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Abstract

This study evaluated the effects of dietary chitosan nanoparticles (CNP), a-tocopherol
(VE), and their nanocomposite (CNP-VE) on growth performance, haematology,
biochemistry, liver function, immunoglobulin, and intestinal histology of butter
catfish (Ompok pabda). Four diets were tested: a control (T1), 5 g kg” CNP (T2),

500 mg kg™ VE (T3), and 5 g kg' CNP+500 mg kg™' VE (T4). A total of 240 adult
fish (13.56+0.33 cm and 14.98+0.78 g) were randomly assigned to the treatments in
triplicate groups (n=20) for a 60-day feeding period. Total length, body weight, feed
conversion ratio, and specific growth rate, significantly improved in supplemented
groups, with the best performance observed in T4 (p <0.05). Haematological analysis
revealed significant increases in red blood cells, haemoglobin, haematocrit, and
MCHC in T4. While total protein, albumin, and globulin remained unchanged, glucose
and bilirubin levels were significantly lower in T4, indicating improved metabolic
status. IgM level was enhanced across treatments, with the greatest increase in

T4. Histological examination showed improved intestinal structure in T4, including
uniform goblet cell distribution and well-formed villi. These findings suggest that
combined supplementation of CNP and VE has a synergistic effect in enhancing
growth, physiological health, immunity, and gut morphology in O. pabda under
intensive culture.

Keywords Ompok Pabda, Chitosan-vitamin E nanocomposite, Haematology, Liver
function, Immunity

1 Introduction

Aquaculture is one of the fastest-growing food sectors, expanding to 4.5% annually
and valued at USD 312.8 billion in 2022 [1], driven by the need to meet global protein
demands. In Bangladesh, catfish play a vital ecological and economic role, with Ompok
pabda (butter catfish) recognized for its high market value, nutritional quality, rapid
growth, and consumer preference. However, wild populations have declined significantly
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due to overfishing, habitat degradation, and pollution, pushing the species toward
endangered status [2—4]. This decline threatens inland biodiversity which may alter food
web dynamics and reduces the availability of an important protein source. Intensive
aquaculture offers a viable alternative for O. pabda production, though it often imposes
physiological stress, disrupts metabolism, and increases production costs [5]. The scar-
city of natural growth promotes further limits fish health and productivity [6], prompt-
ing interest in functional dietary additives.

Nanotechnology is employed to develop various nanomaterials for use in the aquatic
industry, particularly as feed additives, nonmetals such as selenium, iron, copper, and
silver, as well as nanosized chitosan used to coat certain medications [7]. Some of these
nanomaterials can combat bacterial infections by interacting with bacterial cell walls and
disrupting cellular contents. Their small size allows for greater bioavailability, enabling
them to penetrate tissues more easily and remain active longer than their bulk coun-
terparts. Additionally, nanomaterials have the potential to enhance immune responses
in fish [8—16]. Compared to conventional approaches, nanotechnology presents a supe-
rior alternative across various scientific disciplines using biocompatible nanocomposites
such as nanocapsules, nanoparticles, and conjugates for drug formulation [17]. Many
biologists prefer chitosan nanoparticles (CNP) because of their small size and nanoscale
nature, which increases the surface area available for interaction with biological sup-
port, boosts the bioavailability of essential compounds, and allows for deep penetration
into the target sites and efficient uptake by body cells [18—20]. In addition, CNPs have
shown antimicrobial, immune-enhancing, and growth-promoting effects in fish [21,
22], yet their impacts on haematology, metabolism, and gut health in O. pabda remain
understudied.

a-tocopherol (Vitamin E), a potent lipid-soluble antioxidant required to prevent oxi-
dation by free oxygen radicals (ROS) in the cell membranes’ lipids [23, 24]. It functions
as an antioxidant chain breaker and can scavenge ROS such as lipid peroxyl radicals
[23-25]. It also plays a key role in fish immunity, growth, health, immunity, reproduc-
tion, and oxidative stress management [26, 27]. In farmed fish, optimal levels of Vitamin
E (VE) are recorded to improve growth performance, antioxidant capacity, and stress
tolerance [28-30]. However, its water instability can reduce bioavailability. Encapsula-
tion using CNPs may enhance VE’s stability, minimize leaching, and improve nutrient
delivery [31].

The effects of CNP combined with VE may provide stronger immunostimulating
properties. Applying CNP and/or VE as a feeding supplement is believed to improve fish
productivity, immunity, and overall health [27]. Recently, it was reported that dietary
supplementation of VE (VE) and chitosan VE nanocomposite (CVEN) can improve fish
growth performance, immune status, antioxidant capacity, tissue architecture, and dis-
ease resistance to Aeromonas sobria [27]. Additionally, Frag et al. [32] discovered that
Nile tilapia’s growth performance and immunity were improved by dietary VE nanopar-
ticles encapsulated in nano-chitosan. Considering this, O. pabda is a relatively delicate
fish species, characterized by slow growth, susceptibility to environmental stress and
poor health under culture conditions. The inclusion of CNP and VE may confer com-
parable or even greater benefits in improving overall health performance of O. pabda
under aquaculture systems.
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Although the individual effects of CNP or VE have been investigated in some fish spe-
cies, their potential synergistic effects have not been evaluated in O. pabda [21, 32, 33].
To fill this gap, this study aimed to investigate the effect of dietary supplementation of
chitosan nanoparticles, VE, and chitosan-vitamin E nanocomposite (CNPVE) on growth
performance, hematological and biochemical parameters, liver function, immunoglobu-
lin, and histological changes in the intestinal tissue of Ompok pabda. The outcome of
this research supports the broader use of nanoparticle based elements, such as chitosan
nanoparticles and VE, as growth promotors in O. pabda catfish.

