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Abstract

Seasonal conditions are recognized as important environmental factors influencing physiological and
hematological characteristics in cattle raised under tropical climates. The present study aimed to evaluate the
effects of seasonal conditions on hematological parameters in Senepoland Zebu cattle raised in Vietnam. A total
of 40 clinically healthy cattle, including 20 Senepoland 20 Zebu animals aged between 12 and 36 months, were
used in the experiment. Blood samples were collected during both the rainy and dry seasons and analyzed using an
automated hematology analyzer. The evaluated parameters included white blood cell count (WBC), red blood cell
count (RBC), hemoglobin concentration (HGB), hematocrit (HCT), erythrocyte indices, and platelet-associated
parameters. Statistical analysis was performed using a paired-samples t-test ata significance level of P <0.05. The
results showed that seasonal variation significantly influenced several hematological parameters in both cattle
breeds. WBC values increased during the dry season, whereas RBC and HGB values tended to decrease.
Hematocrit values showed a moderate increase during the dry season. Erythrocyte indices, including MCV, MCH,
and MCHC, remained relatively stable across seasons, while RDW-CV and RDW-SD values generally increased
during the dry season. Platelet counts decreased, whereas MPV and PDW values showed increasing trends in both
breeds. Seasonal hematological fluctuations were observed in both breeds; however, no direct statistical
comparisons between breeds were performed. The findings indicate that seasonal conditions can influence
hematological characteristics in imported cattle breeds raised in Vietnam and likely reflect normal physiological
responses to seasonal environmental variation. These results provide useful reference data for health monitoring,
veterinary assessment,and management strategies for imported cattle raised under tropical climatic conditions.
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Efeitos sazonais nos parametros hematoldgicos de bovinos Senepol € Zebu
criados no Vietna

Resumo

As condigdes sazonais sdo reconhecidas como importantes fatores ambientais que influenciam as caracteristicas
fisiold gicas e hematologicas de bovinos criados em climas tropicais. O presente estudo teve como objetivo avaliar
os efeitos das condi¢des sazonais sobre os pardmetros hematologicos de bovinos Senepol e Zebu criados no
Vietna. Um total de 40 bovinos clinicamente saudaveis, incluindo 20 animais da raca Senepole 20 da raca Zebu,
com idades entre 12 e 36 meses, foi utilizado no experimento. Amostras de sangue foram coletadas durante as
estagdes chuvosa e seca e analisadas utilizando um analisador hematologico automatizado. Os parametros
avaliados incluiram contagem de leucocitos (WBC), contagem de eritrocitos (RBC), concentragio de hemoglobina
(HGB), hematocrito (HCT), indices eritrocitarios ¢ parametros plaquetarios. A analise estatistica foi realizada
utilizando o teste t pareado, considerando nivel de significincia de P < 0,05. Os resultados demonstraram que a
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variacdo sazonal influenciou significativamente diversos pardmetros hematologicos em ambas as ragas bovinas.
Os valores de WBC aumentaram durante a estagio seca, enquanto os valores de RBC ¢ HGB apresentaram
tendéncia de reducido. Os valores de hematdcrito mostraram aumento moderado durante a estacdo seca. Os indices
eritrocitarios, incluindo MCV, MCH e MCHC, permaneceram relativamente estaveis entre as estagdes, enquanto
os valores de RDW-CV ¢ RDW-SD aumentaram, em geral, durante a estagdo seca. As contagens de plaquetas
diminuiram, enquanto os valores de MPV e PDW apresentaram tendéncia de aumento em ambasas ragas. Foram
observadas flutuagdes hematologicas sazonais em ambasas ragas; entretanto, nio foram realizadas comparagdes
estatisticas diretas entre elas. Os resultados indicam que as condigdes sazonais podem influenciaras caracteristicas
hematologicas de bovinos criados no Vietna e provavelmente refletem respostas fisioldgicas normais as variagdes
ambientais sazonais. Esses achados fornecem dados de referéncia uteis para o monitoramento da satide, avaliagdo
veterinaria e estratégias de manejo de bovinos criados sob condigdes climaticas tropicais.

Palavras-chave: parametros hematoldgicos; variagd o sazonal; clima tropical; bovinos Senepol; bovinos Zebu.

