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ABSTRACT

This study aimed to evaluate the effects of housing systems and sex on the hematological and biochemical
parameters of Muscovy ducks. Forty clinically healthy ducks, approximately 8 weeks of age, were randomly
assigned to slatted flooring or free-range systems, with equal numbers of males and females in each group:
Blood samples were collected every 14 days over a two-month period. Results showed no significant
differences in RBC, hemoglobin, hematocrit, or erythrocyte indices between housing systems. However,
WBC was significantly higher in free-range ducks (24.18+2.98x10%*/mm?) compared to slatted flooring ducks
(23.01£3.11 x10%mm?) (p < 0.05), suggesting increased immune response in outdoor conditions. Urea levels
were also higher in free-range ducks (1.49+£0.21 mmol/L), while slatted flooring ducks had significantly
higher levels of total protein (36.24+17.21 g/L), albumin (21.51+2.47 g/L), and globulin (17.73+3.01 g/L)
(p<0.05), indicating improved protein metabolism under confined rearing. Sex-related differences were more
prominent than those from housing systems. Male ducks exhibited significantly higher RBC (up to 3,71+0,26
x108/mm?), WBC (27.95+5.12 x10%/mm?), and higher serum concentrations of albumin (23.93+0.85 g/L)
and globulin (18.89+2.26 g/L) than females, indicating greater metabolic and immunological activity. In
conclusion, housing systems influenced certain blood parameters; but sex showed a more consistent impact
on both hematological and biochemical profiles. These findings offer useful insights for improving Muscovy
duck health and productivity through environment and sex-specific management strategies.
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INTRODUCTION

oultry production systems play a pivotal role in

determining animal health, welfare, and productivity.
Amongavianspecies, theMuscovyduckhas gainedattention
for its robustness, adaptability to various environments,
and economic value in meat production. Moreover, ducks
possess inherent resistance to many common infectious
diseases (Oluyemi and Roberts, 1979), a trait that
significantly contributes to their resilience and long-term
survivability, particularly under challenging conditions
associated with ongoing global climate change. As global
demands for sustainable and welfare-friendly livestock
practices increase, there is a growing interest in evaluating
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how different rearing systems affect physiological and
metabolic responses in poultry. Ducks exhibit superior
adaptability and survivability compared to many other
livestock species, even under challenging environmental
conditions such as heavy rainfall, high ambient
temperatures, elevated humidity, and suboptimal housing
(Ola, 2000).

Housing systems such as slatted flooring and free-
range environments represent two contrasting models
of management. Slatted flooring, often used for its
hygiene and space efficiency, limits natural behaviors but
reduces contact with waste and pathogens. In contrast,
free-range systems allow ducks to express natural
behaviors, potentially improving welfare but increasing
exposure to environmental stressors and parasites. These
environmental differences may significantly influence
internal physiological markers, particularly hematological
and biochemical parameters, which serve as essential
indicators of animal health, immune function, and
metabolic state. Poultry blood, a by-product of slaughtering
operations, is often discarded as waste, contributing to
environmental pollution and the underutilization of a
valuable protein source. Nonetheless, this material is rich
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in essential amino acids, bioactive peptides, and functional
components, exhibiting promising functional properties
for incorporation into food systems. These characteristics
highlight its potential as a sustainable and high-value food
ingredient (Zheng et al., 2023). Hematological parameters
such as red and white blood cell counts, hemoglobin
concentration, hematocrit, and erythrocyte indices (MCV,
MCH, MCHC) reflect the oxygen-carrying capacity and
immune status of the animal. White blood cells serve as the
primary cellular components of the immune system, playing
a critical role in host defense mechanisms and influencing
the animal’s capacity to respond to infections (Schalm et
al., 1975). Simultaneously, serum biochemical indices
like creatinine, urea, total protein, albumin, and globulin
offer insights into renal function, protein metabolism, and
overall homeostasis. Variations in these indicators under
different husbandry conditions can reveal subclinical
health changes not apparent through external observation.
These biochemical variations may be influenced by
intrinsic factors such as hormonal fluctuations, differences
in metabolic rate, behavioral stress, courtship activity,
and reproductive stages. Such parameters are essential
indicators for evaluating the physiological status and
health profile of ducks, as highlighted by Acharya et al.
(2020).

