (between 5 and 7 years), the genetics, the
number of parturitions and the fact that most of the cows are in a poor body
condition. Score impedes the proper reproductive performance of the females.
In the present study, it was observed that a low percentage of cows were cycling
at the beginning of the hormonal induction due to the low body condition score
and the fact that some of the animals were advanced in age and a low number of
parturitions indicating possible fertility issues in these cows. In fact, several stu-
dies demonstrated that a cow with a poor body condition score struggles to

resume the ovarian activity [18] [19], some reports suggest that females raised in
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tropical conditions can reinitiate the ovarian activity after 150 days postpartum
or when the cow starts gaining body condition score [4] [20].

One of the most used approaches to induce the resumption of ovarian activity
after calving in tropical cattle is the use of progestogens with or without the ad-
ministration of estradiol benzoate [9]. Reproductive performance of females
under this hormonal approach has been variable, some reports suggest that the
estradiol benzoate could enhance the proportion of cows resuming the ovarian
activity [21] [22] [23] and some other reports suggest that progesterone alone
could enhance the reproductive response [24] [25]. In fact, [25] demonstrated
that Bos indicus cattle receiving a progestogen and estradiol benzoate had a
greater estrus response rate compared to the animals just receiving the proges-
togen, however, the ovulation rate was not affected by the treatment given to the
cows. The present study compared the effect of CIDR alone or with the combi-
nation of EB, and the technological status of the farm on the proportion of cows
showing estrus and the percentage of animals that resume the ovarian activity.
The proportion of cows showing estrus was greater in the HT (regardless of the
hormonal induction treatment) compared to the other technological status. This
study showed an increase in the proportion of active CL in the cows that re-
ceived CIDR+EB seven days after the treatment (regardless the technological
status) and cows that received CIDR+EB had a greater proportion of cows re-
suming the ovarian activity by day 45 across all technological levels. Similarly,
[26] suggested that cows that received a progestogen with estradiol benzoate en-
hance the estrus response and ovulation. In the present experiment, it was ob-
served an immediate effect (at day 7 and day 17) of the hormonal treatment on
the number of animals that resume the ovarian activity. However, a significant
difference was observed across technological status in the proportion of cows
resuming the ovarian activity that received CIDR+EB. Increase of GnRH secre-
tion is critical for the establishment of normal estrus cycles in postpartum ani-
mals Results from this study indicate that estradiol-induced LH surge was great-
er in ewes primed with progesterone, indicating the critical aspect of the cycle of
progesterone and estradiol concentrations that occur during an estrous cycle.
This finding reinforces the fact that although estradiol and progesterone have
opposite actions, there is an intimate relationship between these hormones in
regulation of GnRH secretion during the estrous cycle. In the present study, it
was observed a positive effect of the CIDR+EB on the number of animals that
resumed the ovarian activity by the end of the experiment (45 days).

Finally, one important aspect to consider is the technological status of the
farm, which impacts directly the management of the animals. This study showed
that small scale producers that have at least improved grazing systems, nutri-
tional supplementation at the time of milking, annual preventive veterinary
medicine programs and records of the animals had a greater reproductive re-
sponse to the treatments. However, the CIDR+EB treatment also induced an in-
crease of females that resumed the estrous cycles at day 45 in medium and low

technological status suggesting the effect of the hormones. The adoption of
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technology such as hormonal induction of estrous cycles and artificial insemina-
tion on small scale producers has been low, and usually does not result in direct
benefits to the producers due to complications in implementation, compliance
to the protocols and the intrinsic characteristics of the cows such as age, genet-
ics, nutritional conditions and general management of the farm [2] [11]. Anoth-
er constraint in the transfer of technology to small-scale producers is the eco-
nomic feasibility to target reproductive manipulations such as estrous synchro-
nization that could be highly costly to the producers with often poor results [27].
Finally, it is important to acknowledge that this study is based on a low number
of cows (n = 93) across farms with different technological status. However, the
overall reproductive response was consistent within technological status of the
farm suggesting a true physiological response to the hormonal induction pro-
gram. Another potential limitation of this study is the variability of the farms
due to the technological characteristics of the producers and the fact that the
cows included in this study were not artificially inseminated, most of the pro-
ducers on these conditions use bulls for the breeding program. Thus, it was not
feasible to obtain an accurate estimation of the pregnancy rates and reproductive
performance of the cows after the hormonal manipulation.

In conclusion, the combination of a progestogen and estradiol benzoate re-
sulted in a high proportion of cows that were induced to resume the ovarian ac-
tivity and this treatment was particularly beneficial in the medium and low
technological status of the farms. Furthermore, it is necessary to assess the eco-
nomic benefit of utilizing these treatments in relation to the pregnancy rates ob-

tained.
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