1. Introduction

Cattle production plays an increasingly important role in food security and agricultural sustainability, particularly
in tropical and subtropical regions where environmental conditions strongly influence animal productivity and
adaptation. In Vietnam, beef cattle faiming has expanded considerably in recent years under intensive and
semi-intensive production systems. The growing demand for high-quality beef has promoted the introduction and
acclimatization of imported cattle breeds with favorable productive and adaptive traits.

Among imported breeds, Senepol cattle have received considerable attention because of their tolerance to high
environmental temperatures, resistance to solar radiation, and ability to maintain productive performance under
tropical climatic conditions. Zebu cattle are likewise recognized for their adaptability to hot environments, disease
resistance, and efficient feed utilization. The incorporation of Zebu genetics into beef production systems has
contributed to improved reproductive performance and environmental adaptability in many tropical countries. In
Vietnam, imported and crossbred cattle have increasingly been integrated into breeding programs to improve beef
productivity and production efficiency. Hoang Thi Ngdn etal. (2021) reported favorable adaptive and reproductive
performance in imported Red Angus cattle raised under Vietnamese conditions, while Trin Thi Anh Nguyét et al.
(2025) described hematological characteristics in Brahman and Wagyu crossbred cattle.

Hematological parameters are widely used as important indicators for evaluating physiological status, immune
response, metabolic activity, and environmental adaptation in livestock animals. Hematological parameters
provide valuable information regarding oxygen transport, inflammatory responses, and maintenance of
physiological homeostasis in cattle (Onasanya etal., 2015). Platelet-associated parametersare also closely related
to inflammatory and hemostatic processes (Watson et al, 2020). In cattle, hematological values may vary
according to breed, nutritional status, physiological condition, environmental factors, and management systems
(Onasanyacetal., 2015).

Environmental stress, particularly heat stress and seasonal variation, has been reported to influence physiological
and hematological characteristics in cattle. Berian et al. (2019) demonstrated that elevated environmental
temperatures altered several hematological and biochemical parameters in crossbred dairy cattle. Similarly, Blond
et al. (2024) reported that heat stress significantly affected inflammatory, metabolic, and physiological blood
indicators in cows. Seasonal fluctuations in hematological profiles were also observed by Mekroud et al. (2021),
who suggested that climatic conditions substantially influence physiological status in Holstein dairy cattle.
Comparmable findings were reported by Abera et al. (2021) and Velayudhan et al. (2023), who described
hematologicaland physiological responses associated with heat stress adaptation in cattle raised undertropical and
subtropical conditions.

Recent studies have further demonstrated that hematological responses to environmental stress may differ
accordingto breed adaptability and thermaltolerance. Chen etal. (2023) observed distinct physiolo gical and blood
responses between heat-tolerant and heat-sensitive dairy cattle under thermal stress conditions. Likewise, Yang et
al. (2022) identified differences in hematological and biochemical profiles between Senepol and Yunling cattle,
highlighting the importance of breed-specific adaptation to environmental conditions. These findings indicate that
hematological evaluation may serve as a useful approach for assessing the adaptive capacity of imported cattle
breeds under tropical production systems.

Despite the increasing utilization of Senepol and Zebu cattle in Vietnam, information regarding seasonal
influences on their hematological characteristics under local tropical conditions remains limited. Therefore, the
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present study aimed to evaluate the effects of seasonal variation on hematological parameters in Senepoland Zebu
cattle raised in Vietnam. The findings of this study may contribute to the establishment of reference hematological
values for imported cattle breeds and provide useful information for veterinary diagnosis, health monitoring, and
future studies on cattle adaptation undertropical environmental conditions.

2. Materials and Methods
2.1 Animals and study area

The study was conducted on Senepoland Zebu cattle raised in Vietnam under tropical climatic conditions. A total
of 40 clinically healthy cattle were included in the study, comprising 20 Senepol cattle (10 males and 10 females)
and 20 Zebu cattle (10 males and 10 females), aged between 12 and 36 months. Animals were randomly selected
from the study herd and were clinically healthy throughout the sampling period. Male and female animals were
presented separately for descriptive purposes only, whereas the statistical analyses focused on seasonal
comparisons within each breed. All cattle were considered clinically healthy based on nomal feeding behavior,
locomotion, physical activity, and the absence of abnormal clinical signs or disease symptoms. Pregnant and
diseased animals were excluded from the study.