2 Materials and methods

2.1 Chemicals used and preparation of fish feed

The chitosan nanoparticles (CNP) were obtained from NANOSHELTM, Intelligent
Materials Pvt. Ltd. (Punjab, India) in the form of powder that is light brown in color.
Based on elemental analysis, the degree of deacetylation and average molecular weight
were found to be 161 g/mol, assay>99%, and APS 80-100 nm. According to Du et al.
[34], CNPs were formulated based on the ionotropic gelation of chitosan and sodium
tripolyphosphate (Sigma, USA). Using reagent-grade water (Milli-Q SP ultrapure water
system, Nihon Millipore Ltd., Tokyo), the CNP underwent rigorous purification before
being frozen (Virtis Advantage EL, SP Industries Company, USA). a-tocopherol (VE)
was obtained from Sigma-Aldrich, USA.

First, the commercial fish feed pellets (Spectra Hexa Feeds Ltd., Bangladesh) were
soaked in water and blended to create a paste to assess their viscoelasticity and consis-
tency. To enhance the consistency, CNP and VE were added to the food paste, followed
by thoroughly mixing with 5% (w/w) gelatin (Nutri-B-Gel, Canal Aqua Cure, Port-Said,
Egypt) [35]. Following a feed mill to pelletize the grain, room temperature air drying was
done, and it was kept refrigerated at 4 °C until feeding time. The proximate composition
of the feed is presented in Table 1. Fish feed was allowed with apparent satiation twice
daily at 09:00 and 16:00.

2.2 Field sampling and experimental setup

A total of 240 (13.56+0.33 cm and 14.98 +0.78 g) mature mix sexed healthy O. pabda
fish were acquired from the local hatchery in Mymensingh and brought to the GFBL,
GAU. Prior to the start of the experiment, the fish underwent a three-week adaptation
period in rectangular cement tanks (size: 2.2 x 1.6 x 0.6 m) During which they were fed
a conventional basal diet. Following their acclimation, the fish were split into twelve
circular experimental tanks with 500 L capacity. Fish were distributed at random, and
each tank holding 20 fish (Fig. 1). The tank and aquaria were filled with dechlorinated
tap water and aerated using air stones connected to an electric compressor. To maintain
optimal water quality for fish culture and prevent waste accumulation, one-third of the
water was replaced daily with clean, fresh, dechlorinated water.

Table 1 Proximate composition of the commercial diet (Spectra hexa feeds Itd., Bangladesh) used

in the study
Type of Moisture Protein Lipid Ash Fibre Digestible energy
feed (%) (%) (%) (%) (%) (Kcal/Kg)

Starter 9.9 38.6 6.78 6.77 6 2950




Rahman et al. Discover Food

(2025) 5:325

T1 T2 T3 T4
= Control (BD) BD+CNP BD+Vit E BD+CNP+Vit E
2,
= Replicate-1 Replicate-1 Replicate-1 Replicate-1
T | w20k [ b itk )\ oedlgui ) L medienk
5 G e
5]
,E Replicate-2 Replicate-2 Replicate-2 Replicate-2
: n=20/tank n=20/tank n=20/tank n=20/tank
(=¥
=
Replicate-3 Replicate-3 Replicate-3 Replicate-3
(_n=20/tank (_n=20/tank J (__n=20/tank J | n=20/tank J
G —— e
g oy
=) Replicate-1 Replicate-1 Replicate-1 Replicate-1
ol b md ke mR ) e R ke B
—
= ga———————— e
E i = = =
50 Replicate-2 Replicate-2 Replicate-2 Replicate-2
£ n=3 n=3 S _ S
E‘ e e s
< Replicate-3 Replicate-3 Replicate-3 Replicate-3
o n=3 n=3 n=3 n=3
=, = e T p TN o RS g
v

Fig. 1 Experimental protocol. The experiment consisted of four treatments with triplicate, in which O. pabda was
maintained for 60 days

In the experimental design, a complete randomized design was used containing one
control group and three treatments: T1: the basal diet with no supplement (control); T2:
basal diet with 5 g kg™ CNP; T3: basal diet with 500 mg kg™ VE, and T4: CNP-VE nano-
composite group consisted of 5 g kg™ CNP +500 mg kg™' VE. Each group consisted of
three replications. The fish were kept in a flow-through system for 60 days [25]. Utiliz-
ing porous stones and an air pump, the water was continuously aerated. The population
from each tank was measured and checked every alternate week. We used natural light
during the experimental period.

2.3 Hydrobiology

During the experimental period, temperature and pH were monitored on every alter-
nate day, while ammoniacal nitrogen (NH;-N), total dissolved solids (TDS), and nitrate
(NO;) were measured weekly. A YSI 59 multiparameter water quality sampler (Yellow
Springs Instrument Company, OH, USA) was used to measure the parameters.

