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ABSTRACT

Objective: This study aimed to investigate the impact of dietary charcoal supplementation on
hematological and biochemical indices, immune function, antioxidant status, and intestinal histo-
morphology in ducks.

Materials and Methods: A total of 144 mule ducks, aged 4 weeks, were randomly allocated into 6 exper-
imental groups. Birds were reared under uniform conditions in floor pens and provided with a basal diet
(3,000 kcal/kg ME and 20% CP) supplemented with 0.0%, 0.5%, 1.0%, 1.5%, 2.0%, or 2.5% charcoal.
Results: Dietary inclusion of charcoal at 1.0%, 1.5%, and 2.0% significantly reduced serum cre-
atinine (p = 0.049) and urea concentrations (p = 0.036), suggesting enhanced renal function.
Additionally, ducks receiving 1.5% and 2.0% charcoal exhibited significantly lower plasma corti-
costerone levels (p = 0.045) and elevated blood glucose concentrations (p = 0.042) compared to
the control group. No significant differences (p > 0.05) were observed in other serum biochemical
markers (total protein, albumin, globulin, albumin-to-globulin ratio, cholesterol, aspartate ami-
notransferase, and alanine aminotransferase) or hematological parameters. Antioxidant capacity
was significantly enhanced (p < 0.05) in ducks fed 1.5% charcoal, except for malondialdehyde
levels, which remained unaffected (p = 0.943). Serum immunoglobulin A concentrations and rel-
ative spleen weights were significantly higher in the 1.5% and 2.0% charcoal groups (p = 0.0125
and p = 0.0207, respectively), while IgG and IgM levels did not differ among treatments (p >
0.05). Moreover, charcoal supplementation at 1.5%, 2.0%, and 2.5% positively influenced the vil-
lus architecture of both the duodenum and cecum (p < 0.05).

Conclusion: Dietary supplementation with up to 1.5% charcoal appears to confer physiological
benefits in ducks by supporting renal function, enhancing immune and antioxidant responses, and
improving intestinal morphology.
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Introduction manganese, potassium, calcium, and zinc [1]. Its highly

Charcoal, primarily composed of carbon (approxi- POrous microstructure, with a broad distribution of pore

mately 70%-90%), also contains trace minerals such as  sizes and shapes, allows it to adsorb a variety of chemical
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and biological molecules [2]. Due to its capacity to bind
substances non-specifically within the gastrointestinal
tract, charcoal has historically been utilized as an oral
detoxifying agent to minimize the systemic absorption of
toxins [3].

This adsorptive property contributes to several phys-
iological effects, including the stabilization of intestinal
membranes and the reduction of surface tension in the
gut. Charcoal facilitates the elimination of harmful gases,
toxins, and metabolic by-products, which may, in turn,
enhance the efficiency of nutrient absorption through the
intestinal lining [4].

Furthermore, its ability to bind antinutritional com-
pounds and toxic metabolites suggests arole as a functional
additive that can improve gut health and reduce digestive
stress [4]. It has also been shown to act as a non-selective
adsorbent of microbial pathogens [5] and to bind residual
hazardous substances in animal feed, potentially improv-
ing feed quality and safety [6]. These features highlight its
promise as a natural and economical alternative to syn-
thetic antibiotics in livestock nutrition.

Previous research has documented the positive effects
of dietary charcoal supplementation in a variety of species.
In broiler chickens, it has been associated with enhanced
growth performance and feed conversion [7], improved
immune competence and intestinal microbial balance [8],
and better blood and antioxidant profiles in fish species
such as Nile tilapia [9]. Positive changes in intestinal archi-
tecture have been reported in laying hens [10], and reduc-
tions in microbial contamination have been observed in
duck meat [11].

Despite these findings, evidence regarding the appli-
cation of charcoal in duck nutrition remains scarce.
Therefore, the present study was conducted to assess the
effects of dietary charcoal supplementation on hematolog-
ical and biochemical parameters, immune response, anti-
oxidant capacity, and gut morphology in ducks.

Materials and Methods
Ethical approval

The study was reviewed and approved by the Institutional
Ethics Committee of the Department of Poultry Production,
Faculty of Agriculture, Assiut University, Assiut, Egypt
(IACUCQ).