The study was conducted in southern Vietnam, a region characterized by a tropical monsoon climate with two
distinct seasons: a rainy season from May to November and a dry season from December to April. The annual
average ambient temperature is approximately 27.96 °C, with the highest monthly average temperature recorded in
April (30.5 °C) and the lowest in December (26.0 °C). Relative humidity generally ranges from 66% to 86%,
depending on seasonalconditions.

To characterize the environmental conditions during blood sampling, meteorological data, including ambient
temperature and relative humidity corresponding to each sampling date, were obtained from the local
hydro-meteorological station. Based on these data, the Temperature—Humidity Index (THI) was calculated to
assess the thermal conditions during each sampling period and was used to support the interpretation of seasonal
hematological variations observed in the studied cattle. The recorded environmental conditions confirmed that the
rainy and dry seasons differed in both ambient temperature and relative humidity, providing an appropriate basis
for evaluatingseasonalinfluences on hematological parameters.

2.2 Hematological parameters

The evaluated hematological parameters included white blood cell count (WBC), red blood cell count (RBC),
hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cell distribution width
(RDW-CV and RDW-SD), platelet count (PLT), mean platelet volume (MPV), plateletcrit (PCT), platelet
distribution width (PDW), neutrophils (NEUT), monocytes (MON), and lymphocytes (LYM). All hematological
evaluations were performed under normalphysiological conditions.

2.3 Blood sample collection and hematological analysis

Blood samples were collected in the morning between 07:00 and 08:00 h before feeding. Each animalwas sampled
three times during the rainy season and three times during the dry season. Blood was collected from the coccygeal
vein using sterile syringes and transferred immediately into EDTA-containing anticoagulant tubes. After
collection, samples were gently mixed to prevent hemolysis and transported under cooled conditions to the
laboratory foranalysis. Samples were stored at2—8 °C and analyzed immediately afterarrivalat the laboratory. All
hematological parameters were analyzed using a Hemascreen 18 automated hematology analyzer (Hospitex
Diagnostics, Sesto Fiorentino, Florence, Italy), according to the manufacturer's instructions.

2.4 Statistical analysis

Each animal was sampled three times during the rainy season and three times during the dry season. For each
hematological parameter, the three measurements obtained within each season were averaged to generate one
representative seasonal mean peranimal, thereby ensuring that each animal contributed a single value for each
season in the statistical analysis. Data were expressed as mean + standard deviation (Mean £ SD). Statistical
analyses were performed using IBM SPSS Statistics version 20. Differences between the rainy and dry seasons
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were evaluated using paired-samples t-tests based on the seasonal mean values of each animal. Statistical
significance was set at P < 0.05.

3. Results
3.1 Hematological parameters of Senepol cattle under seasonal conditions

The hematological parameters of Senepol cattle during the rainy and dry seasons are presented in (Table 1).
Several hematologicalindices were significantly affected by seasonalvariation (P <0.05).

White blood cell count (WBC) increased during the dry season in both sexes. In male Senepol cattle, WBC
increased from 13.90 +3.58 K/uL during the rainy season to 15.90 +£4.58 K/uL during the dry season. A similar
increase was observed in females, from 13.23 + 3.55 K/uL to 14.23 £ 4.55K/puL.

In contrast, red blood cell count (RBC) and hemoglobin concentration (HGB) decreased during the dry season.
Male cattle showed a reduction in RBC values from 9.61 +2.53 M/uL in the rainy season to 7.61 £2.32 M/uL in
the dry season, whereas HGB decreased from 12.65 £ 2.91 g/dL to 10.26 + 3.56 g/dL. Similar trends were
observed in female cattle. Hematocrit (HCT) values showed a slight increase during the dry season, reaching32.51
+4.78% in malesand31.62+4.65% in females.

Erythrocyte indices, including MCV, MCH, and MCHC, showed relatively small seasonal variation. However,
RDW-CV and RDW-SD values were higher during the dry season. In male cattle, RDW-CV increased from 25.03
+2.81%t0 27.38 £ 3.85%, while RDW-SD increased from 30.87 +3.28 fL to 33.83 £4.99 fL.

Platelet-related parameters also differed between seasons. Platelet count (PLT) decreased from 725.36 + 59.25
K/uL during the rainy season to 640.87 £ 77.62 K/uL during the dry season in male cattle. In contrast, mean
platelet volume (MPV) and platelet distribution width (PDW) increased during the dry season in both sexes.