2.4 Growth and feed utilization

At the beginning and subsequent weeks, each fish in every tank was weighed. Prior to
sampling, a mild anesthesia was applied to the fish using a-methyl quinoline (Trans-
more®, Nika Trading, Puchong, Malaysia) at 0.22 ml L™! [36]. Final lengths and weights
were measured following the feeding trial’s 60-day duration, and calculated the growth
parameters:

Weight gain (WG, %) =100 x (final weight - initial weight)/initial weight 371
Feed conversion ratios (FCR) =dry feed intake/(final wt - initial wt) [38]
Feed conversion efficiency (FCE) = (final weight - initial weight)/dry feed intake [39]
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Specific growth rate (SGR)= 100 x (In final weight - In initial weight)/time [39]
Daily growth rate (DGR) = [(final weight - initial weight)/t] x 100 [40]
Relative growth rate =100 X (final wt - initial wt)/initial wt [40]
Survival (%) =100x final no. of fish/initial no. of fish [41]

2.5 Haematological and biochemical indices

At the end of the trial, fish were fasted for 24 h, anesthetized, and blood samples were
drawn non-lethally from the caudal vein of five fish per group using sterile 2.5 mL
syringes. Blood was divided into two portions: one for hematological tests stored at 4 °C
with EDTA (1.26 mg/0.6 mL), and another for serum separation (centrifuged at 12,000 x
g, 15 min, 4 °C). Hematological assessments included RBC and WBC counts (Neubauer
hemocytometer), hemoglobin (Hb; cyanmethemoglobin method), and hematocrit (Hct;
microhematocrit method). Biochemical parameters included glucose, total protein (TP),
albumin (ALB), globulin (GLB), albumin/globulin ratio (A/G ratio), bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AP),
cholesterol, and triglycerides were measured from 800 puL serum samples using assay
kits (Biosino Bio-Technology and Science Inc., Beijing, China) [42].

2.6 Immune assay

IgM (g L") concentrations were quantified using a CUSABIO colorimetric ELISA kit
(Wuhan, China) as per the manufacturer’s protocol. Plasma samples (50 pL) were read at
450 nm after 10 min [43].

2.7 Histopathological investigation

A histopathological investigation was performed after partially modified by Karim et al.,
[44]. Fish samples were anesthetized with a-methyl quinoline (Transmore®, Nika Trad-
ing, Puchong, Malaysia), and the intestines were collected carefully from each sample.
Then intestinal tissues were transferred into 10% neutral buffer formalin (10% NBF) and
fixed for future preservation. Tissue samples were then subjected to varying degrees of
alcohol treatment and infiltrated with Paraffin 135 Wax at 65 °C for an hour in order to
dehydrate them. The inserted tissues were further thinned with a rotating microtome
apparatus to a thickness of 5 um. Hematoxylin and eosin was then applied to the tis-
sue sample sections in accordance with standard protocol, and the samples were exam-
ined under an electron microscope (MCX100, Micros Austria). Using an AmScope 1000
video tracking camera connected to a photomicroscope was used to photograph histo-
pathological changes caused by the different treatments in the tissues of different organs
of the fish.

2.8 Statistical analysis

Since no significant differences were detected among replicate means (P> 0.05), the rep-
licate data were pooled and averaged. Prior to statistical analysis, data sets were tested
for homogeneity of variances using Bartlett’s test [45] and for normality using the Kol-
mogorov-Smirnov test [46]. Comparisons among experimental treatments were then
conducted using one-way ANOVA, followed by Student’s t-test, with Origin™ 2016 and
Minitab 17 software Results were considered statistically significant at p <0.05, and data
are presented as means * standard error (SE).
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3 Results

3.1 Hydrobiology

Table 2 presents the physico-chemical parameters of the water measured across the
experimental tanks throughout the study period. All parameters except pH and NH;-N
remained stable and showed no significant differences among the treatment groups
when maintained at nominal levels. The recorded values were within the acceptable
ranges for the optimal culture of this species, as reported by Duli¢ et al. [47]. pH lev-
els were consistent (7.35+0.17 to 7.69+0.13) across treatments, indicating optimal
growth conditions. The measured concentrations of NH;-N, ranging from 0.23+0.02
to 0.28 +0.03 mg L', remain well below the toxic thresholds for many aquatic species,
thereby signifying a healthy nitrogen regime. Nitrate levels also varied, with T4 present-
ing at 25.5+5.24 mg L™" and T3 having 21.375+4.18 mg L™ nitrates, and no noticeable
differences were revealed among the treatments, indicating a strong bioconversion pro-
cess supported by these diets. The TDS remained stable across treatments, reinforcing
the diets’ adequacy for maintaining favorable ionic conditions for O. pabda.

3.2 Growth performances

Fortnightly growth measurements indicated that fish length did not differ significantly
among dietary treatments during the first two weeks. However, from the fourth week
onward, a significant reduction in length (p <0.05) was observed in certain treatments,
and this trend persisted until the end of the experiment (Fig. 2a). A similar pattern was
noted in mean weight gain. No significant differences were found among treatments
During the initial 30 days (p > 0.05). From day 30 onwards, however, average weight gain
significantly increased compared to the control (p <0.05), with the highest gain recorded
in treatment T4 (Fig. 2b).

