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A B S T R A C T

In order to correlate environmental and management factors that 
influence the quantity and viability of the cumulus-oocyte complexes 
(COCs) in donor zebu females (N = 205) under tropical conditions. 
A total of (N = 5896) COCs were collected through ovum-pick up 
across different livestock production units. The COCs were evaluated 
under a stereomicroscope, and the dependent variables were: 1) 
the total number of recovered COCs and 2) the percentage of viable 
COCs. Environmental variables included: Temperature-Humidity 
Index (THI; classified as comfort, alert, danger, and emergency); 
seasons by rainfall: dry (December-May) and rainy (June-November); 
and season by month. Management-related variables included: 
technological index (TI: low, medium, high), diet (grazing only or 
grazing + supplementation), and acclimation (<30, 30-90, and > 90 
days). One-way ANOVA, factorial ANOVA, and multivariate analyses 
were conducted. THI levels in the comfort and alert categories were 
associated with higher viability rates (68.86 ± 2.00 and 74.10 ± 2.59, 
respectively) compared to danger and emergency indexes (62.40 ± 
2.01 and 56.52 ± 5.51; p < 0.05). Additionally, during summer and winter 
seasons (56.88 ± 3.20 and 61.07 ± 2.25) showed lower viability than 
spring and autumn (67.90 ± 2.19 and 76.25 ± 1.92). A high TI (35.54 
± 5.16) was associated with a greater number of COCs compared to 
low and medium TI (27.31 ± 1.72 and 28.20 ± 1.84, respectively), while 
grazing plus supplementation increased COC yield (30.96 ± 1.77 vs. 
25.25 ± 2.09; p < 0.05) compared to grazing alone. Acclimation also 
influenced COC quantity, being higher in < 30 and 30–90 days (37.62 
± 5.24 and 32.65 ± 2.45) than in > 90 days (24.21 ± 1.50; p < 0.05).
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Environment and donor management modulate production and viability of COCs. /
Ambiente y manejo modulan la cantidad y viabilidad del COCs.

R E S U M E N

Con la finalidad de correlacionar factores ambientales y de manejo que modulan la 
cantidad y viabilidad del complejo cumulus oophorus (COCs) en donadoras (N = 205) cebú en 
el trópico, fueron obtenidos COCs (N = 5896) por aspiración folicular guiada por ultrasonografía 
en distintas unidades de producción pecuaria. Los COCs se evaluaron por Microscopio-
estereoscópico y las variables dependientes fueron: 1) cantidad de COCs y 2) porciento de COCs 
viables. Variables ambientales fueron: Índice de Temperatura-Humedad (THI, confort, alerta, 
peligro y emergencia); épocas: seca (diciembre-mayo) y lluvia (junio-noviembre), y estaciones. 
Manejo incluyó: Índice tecnológico (TI: bajo, medio, alto), alimentación (pastoreo o pastoreo + 
suplementación), preparación (<30, 30–90 y > 90 días). Se realizó ANOVA de una vía, factorial y 
análisis multivariados. THI en Comfort y alerta mostraron viabilidad más alta (68.86 ± 2.00 y 74.10 
± 2.59) que peligro y emergencia (62.40 ± 2.01 y 56.52 ± 5.51; p < 0.05); verano e invierno (56.88 
± 3.20 y 61.07 ± 2.25) muestran menor viabilidad que primavera y otoño (67.90 ± 2.19 y 76.25 ± 
1.92). El TI alto (35.54 ± 5.16) mostró mayores cantidades de COCs que el bajo y medio (27.31 ± 
1.72 y 28.20 ± 1.84), pastoreo más suplementación aumentan la cantidad (30.96 ± 1.77 vs 25.25 
± 2.09; p < 0.05) que solo pastoreo. La preparación afectó la cantidad de COCs siendo mayor en 
<30 y 30-90 días (37.62 ± 5.24 y 32.65 ± 2.45) que > 90 (24.21 ± 1.50; p < 0.05). 

PA L A B R A S  C L AV E :  Confort térmico, bovino, Estrés térmico, ovocitos, embriones in 
vitro.  

