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Abstract

The Preta de Montesinho goat is an autochthonous Portuguese breed classified as
endangered. Autochthonous breeds should be preserved because they are usually well
adapted to their specific regional conditions, exhibit resistance to certain diseases, and
serve as important reservoirs of unique genetic diversity. For a breed like the Preta
de Montesinho, maintaining the health of the animals to ensure their reproduction
and increase their numbers is essential. Therefore, understanding the hematological
reference interval is particularly important. This study aimed to determine the
hematological reference interval for the Preta de Montesinho breed and assess the
potential influence of age, sex, and seasons on these intervals.

*Corresponding author: e-mail: helder5tas@ipb.pt
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A total of 136 blood samples were collected from healthy animals. The samples were
analyzed using the Mindray BC-5000 Vet® automatic hematology analyzer, and
reference intervals for 23 blood parameters were established applying the Reference
Value Advisor v2.1 software. JMP® was utilized to determine statistically significant
differences between the established groups.

Regarding age, statistically significant differences (p < 0.05) between young and old
goats were detected in 15 parameters. Sex significantly influenced eight parameters,
six of which were erythrocyte indices. The annual season (summer or winter) affected
seven parameters and six erythrocyte indices. The reference intervals described here
can serve as a tool to identify sick animals, evaluate responses to therapies, and select
healthy animals for reproduction, thus contributing to the breed’s preservation.
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INTRODUCTION

The Preta de Montesinho goat is the most endangered autochthonous Portuguese
breed that is currently classified by the Food and Agriculture Organization of the
United Nations (FAO) as an endangered-maintained breed. This means the goat is at
risk of extinction, but is being maintained by an active public conservation program
or within a commercial or research facility. According to a census conducted by the
Sociedade Portuguesa de Recursos Genéticos Animais (SPREGA), in 2024 there were
1878 females and 73 males maintained by 45 farmers.

In a breed like the Preta de Montesinho, actively maintaining the animals’ health to
ensure their reproduction and increase their numbers is crucial. Thus, it is essential to
learn everything possible about the breed, and knowing the hematological reference
interval is particularly useful for assessing health. This knowledge serves as a tool for
identifying sick animals, evaluating their response to therapy, and selecting healthy
animals for reproduction, thereby contributing to the breed’s preservation (Silva et al.,
2023).

Although goat farming has declined over recent decades, the Iberian Peninsula still
represents almost 25% of the European goat census. In a small country like Portugal,
which has six native goat breeds, it is concerning that only 12.5% of the national stock
is native and that most of these animals are crossed with foreign breeds (Ginja et al.,
2018). The crossbreeding of local and exotic livestock breeds has led and continues
to lead to the extinction or endangerment of several native breeds in Portugal, similar
to trends in other countries (Bruno-de-Sousa et al., 2010). Autochthonous breeds
should be preserved, as they usually are best adapted to the specific conditions of
their region or country, exhibit resistance to certain diseases, and serve as significant
reservoirs of unique genetic diversity. These animals are often farmed in extensive
systems and thrive on poor pastures and marginal agroforestry land. Goats are nearly
the only animal capable of optimizing these resources while contributing to ecosystem
management (Carolino et al., 2016). Efforts to farm these animals can unlock potential
for the socioeconomic development of rural areas. In Europe, about 7% of caprine
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breeds have disappeared, and many more are on the verge of extinction (Martinez et
al., 2015); it is extremely important to raise awareness, increase knowledge, and make
efforts to increase the populations of native breeds.

This study aimed to establish the hematological reference intervals (RI) and evaluate
the potential impact of sex, age, and seasons on these intervals in the underrepresented
Portuguese goat breed, the Preta de Montesinho.

MATERIALS AND METHODS

Study Population

The animals in this study belonged to the Agro-Livestock Unit of Instituto Politécnico
de Bragancga (IPB). The production system for these animals was semi-extensive, with
grazing on permanent meadows during the day and stabling at night. The animals
were frequently monitored by the veterinary doctors of the IPB and received regular
medical and prophylactic care, including proper anthelmintic treatments. The samples
(see below) were collected in three different months (in June and November of 2023
and January of 2024) within the scope of an animal health program that aimed to
eradicate and monitor animal diseases.