The enhanced growth in T3 and T4 suggests the betterment of the fish, leading to
improved feed conversion, nutrient absorption and somatic growth. From an aquacul-
ture point of view, identifying and maintaining better conditions like T3 and T4 is cru-
cial for maximizing fish production.

Growth efficiency, feed utilization, and ANOVA analysis of O. pabda reared with con-
trol and the other three treatments are displayed in Table 3. No significant variations
were found in the initial total length and weight. Fish supplemented with CNP & VE had
higher (p<0.05) total length gain (TLG) than other groups. Body weight gain (BWG)
in T2 and T4 was higher than control but similar to T3. The lowest FCR was revealed
in the T4. The FCR has also lowered the other diets supplemented with either CNP or
VE (p <0.05). However, feed conversion efficiency (FCE) and specific growth rate (SGR)

Table 2 Physico-chemical status of culture environment during the study period

Parameters* Diet groups

T T2 T3 T4
Temperature (°C) 26.01+0.122 26.10+0.14° 26.03+0.16° 26.08+0.122
pH 735+0.17° 7.54+0.17% 7.69+0.13 7.58+0.24%
DO (mg L") 570+0.27° 5.60+0.40° 5.29+0.28° 560+0.37°
NH3-N (mg L™) 0274004 0.25+0.02% 0.23+0.02° 0.28+0.03°
TDS (mg L") 126.50+3.54% 127.63+3.80° 125754353 1273845747
NO;, (mg L") 2254235 22375+5.24° 21375+4.18° 25545242

*DO: dissolved oxygen, NH;-N: ammoniacal nitrogen, TDS: total dissolved solids, and NO5: Nitrate. Different superscript
letters in the same row show significant differences (p < 0.05)
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Fig. 2 Variations in the average length (a) and body (b) gain of O. pabda over 60 days of four distinct diets. The
data is displayed as mean+SE (n=20). Groups denoted with the same letters are insignificant (Tukey's multiple
comparison test, p>0.05)

Table 3 Effects of dietary CNP, VE, and CNP-VE nanocomposite on growth and feed utilization of O.
pabda reared for 60 days

Param- Diet groups Analysis of variance

eters T T2 T3 T4 AdjSS AdjMS F P

L, (cm) 1331+023%  1390+024°  1367+025° 1338+023° 449 150 2621 0000
L, (cm) 1547+037¢ 1677+053°  16.16+050° 16544066 1925 642 2349 0.000
W, () 15174057 1523+091° 15004068 1455+081° 5722 191 338 0023
W, (g) 2428+253° 2757+550° 26904405  2790+472° 1624 5414 283 0044
TLG(cm)  216+0.18%  287+030°  249+028°  3.16+043% 1145 382 4013 0000
BWG(g)  911+204> 1235+474*  11905+3.13°® 1336+408 1981 6602 498 0003
FCR 17540004 148+0003°  154+008°  123+0003% 277 092 62263 0.000
FCE 057+0001% 068+0001°  065+003°  081+0002° 061 020 70678 0.000
SGR 055+0.10° 096+024*  071+0.12° 1074019 331 110 3802 0000
(% day™")

RGR (%)  59.68+1153° 7960+2584% 64.91+17.30° 907242234 9957 33190 830  0.000
DGR 91.10+2040° 12345+4740° 9855+3128% 13355+4077° 19,807 6602 498 0003
(% day™")

Survival (%) 90.00+0.00  95.00+0.00 90.00£0.00 100.00+£0.00 137500 458333 - -
Values are mean + SE (n=20). Different superscript letters in the same row show significant differences (p < 0.05)

were higher in all the treatments compared to the control and T4 possessed the high-
est FCE and SGR than other treatments. The value of RGRs also increased substantially
among the treatments with supplementations than without supplementation (T1). Simi-
larly, the highest DGR was also found in T4 (p <0.05) but other treatments did not dem-
onstrate any notable variations (p>0.05). The survival rate of fish in all the treatments
was >90% but in T4, it was 100%. The study reveals that the CNP-VE supplemented diet
(T4) significantly improved both growth (highest BWG, SGR, RGR) and feed efficiency
(lowest FCR, highest FCE), while also ensuring 100% survival. Thus, T4 offers the best
balance of growth performance and cost-effective feed utilization, making it most suit-
able for aquaculture productivity enhancement.
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3.3 Haematological parameters

Haematological parameters varied significantly with CNP and/or VE supplementation,
particularly in the T4 group. Red blood cell (RBC) counts increased when fish were sup-
plemented, and the highest was noted in T4 (p <0.05). Hemoglobin (Hb) levels were ele-
vated in all treatment groups compared to T1 and reached the highest in T4. Similarly,
hematocrit (HCT) values were significantly higher in T3 and T4, while no significant
differences were observed between T1 and T2. The mean corpuscular volume (MCV)
in T4 was significantly different from the control (T1) and the groups receiving indi-
vidual additives (T2: CNP; T3: VE). In case of mean corpuscular hemoglobin (MCH),
the highest value was noted in T2 (17.80 + 0.85) while the lowest was in T4 (11.02 £ 0.16).
However, no remarkable difference was revealed among the treatments T1, T3, and
T4 (p>0.05). For MCHC, no significant difference was observed between T2 and T4,
or between T1 and T3. However, the higher values were observed in CNP and CNPVE
composite groups. An increasing trend was observed in white blood cell (WBC) count
in fish fed with supplements compared to those without supplementation (control T1).
The highest and lowest WBC counts were recorded in T2 (5.73+0.49x10° L) and T1
(3.73+0.45 x 10° L), respectively. However, platelet counts remained unchanged across
all treatments (Table 4). The lack of significant change in platelets can be interpreted as
a positive outcome, indicating that the treatments did not compromise circulatory or
immune health.