Experimental design and animal husbandry

A total of 144 Mule ducks, aged 4 weeks, were selected to
investigate the effects of dietary charcoal supplementa-
tion on hematological and biochemical indices, immune
response, antioxidant status, and intestinal morphology.
The birds were randomly assigned to six experimental
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groups (G1-G6), each comprising 24 ducks, further divided
into 3 replicates of 8 individuals. All birds were housed in
uniform floor pens under standardized management con-
ditions. The dietary treatments consisted of a standard
basal diet supplemented with increasing levels of charcoal:
0% (control), 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% for G1-
G6, respectively. The charcoal used was produced through
high-temperature exposure to an oxidizing gas mixture,
enhancing its porosity and surface area [12]. Its proximate
composition included 99.02% dry matter, 1.98% crude
protein, 11.22% crude fiber, 0.00% ether extract, and
2.09% ash. Throughout the experimental period, feed and
water were provided ad libitum. The basal diet was for-
mulated to meet or exceed the nutrient requirements for
ducks as outlined by the National Research Council [13],
delivering 3,000 kcal/kg of metabolizable energy and 20%
crude protein up to 16 weeks of age. The lighting schedule
followed a 16-h light and 8-h dark cycle (16L:8D) with an
intensity maintained between 10 and 20 lux/m? [11].

Blood sampling and analysis

After the experiment (week 16), blood samples were col-
lected during the slaughtering process using sterile, hep-
arinized tubes. Whole blood was analyzed to determine
red blood cell (RBC, 10%/ul) and white blood cell (WBC,
103/ul) counts [14]. Hemoglobin concentration (Hb, gm/
dl) was measured [15], while packed cell volume (PCV, %)
was assessed [16]. For serum collection, blood was trans-
ferred into tubes without an anticoagulant and centrifuged
at 4,000 rpm for 15 min. The harvested serum was stored
at —20°C until further biochemical analyses.

Serum total protein levels (gm/dl) were quantified uti-
lizing the Biuret colorimetric method [17], whereas serum
albumin (gm/dl) was determined via the colorimetric
approach [18]. Globulin concentration (gm/dl) was calcu-
lated by subtracting albumin from total protein, and the
albumin-to-globulin (A:G) ratio was subsequently derived.
Total cholesterol (mg/dl) was measured following stan-
dard procedures [19]. Activities of serum aspartate ami-
notransferase (AST, [U/ml) and alanine aminotransferase
(ALT, IU/ml) were evaluated [20]. Serum creatinine (mg/
dl) and urea (mg/dl) concentrations were assessed, with
urea quantified using the Urease-Berthelot assay [21,22].
Serum corticosterone levels (ng/ml) were determined via
a commercial ELISA kit in accordance with the manufac-
turer's instructions. Glucose concentration (mg/dl) was
measured [23].

Markers of oxidative status were analyzed using estab-
lished protocols: total antioxidant capacity (T-AOC, nmol/
ml) [24], malondialdehyde (MDA, nmol/ml) [25], glutathi-
one peroxidase activity (GSH-Px, U/ml) [26], superoxide
dismutase (SOD, U/ml) [27], and catalase (CAT, U/ml) [28].
Serum immunoglobulin concentrations (IgG, IgM, and IgA,
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mg/dl) were measured using commercial biodiagnostic
kits [29].

Relative weight of lymphoid organs

Following slaughter, lymphoid organs—including the
spleen, thymic lobes, and bursa of Fabricius—were care-
fully excised from each duck. After the removal of any
adhering connective tissue, the organs were weighed indi-
vidually. Relative organ weights were then calculated and
expressed as a percentage of the bird’s live body weight.

Intestinal morphology

From each slaughtered duck (three birds per treatment
group), approximately 1 cm segments were collected from
the midpoint of each section of the small intestine (duode-
num, jejunum, and ileum) as well as the cecum. Samples
were rinsed with distilled water and immediately fixed in
10% neutral buffered formalin. After fixation, tissues were
processed through paraffin embedding, and 5 mm sections
were prepared. Using an RM2245 rotary microtome, sec-
tions were cut at a thickness of 6 pum and mounted on glass
slides. The mounted sections were stained with hematox-
ylin and eosin and then dried at 37°C for 12 h, followed by
a 2-min xylene treatment for clearing, following the proto-
col of Suvarna et al. [30]. Histological evaluation was per-
formed using a light microscope (Olympus, Tokyo, Japan)
to measure villus height (V, pm) and crypt depth (C, pm)
based on the method [31]. Subsequently, the villus height
to crypt depth ratio (V:C) was calculated.