To study the effect of age and sex on the hematological parameters, the population
was divided into males (n=9) and females (n=127) and young (age <18 months old,
n=33) and adults (= 18 months old, n=103). Regarding season, the samples were
divided into two different groups: winter cold season (n=136) and summer warm
season (n=30).

Sample Collection and Hematological Analyses

For animals to be selected for sample collection, they had to meet specific criteria
established before the days of sample collection: they had to be healthy, routinely
dewormed, without any treatment in the last six months, and with a body condition
score appropriate to their production phase (between 2.5 and 3.5 on a scale of 5). The
animals were examined on the day of sampling, and a physical exam was performed.
Any animal that had lesions, abscesses, was lethargic, or had a fever was excluded to
ensure that only healthy animals were included in the study, preventing any disruption
of results. Additionally, animals that were excited or agitated during sampling were
also excluded.

Samples were collected as part of the disease testing integrated with the animal health
program in force in Portugal. The animals were grabbed calmly, and the blood was
collected via the jugular vein using an 18-gauge needle (BD PrecisionGlide™) into
K3EDTA vacuum tubes (BD Vacutainer) with a 4 mL capacity. Immediately after
the blood draw, the tubes were inverted gently several times to ensure adequate

51



Veterinarski Glasnik 2025, 79(1), 49-64

anticoagulant mixing. No later than 3 h after collection, the samples were processed
with the Mindray BC-5000 Vet® that works with three technologies, tri-angle laser
scatter, focused flow, and chemical dye.

The parameters obtained were red blood cell count (RBC), hematocrit (HCT),
hemoglobin (HGB), mean corpuscular volume (MCV,) mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution
width — coefficient of variation (RDW-CV), red cell distribution width — standard
deviation (RDW-SD), white blood cell count (WBC), differential total count and
percentage of neutrophils (NEU), lymphocytes (LYM), monocytes (MON), eosinophil
(EOS), basophils (BAS), platelet count (PLT), mean platelet volume (MPV), platelet
distribution width (PDW), and plateletcrit (PCT). -

The animal study protocol was approved by the Ethics Committee by Polytechnic
Institute of Braganca — P520717-R633322-D1864723.

Statistical Analyses

Statistical analysis was performed with Microsoft Office Excel® (version 2305 Build
16. 0. 16501. 20074), Reference Value Advisor v2.1 and JMP® Statistical Discovery
version 7 software. Data collected was recorded in Excel®. Reference Value Advisor
v2.1 was applied to determine Rls and confidence interval (CI) limits at 90%, analyze
data normality with the Anderson-Datling test, and check for the presence of
outliners with the Tukey and Dixon-Reed methods. After these tests and based on
the distribution, either the nonparametric or robust method, with or without Box-Cox
transformation, was utilized, and the RI and the 90% CI for the lower and upper limits
were determined (Geffré et al., 2011; Silva et al., 2023).

The JMP® was used to verify if there were statistically significant differences between
the different groups established (young-adults, female-male and warm-cold season;
see above). The Shapiro-Wilk test was performed to test sample normality. Then,
results were subjected to an analysis of variance (ANOVA) to investigate the influence
of sex, age, and season (Silva et al., 2023). Differences were considered significant
when p < 0.05.

RESULTS

Reference Intervals for Preta de Montesinho goat

A total of 136 animals were included in this study, and 23 hematological parameters
were determined. In Table 1, the data is expressed as the mean, median, standard
deviation (SD), the minimum and maximum value of each parameter, RI, the lower
reference limit (LRL) at 90% CI, and the upper reference limit (URL) at 90% CI.

52



Rafacla S. S. MOREIRA et al.: Reference Intervals of Hematological Parameters in the Preta de Montesinho Goat

Table 1. Hematological reference intervals for the population of Preta de Montesinho goats
included in the study (n=130).