Despite the increasing number of studies on rearing
systems in commercial poultry, limited data are available
for Muscovy ducks, especially in tropical or subtropical
regions. Understanding how blood profiles respond to
housing conditions can support optimized management
strategies that align with both productivity and animal
welfare standards. Therefore, this study aimed to compare
the hematological and biochemical profiles of Muscovy
ducks raised on slatted flooring and those reared in free-
range systems. The findings are expected to contribute
valuable data to poultry science and support evidence-
based recommendations for duck farming practices.

MATERIALS AND METHODS

Location and time

The study was conducted at Hai Suong farm, located in
Dai Thanh commune, Nga Bay City, Hau Giang province,
Vietnam. Blood sample collection and experimental
procedures were carried out on-site. Laboratory analyses
of hematological and biochemical parameters were
performed at the Veterinary Laboratory, Tay Do University,
Can Tho City. The research was conducted over a period
of five months, from August to December 2024.
Animals and experimental design

A total of 40 clinically healthy Muscovy ducks,
approximately 8 weeks of age, were used in this study.
The ducks were randomly assigned to two rearing

systems: slatted flooring and free-range, with each system
comprising 10 males and 10 females housed separately
by sex. All animals were acclimatized to their respective
environments for two weeks prior to the initiation of
sampling. Blood samples were then collected at 14-
day intervals over a two-month period, resulting in four
sampling points. All the blood samples were taken in the
morning before the ducks were fed.

Ducks were provided a commercial pelleted diet
twice daily (morning and afternoon), formulated from
broken rice, rice bran, maize, fish meal, and soybean meal.
The diet supplied a metabolizable energy of 3000 kcal/
kg, crude protein >17%, calcium 0.8—1.2%, and available
phosphorus >0.62%. Clean drinking water was available
ad libitum throughout the trial.

All animal handling ‘procedures adhered to
international guidelines for the humane treatment of
animals in scientific research. Efforts were made to
minimize handling stress. Blood collection was conducted
aseptically by trained personnel, and animal health
and welfare were closely monitored throughout the
experimental period.

Hematological analysis

Red blood cell (RBC) were counted using a Neubauer
hemocytometer after dilution with Marcano’s solution (5 g
sodium sulfate, 1 drop 40% formalin in 200 mL distilled
water) at a 1:200 ratio. White blood cells (WBCs) were
determined via blood smear stained with Giemsa stain and
counted under a light microscope at 40x magnification.
Hemoglobin (Hb) concentration was estimated using the
Sahli method, in which blood reacts with 0.1N HCI to
form brown acid hematin. The color intensity was matched
against a standard comparator tube, and the value was read
in g/100 mL. Hematocrit (HCT) values were determined
by the microhematocrit method using capillary tubes
centrifuged at 10,000 rpm for 4 min. The percentage
of packed red blood cells was read using a standard
hematocrit reader.

Erythrocyte indices (Wintrobe indices) were
calculated based on formulas described by Swenson (1970)
MCYV (mean corpuscular volume) = (HCT*10)/RBC
MCH (mean corpuscular hemoglobin) = (Hb x 10) /RBC
MCHC (mean corpuscular hemoglobin concentration) =
(Hb x 100) / HCT

Serum biochemical analysis

Biochemical parameters including urea, creatinine,
total protein, albumin, and globulin were measured using
a semi-automated biochemistry analyzer (Model: Chem-
7). Globulin was calculated as the difference between total
protein and albumin:

Globulin = total protein — albumin
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Statistical analysis

Statistical analyses were conducted using SPSS
version 26.0. All data were expressed as mean + standard
deviation (SD). An independent samples t-test was applied
to compare means between housing systems and sexes.
Statistical significance was considered at p < 0.05.