Statistical analysis

The study employed a completely randomized design. Data
obtained for all measured parameters were analyzed using
a one-way analysis of variance to identify statistically sig-
nificant differences among treatment groups at the 0.05
significance level. Where significant differences were
observed, Duncan’s multiple range test was applied for
pairwise comparisons of means [32]. All statistical analy-
ses were performed using SAS software version 9.2 [33].

Results and Discussion
Blood biochemical and hematological parameters

Blood hematochemical profiles serve as crucial indicators
for assessing the physiological and health status of animals
[9]. In the present study, except for creatinine, urea, glu-
cose, and corticosterone, no significant alterations were
detected among the experimental groups for the majority
of blood parameters evaluated (Table 1). Dietary inclusion
of charcoal at concentrations of 1%, 1.5%, and 2% resulted
in a significant reduction in serum creatinine (p = 0.049)
and urea levels (p = 0.036) relative to the control group.
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Conversely, supplementation with 0.5% and 2.5% charcoal
did not produce significant differences in these parame-
ters compared to controls.

The observed decrease in creatinine and urea suggests
an enhancement of renal function, potentially attributable
to the adsorptive properties of charcoal toward toxins
[4] and pathogenic bacteria [5]. This phenomenon, often
referred to as "intestinal dialysis," involves the binding
of urea and other metabolic waste products to charcoal
within the gut, facilitating their elimination via feces [12].
Supporting this, El-Kafoury et al. [34] demonstrated that
activated charcoal can slow chronic kidney disease pro-
gression in albino rats by limiting the intestinal absorption
of bacterial toxins into systemic circulation.

Regarding stress and energy metabolism markers,
ducks receiving 1.5% (G3) and 2% (G4) charcoal exhibited
significantly lower serum corticosterone levels (p = 0.045)
alongside elevated glucose concentrations (p = 0.042) com-
pared to the control group (G1). Other charcoal treatment
groups (0.5%, 1%, and 2.5%) showed no significant differ-
ences in corticosterone or glucose relative to controls. The
increased glucose levels in certain groups may be linked
to an enhanced absorptive surface area within the intes-
tine following charcoal supplementation. Corticosterone, a
glucocorticoid hormone secreted by the adrenal cortex in
response to stress, was reduced in the 1.5% and 2% char-
coal groups, potentially reflecting charcoal’s capacity to
mitigate stress-related oxidative damage, as corroborated
by antioxidant data (Table 3).

No significant differences (p > 0.05) were observed
among all groups in hematological indices such as RBCs,
WABCs, Hb concentration, and PCV (Table 2). The highest—
albeit not statistically significant—RBC and Hb values
were found in ducks fed the 1.5% charcoal diet.

These findings align with those reported by Ruben et
al. [35], who documented reduced serum creatinine levels
in broilers fed 0.2% charcoal without significant changes
in total protein, globulin, AST, ALT, urea, or hematological
parameters. Similarly, Enyenihi et al. [36] found no signif-
icant effects of varying charcoal levels (0%-8%) on blood
RBCs, WBCs, Hb, or PCV in broiler chickens. Chu et al. [37]
also observed comparable corticosterone levels in fatten-
ing pigs supplemented with 0.3% bamboo charcoal.

Antioxidant capacity

Results presented in Table 3 demonstrate that dietary
charcoal supplementation significantly influenced serum
antioxidant parameters, including (T-AOC, p = 0.014),
(GSH-Px, p=0.003), (SOD, p=0.002), and (CAT, p =0.045),
whereas MDA levels remained unaffected (p = 0.943).
T-AOC values were elevated in ducks receiving 1% (G2)
and 1.5% (G3) charcoal compared to the control (0% char-
coal) and the 2.5% charcoal group (G6). Other treatment
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Table 1. Effect of graded levels of charcoal on some blood biochemistry of ducks.