Introduction

Bovine embryo transfer (ET) is a reproductive biotechnology that involves transplanting 
embryos from donor cows or heifers into the uterus of recipient females, which will carry the 
pregnancy to term. This technique is a tool for increasing the offspring of genetically superior 
individuals and for disseminating desirable genetic traits within cattle populations (Baruselli et 
al., 2006). To implement an efficient ET program, reproductive technologies must be employed 
to enable the multiple production of embryos (Narváez et al., 2022). Oocytes can be collected 
from ovaries obtained at slaughterhouses or in vivo from donor females; the former method 
presents the disadvantage of lacking information on the genetic background and health status 
of the animals; in contrast, using bovine donor females (BDs) with ultrasound-guided follicular 
aspiration, commonly known as Ovum Pick-Up (OPU), allows for detailed knowledge of donor 
characteristics, environmental conditions, and prior management (Morera et al., 2022).
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In vitro bovine embryo production remains a challenge across livestock production systems, 
where the quality and viability of the cumulus-oophorus complex (COC) play a crucial role; the 
COC consists of an oocyte surrounded by a cumulus cell mass, which is essential for oocyte 
development and competence for in vitro fertilization (IVF) (Bó & Pincay, 2017). The quality and 
viability of the COC are key indicators, as they influence the embryo’s developmental capacity; 
recent studies have shown that factors such as management practices in the livestock production 
unit (LPU), nutritional strategies (Pérez & Castillo, 2021), and environmental conditions significantly 
affect both the quantity and quality of the BD’s COCs (Cao & Jiang, 2020). COC viability is not 
solely determined by the animal’s genetic background; it is also closely linked to physiological 
homeostasis; environmental variables such as average temperature, relative humidity, rainfall, 
and wind speed can induce stress in tropical regions, which in turn may compromise COC quality, 
reduce IVF success rates, and impair embryo development (González &  Salas, 2019). Thermal 
stress in BDs causes reproductive physiological alterations (Roth, 2020; Cardone et al., 2022), 
interfering with oocyte maturation, fertilization, and embryo development (Roth et al., 2001; 
Gendelman & Roth, 2012). The negative effects of heat stress on BDs can impair oocyte quality 
and may persist for up to three estrous cycles after a heatwave (Roth & Hansen, 2004; Zavaleta-
Martínez et al., 2024). Oocytes from tertiary and pre-ovulatory (antral) follicles are considered the 
most susceptible to thermal stress (Roth et al., 2001; Kawano et al., 2022). Moreover, heat stress 
has been associated with the induction of oocyte apoptosis during follicular development, as 
well as apoptosis of cumulus cells (Ahmed et al., 2017). COC quality has also been linked to the 
availability of key nutrients in BD’s diet, including vitamins, minerals, and antioxidants that come 
from dietary management and that can influence the quantity and quality of COCs, so a balanced 
diet with sufficient essential nutrients can improve the quantity and quality of COCs (Lucy, 2001).

Therefore, it is necessary to perform an integral analysis of these factors (management 
and environment) in the tropics where BDs management and climatic variability are highly dynamic, 
and with this, to find procedures, times, or seasons that may improve COC yield and quality, 
thereby optimizing their use in in vitro embryo production.

Materials and Methods

Study area

The study was conducted in the Mexican tropics, within livestock production units (LPUs) 
located in the states of Chiapas, Guerrero, Oaxaca, and Veracruz.
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Figure 1. Location of Livestock Production Units in the different municipalities of 
the Mexican states analyzed. 

The states of Chiapas, Guerrero, Oaxaca, and Veracruz are shown.

Experimental animals

COC data were obtained from 205 Zebu BDs without superovulation, using ultrasound-
guided follicular aspiration (Ovum Pick-Up, OPU).

Nutritional and health management of donor cows

All DBs were maintained under an extensive grazing system on native pastures of Cynodon 
nlemfuensis and Brachiaria humidicola; in some LPUs, a commercial feed containing 16 % crude 
protein was also provided. The nutritional plan included mineral salts offered ad libitum and bypass 
fat supplementation (300 g/animal; Percutrin Energy, Bayer; Leverkusen, Germany). The health 
management plan included acaricide bathing (Amitraz 12.5 %, BOVITRAZ®, Bayer; Leverkusen, 
Germany), internal deworming (Ivermectin 1 %, BAYMEC® Prolong, Bayer; Leverkusen, Germany), 
and vaccination against viral diseases (BOVILIS® VISTA 5 L5 SQ, MSD Animal Health; Rahway, 
New Jersey, USA) and clostridial diseases (CLOSTRIGEN® 9 + T, Virbac; Westlake, Texas, USA).