3.4 Levels of different biochemical parameters

Serum biochemical composition of fish reflects the internal physiological and metabolic
state of the organism. Growth performance in fish is an outcome of efficient nutrient uti-
lization, energy allocation, and overall health, all of which are closely linked to the fish’s
biochemical status. In the current study, serum glucose levels gradually decreased in fish
fed diets supplemented with CNP and/or VE. The highest glucose level was observed in
the control group (T1), followed by T2 (CNP), T3 (VE), and the lowest in T4 (CNP + VE)
(Table 5). No significant differences (p>0.05) were observed in total protein and albu-
min/globulin (A/G) ratio among the different treatment groups of O. pabda. Although
higher albumin levels were recorded in fish fed with CNP (T2) or the combination diet
(T4), these values did not differ significantly from the control (T1).

Table 4 Dietary CNP,VE, and their combination’s effects on hematological indices of O. pabda

reared for 60 days
Parameters Treatments

T T2 T3 T4
RBC (x 10" L) 593+0.25° 6.53+0.74" 7.87+033° 11.33+061°
Hb (g dL™) 7.23+097° 1157+0.78 1033+0.87° 12504083
HCT (%) 3143+348° 39.07+1.60%° 4147 £304° 42934154
MCV (fL) 5282+371° 60.31+461° 52.66+2.33° 37924076
MCH (pg) 12.14+1.16° 17.80+0.85% 13.1140.55° 11.02+0.16°
MCHC (g dL™) 2295+067° 2958+1.02° 24.93+1.11° 29.08+0.88°
WBC (x 10° L) 3734045 573+049° 486+033% 457+073%®
Platelet (x 10° ) 204,67 +34.93° 188.33+1841° 238.33+67.37° 250.33+42.74°

Values are mean + SE (n=20). Different superscript letters in the same row show significant differences (p < 0.05)
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Table 5 Effects of dietary supplementations on different biochemical parameters of O. pabda

Parameter Diet groups

T T2 T3 T4
Glucose (mmol dL™) 7.20+0.71° 570+051% 517+033° 343+031¢
Total Protein (g L™) 61.67+249° 62.00+653° 68.00+4.90° 66.67+4.99°
Albumin (g dL™") 3.13+082% 3.93+0.57° 134+1.02° 3.97+059°
Globulin (g dL™) 2.23+0.59% 2.96+0.50%° 154+033° 3.66+045%
A/G ratio 1414003° 134+0.16° 1.25+0.08° 1.09+0.09°

Table 6 Effects of dietary CNP, VE, and CNP-VE nanocomposite on liver function responses of O.
pabda reared for 60 days

Parameter Treatments

T T2 T3 T4
Bilirubin (mg dL™") 0.31+0.06> 045+0.04° 044+0.04° 0.20+0.01¢
ALT (SGPT) (U L™ 1043+2.012 7.97+0.347 7.87+0.33° 7.60+0.41
AST (SGOT) (U L™ 152740712 14134046 15304067 14534049
AP (UL 86.00+4.08° 79.00+6.38° 8201+328° 90.00+294°
Cholesterol (mg dL™") 157.00+5.89° 134.33+7.04° 130.33+4.11° 125.00+3.27°
Triglyceride (mg dL™") 130.33+4.11° 130.67+10.34° 143.33+8.50° 136.67+5.73°

Values are mean £ SE (n=20). Different superscript letters in the same row show significant differences (p < 0.05)

3.5 Effects on liver function test

The outcome of liver function parameters of O. pabda supplemented with CNP and
VE are presented in Table 6. The bilirubin level was found to be higher in T2 and T3
(0.45+0.04 and 0.44+0.04 mg dL}, respectively) while the lowest was found in T4
(0.20+£0.01 mg dL™', p<0.05). Dietary CNP (T2), VE (T3), and their combination (T4)
had no significant effects (p >0.05) on ALT, AST, alkaline phosphatase, and triglyceride.
The ALT level was in a decreasing trend when the fish were fed supplemented diets with
either CNP and/or VE, and the lowest was observed in T4 (7.60+0.41 mg dL™!). The
highest and lowest AST levels were revealed in T1 and T1 (15.27+0.71 and 14.13+0.46
U L) respectively. Cholesterol levels decreased substantially (p <0.05) when the control
diet was mixed with additives either individually or in combination. Nevertheless, cho-
lesterol levels did not fluctuate remarkably among the supplements (p > 0.05).