Parameters/Units N Mean + SD Median Min—-Max RI LRL 90% CI  URL 90% CI
WBC (103/pL) 136 13.5+3.6 13.1 4.56-29.57 7.9-21.7 4.6-8.4 19.5-29.6
NEU (10%/uL) 136 6.2+2.6 5.6 1.28-18.85 2.3-133 1.3-3.1 11.6-18.9
LYM (103/pL) 136 6.4+2.3 5.8 1.94-14 2.8-12.2 1.9-3.7 11.1-14.0
MON (103/u1) 136 0.3+0.1 0.2 0.05-0.8 0.1-0.6 0.1-0.1 0.5-0.8
EOS (10%/pL) 136 0.5+0.6 0.3 0.01-5.92 0.1-1.5 0.0-0.1 1.2-5.9
BAS (10°/ul) 136 0.1+0.1 0.1 0.03-0.3 0.0-0.3 0.0-0.1 0.3-0.3
NEU (%) 136 45.7+12.2 45.8 23-73.7 24.1-70.0 23.0-26.0 64.1-73.7
LYM (%) 136 47.8%12.3 46.9 13.5-72 23.5-69.3 13.5-28.3 67.9-72.0
MON (%) 136 1.9%1.1 1.6 0.5-5.8 0.6-4.9 0.5-0.7 4.0-5.8
EOS (%) 136 3.6+3.0 2.7 0.1-20.1 0.4-11.2 0.1-0.7 8.7-20.1
BAS (%) 136 1.1£0.4 1.1 0.2-2.5 0.5-2.0 0.2-0.5 1.8-2.5
RBC (10°/u1) 136 17.6+3.0 18.1 7.9-25.92 10.5-23.4 7.9-12.4 21.8-25.9
HGB (g/L) 136 99.9£15.0 101.6 50.3-135.4 63.6-127.7 50.3-72.0 122.5-135.4
HCT (%) 136 29.6+4.3 29.7 14.9-40 19.7-38.1 14.9-21.8 36.8-40.0
MCV (fL) 136 17.1£2.7 16.9 11.5-27.8 12.2-22.7 11.5-13.1 21.8-27.8
MCH (pg) 136 5.7£0.7 5.6 4.4-7.7 4.5-7.1 4448 6.9-7.7
MCHC (g/L) 136 338.4£19.6 337.0 278-387 301.0-381.7 278.0-308.0 368.0-387.0
RDW-CV (%) 136 24.012.4 23.6 20.6-41.8 21.1-30.0 20.6-21.5 27.3-41.8
RDW-SD (fL) 136 17.2+3.2 16.7 12.4-38.5 13.1-24.3 12.4-13.6 22.1-38.5
PLT (103/uL) 136 219.4£171.0 153.0 26-711 30.9-632.0 26.0-40.0 549.0-711.0
MPYV (fL) 136 2.410.1 2.4 22-27 22-27 2.2-2.2 2.6-2.7
PDW (%) 136 12.9£0.5 13.0 11.7-13.6 11.7-13.5 11.7-11.8 13.3-13.6
PCT (%) 136 0.1£0.0 0.0 0.007-0.162 0.0-0.1 0.0-0.0 0.1-0.2

WBC: white blood cell count, NEU: neutrophils, LYM: lymphocytes, MON: monocytes, EOS:
cosinophils, BAS: basophils, RBC: red blood cell count, HCT: hematocrit, HGB: hemoglobin,
MCYV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular
hemoglobin concentration, RDW-CV: red cell distribution width — coefficient of variation, RDW-SD:
red cell distribution width — standard deviation, PLT: platelet count, MPV: mean platelet volume, PDW:
platelet distribution width, PCT: plateletcrit, SD: standard deviation, Min: minimum, Max: maximum,
RI: reference interval, LRL: lower reference limit, URL: upper reference limit, CI: confidence interval.

Influence of age on hematological parameters

Considering age, the initial population of 136 animals was divided into two groups:
the young group, consisting of animals less than 18 months old (n=33), and the adult
group, consisting of animals 18 months or older (n=103).
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Table 2 summarizes the effect of age on the mean hematological parameters.
Differences between groups were considered statistically different when p < 0.05.
That said, mean WBC, LYM, BAS, LYM (%), BAS (%), RBC, MCHC, and RDW-CV
were higher in younger animals, while, mean NEU, NEU (%), MON (%), HCT, MCV,
MCH, and RDW-SD were higher in older animals.

Table 2. Effect of age on hematological parameters in the Preta de Montesinho goat.