Charcoal levels

p-value SEM Traits

G6 2.5% G5 2.0% G4 1.5% G31.0% G2 0.5% G1 0%
0.1256 0.39 4.1 4.11 3.96 4.04 3.95 3.97 Total proteins (gm/dl)
0.7952 0.25 2.45 2.39 2.35 2.41 2.39 2.46 Albumin (gm/dl)
0.2474 0.19 1.65 1.72 1.61 1.63 1.56 1.51 Globulin (gm/dl)
0.1525 0.21 1.48 1.39 1.46 1.48 1.53 1.63 A:G ratio
0.2151 11.21 168.8 158.5 155.2 169.4 176.7 174.2 Cholesterol (mg/dl)
0.4194 4.92 36.37 35.69 35.34 40.11 37.52 38.84 AST (IU/ml)
0.5026 231 11.12 11.06 10.54 12.41 13.69 14.60 ALT (IU/ml)
0.0492 0.24 2.49%® 1.45¢ 1.48° 2.04° 2.54° 2.63° Creatinine (mg/dl)
0.0356 1.12 7.59% 7.04° 7.05° 7.09° 7.79° 7.63% Urea (mg/dl)
0.0452 5.32 37.64* 24.45° 25.28° 39.24% 39.48%* 42.96° Corticosterone (ng/ml)
0.0423 1.15 17.78* 18.91° 18.75° 17.96* 15.11° 14.25° Glucose (mg/dl)

b means within row, followed by different superscripts, are significantly different (p < 0.05). A:G ratio = Albumin/Globulin ratio; AST = Aspartate

aminotransferase; ALT = Alanine transaminase.

Table 2. Effect of graded levels of charcoal on some blood hematology of ducks.

Charcoal levels

p-value SEM Traits
G6 2.5% G5 2.0% G4 1.5% G3 1.0% G2 0.5% G1 0%

0.0541 0.258 2.41% 2.48» 3.80° 3.66° 2.64° 2.72° RBCs (10%/ul)

0.6458 7.962 77.64 74.42 75.35 79.64 78.45 72.84 WBCs (103/ul)

0.4162 0.605 8.60 7.82 8.83 8.76 7.92 8.60 Hb (gm/dl)

0.5264 0.115 35.8 36.3 34.8 35.8 34.6 36.5 PCV (%)

bmeans within row, followed by different superscripts, are significantly different (p < 0.05). RBCs = Red blood cells; WBCs = White blood cells; Hb =

Hemoglobin value; PCV = Packed cell volume.

Table 3. Effect of graded levels of charcoal on the antioxidant capacity of ducks.

Charcoal levels

p-value SEM Traits
G6 2.5% G5 2.0% G4 1.5% G31.0% G2 0.5% G1 0%

0.0136 0.29 3.14° 3.62%® 3.99° 4.15° 3.56% 3.09° T-AOC, (nmol/ml)

0.9426 1.46 16.71 16.07 15.79 15.88 17.01 16.61 MDA, (nmol/ml)

0.0034 12.51 250.1° 238.4° 294.8° 261.0%® 207.4¢ 240.6° GSH-Px, (U/ml)

0.0016 10.11 160.0° 163.5° 186.0° 172.0* 159.2° 130.0¢ SOD, (U/ml)

0.0452 1.12 8.59° 11.26° 11.31° 10.42% 8.21° 8.60° CAT, (U/ml)

b means within row, followed by different superscripts, are significantly different (p < 0.05). T-AOC = Total Antioxidant Capacity; MDA = malondialdehyde,

GSH-Px = Glutathione peroxidase; SOD = Superoxide dismutase; CAT = Catalase.

groups supplemented with 0.5%, 2%, and 2.5% charcoal
showed T-AOC levels comparable to the control.

GSH-Px activity was significantly higher in the 1.5%
charcoal group (G4) relative to controls. No significant
differences were observed in GSH-Px activity for groups
receiving 1%, 2%, and 2.5% charcoal; meanwhile, the
0.5% charcoal group recorded the lowest enzyme activity
among all treatments, including the control. SOD activity
increased markedly across all charcoal-supplemented
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groups, with the 1.5% charcoal group displaying the high-
est levels. CAT activity was elevated in birds fed 1.5% (G4)
and 2% (G5) charcoal compared to the control, 0.5% (G2),
and 2.5% (G6) groups, whereas the 1% charcoal group (G3)
exhibited CAT activity comparable to other treatments.
The enhanced activity of key antioxidant enzymes sug-
gests improved defense mechanisms against oxidative
stress [38]. Enzymes such as GSH-Px, SOD, and CAT play
critical roles in neutralizing reactive oxygen species, thus
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protecting cellular components from oxidative damage
[39]. Specifically, these enzymes scavenge superoxide rad-
icals (0;) and hydrogen peroxide (H,0,), preserving cellu-
lar membrane integrity in vivo [40].