RESULTS AND DISCUSSION

Hematological and biochemical components of serum
Table I shows analysis of hematological and
biochemical parameters in Muscovy ducks raised under
slatted flooring and free-range systems. Red blood cell
(RBC) count showed no significant difference between
systems, with values of 3.22+0.63 and 3.21+£0.82 x108¢/
mm?, respectively. Tajali and Habibabadi (1996) reported
that native Iranian ducks exhibit an average RBC count
of approximately 2.66x10¢/ul, highlighting potential inter-
breed variation in erythrocyte profiles. Kocan (1972)
reported species-specific variations in RBC counts among
several wild duck species, with canvasbacks, lesser scaups,
ring-necked ducks, and buffleheads exhibiting mean RBC
values of 2.56x108/mm3, 2.45x108/mm?3, 2.50x106/mm?,
and 2.64 x 10¢/mm?, respectively. Hb concentration was
also similar between groups, recorded at 13.65+1.74 and
13.48+1.69 g/100 mL. Healthy ducks have an average RBC
count of 3.31 million/mm?, with hemoglobin levels at 10.3
g% and packed cell volume (PCV) at 33% (Soliman et al.,
2010). The white blood cell (WBC) counts observed in this
study were within the reference range of 10,2 to 30,0x10%/
mm? as reported by Jain (1993), suggesting that the ducks
maintained normal leukocyte profiles under both rearing
systems. According to Hatipoglu and Bagc1 (1996), healthy
Peking ducks exhibit an average RBC count of 3.84x108/
mm?® and a WBC count of approximately 15.95x10%/
mm?, values that serve as important reference points for
hematological evaluation in waterfowl. Hemoglobin is an
iron-containing metalloprotein responsible for binding and
transporting oxygen in the bloodstream of all vertebrates
(Sidell and O’Brien, 2006). It is a key component of red
blood cells and plays a crucial role in maintaining efficient
respiratory and metabolic functions (Etim et al., 2014).
HCT values followed the same pattern, being 36.27+4.32
and 36.09+4.18%. HCT indicates the proportion of RBC
within the total blood volume, and is commonly used
as a measure of oxygen-carrying capacity in animals
(Galvez et al., 2009). It plays an essential role in the
transport of oxygen and absorbed nutrients throughout
the body (Isaac et al., 2013). These findings indicate that
the erythropoietic activity and oxygen transport capacity
of ducks were not influenced by the housing condition.
Similarly, erythrocyte indices including MCV, MCH, and
MCHC showed no statistically significant differences

Table 1. Hematological and blood biochemical
parameters of Muscovy ducks raised in slatted flooring
and free-range systems.

Parameters Slatted Free-range
flooring systems
(n=20) (n=20)

Hematological parameters

Red blood cell count (10%mm?)  3.22+0.63 3.21+0.82

White blood cell count (10°/mm?®) 23.01+3.11° 24.18+2.98¢
Hemoglobin (g/100mL) 13.65+1.74  13.48+1.69
Hematocrit (%) 36.27+4.32  36.09+4.18

Wintrobe index

MCV (m?) 112.64+12.83 112.43+13.01
MCH (pg) 42.39+5.17  41.99+£5.29
MCHC (%) 37.63+£3.46  37.35+3.26
Blood biochemical parameters

Creatinine (mmol/L) 33.27+£5.87 33.86+6.23
Urea (mmol/L) 1.32+0.15°  1.49+0.21°
Protein (g/L) 36.24+17.21* 34.08+16.65°
Albumin (g/IL) 21.5142.47*  19.6242.52°
Globulin (g/L) 17.73+£3.01*  14.46+2.86°

% Mean values within rows with different superscripts are different at
p<0.05

Data are presented as mean = SD. Values were summarized across four
sampling points (every 14 days over two months)

MCYV, mean corpuscular volume; MCV, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; n, number of
animals.