Parameters/ Young (n=33) Adult (n=103)

Units Mean + SD RI Mean + SD RI p-value
WBC (103/pL) 147432 8.7-21.8 13.143.7 6.6-23.3 0.0304
NEU (103/uL) 5.0%1.5 2.6-8.9% 6.6+2.8 2.2-14.1 0.0016
LYM (103/uL) 8.8+2.5 3.9-14.1 5.6%1.7 2.6-10.4 <0.0001
BAS (103/pL) 0.240.1 0.1-0.3 0.120.1 0.0-0.3 0.0001
NEU (%) 34.349.2 21.6-572 49.3%+10.7 29.1-71.6 <0.0001
LYM (%) 59.6%9.3 31.5-73.2 44.0£10.6 21.8-64.8 <0.0001
MON (%) 1.5+0.8 0.6-4.2 2.0+1.1 0.6-5.4 0.0225
BAS (%) 1.240.4 0.6-2.3 1.0£0.4 0.5-1.9 0.0175
RBC (106/pL) 19.3+2.6 13.4-24.1% 17.143.0 9.9-22.6 0.0002
HCT (%) 27.7+3.4 18.7-33.6 30.2+4.5 19.1-38.6 0.0058
MCYV (fL) 145417 11.4-18.5 17.942.4 13.7-23.0 <0.0001
MCH (pg) 5.140.4 4.2-6.0% 5.9+0.6 49-7.1 <0.0001
MCHC (g/L) 353.6+18.9 307.3-385.7* 333.5+17.3 299.0-370.0 <0.0001
RDW-CV (%) 24.942.0 21.7-30.2 23.742.5 21.1-29.2 0.0149
RDW-SD (L) 15.4+1.9 12.2-20.4 17.8433 13.6-25.3 0.0001

RBC: red blood cell count, HCT: hematocrit, MCV: mean corpuscular volume, MCH: mean
corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW-CV:
red cell distribution width — coefficient of variation, RDW-SD: red cell distribution width
— standard deviation, WBC: white blood cell count, NEU: neutrophils, LYM: lymphocytes,
BAS: basophils, MON: monocytes, SD: standard deviation, RI: reference interval.

* Use with caution because possible outliners were detected (Geffré et al, 2011). ** The sample
size is too small (n < 40) to compute a nonparametric reference interval. The parametric
analysis does not give enough confidence to formulate adequate Rls.

Influence of sex on hematological parameters

Considering sex, the initial population was divided into females (n=127) and males
(n=9).

Table 3 summarizes the effect of sex on the mean hematological parameters.
Differences between groups (p < 0.05) were found for mean EOS (%), BAS (%), and
RBC, HGB, HCT, MCV, MCH, and MCHC. Mean RBC, HGB, HCT, and MCHC

were higher in males, while mean EOS (%), BAS (%), MCV, and MCH were higher in
females.
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Table 3. Effect of sex on hematological parameters in the Preta de Montesinho goat.

Parameters/ Female (n=127) Male (n=9)

Units Mean + SD RI Mean * SD RI p-Value
EOS (%) 37431 04-11.3 1.7+1.0 wk 0.0465
BAS (%) 1.1+0.4 0.5-2.0 0.8%0.3 03-1.6 0.0405
RBC (105/uL) 17.3%2.9 10.3-22.0 21.8+1.8 16.7-26.2 <0.0001
HGB (g/L) 98.9+14.9 63.3-128.5 114.5+8.2 94.3-134.9 0.0022
HCT (%) 20.3+4.4 19.6-37.5 32.6+2.8 25.2-38.7* 0.0284
MCV (fL) 172427 123228 15.122.0 11.6-21.5 0.0211
MCH (pg) 5.840.7 45-7.1 5.340.4 43-6.2 0.0329
MCHC (g/L) 337.4%19.4 301.0-379.0 351.8+19.6 304.9-401.6 0.0338

EOS: cosinophils, BAS: basophils, RBC: red blood cell count, HGB: hemoglobin, HCT: hematocrit,
MCYV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular
hemoglobin concentration, SD: standard deviation, RI: reference interval.

* Use with caution because possible outliners were detected (Geffré et al, 2011). ** The sample size is
too small (n < 40) to compute a nonparametric reference interval. The parametric analysis does not give
enough confidence to formulate adequate Rls.

Influence of season on hematological parameters

Regarding the influence of seasons, the samples were also divided into two groups, i.e.,
collected in the cold season (n=106) or warm season (n=30).

The effect of seasons is condensed in Table 4. Differences between the groups were
considered significant when p < 0.05. Thus, the mean RBC, HGB, HCT, MCV, MCH,
RDW-CV, and MPV were statistically different between groups. Mean RBC, HGB,
HCT, and MCV were higher during the winter cold season than during the warm
season.