Collection of cumulus-oocyte complexes (COCs)

COCs were obtained via ultrasound-guided follicular aspiration (Ovum Pick Up, OPU); 
which allows the collection of COCs from BDs from ovarian follicles with a diameter of 2 - 8mm; a 
19 “G” disposable catheter (Punzocat) was used, coupled to a Teflon line with a negative pressure 
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of 70 mm/Hg. Before aspiration, epidural anesthesia was administered (0.2 mg/kg of 2 % lidocaine; 
Logymed, Logistic & Medicine, Colombia) between the last sacral and first coccygeal vertebrae.

Once in situ, both ovaries were identified with the vaginal transducer, which was manipulated 
transrectally to subsequently aspirate the follicles (Mindray ultrasound machine, DP 10 VET). This 
ultrasound machine is equipped with a microconvex transducer of 7.5 MHz frequency, featuring 
a transvaginal guide for follicular aspiration (Morera et al., 2022; Narváez et al., 2022). A 50 ml 
conical tube was used with 5 ml of D-PBS supplemented with 10UI/ml (0.1%) of heparin (Hep-
Tec®; Heparin 10000UII/10ml) in each BD; the follicular contents were collected and then washed 
with 50 ml of D-PBS with a 75-micron EmCon filter (Agtech, USA) and placed in a Petri dish (60 
x 15mm).

Recovered structures were counted, evaluated, and classified based on granulosa cell 
layer coverage, uniform cytoplasmic appearance, and integrity of the zona pellucida, following the 
criteria of Loss et al. (1989) and the guidelines of the International Embryo Transfer Society (IETS, 
1998); viable oocytes were defined as Grade I and II (classification I–IV).

Evaluated factors

The evaluated factors were grouped into two categories: environmental factors related to 
the LPU location, and management-related factors within the LPU.

Environment: ambient temperature (°C), relative humidity (%), dominant wind speed 
(km/h), and monthly accumulated rainfall (mm). Some measurements were taken in situ using 
portable digital thermo-hygrometers (AcuRite, Model 01083M, Lake Geneva, Wisconsin, USA), 
while others were obtained from nearby meteorological stations. To assess climatic safety for 
livestock, the temperature-humidity index (THI) was calculated using Equation 1:

  (Equation 1)

Where:  = ambient temperature in °C, and = relative humidity (%). 

Based on the calculated THI values, results were categorized as follows: Comfort <74, 
Alert 75–78, Danger 79–83, and Emergency ≥84 (Saizi et al., 2019).

Management: The Technological Index was calculated using data obtained through surveys 
based on the methodology proposed by De Freitas & Pinheiro (2013) and Juárez-Barrientos 
(2015), which considers 23 technological practices across five zootechnical areas (nutritional 
management, genetic and reproductive management, health management, administrative/
commercial management, and pasture management). The zootechnical area TI was calculated 
using Equation 2:
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 		  (Equation 2).

Where: = number of practices in the zootechnical area; = i-th practice in the zootechnical 
area.

The Total Technological Index was calculated with Equation 3:

(Equation 3). 

Where:  = total number of practices (N = 23),  = j-th zootechnical area, and  = i-th practice 

in the j-th area ( ). 

The Total Technological Index (TItotal) was then multiplied by 100 to express it as a 
percentage of implemented practices in the LPUs. Based on quartiles: Q1 (<70) was considered 
low, Q2 (70-75) medium, and Q3 (>75) high (Arrieta-González et al., 2022). Feeding strategy: DBs 
were grouped based on year-round nutritional management into two categories: grazing only (DBs 
exclusively on LPU pastures) and grazing with supplementation (commercial feed containing 16 % 
protein). The preparation time of DBs refers to the number of days prior to OPU when DBs were 
selected for oocyte donation. This included the general feeding plan plus implementation of the 
nutritional program, consisting of mineral salts ad libitum and bypass fat (300 g/animal), starting 
<30, 30–90, or >90 days before OPU.

Statistical analysis

Statistical analyses were conducted using STATISTICA v10.0 for Windows, StatSoft, Inc. 
(2011). One-way ANOVA was applied to analyze main effects, and factorial ANOVA was used to 
assess interactions; mean comparisons were performed using Tukey’s test (p < 0.05). Additionally, 
multivariate analyses (Cluster Analysis and Principal Component Analysis, PCA) were used to 
explore associations between dependent variables (COC count and viability) and independent 
variables (environmental and management factors). Graphs were generated using SigmaPlot 
v11.0 (Systat Software, 2008).