between the groups. MCV values were 112.64+12.83
and 112.43+13.01 m3, MCH values were 42.39+£5.17
and 41.99+5.29 pg, and MCHC values were 37.63+3.46
and 37.35+3.26 percent in slatted flooring and free-range
systems, respectively. In contrast, WBC was significantly
higher in ducks raised in the free-range system, at
24.1842.98 x10°%/mm* compared to 23.01£3.11 x10%/
mm?® in slatted flooring birds, with a p-value less than
0.05. This elevated leukocyte count suggests a stronger
immunological activation likely due to greater exposure to
environmental antigens in open-field conditions. Studies
on Dom and Co Lung duck breeds have reported notably
high white blood cell counts, with values reaching 43.12 x
103/mm?* (Hoa, 2015) and ranging from 38.55 % 10%/mm?
in males to 40.98 x 103/mm? in females (Mui et al., 2018),
indicating possible breed-related hematological variation.
Regarding biochemical parameters in Table I,
creatinine levels showed no significant variation between
systems, measured at 33.27+5.87 and 33.86+6.23 mmol/L.
However, urea levels were significantly higher in free-
range ducks (1.49+0.21 mmol/L) compared to slatted
flooring ducks (1.324+0.15 mmol/L), reflecting increased
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protein catabolism and possibly higher muscular activity.
Total protein, albumin, and globulin levels were all
significantly higher in the slatted flooring group, with
values of 36.24+17.21, 21.51+£2.47, and 17.73+£3.01 g/L
respectively, compared to 34.08+£16.65, 19.62+2.52, and
14.46+2.86 g/L in the free-range group. Normal levels of
blood chlorides, sugar, creatine, creatinine, urea, and iron
are 370 mg%, 250.6 mg%, 1.1 mg%, 0.59 mg%, 7.2 mg%,
and 34.6 mg%, respectively (Soliman ef al., 2010). Duck
blood hemolysate can synthesize porphyrins, primarily
protoporphyrin IX and hemin, with storage conditions
affecting the accumulation of different porphyrins
(Frydman et al., 1977). These differences suggest that
confined ducks may have better nutrient assimilation and
hepatic protein synthesis, possibly due to lower physical
stress and antigenic challenge.

Sex-based biochemical and hematological analysis

Table II shows sex-based physiological differences
than rearing system alone. Male ducks exhibited
significantly higher red blood cell counts than females
across both systems. In slatted flooring birds, males had
3.714£0.26x108/mm* while females had 3.05+0.83x10¢/
mm?. Similarly, in free-range conditions, males reached 3.65
+ 0.15 while females recorded 3.09+0.47 x108/mm?. White
blood cell counts were also higher in males, at 27.95+5.12
and 26.89+5.43 x103%/mm?, compared to 20.14+4,86 and

22274521 x103%mm?® in females. The average WBC
count is 20.700/mm?, with lymphocytes being the most
prevalent at 66.2% (Soliman et al., 2010). The current
results regarding WBC differentials are consistent with
earlier reports indicating that lymphocytes and neutrophils
constitute the predominant leukocyte populations in
domestic ducks (Olayemi and Arewwolo, 2009; Gladbach
et al., 2010). Although hemoglobin and hematocrit values
were not statistically different, males showed consistently
higher means. Erythrocyte indices revealed that females
had higher MCV values, suggesting larger RBC volume,
with slatted flooring females at 112.16+9.13m* versus
93.13+15.81m* in males. Comparative studies across
avian species have demonstrated notable variability in
erythrocyte indices. Elarabany (2018) reported MCV
values of 88.07fl and 91.52f, MCH of 28.75pg and
29.38pg, and MCHC of 335g/l and 326.6g/1 in Northern
shovelers and Eurasian teals, respectively. In Indonesian
ducks, Pranoto and Nugrahalia (2020) observed marked
sex-related differences, with MCV and MCH reaching
94.6211 and 30.68pg in males, and 146.241] and 45.67pg in
females. Muneer ef al. (2021) noted MCV values between
118.76 and 126.75 fl, and MCH values from 31.71 to
32.29 pg in broilers and native chickens. Additionally,
Durai et al. (2012) documented wide-ranging values of
MCV (84.81-142.04 fl), MCH (34.63-50.24 pg), and
MCHC (312.3-345.58 g/1) across multiple poultry breeds.

Table II. Comparative hematological and serum biochemical parameters of male and female muscovy ducks raised

in slatted flooring and free-range systems.