Table 1. Hematologicalparameters of Senepol cattle during the rainy and dry seasons (Mean + SD).

Rainy season Dry season
Parameters Male Female Male Female
(n=10) (n=10) (n=10) (n=10)
WBC (K/uL) 13.902+ 3.58 13.232+3.55 15.90°+ 4.58 14.23v+4.55
RBC (M/uL) 9.612+2.53 9.622+1.09 7.61°+2.32 7.76°+ 1.09
HGB (g/dL) 12.652+ 2091 12.322+£2.09 10.26°+3.56 10.32b+£2.94
HCT (%) 30.352+5.73 30.682+ 4.83 32.51°+4.78 31.62°+4.65
MCV (fL) 43.66%+ 7.78 42.682+ 5.57 4456+ 6.47 46.62¢+ 4.73
MCH (pg) 14762+ 3.27 15.14b+1.72 15.07°+2.70 15.14°+1.72
MCHC (g/dL) 35.612+3.48 34422+ 3.54 36.962+ 3.40 35472+ 3.50
RDW-CV (%) 25.0324+ 2.81 24.652+3.16 27.38+3.85 26.52b+4.67
RDW-SD (fL) 30.872+3.28 30.162+2.82 33.83°+4.99 32.96"+3.42
PLT (K/uL) 72536+ 5925 646.95°+£66.81 640.87°+77.62 546.95°+ 76.68
MPV (fL) 4.86°+0.92 4.632+£0.88 5.22b+1.12 5.76°+0.81
PCT (%) 0.162+0.07 0.17°+ 0.04 0.152+0.04 0.16°+0.03
PDW (fL) 6.852+1.14 6.282+1.27 7.14b+ 0.54 7.22b+0.87

Note: Mean = SD values followed by different letters within the same row indicate significant differencesat P <
0.05. Source: Authors, 2026.

3.2. Hematological parameters of Zebu cattle under seasonal conditions

The hematological profile of Zebu cattle across the rainy and dry seasons is summarized in (Table 2). Seasonal
fluctuations were observed in several blood parameters, although the magnitude of variation differed among
hematologicalindices and between sexes.
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Leukocyte values tended to be higher during the dry season. In male Zebu cattle, WBC values increased from
14.73 £ 1.45 K/pL in the rainy season to 15.73 £ 2.34 K/uL during the dry season. Female animals showed a
comparable trend, with WBC values rising from 14.84+ 1.87 K/uL to 15.84 £2.71 K/uL.

A reduction in erythrocyte-related parameters was also observed during the dry season. In males, RBC values
declined from 8.27 + 3.39 M/uL to 7.73 + 2.95 M/uL, while HGB decreased from 12.46 £ 2.51 g/dLto 11.34 +
2.55 g/dL. Female cattle exhibited a similar pattern, with HGB values decreasing from 13.83 + 3.62 g/dL in the
rainy season to 11.26 = 2.46 g/dL in the dry season. In contrast, HCT values showed a moderate increase under
dry-season conditions, reaching 33.10+ 3.70% in males and 34.00+4.55% in females.

The erythrocyte indices MCV, MCH, and MCHC remained relatively stable throughout the experimental period.
Among these variables, MCV values ranged from 36.98 + 4.34 fL to 38.62 + 4.18 fL across seasons and sexes.
Meanwhile, RDW-CV values were generally higher duringthe dry season, increasing to 27.84 = 3.45% in males
and27.96+ 3.38%in females.

Clear seasonal differences were additionally recorded for platelet-associated parameters. Platelet counts declined
during the dry season in both sexes, decreasing from 436.83 +71.42 K/uL to 365.82 + 59.46 K/uL in males and
from 467.56 £ 61.19 K/uL to 367.55 + 61.77 K/uL in females. Conversely, MPV and PDW values showed an
upward trend during the same period.

Table 2. Hematologicalparameters of Zebu cattle during the rainy and dry seasons (Mean + SD).