3.6 Effects on CNP and VE on Immunoglobulin M

IgM plays a key role in the early immune response, so changes in its level can reflect
how well the fish’s immune system is functioning. In the present study, the IgM levels
increased linearly, meaning there was a steady increase in IgM as the supplementation
improved, from no supplement (T1) to the combined group (T4) and this trend was sta-
tistically significant (p<0.05, Fig. 3). The highest IgM level was found in T4, the group
that received both CNP and VE. This suggests a possible synergistic effect, where com-
bining CNP and VE enhanced the immune response more than either supplement alone.
The lowest IgM level was in the control group (T1), which is expected since this group
received no immune-boosting additives. The fish in T2 (CNP) and T3 (VE) improved
IgM levels compared to the control group (T1), showing that each supplement individu-
ally had a positive effect on immune function. However, there was no statistically signifi-
cant difference between T2 and T3 (p>0.05), meaning the individual effects of CNP and
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Fig.3 Effects of CNP,VE and their combination on the IgM concentration of O. pabda. The data shown is mean + SE
(n=20). Significant differences exist between groups with different letters (Tukey's multiple comparison test,
p<0.05)

VE were similar in magnitude and not enough to be considered distinct from each other
in this context (Fig. 3).

3.7 Gut histology

The pathological changes in the intestinal tissues of fish subjected to CNP and/or VE
supplementation (T1, T2, T3, and T4) were examined through histological analysis
(Fig. 4). In T1, the intestinal villi are relatively short with a narrow lumen indicated by
the presence of black star, which indicates the absorptive surface area appears limited
and nutrient assimilation efficiency is moderate. When the fish was supplemented with
CNP (T2), noticeable improvements in villus height (V.E) and intestinal wall width
(LW.W.). CNP likely enhanced mucosal development and surface area, supporting better
absorption. In addition, VE supplemented group (T3), showed longer lumen diameter
(L.D.) compared to T1, suggesting improved nutrient absorption potential due to VE’s
antioxidant and membrane protective effects. In T4, the gut tissues exhibited the most
pronounced changes, revealed elongated, well organized villi with significantly larger
intestinal diameter (I.D.). This reflects optimal absorptive capacity and healthier muco-
sal structure, supporting efficient digestion and nutrient uptake (Fig. 4).

4 Discussion

The physico-chemical characteristics of water in aquaculture systems are crucial for
the effective fish cultivation [48]. Changes in water quality have a major impact on fish
behavior, which is a key indicator of fish welfare and growth [49, 50]. In the present
study, the hydrobiological metrics in different diet groups showed that the experimental
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Fig. 4 Comparative microphotographs showcasing the variations in gut histological structures of Ompok pabda
subjected to diet supplements (T1=Control; T2=Chitosan nanoparticles; T3=VE; & T4=Chitosan nanoparti-
cles+VE). 1.D. = intestine diameter, L.D. =lumen diameter, LW.W. = intestinal wall width, V.H. = villi height. Scale bar:
50 pm; Stain: H & E

tanks maintained within the permissible bounds over the study period [48, 51]. No nota-
ble difference across the different treatments indicates that the food interventions did
not affect the water quality measures in the tanks.

The growth and feed utilization indices were improved with dietary supplementation
of CNP/VE either individually or combined, in contrast to the group that did not receive
supplements. The best dietary performance was when fish were administered the CNP
and VE combination. Since feed represents the largest operational cost in aquaculture,
improving FCR while maintaining high BWG directly enhances economic returns and
sustainability. In aquaculture, better BWG and lower FCR lead to faster fish growth,
reduced feed costs, and increased productivity. The lowest bilirubin levels observed
in the combined supplemented group (T4) suggesting the supports the hypothesis of
improved oxidative balance and hepatic protection [52]. These effects include the stim-
ulation of digestive enzyme secretion, inhibition of pathogenic bacterial growth, and
increased absorptive surface of the intestine, which increases nutrient digestibility and
cell access to VE [53—57]. The improvement in fish growth might be the result from a
higher growth rate and weight gain. Dietary VE supports protein synthesis while chi-
tosan enhances the bioavailability of VE, further contributing to growth. In its natu-
ral form, VE shows low absorption and high dispersion at the molecular level due to
its nanoscale size [20]. According to Aranaz et al. [58], chitosan enhances VE’s absorp-
tion while shielding it from the unfavorable circumstances in the gastrointestinal tract.
Previous research [59] found that vitamin and chitosan supplementation improved the
growth and survival of Cyprinus carpio haematopterus fish without having a negative
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impact on their health. Similar outcomes were also seen by Abdel-Tawwab et al. [55],
who noted that adding CNPs to O. niloticus bolstered both growth and health. By
enhancing the functions of digestive enzymes like lipase and amylase, preventing the
expansion of intestinal pathogenic bacteria populations, and enhancing a few innate
immune markers, it also promoted growth and feed utilization [54]. According to Ibra-
him et al. [60], feeding O. niloticus a chitosan-vitamin C nanocomposite enhanced fish
development, antioxidant status, immunological response, illness resistance, and intesti-
nal histomorphology. The synergistic effect of CNP and VE because CNP enhances the
solubility, stability, and absorption of VE, while also contributing independent antioxi-
dant and immunostimulant properties. This leads to improved bioavailability, oxidative
stress reduction, immune modulation, and growth performance [27]. These effects are
far stronger than when either supplement is used individually.