Previous studies have corroborated these findings;
Abdel-Tawwab et al. [9] reported that dietary charcoal
improved fish health through radical scavenging activity.
Juetal. [41] observed increased SOD and myeloperoxidase
activities in African catfish fed charcoal-supplemented
diets. Similarly, enhanced GSH-Px activity was noted in
Nile tilapia receiving charcoal at concentrations of 10-20
gm/kg feed [9], and African catfish showed significantly
elevated antioxidant enzyme activities when fed char-
coal-containing diets [41]. Wang et al. [6] suggested that
the adsorption of toxic feed components by activated char-
coal contributes indirectly to improved antioxidant status.
Conversely, Zhang et al. [42] reported that supplementa-
tion with 450 mg/kg activated charcoal did not signifi-
cantly affect radical scavenging activities (DPPH, ABTS",
0,) in broiler chicks.

Immunoglobulins

Serum immunoglobulin concentrations in mule ducks fed
varying dietary charcoal levels are presented in Table 4. No
significant differences were observed among all treatment
groups for IgG and IgM concentrations (p > 0.05). However,
ducks supplemented with 1.5% (G4) and 2% (G5) char-
coal exhibited significantly elevated serum IgA levels (p
= 0.0125) compared to the control group. The remaining
charcoal-treated groups (0.5%, 1%, and 2.5%) showed
intermediate IgA values without statistically significant
differences relative to other groups. It is well-established
that IgM constitutes the primary antibody generated upon
initial antigen exposure, whereas secondary exposure
elicits a robust IgG response. IgA, in contrast, predomi-
nates in mucosal secretions such as those of the intestinal,

respiratory, and reproductive tracts, playing a critical role
in mucosal immunity [37,43].

The enhancement of immune function following char-
coal supplementation may be attributed to its capacity
to adsorb harmful substances, including toxins, gases,
and bacteria [4,5]. Activated charcoal’s binding affinity
for mycotoxins and bacterial toxins can improve intes-
tinal morphology, alleviate diarrhea, and reduce intesti-
nal inflammation, thereby modulating systemic immune
responses [42]. Bhatti et al. [44] also reported that char-
coal mitigates mycotoxin-induced immunosuppression.
Our findings align with Wang et al. [8], who observed
increased serum and mucosal IgA levels in broilers supple-
mented with charcoal, whereas IgG levels remained unaf-
fected. Similarly, Chu et al. [37] noted comparable effects
on serum IgM in fattening pigs. Conversely, Ju et al. [41]
documented significant elevations in serum IgM levels in
catfish fed charcoal-supplemented diets. Zhang et al. [42],
however, reported no significant effects of 450 mg/kg acti-
vated charcoal on broiler serum immunoglobulins.

Lymphoid organs

The relative weights of lymphoid organs following dietary
charcoal administration are summarized in Table 4.
Supplementation with 1.5% and 2% charcoal significantly
increased the relative spleen weight (p = 0.021), with the
highest values observed in the 1.5% charcoal group and
the lowest in the 0.5% group. No significant differences
were detected in thymus and bursa of Fabricius weights
across treatments (p = 0.879 and p = 0.986, respectively),
although mean values showed a non-significant decrease
in thymus and an increase in bursa weights in supple-
mented groups compared to controls.

Despite the absence of well-developed lymph nodes in
most avian species, the spleen remains a vital lymphoid
organ responsible for mounting immune responses [45].
These findings corroborate the immunoglobulin data

Table 4. Effect of graded levels of charcoal on immunoglobulins and the relative weight of ducks.

Charcoal levels

p-value SEM Traits
G6 2.5% G5 2.0% G4 1.5% G3 1.0% G20.5% G10%
Serum immunoglobulin
0.9254 0.512 5.55 5.64 5.71 5.39 5.42 5.12 1gG (mg/dl)
0.8471 0.281 2.54 2.49 2.44 2.51 2.29 2.38 IgM (mg/dl)
0.0125 0.184 1.80% 1.91° 1.92° 1.46° 1.78* 1.42° IgA (mg/dl)
Lymphoid organs
0.0207 0.034 0.192° 0.259° 0.264° 0.216* 0.188° 0.222%* Spleen, %
0.8785 0.062 0.444 0.453 0.457 0.415 0.466 0.472 Thymus, %
0.986 0.046 0.199 0.208 0.198 0.214 0.192 0.186 Bursa, %

b means within row, followed by different superscripts, are significantly different (p < 0.05). IgG = immunoglobulin G; IgM = immunoglobulin M; IgA =

immunoglobulin A.
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Table 5. Effect of graded levels of charcoal on intestinal morphology of ducks.