Rainy season Dry season
Parameters Male Female Male Female
(n=10) (n=10) (n=10) (n=10)
WBC (K/uL) 14.732+£1.45 14.842+1.87 15.73v+2.34 15.84v£2.71
RBC (M/puL) 8.272+3.39 8.382+2.81 7.73+£2.95 7.56°+3.53
HGB (g/dL) 12.462+£2.51 13.83Y+3.62 11.34¢+2.55 11.26°+2.46
HCT (%) 29.102+£4.07 30.162+3.15 33.10b+3.70 34.00+4.55
MCV (fL) 37.213+3.46 38.62°+4.18 36.982+4.34 37.36°+4.64
MCH (pg) 14.592+£2.26 15.132+3.73 14.552+3.12 15772+ 4.36
MCHC (g/dL) 36.362+4.38 35.128+3.76 35.672+3.64 35.192+2.96
RDW-CV (%) 26.54°+221 26.932+£2.93 27.84+£3.45 27.96°+£3.38
RDW-SD (fL) 31.68*+3.53 31.3428+4.58 32.762+5.35 31.882+4.94
PLT (K/uL)  436.832+71.42 467.56°+61.19  365.52°+£59.46 367.55°+61.77
MPV (fL) 7.262+£1.02 7.31°+£0.83 8.522+0.95 8.23v+1.31
PCT (%) 0.26+0.08 0.252+£0.06 0.242+£0.10 0.242+0.09
PDW (fL) 7.753+1.82 7.922+1.46 8.97°+£2.08 9.12b+1.94

Note: Mean=+ SD values followed by different letters within the same row indicate significant differencesat P <
0.05. Source: Authors, 2026.

4. Discussion

The present study demonstrated that seasonal conditions influenced several hematological parameters in both
Senepol and Zebu cattle raised under tropical conditions in Vietnam. Variations were mainly observed in
leukocyte counts, erythrocyte-associated parameters, and platelet indices, suggesting that seasonal environmental
conditions affect physiological homeostasis in imported cattle breeds. Comparison with the bovine hematological
reference intervals reported in the Merck Veterinary Manual (Fielder, 2024) indicated that most hematological
parameters remained within the normal physiological ranges for clinically healthy cattle despite the observed
seasonalvariations. These findings su ggest that the seasonalchanges observed in the present study likely represent
normalphysiological variation rather than clinically significant hematologicalabnormalities.

One of the most noticeable findings in the present study was the increase in WBC values during the dry season in
both breeds. Elevated leukocyte counts may reflect responses associated with seasonal environmental conditions
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and possibly increased thermal load. However, because physiological indicators of heat stress were not measured,
these findings should be interpreted asassociations rather than direct evidence of heat stress. Similar observations
were reported by Berian et al. (2019), who found that heat stress significantly altered hematological and
biochemical profiles in crossbred dairy cattle. Blond et al. (2024) likewise demonstrated that elevated ambient
temperature affected inflammatory and metabolic blood parameters in cows.

Previous studies have suggested that increased thermal load may influence endocrine and inflammatory responses,
thereby affecting leukocyte dynamics and immune regulation in cattle. Nevertheless, the present study did not
directly evaluate physiological indicators of heat stress. The relatively moderate increase in WBC values observed
in Zebu cattle is consistent with previous reports describing the thermotolerance of Bos indicus-derived breeds,
although the present study was not designed to directly compare breed-specific adaptive capacity. Habimana etal.
(2023) emphasized that tropical cattle breeds generally possess superior mechanisms for coping with heat stress
compared with more heat-sensitive breeds, contributing to the maintenance of physiological stability during
periods of environmentalchallenge.

In contrast, Senepol cattle exhibited slightly greater fluctuations in several hematological variables, although the
observed valuesremained within physiological ranges reported foradapted beef cattle breeds. Red blood cell count
and hemoglobin concentration decreased duringthe dry season in both breeds. Similartrendshave been reported in
cattle exposed to elevated environmental temperatures and seasonal challenges. Chen et al. (2023) reported that
heat-sensitive cattle exhibited reductions in erythrocyte-related parameters under thermal stress, suggesting
impaired oxygen transport efficiency and altered physiological regulation.

Comparable findings were also reported by Abera et al. (2021), who observed significant seasonal changes in
physiological and biochemical indicators in cattle raised under tropical conditions. Reductions in RBC and HGB
values may reflect adjustments to seasonal climatic conditions, although direct evidence of heat stress was not
assessed in the present study. Importantly, the observed RBC and HGB values remained within the established
bovine hematological reference intervals reported in the Merck Veterinary Manual (Fielder, 2024), indicating that
these seasonalvariations were more likely to represent normalphysiological fluctuations than clinically significant
hematologicalabnormalities.