Results and Discussion

As an initial step, a general climatological analysis was conducted using meteorological 
data from the study area, collected via digital thermo-hygrometers and nearby meteorological 
stations. This allowed for the construction of a general climograph (Figure 2A). Based on this, the 
year was subsequently divided into seasons, climatic periods, and THI categories (Figure 2B) to 
assess their association with the quantity and viability of the COCs.
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A

B

Figure 2. General climatological analysis in the study area. 

A. General Climatogram. The accumulated monthly rainfall (▒, mm), the average temperature (●, °C), the 
relative humidity (▲, %) and the average speed of the dominant wind (■, km/h) are shown. B. Categorized 
climatogram, where the divisions of the dry season (February-June, ▒), rainfall (July-November, ▒), the 
seasons, (vertical dotted lines) and the THI (●), horizontal dashed blue lines; as well as the speed of the 

dominant wind (■, km/h) can be seen.
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The humid tropical region of Mexico accounts for more than half of the land area used 
for livestock production. In this region, the dual-purpose cattle system is primarily based on 
extensive grazing (Vilaboa & Díaz, 2009) and represents one of the main productive activities 
in the agricultural sector for both milk and meat production at the national level (Orantes et al., 
2010). These regions are predominantly covered with native grasses of the genera Cynodon, 
Paspalum, Brachiaria, and Axonopus, which constitute the primary forage for grazing Zebu BDs; 
among the most notable characteristics of these grasses, we can reference their resistance to 
pests, their adaptation to acid soils of low to medium fertility, and temporary flooding; despite 
their low protein quality, native grasses are the most important forage source in cattle production 
systems due to their adaptation to the changing tropical environment (Aguiar et al., 2014; Cruz 
et al., 2017). In the humid tropics of southeastern Mexico, where the analysis was conducted, 
there are well-defined periods of the year: the rainy season from June to October, the period of 
the dominant north wind “nortes” in October to February, which is coupled with the dry season 
from February to May (Vidal-Zepeda et al., 2005), which affect the amount and duration of the 
dry season (Vidal-Zepeda et al., 2005), which affect the quantity and quality of forage consumed 
by DBs, as well as the reproductive behavior of cattle (Galina & Geffroy, 2023), for example, age 
at first calving of 36 months and fertility of 43 percent (Ríos-Utrera et al., 2020). Previous studies 
reported that regardless of the forage season, cows have energy deficits in dry periods (Absalón-
Medina et al., 2012).

Based on the climograph, COC variables (quantity and viability) were plotted by month 
of collection to observe their behavior throughout the year 2023 (Figure 3). The data reveal that 
as the THI increases (from comfort to alert to danger), COC viability decreases, and vice versa. 
Additionally, variations in COC quantity can be observed in relation to environmental conditions 
during the study period.
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Figure 3. Distribution of Cumulus Oocyte Complex (Amount and Viability) 
throughout the year of study. 

The year has been divided into seasons (dry ▒ and rainy ▒, upper box), seasons (vertical dashed lines) and 
THI categories (horizontal dashed blue lines). The viability (%, ▲) and amount (■, n) of COC can be seen as a 

function of time (months of the year).

Based on the divisions made throughout the year (THI, climatic period, and season) and 
the management categories for the BDs (Technological Index, feeding strategy, and acclimation), 
inferential analyses were conducted to evaluate the main effects (factors). Subsequently, 
interaction effects were analyzed to determine whether the observed changes in environmental 
and management conditions were statistically significant. The results of these analyses are 
presented in Tables (1-4).
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Table 1. Analysis of extrinsic factors that modulate the amount and 
viability of COC in zebu bovine donors in the tropics.