Table 4. Effect of season on hematological parameters in the Preta de Montesinho goat.

Parameters/ Cold season (n=106) Warm season (n=30)

Units Mean + SD RI Mean + SD RI p-Value
RBC (10/pL) 17.9+2.6 11.8-22.6 16.5+4.0 8.2-24.9 0.0188
HGB (g/L) 103.2+13.3 66.4-130.5 88.4£15.2 57.8-121.0*% <0.0001
HCT (%) 30.6£3.9 19.8-38.6 25.813.8 16.9-33.2* <0.0001
MCYV (fL) 17.3+2.6 13.2-23.0 16.2+2.9 10.4-22.3 0.0422
MCH (pg) 5.810.6 4.8-7.0 5.5£0.7 4.2-7.2 0.0290
RDW-CV (%) 23.611.8 21.1-28.9 25.313.7 21.3-35.6 0.0006
MPV (fL) 2.3710.1 2.2-2.7 2.4310.1 Hx 0.0191

RBC: red blood cell count, HGB: hemoglobin, HCT: hematocrit, MCV: mean corpuscular
volume, MCH: mean corpuscular hemoglobin, RDW-CV: red cell distribution width —
coefficient of variation, MPV: mean platelet volume, SD: standard deviation, RI: reference
interval.

* Use with caution because possible outliners were detected (Geffré et al, 2011). ** The sample
size is too small (n < 40) to compute a nonparametric reference interval. The parametric
analysis does not give enough confidence to formulate adequate Rls.
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DISCUSSION

The evaluation of hematological parameters is commonly used to assess the health
status of farm animals and to characterize different animal breeds, and goats are
no exception. Studies like the one here conducted have been carried out since the
last century. There are several articles dating back to the late 1970s that evaluate the
influence of age on hematology parameters (Edjtehadi, 1978), sex (Somvanshi et al.,
1987), season, gestation (Pospisil et al.,, 1987), and even compare different breeds
of goats (Mbassa & Poulsen, 1992). Nowadays, with more sophisticated and better
calibrated automated cell counters, these studies continue to be conducted and with
morte accurate results.

It is well documented that there are plenty of factors that can interfere with the
erythrocyte, leukocyte, and platelet blood indices, for example, infectious diseases,
parasites (Mpofu et al., 2020), body condition score (Shawaf et al., 2021), and many
more. Hence, in this study, only dewormed animals were included that had adequate
body condition scores, and the healthy animals were subjected to a physical exam prior
to sampling.

We determined 23 blood parameters for the Preta de Montesinho goat. WBC and
NEU counts were slightly above than those reported for other different goat breeds,
while the other leukocyte indices were within the normal ranges established in other
studies (Agradi et al., 2022; Mohammed et al., 2016). Research conducted on four
Omani goat breeds showed that three of them had higher mean WBC values than
the value we determined for the Preta de Montesinho goat. However, Rls were higher
in one breed, similar in another, and lower in two. All four Omani breeds had higher
mean and RI values for NEU (%) (Al-Bulushi et al., 2017) than we found in the
current study. The mean WBC values established here could be physiologically high in
Preta de Montesinho goats, as has been demonstrated for other breeds. Alternatively,
despite only seemingly healthy animals being included in this study, the high WBC
values could have been due to a subclinical disease, infection, or intoxication (Olver
et al., 2022).