Hematological indicators, which might change depending on the type of stressor, are
commonly employed to assess the health state of the index fish [61]. The present inves-
tigation found that the experimental fish’s RBCs, Hb, HCT, MCV, MCH, MCHC, and
WBC were significantly affected by the addition of CNP or/and VE supplements to their
meals. The capacity of CNP to improve the absorption of macro and micronutrients,
which predict good health, may be the reason why fish fed on CNP-VE diet showed the
best values [21, 54]. The reduction of MCH and MCHC in fish supplemented with CNP
and VE might stimulate erythropoiesis and antioxidant protection, leading to a larger
pool of RBCs with relatively less haemoglobin per cell [54, 62]. This is not necessarily a
sign of deficiency but an adaptive physiological response, reflecting improved haema-
tological efficiency and better overall health in aquaculture systems [63]. CNP and VE
possess strong antioxidant activity, which protects haemoglobin from oxidative damage
[64]. As the cellular component of innate immunity and the release of humoral chemi-
cals such lectins, cytokines, complement system components, and cationic antimicrobial
peptides, WBCs are essential to fish immunological function [65]. The immunostimu-
latory effect and antibacterial capabilities of CNP may have contributed to the study’s
finding that WBC counts increased significantly in the CNP-VE combo group [54].
Platelets play a critical role in fish health by mediating essential physiological processes,
for example, hemostasis, wound healing, and immune response [66]. Their stability in
count or function often reflects a balanced physiological state, suggesting that the diet
improvement condition using nanoparticles and/or VE did not induce stress or severe
enough pathology to disrupt platelet activity [67].

There is a close physiological link between blood biochemical parameters and growth
in fish [53, 68]. While not always a direct linear correlation, a healthier biochemical sta-
tus, for example, glucose, protein, lipid, and antioxidants supports improved growth
by ensuring efficient nutrient utilization, energy allocation, and reduced disease stress
[52]. In the current investigation, dietary conditions directly affect blood glucose. The
blood glucose level of the pabda in T4 group was lower than that of the other supple-
mented diet groups. While CNP and VE supplementation had a considerable influence
on glucose levels in the current investigation. Consistent with our findings, Acar et al.
[62] observed that feeding Mozambique tilapia essential oil decreased its serum glucose
level. Prior research has demonstrated that the glucose level decreases in farm condi-
tions when fish under less stress [53, 62]. The decrease in glucose in the fish fed CNPVE
supplementation in T4 might be due to the antioxidant effect that minimize oxidative
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stress [69]. Plying enzymes, stimulating macrophages, and releasing antimicrobial pep-
tides, total protein is essential to fish non-specific immune responses [70]. In our inves-
tigation, the CNP-VE supplemented groups showed a small rise in serum total protein
concentration. Nevertheless, employing dietary CNP resulted in a considerable increase
in the serum TP level of Nile tilapia [54] and silver carp (Hypophthalmichthys molitrix)
[71]. Literature on different fish species indicates that dietary CNP and VE can both
enhance protein metabolism [53]. Elevated globulin levels in diet supplementation indi-
cate enhanced humoral immune response. CNP act as immunostimulants, binding to
immune cells and stimulating antibody production [62] while VE enhances B-cell func-
tion and antibody synthesis [72]. Hence, fish in T4 had stronger immune protection,
contributing to higher disease resistance.

Like other vertebrates, fish’s liver plays a crucial role in numerous metabolic pro-
cesses, including the synthesis of defense components, detoxification, lipid metabolism,
and food metabolism [73]. The liver is also a major site for the production of comple-
ment proteins, which play critical roles in pathogen lysis and modulation of antibody-
mediated immunity [74]. Beyond systemic immunity, nutrient absorption and microbial
metabolites from the intestine reach the liver via the portal circulation, directly influenc-
ing hepatic metabolism and immune signalling [75]. Bilirubin is a breakdown product
of haemoglobin catabolism, formed during the degradation of heme in RBCs. Elevated
bilirubin levels are often associated with liver dysfunction, hemolysis or oxidative dam-
age, where hepatocytes fail to process bilirubin efficiently [76]. Hepatotoxicity can be
measured specifically using ALT and AST. In this investigation, the addition of CNP
resulted in a linear decrease in the serum activities of ALT and AST when compared
to the control. Similarly, Mehrpak et al. [77] observed that Cyprinus carpio fish fed on
vitamin C in addition to chitosan had changed AST and ALT activity. Chitosan’s antioxi-
dant activity, which protects hepatocytes from oxidative damage, may be responsible for
this benefit [78]. Since the liver synthesizes the majority of serum proteins, the improved
hepatic functioning seen in this study may account for the elevated serum protein level
[79]. Cell membranes, steroid hormones, myelin sheaths, bile acids, and some fat-soluble
vitamins are all significantly influenced by cholesterol [80]. In the current investigation,
the groups receiving CNP/VE had significantly lower serum cholesterol levels, with the
control group obtaining the highest values. Notably, the outcomes show that O. pabda
fed CNP-VE increased AP, and decreased cholesterol and triglyceride values. In the cur-
rent study, reduced cholesterol in T4 could be interpreted as a metabolic adaptation
toward better nutrient utilization and improved health status, which ultimately supports
enhanced growth and disease resistance [81]. Parallel to this, Abd El-Naby et al. [82] and
Younus et al. [71] revealed that biochemical values of Nile tilapia and silver carp that
were fed chitosan nanoparticles increased. They attributed this influence to chitosan’s
potential role in enhancing antibacterial, immune, and antioxidant conditions.