Extrinsic factors Cumulus-oocyte Complex COC

Environment N = 205 Amount (n) p-value Viability p-value

THI Comfort 61 31.09 ± 2.74 0.4071 68.86 ± 2.00b 0.0003
Alert 44 30.77 ± 3.62 74.10 ± 2.59b

Danger 78 26.91 ± 1.89 62.40 ± 2.01a

Emergency 22 24.81 ± 2.67 56.52 ± 5.51a

Period Dry 93 27.98 ± 2.04 0.6087 64.67 ± 1.67 0.2904
Rain 112 29.40 ± 1.85 67.47 ± 1.95

Season Spring 40 30.70 ± 2.57 0.7734 67.90 ± 2.19b 0.0001
Summer 58 29.03 ± 2.75 56.88 ± 3.20a

Fall 50 27.92 ± 2.90 76.25 ± 1.92c

Winter 57 26.65 ± 2.67 61.07 ± 2.25ab

Management

Technology index Low 54 27.31 ± 1.72 0.2204 67.10 ± 2.09 0.4412
Medium 129 28.20 ± 1.84 65.11 ± 1.83
High 22 35.54 ± 5.16 70.39 ± 2.78

Feeding Grazing 79 25.25 ± 2.09a 0.0422 66.93 ± 2.57 0.6625
Grazing+supplementation 126 30.96 ± 1.77b 65.75 ± 1.41

Preparation
Days

< 30 16 37.62 ± 5.24b 0.0019 63.84 ± 3.57 0.2214
30 - 90 85 32.65 ± 2.45b 68.91 ± 1.72
> 90 104 24.21 ± 1.50a 64.35 ± 2.08

a,bDifferent superscript between rows of the same column are significant (Fisher LSD, p < 0.05).

The effects of environmental and management factors on cattle are variable and complex, 
as they shape the conditions under which animals grow and reproduce; their influence on animal 
welfare, productivity, and reproduction has long been recognized and studied. Climate and its 
variability affect cattle both directly and indirectly by altering forage quality and/or availability, 
water supply, energy intake, and its utilization. As a result, cattle must respond to adverse 
environmental conditions by adjusting physiological and behavioral mechanisms to maintain 
their core body temperature within a normal range. These adjustments often lead to changes in 
feed intake, behavior, and productivity, typically reflected in poor performance indicators. Such 
effects are exacerbated under extreme tropical conditions, resulting in reduced productivity and 
reproductive efficiency (Grossi et al., 2018; Galina & Geffroy, 2023). In addition, management 
(performed practices) within the LPUs play a critical role in tropical regions, where the adoption 
of technology tends to be limited (Galina et al., 2016; Arrieta-Aguirre et al., 2022). Consequently, 
the implementation of reproductive biotechnologies aimed at improving LPU profitability is not 
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straightforward and often yields suboptimal results (Table 1), particularly in terms of the quantity 
and viability of COCs necessary for successful in vitro maturation, fertilization, and embryo 
development prior to transfer into recipient cows (Wu & Zan, 2012; Pérez-Mora et al., 2020).

The following tables present the factorial analyses of the effects of the Technological Index 
(Table 2), feeding strategy (Table 3), and preparation time of the Zebu donor cows (Table 4), in 
interaction with environmental factors.

Table 2. Factor analysis of the effects of the technological index with 
the environmental factors that modulate the amount and viability of 

COC in Zebu bovine donors in the tropics.

Factor 1 Factor 2 Cumulus-oocyte Complex COC
 N=205 Amount (n) p-value Viability (%) p-value

Technology 
index

Low

THI

Comfort 10 37.50 ± 5.5 0.1627 74.94 ± 4.4c

0.0001

Alert 3 25.33 ± 7.4 51.04 ± 4.5b

Danger 25 24.12 ± 1.8 64.49 ± 3.0b

Emergency 16 26.31 ± 2.9 69.29 ± 3.8c

Medium Comfort 45 29.53 ± 3.1 67.91 ± 2.4bc

Alert 34 27.14 ± 3.8 75.97 ± 3.0c

Danger 44 28.68 ± 3.1 59.67 ± 2.9b

Emergency 6 20.83 ± 5.9 22.48 ± 5.3a

High Comfort 6 32.16 ± 12.1 65.80 ± 5.2b

Alert 7 50.71 ± 10.2 74.92 ± 3.5c

Danger 9 26.00 ± 3.7 69.93 ± 5.1c

Emergency *** *** ***

Low

Period

Dry 29 25.31 ± 2.3 0.1520 62.43 ± 2.8

0.2290
Rain 25 29.64 ± 2.5 72.52 ± 2.8

Medium Dry 59 29.89 ± 2.9 65.97 ± 2.2
Rain 70 26.78 ± 2.3 64.39 ± 2.8

High Dry 5 21.00 ± 5.9 62.40 ± 4.9
Rain 17 39.82 ± 6.1 72.74 ± 3.14

 a,b Different literals between rows of the same column are significant (Fisher LSD, p <  0.05).
*** No bovine donors were obtained in this interaction.
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Technology 
index