Regarding the parameters related to erythrocytes and hemoglobin, HGB, HCT, and
MCHC were consistent with the Rls found in the literature (Newcomer et al., 2021;
Olver et al., 2022). However, the mean RBC count in our study was slightly higher
than the ones previously published (Arfuso et al., 2016; Mohammed et al., 20106).
Depending on the source, the mean MCV and MCH values reported by us are either
similar (Arfuso et al., 2016) or marginally lower (Mohammed et al., 2016; Olver et al.,
2022) than previously published. Most of the studies did not mention the RDW or did
not differentiate between RDW-SD and RDW-CV. When studies included RDW, they
generally referred to the RDW-CV. That said, the RDW-CV reported in our study was
the same as other studies (Karasahin et al., 2022) or lower (Al-Bulushi et al., 2017).
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Platelet indices are also commonly neglected, but comparing with the few articles that
included them, the parameters (MPV, PCT and PDW) were below those previously
reported (Mohammed et al., 2016; Singh Nathawat et al., 2023). Regarding the PLT,
although the upper limit of the RI was within the values presented in other studies,
the lower limit was below (Johns & Heller, 2021; Smith & Sherman, 2023). There are
several reasons that can explain these platelet indices. Firstly, the lower RIs we observed
might be physiological for Preta de Montesinho goat, as breed is a well-documented
factor influencing hematological parameters (Arfuso et al., 2016). Additionally, platelets
often appear in the peripheral blood in clusters of various sizes (Smith & Sherman,
2023), which could cause automated cell counters to count several platelets as one
or misidentify them as other types of blood cells. Furthermore, sampling in some
animals might have been slow or traumatic, or the blood inadequately mixed with
the anticoagulant, which could have resulted in platelet activation and/or clumping.
This clumping can decrease the measured platelet count generated by hematology
analyzers (Sharkey et al., 2020). Although this study only included apparently healthy
animals that were regularly checked by veterinarians, infectious diseases are a well-
known cause of low platelet indices (Johns & Heller, 2021). A limitation of this study
was the absence of blood smears and manual blood cell counts, which would have
cither confirmed the determined values or indicated that the low indices were due to
platelet activation or clumping,

To evaluate the influence of age on hematological parameters, the initial population
was divided into two different groups (younger or older than 18 months). This age
threshold was chosen because 18 months is the average age at which goats begin
their productive life, that is, the age at first parturition. The literature indicates that
erythrocyte parameters in goats are labile, changing markedly over the goat’s lifetime
(Smith & Sherman, 2023). We proved this and more, as we found statistically significant
differences in 15 of the 23 parameters assessed. The mean WBC, LYM, and BAS
(count and percentage), and RBC, MCHC, and RDW-CV were higher in young than
in old goats, while the NEU (count and percentage), MON (percentage), and HCT,
MCYV, MCH, and RDW-SD were lower in the young goats.

In relation to the leukocyte parameters, some studies did not find age influenced the
WBC (Yaqub et al., 2013). However, most studies found that the WBC is higher in
younger than in older animals (Agradi et al., 2022; Arfuso et al., 2016; Yaqub et al.,
2013). Studies cite the fact that there are age-dependent variations in the immune
systems of animals, with younger goats appearing to have a robust protective system
that offers rapid and potent defense against infectious agents (Piccione et al., 2014),
which seems to corroborate the current findings. The higher LYM fraction and
percentage in young animals and the elevated NEU parameters in older animals (our
study), align with literature stating that lymphocytes are the predominant leukocyte
in younger goats, while in older goats, the percentage of neutrophiles is equal to or
slightly higher than the percentage of lymphocytes (Antunovi¢ et al., 2020).
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The findings for the erythrocyte indices were also validated by other studies: mean
RBC decreased with age (Agradi et al., 2022; Antunovi¢ et al., 2020; Arfuso et al,,
2016; Karasahin et al., 2022) and so did the MCHC (Agradi et al., 2022) while the
mean HCT, the MCH and MPV increased with age (Agradi et al., 2022; Karagahin
et al.,, 2022; Yaqub et al.,, 2013). This physiological variation could be attributed to
the increased oxygen-carrying capacity of younger goats compared to older ones,
due to higher metabolic activity of the young animals. The RDW-CV (RDW-CV =
[RDW-SD/MCV] x 100) declining with age can be explained by poikilocytosis, which
seems to be more present in young animals (Agradi et al., 2022). Although RDW-SD
did not show the same trend, this difference lies in the calculation methods for both
patameters.

Most studies mentioned generally aligned with our findings, but a few reported different
results. For instance, some studies found that age significantly influences HGB values
(Agradi et al., 2022) and platelet indices (Arfuso et al., 2016), which were not observed
in this study. Additionally, Arfuso et al. (20106) reported that MCV decreases with age,
while MCHC and HCT increase, which was the opposite of our findings.

To assess the influence of sex, the goats were divided into males and females. The
mean EOS (%), BAS (%), MCV, and MCH were higher in females, while mean RBC,
HCT, HGB, and MCHC were superior in males. In the other parameters, statistically
significant differences were not determined.