Parameters Female Male
Slatted flooring Free-range systems Slatted flooring Free-range systems
(n=10) (n=10) (n=10) (n=10)
Hematological parameters
Red blood cell count (10%/mm?3) 3.05+0.83¢ 3.09+0.47° 3.71+0.26° 3.65+0.15°
White blood cell count (103/mm?) 20.14+4.86¢ 22.27+£5.21° 27.95+5.12# 26.89+5.43%
Hemoglobin (g/100mL) 11.09+0.95 11.64+1.08 15.97+1.96 15.83+2.09
Hematocrit (%) 34.21+3.11 34.55+3.09 38.67£3.17 38.09+£3.25
Wintrobe index
MCV (m?) 112.16+9.132 110.71+£16.45° 93.13+15.81¢ 105.95+19.36¢
MCH (pg) 36.36+2.43 37.67+3.58 43.05+6.54 43.37+6.63
MCHC (%) 32.4243.17 33.69+4.96 41.30+3.71 41.56+4.08
Serum biochemical parameters
Creatinine (mmol/L) 31.89+4.71 31.75+£5.15 32.21+4.93 35.49+5.07
Urea (mmol/L) 1.14+0.02¢ 0.98+0.19¢ 1.48+0.25° 1.52+0.08*
Protein (g/L) 30.87+2.09 31.19+1.96 39.61+1.81 41.85+2.54
Albumin (g/L) 17.69+0.61¢ 15.25+0.73¢4 23.93+0.85% 22.96+0.99*
Globulin (g/L) 13.18+1.84¢ 15.94+2.17° 15.68+1.93¢ 18.89+2.26*

@ed Mean values within rows with different superscripts are different at p<0.05

For abbreviations, see Table 1.

Data are presented as mean = SD. Values were summarized across four sampling points (every 14 days over two months). n, number of animals.
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The present study’s erythrocyte indices fall within these
previously reported ranges, suggesting consistency in
physiological patterns across both domestic and wild
avian species. This may indicate sex-related differences
in erythrocyte morphology and hydration status. Several
previous studies have indicated that female poultry tend
to exhibit elevated levels of key biochemical parameters
compared to their male counterparts (Okeudo et al.,
2003; Mui et al., 2018; Ologbose and Dick, 2021). Sex-
related variation in hematological and biochemical traits
of ducks has been previously attributed to physiological
and hormonal differences. According to Acharya et al.
(2020), significant differences in erythrocyte morphology,
plasma chemistry (including glucose, cholesterol, total
plasma protein, albumin, and globulin), and leukocyte
subpopulations were observed between male and
female ducks. While parameters such as PCV, RBC, and
leukocyte count exhibited statistical differences (p < 0.05
to p < 0.01), erythrocyte indices like MCV, MCH, and
MCHC did not vary significantly. The observed disparities
were associated with metabolic rate, stress, reproductive
activity, and immune responses, further reinforcing the
findings of the present study, where males consistently
showed higher RBC and WBC counts, along with elevated
albumin and globulin levels. Biochemical differences by
sex were also clear. Urea levels in males were significantly
higher, particularly under free-range conditions, with
1.52+0.08 mmol/L compared to 0.98+0.19 mmol/L
in females. Albumin levels were markedly greater in
males, with slatted flooring males reaching 23:93+0.85
g/L, while free-range females recorded only 15.25+0.73
g/L. Globulin levels followed a similar trend, with free-
range males having the highest value of 18.89+2.26 g/L
and slatted flooring females the lowest at 13.18+1.84
g/L. These findings reflect higher metabolic and protein
synthesis activity in males, along with potentially stronger
humoral immune responses. While creatinine levels did
not show significant sex-based differences, males tended
to have higher means, which may correlate with greater
muscle mass and mobility.

In summary, while housing system had a moderate
effect on some hematological and biochemical traits,
particularly in immune and protein metabolism markers,
biological sex exerted a more consistent and substantial
influence. These results emphasize the importance of
considering sex as a key variable in physiological studies
on poultry and provide valuable data for optimizing rearing
strategies in Muscovy duck production systems.

CONCLUSION

Ducks raised under free-range conditions exhibited
significantly higher white blood cell counts (24.18+2.98

x10*mm?®) and wurea levels (1.49+0.21 mmol/L),
suggesting heightened immune activation and metabolic
demand. In contrast, birds in slatted flooring systems
showed superior values in total protein (36.24+17.21 g/L),
albumin (21.51+2.47 g/L), and globulin (17.7343.01 g/L),
indicating enhanced protein synthesis and possibly reduced
antigenic exposure. Males consistently outperformed
females across red blood cell counts (up to 3.71+0.26
x108/mm?), albumin (23.93+0.85 g/L), and globulin
(18.89+2.26 g/L), underscoring the physiological impact
of sex on hematological and metabolic traits.
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