Low Season Winter 10 29.60 ± 4.7 0.3338 52.03 ± 2.7a 0.0001
Spring 24 24.37 ± 2.2 69.03 ± 2.9c

Summer 5 27.00 ± 4.3 71.81 ± 3.9c

Fall 15 30.60 ± 3.6 72.50 ± 4.3c

Medium Winter 25 26.60 ± 3.6 64.42 ± 3.0bc

Spring 34 32.32 ± 4.3 67.11 ± 3.1c

Summer 45 28.02 ± 3.2 55.22 ± 3.4ab

Fall 25 24.56 ± 3.0 80.89 ± 2.6d

High Winter 5 21.00 ± 5.9 62.40 ± 4.9ab

Spring *** *** ***
Summer *** *** ***
Fall 17 39.82 ± 6.1 72.74 ± 3.1c

 a,b Different literals between rows of the same column are significant (Fisher LSD, p <  0.05).
*** No bovine donors were obtained in this interaction.

Continuation

Table 2. Factor analysis of the effects of the technological index with 
the environmental factors that modulate the amount and viability of 

COC in Zebu bovine donors in the tropics.

Factor 1 Factor 2 Cumulus-oocyte Complex COC
 N=205 Amount (n) p-value Viability (%) p-value
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Table 3. Factor analysis of the effects of the type of Feeding with the 
environmental factors that modulate the amount and the viability of 

the COC in Zebu bovine donors in the tropics.

Factor 1 Factor 2 Cumulus-oocyte Complex COC
N=205 Amount (n) p-value Viability (%) p-value

Feeding

Grazing

THI

Comfort 30 28.66 ± 3.6

0.1519

74.34 ± 2.7c

0.0001

Alert 14 20.07 ± 3.3 80.67 ± 4.1c

Danger 29 25.13 ± 3.7 61.82 ± 4.0b

Emergency 6 20.83 ± 5.9 22.48 ± 5.3a

Grazing+ 
supplementation

Comfort 31 33.45 ± 4.0 63.55 ± 2.6b

Alert 30 35.76 ± 4.8 71.03 ± 3.1c

Danger 49 27.95 ± 2.0 62.74 ± 2.1b

Emergency 16 26.31 ± 2.9 69.29 ± 3.8bc

Feeding

Grazing

Period

Dry 24 18.75 ± 1.8a 0.0461 67.85 ± 3.8 0.5123
Rain 55 28.09 ± 2.8b 66.53 ± 3.3

Grazing+ 
supplementation

Dry 69 31.20 ± 2.5b 63.57 ± 1.8
Rain 57 30.66 ± 2.4b 68.38 ± 2.1

Grazing

Season

Winter 13 17.23 ± 2.3 0.2746 67.09 ± 4.8b 0.0001
Spring 11 20.54 ± 3.0 68.75 ± 6.4b

Summer 24 26.16 ± 4.5 48.81 ± 5.1a

Fall 31 29.58 ± 3.6 80.24 ± 2.2c

Grazing+ 
supplementation

Winter 27 31.18 ± 3.4 58.17 ± 2.2a

Spring 47 31.02 ± 3.2 67.70 ± 2.2b

Summer 26 29.53 ± 3.7 64.33 ± 3.4b

Fall 26 32.03 ± 3.7 71.49 ± 3.0c

a,b Different literals between rows of the same column are significant (Fisher LSD, p < 0.05).
*** No bovine donors were obtained in this interaction.
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Table 4. Factor analysis of the effects of bovine donor preparation 
time on environmental factors that modulate the amount and viability 

of COC in Zebu bovine donors in the tropics.