A study performed on Hair goats in 2022 concluded that sex had an influence on
MCV and MCH (higher in females) and on MHCH and RDW (elevated in males)
(Karasahin et al., 2023). In Angora goats, the RBC was higher in males than in females,
and sex did not influence the platelet indices (Polat et al., 2018). We found the same
differences in RBC, MCV, MCH, and MHCH in our study, and we also concluded
that sex does not have an influence in platelet parameters. However, we did not find
statistically significant variations between male and female regarding the RDW. A clear
explanation for the higher values in males, particularly in RBC, HCT, and HGB, is the
stimulating effect of androgens on erythropoiesis.

An interesting study carried out in 2023 investigated not only the effect of sex on the
hematological values but also the effect of breeding season (Karagahin et al., 2023).
That study found that RBC, HGB, HCT, MCH, and MCHC were higher in males
than in females, but also that some of these were only statistically different in the
breeding season. The results suggested that males mate more frequently and require
more oxygen due to higher liveliness. Greater physical activity occurs during mating,
and the generated heat raises the metabolic rate and triggers bodily changes, such as
thermoregulation and increased erythrocyte production from the spleen to meet the
oxygen deficit. Additionally, respiratory capacity, cardiac output, and heart rate must
rise to supply more blood to muscles. These factors lead to a general increase in the
erythrocyte indices during the breeding season (Karasahin et al., 2023).
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Although we found statistically significant differences between the two sexes, the Rls
established for males should be considered with caution because, as the number of
studied individuals was low (n=9), we cannot state that our sample was representative
of the Preta de Montesinho male population. To improve the accuracy of these
results, similar studies with a higher number of individuals are needed. Nevertheless,
in a breed that only had 73 males registered in 2024, increasing the number of these
animals while maintaining the criteria of selection (healthy, dewormed, animals with
known medical history) is very difficult to achieve.

The impact of seasons was also analyzed. The sampling was performed in three
different months, i.e., June and November of 2023 and January of 2024. Initially,
a statistical analysis was conducted on samples collected in November and January,
as weather conditions did not vary significantly during this period (late fall to eatly
winter). The analysis confirmed that there were no statistically significant differences.
Therefore, the 136 animals in this study were divided into two groups: cold season,
which included samples collected in November and January and warm season, which
corresponded to samples from June.

Statistically significant differences were found in seven parameters: mean RBC, HGB,
HCT, MCV and MCH, that were higher in the cold season, and mean RDW-CV and
MPYV, which were lower in the cold season. Our findings were validated by other
studies (Polat et al., 2018; Singh Nathawat et al., 2023).

Most erythrocyte indices were lower during the warm season than in the cold season.
This phenomenon can be attributed to hemodilution, as it is documented that goats
exposed to high temperatures increase their water consumption, leading to expansion
of blood plasma volume (Polat et al., 2018). Additionally, high temperatures are
known to cause peripheral vasodilation and redistribution of cardiac output, further
contributing to hemodilution (Al-Haidary, 2004). Finally, another study (Habibu at
al., 2017) indicated that oxidative stress caused by high ambient temperatures could
denature and precipitate hemoglobin molecules in erythrocytes, leading to their
degradation. This could also explain the lower values observed (Habibu at al., 2017).

Another explanation for the erythrocyte indices differing in warm and cold seasons
could be the indirect influence of heat stress on the satiety center: thermal stress
activates the rostral cooling center of the hypothalamus, which subsequently stimulates
the medial satiety center (Yaqub et al., 2013). This stimulation inhibits the appetite
center, resulting in decreased feed intake, which can cause nutritional deficits that could
influence on the blood parameters (Yaqub et al., 2013). Another study indicated that
erythrocyte values are generally elevated during colder seasons compared to warmer
ones. This increase is attributed to the heightened use of concentrate feeding, which
typically occurs in winter months when animals are often kept indoors or require
supplemental feed due to inadequate pasture availability (Singh Nathawat et al., 2023).
High erythrocyte levels may also be due to high metabolic rates in winter that stimulate
erythropoiesis (Singh Nathawat et al., 2023).
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Most researchers also found seasonal differences in WBC and some leukocyte
parameters (Agradi et al., 2022; Ghosh et al., 2013; Polat et al., 2018), but in our
study, we concluded that the season did not have a statistically significant impact on
leukocyte indices. This could be explained by the smaller number of samples from the
warm season (n=30), which could be insufficient to observe significant differences.
Moreover, it would be interesting to repeat this study with samples collected in each
season while also recording some relevant parameters related to the season, such as
temperature, relative humidity, and temperature humidity index, to determine if more
differences would be found.