Interestingly, despite reductions in RBC and HGB values, hematocrit values showed a slight increase during the
dry season. This pattern suggests that hematological responses to seasonal stress are complex and may involve
changesin plasma volume, erythrocyte morphology,and hydmtion status. The slight increase in hematocrit despite
reductions in RBC and HGB may be associated with seasonal changes in plasma volume and hydration status,
which have previously been described in cattle exposed to different environmental conditions (Abera et al., 2021;
Mekroud et al,, 2021). Variations in hematocrit may therefore reflect compensatory physiological mechanisms
related to seasonalenvironmentalchanges.

In both breeds, MCV, MCH, and MCHC values remained relatively stable across seasons. These findings indicate
that although environmental conditions influenced erythrocyte quantity, the structural characteristics and
hemoglobin content of individual erythrocytes were less affected. Similar stability in erythrocyte indices was
reported by Mekroud etal. (2021), who found relatively limited seasonalvariation in severalhematological indices
of Holstein cattle. Yanget al. (2022) also reported that Senepol cattle maintained relatively stable hematological
profiles under different environmental conditions, supporting the resilience of this breed under tropical climates.

The increase in RDW-CV and RDW-SD values during the dry season, particularly in Senepol cattle, may indicate
greater variation in erythrocyte size distribution under environmental stress conditions. Elevated RDW values are
often associated with intensified erythropoietic activity and altered erythrocyte turnover. Velayudhan etal. (2023)
suggested that heat stress may induce physiological and hematological adjustments associated with oxidative and
metabolic stress responses in cattle. Increased RDW values observed in the present study may therefore reflect
compensatory hematopoietic responses during periods of elevated environmentaltemperature.

Platelet-associated parameters also showed clear seasonal variation. Platelet counts decreased during the dry
season, whereas MPV and PDW values generally increased in both breeds. Platelets are increasingly recognized as
important components of inflammatory and physiological stress responses. Watson et al. (2020) emphasized the
role of platelets in inflammation, tissue repair, and hemostatic regulation. Similarly, Blond et al. (2024) observed
that heat stress significantly affected several blood indicators associated with inflammatory and metabolic activity
in cows. Increased MPV and PDW values may indicate enhanced platelet activation or compensatory circulatory
responses under seasonalenvironmentalconditions.

Although both breeds exhibited seasonal hematological fluctuations, descriptive comparisons suggested that the
magnitude of seasonal changes differed between Senepol and Zebu cattle. However, because direct statistical
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comparisons between breeds were not performed, these observations should be interpreted with caution. Previous
studies have demonstrated that breed-related differences play an important role in physiological responses to heat
stress (Chen et al., 2023; Habimanaetal., 2023).

Therefore, the apparent differences observed between Senepoland Zebu cattle in the present study may warrant
further investigation using appropriate statistical models to evaluate breed-specific responses under tropical
environmental conditions. Nevertheless, most hematological values observed in the present study remained within
the normal physiological ranges reported for tropical and adapted cattle breeds (Yanget al., 2022; Mladenovi¢ et
al, 2024).

The present findings indicate that seasonal variation can significantly influence hematological charmacteristics in
imported cattle breeds raised under tropical environmental conditions in Vietnam. The observed hematological
changes may reflect seasonal influences on immune regulation and metabolic homeostasis. Because physiological
indicators of heat stress were not directly measured, these findings should be interpreted as associationsratherthan
evidence of a causal relationship between heat stress and hematological alterations. These results provide
additional reference data for evaluating cattle health and may contribute to future studies on imported beef cattle
production under tropical climatic conditions.

5. Conclusions

Seasonal variation significantly influenced several hematological parameters in both Senepol and Zebu cattle
raised under tropical environmental conditions in Vietnam. Variations were primarily observed in leukocyte
counts, erythrocyte-related indices, and pltelet-associated parameters, suggesting physiological responses
associated with seasonal environmental conditions. Descriptive comparisons indicated that the magnitude of
seasonal hematological changes differed between the two breeds; however, direct statistical comparisons between
breeds were not performed. Therefore, breed-specific differences should be interpreted with caution. The findings
provide useful reference data for health monitoring, veterinary assessment, and management strategies for
imported cattle raised under tropical climatic conditions.
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