Factor 1 Factor 2
Cumulus-oocyte Complex COC

N=205 Amount (n) p-value Viability
p-value

Preparation
Days

< 30

THI

Comfort 8 45.37 ± 8.8c

0.0126

72.26 ± 4.3c

0.0001

Alert 2 48.00 ± 2.0c 65.40 ± 2.2bc

Danger 6 23.83 ± 3.6ab 52.10 ± 4.4b

Emergency *** *** ***

30-90

Comfort 23 35.21 ± 5.0b 63.28 ± 3.0bc

Alert 26 36.50 ± 5.5b 74.69 ± 3.3c

Danger 25 28.64 ± 3.6b 65.03 ± 3.1c

Emergency 11 27.36 ± 2.9b 75.87 ± 2.8c

> 90

Comfort 30 24.13 ± 2.7ab 72.22 ± 2.9c

Alert 16 19.31 ± 2.6a 74.24 ± 4.6c

Danger 47 26.38 ± 2.4ab 62.32 ± 2.8bc

Emergency 11 22.27 ± 4.4ab 37.17 ± 6.6a

< 30

Period

Dry 9 37.44 ± 8.1b

0.0201

54.62 ± 3.4

0.1065

Rain 7 37.85 ± 6.6b 75.70 ± 3.3

30-90
Dry 42 30.88 ± 3.5ab 69.40 ± 2.3
Rain 43 34.39 ± 3.3b 68.44 ± 2.5

> 90
Dry 42 23.07 ± 1.9a 62.10 ± 2.6
Rain 62 24.98 ± 2.1a 65.87 ± 3.0

< 30

Season

Winter 7 34.42 ± 10.2

0.0871

51.55 ± 3.5a

0.0001

Spring 2 48.00 ± 2.0 65.40 ± 2.2b

Summer 1 26.00 ± *** 68.42 ± ***
Fall 6 39.83 ± 7.5 76.91 ± 3.7c

30-90

Winter 13 30.07 ± 3.6 63.08 ± 3.5b

Spring 34 30.97 ± 4.2 72.38 ± 2.5bc

Summer 20 30.35 ± 4.7 62.26 ± 4.3b

Fall 18 40.27 ± 5.8 73.96 ± 3.2bc

> 90

Winter 20 21.70 ± 3.0 63.10 ± 3.5b

Spring 22 24.31 ± 2.6 61.20 ± 3.9b

Summer 29 26.31 ± 3.8 52.77 ± 4.5a

Fall 33 23.81 ± 2.2 77.38 ± 2.7c

a,b Different literals between rows of the same column are significant (Fisher LSD, p < 0.05).
*** No bovine donors were obtained in this interaction.
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Oocyte retrieval through OPU is a commonly used technique for in vitro embryo production 
(Hernández-Ignacio et al., 2023), and the viability of the COC is determined based on morphological 
classification criteria (Calvo, 2004). The present study demonstrates that management factors, 
analyzed through the Technological Index, feeding strategy, and preparation time, have a significant 
effect on the number of COCs obtained, whereas environmental factors primarily influence their 
viability. In this context, abiotic factors such as temperature, humidity, wind, and rainfall affect 
the reproductive activity of donor cows and, consequently, the implementation and success of 
reproductive biotechnologies (Díaz-Rivera et al., 2011; Torres-Armas & Huayama, 2020; Kayser 
et al., 2023; Thoriya et al., 2024).

Finally, to determine the weight of correlation coefficients or associations between the 
study variables (environmental and management) and the COC outcomes (quantity and viability), 
a multivariate analysis was conducted. The first was a cluster analysis (Figure 4A), designed to 
display, via dendrogram (linkage), the association strength among variables. Cluster grouping was 
performed using the City-Block (Manhattan) distance method and unweighted pair-group average 
linkage, normalized by the equation: ([Linkage Distance / Maximum Distance]*100). The weighted 
association coefficient between management variables and COC quantity was r = 0.65 (p < 0.05), 
while the association between environmental variables and COC viability was r = 0.75 (p < 0.05). 
Figure 4B presents the second multivariate analysis: Principal Component Analysis (PCA), used 
to reduce dimensionality (number of variables) and group those with the strongest associations. 
The variability explained by the two main components in this model was 38.77 + 29.26 = 68.03 %, 
for Factor 1 (environmental) and for Factor 2 (management), respectively. 

Figure 4. Multivariate analysis of association between environmental and 
management variables with the COC variables (amount and viability). 