Our study population consisted of 136 animals, which is an acceptable sample
size considering that there are fewer than two thousand individuals of the breed.
Nevertheless, it is important to consider the potential limitations of this research,
especially when studying the impacts of age, sex, and season. The statistical analysis is
less robust in groups with n < 40 (Geffré et al., 2011). In our study, a few Rls could not
be computed due to the small sample size. While other Rls are provided, they should
be interpreted with caution, as 1 to 3 potential outliers were identified, significantly
affecting the RIs because of the limited sample size (Geffré et al., 2011).

Using a greater number of samples and involving other Preta de Montesinho goat
farmers in the study could have enhanced its external validity. However, it is crucial to
address biases, such as farm management systems and health conditions, as these could
greatly affect hematological parameters in the Preta de Montesinho goat. Therefore,
all animals included in future studies to establish hematological norms should be fed
similarly, exposed to the same environmental and agricultural practices, and undergo
regular deworming and veterinary evaluations.

CONCLUSION

Hematological reference intervals are a tool for preserving endangered animal breeds,
and these results demonstrate that the Rls available in the literature are somewhat
inadequate for the Preta de Montesinho goat. We found that younger Preta de
Montesinho animals have higher WBC count, and RBC and MCHC than older goats,
and males have higher erythrocyte indices than females. Seasons impact the animals’
erythrocyte indices, these being generally lower in summer than in winter.

This study established reference values that could assist veterinarians in more accurately
interpreting laboratory data and monitoring the health status of Preta de Montesinho
goats, which could be a useful tool to help promote this breed’s management and
conservation efforts.
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USPOSTAVLJAN]JE REFERENTNIH INTERVALA
HEMATOLOSKIH PARAMETARA I PROCENA UTICAJA
STAROSTI, POLA I GODISNJEG DOBA KOD KOZA RASE
PRETA DE MONTESINHO

Rafaela S. S. MOREIRA, Joao JACOB-FERREIRA, Liliana SANTOS,
Ramiro VALENTIM, Paulo P. CORTEZ, Hélder QUINTAS

Kratak sadrzaj

Koza rase Preta de Montesinho je autohtona portugalska rasa koja se klasifikuje kao
ugrozena. Autohtone rase treba ocuvati jer su obi¢no dobro prilagodene specificnim
regionalnim uslovima, pokazuju otpornost na odredene bolesti i predstavljaju vazne
rezervoare jedinstvene genetske raznovrsnosti. Kod rase poput Preta de Montesinho,
ocuvanje zdravlja zivotinja kako bi se obezbedila njihova reprodukcija i povecao broj
jedinki od sustinskog je znacaja. Stoga je razumevanje referentnih intervala hematolos-
kih parametara posebno vazno. Cilj ove studije bio je da se odrede referentni intervali
hematoloskih parametara za rasu Preta de Montesinho i proceni potencijalni uticaj
starosti, pola i godisnjih doba na ove intervale.

Ukupno 136 uzoraka krvi prikupljeno je od zdravih jedinki. Uzorci su analizirani po-
mocu automatskog hematoloskog analizatora Mindray BC-5000 Vet®, a referentni in-
tervali za 23 parametra krvi utvrdeni su koris¢enjem softvera Reference Value Advisor
v2.1. Za statisticku analizu razlika izmedu definisanih grupa koriséen je softver JMP®.

U pogledu starosti, statisticki znacajne razlike (p < 0,05) izmedu mladih i starih koza
zabelezene su kod 15 parametara. Pol je znacajno uticao na osam parametara, od kojih
je Sest bilo indeksa eritrocita. Godisnje doba (leto ili zima) uticalo je na sedam parame-
tara, ukljucujudi Sest indeksa eritrocita. Ovde opisani referentni intervali mogu sluziti
kao alat za identifikaciju bolesnih zivotinja, procenu odgovora na terapije i odabir
zdravih Zivotinja za reprodukciju, ¢ime se doprinosi ocuvanju ove rase.

Kljucne reci: hematologija; koze; Preta de Montesinho; refererntni intervali
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