Charcoal levels

p-value SEM Traits
G6 2.5% G5 2.0% G4 1.5% G3 1.0% G2 0.5% G1 0%
Duodenum

0.0254 89.4 1,540.1° 1,546.4° 1,560.6° 1,450.9* 1,188.0° 1,211.8° Villus height (mm)
0.0502 3.81 70.08* 74.91* 75.31* 69.96* 60.11° 61.25° Crypt depth (mm)
0.7216 3.32 21.98 20.64 20.72 20.74 19.76 19.78 V:C ratio

Jejunum
0.7052 42.5 595.1 624.3 598.6 582.2 558.1 562.6 Villus height (mm)
0.1251 3.25 49.9 53.5 50.5 48.7 49.6 46.5 Crypt depth (mm)
0.5624 1.84 11.93 11.67 11.85 11.95 11.25 12.10 V:C ratio

lleum

0.4151 42.5 604.4 589.5 585.1 572.4 548.9 551.5 Villus height (mm)
0.1020 4.11 48.2 46.4 43.2 47.1 45.2 46.5 Crypt depth (mm)
0.1260 2.11 12.54 12.70 13.54 12.15 12.14 11.86 V:C ratio

Cecum
0.0256 8.42 87.3° 89.5° 84.9° 70.9° 68.2° 69.4° Villus height (mm)
0.0498 2.11 18.50 19.1° 21.9% 23.2° 22.9° 22.9° Crypt depth (mm)
0.0481 0.68 4.72° 4.69° 3.88%* 3.06° 2.98° 3.03° V:C ratio

b Means within row, followed by different superscripts, are significantly different (p < 0.05). V:C ratio = villus height to crypt depth ratio.

presented herein, suggesting that charcoal-mediated toxin
adsorption supports gut health and attenuates inflam-
mation, thereby enhancing immune competence [42].
Comparable results have been reported by Jiya et al. [46],
who observed similar trends in broilers receiving 0.5%-
2% dietary charcoal. Furthermore, Khadem et al. [47]
found that charcoal supplementation in aflatoxin-contam-
inated diets reduced spleen weight but increased bursa
weight in broilers.

Intestine morphology

As presented in Table 5, dietary supplementation with
charcoal significantly influenced the morphology of the
duodenum and cecum in Mule ducks, whereas the jejunum
and ileum remained unaffected (p > 0.05). Specifically,
inclusion of charcoal at 1.5%, 2%, and 2.5% enhanced vil-
lus height in the duodenum (p = 0.025) and increased crypt
depth (p = 0.0502) relative to the control group. Similarly,
cecal villus height was significantly elevated (p = 0.026) in
ducks receiving 1.5%, 2%, and 2.5% charcoal compared to
other treatment groups, including controls. Dietary char-
coal at 2% and 2.5% (G5 and G6) reduced crypt depth (p
= 0.0498) and increased the villus-to-crypt (V:C) ratio (p =
0.0481) compared to the control, 0.5%, and 1% charcoal
groups.

The observed increases in villus height correspond to
an expanded absorptive surface area, potentially improv-
ing nutrient uptake [48]. This improvement in duodenal
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and cecal morphology may result from charcoal’s capac-
ity to adsorb intestinal toxins, thereby preventing their
absorption and mitigating mucosal damage [3]. Consistent
with these findings, Zhang et al. [42] demonstrated that
charcoal’s adsorptive properties toward mycotoxins and
bacterial toxins contribute to enhanced intestinal mor-
phology, reduced diarrhea incidence, and alleviated intes-
tinal inflammation. Similarly, Samanya and Yamauchi
[49], as well as Yamauchi et al. [10], reported significant
increases in intestinal villus height and epithelial cell area
in White Leghorn hens supplemented with charcoal.
Conversely, Rattanawut et al. [50] and Hayajneh et al.
[51] observed no significant effects of dietary bamboo
charcoal (0.5% and 1.0%) on villus height or surface area
in the small intestine of laying hens, indicating possible
species-specific or dose-dependent responses.

Conclusion

This study demonstrates that dietary supplementation
with 1.5% activated charcoal confers multiple health ben-
efits in ducks without eliciting adverse effects. Specifically,
this inclusion level effectively supports renal function,
enhances immune competence, augments antioxidant
defense mechanisms, and promotes favorable modifica-
tions in intestinal morphology. These findings highlight
the potential of activated charcoal as a safe and efficacious
feed additive to improve overall physiological status and
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