A. Union dendrogram, showing the clusters (boxes) of management and environmental variables with the COC 
variables. B. Principal component analysis (PCA), where the vectors (lines) with direction and magnitude of 
each variable and its association value can be seen; in addition, the total value of variability 38.77 + 29.26 = 

68.03%, Factor 1 (environment), Factor 2 (management), respectively, is shown.
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The high temperatures observed in this study (Figure 1) may cause hyperthermia, thereby 
reducing cellular activity in the reproductive system of DBs, manifesting in various impairments 
to its function; these alterations may result in direct damage to the oocyte. According to Gutiérrez 
(2018), such impairments are associated with increased apoptotic activity in the COC and the 
production of metabolites, substances, or reactive oxygen species in both cytoplasmic and 
nuclear compartments of the cells. These oxidative compounds compromise oocyte quality by 
damaging DNA due to increased levels of radicals, thus reducing oocyte quality (Silva & Baruselli, 
2012). This damage has been associated with the generation of lower-quality embryos during the 
summer when compared to those evaluated in winter (Ferreira et al., 2009; Hernández-Ignacio 
et al., 2023). The present study found higher COC viability values during autumn, when the THI 
falls within the comfort zone, and lower quality during winter (Table 1), likely due to the presence 
of northern winds that dehydrate pasture and reduce its nutritional value, as also reported by 
Hernández-Ignacio et al. (2023).

In this regard, environmental variability (heat and cold) may cause disruptions in follicular 
development, thereby altering embryonic development (Vélez & Uribe, 2010). It has been reported 
that oocyte growth and maturation are negatively affected by increased oxidative stress and 
undergo apoptosis when DBs are subjected to thermal stress (Hansen, 2009). Moreover, heat 
tolerance has been associated with specific biological markers such as the heat shock transcription 
factor (HSF) and heat shock proteins (HSP70, HSP90, and HSP27) (Saravanan et al., 2021). 
Both HSF and HSPs function as cytoprotective agents, preventing the formation of non-functional 
proteins (Srikanth, 2017). Hernández-Ignacio et al. (2023) also report an increase in the production 
of lower-quality embryos in DBs exposed to thermal stress during or after in vivo fertilization.

To achieve optimal results in a reproductive program, oocytes should be obtained from 
DBs with an adequate body condition score, which is dependent on nutrition and feeding practices, 
as well as proper pasture management (Tinco-Salcedo et al., 2021). It has been reported that 
DBs with a body condition score of 3 (on a scale of 1 to 5) present a more favorable metabolic 
microenvironment within their follicles, facilitating the formation of high-quality embryos (Velázquez, 
2023). A balanced diet with sufficient essential nutrients can improve oocyte quality and increase 
ovulation rates; whereas protein deficiency in the diet negatively impacts ovulation, zygote 
formation, and embryo development (Restrepo-Mesa et al., 2021). In this regard, supplementation 
with rumen-protected fats prior to OPU may help protect oocytes from oxidative damage (Lucy, 
2001). The present study showed better COC recovery when DBs were prepared for 90 days 
or less prior to OPU. In contrast, when preparation periods exceeded 90 days, the number of 
retrieved COCs was lower, likely due to an increase in body condition score (Kasimanickam et al., 
2020; Tinco-Salcedo et al., 2021; Velázquez, 2023). It has been reported that the number of viable 
structures (COCs) and transferable embryos is greater in DBs with a body condition score between 
2 and 4 compared to scores of 1 (emaciated) or 5 (obese), due to changes in biomarkers such as 
insulin that influence oocyte viability (Kasimanickam et al., 2020). Furthermore, DBs experiencing 
negative energy balance have been shown to have prolonged anovulatory periods and produce 
lower-quality oocytes (Turk et al., 2015; Ninabanda, 2018). The findings of this study confirm that 
management practices influence COC yield, while environmental conditions affect COC viability. 
Environmental variability is an abiotic stressor; especially temperature (Das et al., 2016; Jaya et 
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al., 2016), which affects cattle at the productive and reproductive levels by decreasing nutrient 
intake and reducing energy levels (Velez & Uribe, 2010; Das et al., 2016; Thoriya et al., 2024). 
The combination of abiotic stressors and inadequate nutrition can have deleterious effects on 
COC quality (LeBlanc, 2004). In this sense, dietary supplementation with vitamins, concentrates, 
minerals, fats, etc., for periods of 30 to 90 days or more can function as homeostasis regulators, 
particularly in terms of thermoregulation. Thermal stress also leads to mineral loss through body 
fluids (sweating), which increases the demand for sodium and potassium to maintain thermal 
balance (Das et al., 2016), thereby inducing changes in cellular homeostasis.

Conclusions

The environment affects COC viability; autumn and thermal comfort conditions exhibit 
the highest viability percentages. The number of COCs is influenced by management practices, 
feeding, and the preparation period of the DBs; a preparation period of 30 to 90 days yields the 
best results.
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