IgM is the primary immunoglobulin found in fish, and serum immunoglobulins are impor-
tant parts of the humoral immune system [83]. It is the predominant antibody in fish’s circu-
lation and reflects the strength of adaptive humoral immunity [84]. Because of its measurable
changes after infection, stress, or immunostimulant supplementation, IgM is widely applied
as a biomarker for fish health and disease resistance in experimental and farmed conditions.
Higher IgM levels in fish blood generally indicate enhanced immune status and improved
disease resistance [85]. Niu et al. [86] observed that turbot (Scophthalmus maximus)
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produced more antibodies when exposed to VE. In northern whiting, Sillago sihama, the
addition of VE was likewise observed to significantly boost the IgM content [87]. Further-
more, VE was effective in reducing mortality and enhancing specific immunity only in
immunocompromised fish, but showed no significant effect in healthy fish [88]. The results
of the current study showed that VE’s activities were boosted when it was encapsulated in
CNPs, in addition to the chitosan’s beneficial effects. Fish immune systems were stimulated
by CNP-VE in a synergistic manner. The result may be attributed to the immune stimulat-
ing properties of CNPs, which likely activated the non-specific immune response in fish [20,
89]. This effect was further enhanced by VE supplementation [90]. The observed increase
in IgM levels could be a positive correlation of disease resistance, particularly under stress-
ful or pathogen-challenged conditions [91]. Harikrishnan et al. [89] observed that increased
IgM was associated with improved survival rates in Nile tilapia challenged with Aeromonas
hydrophila following dietary immunostimulant supplementation while Raida and Buch-
mann [92] observed IgM titers exhibited stronger protection against Yersinia ruckeri infec-
tion, underscoring [gM’s protective role in bacterial defense. Although the elevation of IgM
in supplemented groups likely correlates with improved disease resistance, definitive confir-
mation would require pathogen-challenge trials and functional assays.

Measurement of intestinal histomorphometrical features is an essential tool for assess-
ing how dietary supplements affect the fish body’s overall immune system, adjacent intes-
tinal immunity, and intestinal absorption capacity [33, 93]. The gut histology images show a
clear progression from poorly developed villi in control (T1) to highly organized, elongated
villi with expanded lumen in T4 (CNP-VE). These structural improvements enhance nutri-
ent assimilation and gut health, which aligns with biochemical findings of reduced glucose
(efficient energy utilization) and reduced bilirubin that might improve antioxidant status and
hepatoprotection [76, 94]. This might be the cause of exhibiting better growth and physi-
ological homeostasis in T4 treatment [69]. In agreement, Dawood et al. [33] found that gob-
let cells increased in Liza ramada. Abd El-Naby et al. [82] reported that Nile tilapia fed CNPs
showed improved intestinal villi and histological features. The CNPs’ antibacterial action
reduced intestinal pathogenicity and inflammation by improving the diversity and integ-
rity of intestinal epithelial cells, which was made possible by dietary CNP. The outcomes are
consistent with the findings of [95], who reported that chitosan enhanced the immunity and
intestinal integrity of Pacific white shrimp (Litopenaeus vannamei) locally. The combined
effect of CNP and VE might stimulate intestinal enzyme activity facilitating efficient nutrient
utilization and promoting growth [96]. These mechanisms might improve gut structure and
functionality under CNP and VE supplementation, suggesting a close link between antioxi-
dant protection, enhanced gut permeability, and enzymatic activity in supporting fish health
and performance [97, 98].

5 Conclusion

The present study demonstrates that dietary supplementation with CNP, VE, and their
combination significantly enhances growth performance, feed utilization, hematobio-
chemical parameters, immune responses, and intestinal morphology in O. pabda. The
synergistic effects observed in the combined supplementation group suggest a prom-
ising strategy for improving overall fish health and productivity in aquaculture. These
findings highlight the potential of chitosan nanoparticles and a-tocopherol as functional
feed additives to promote sustainable and efficient fish farming practices. Further studies
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are needed to optimize the doses of CNP and VE for different fish species, and also, lon-
ger feeding periods could reveal a true synergistic interaction between CNP and VE on
fish immunity and disease resistance.

Acknowledgements

This research was financially supported by the Research Management Wing (RMW), Gazipur Agricultural University,
through the Long-Term Research Project (GAU/RMW/Long term project/2021-2024/022) of Bangladesh, which is
gratefully acknowledged.

Author contributions

SKM, M.LR.and SK.D. conceived and designed the experiments. M.S.M,, SK.D.,, MEA, MTH. and D.P. performed

the statistical analysis and prepared the manuscript, the tables and the figures. M.SM.,, T.R. and M.N.Il. conducted the
experiment. M.N.I, TR, SKM., MTH. and M.LR. collected the samples. All authors have read and agreed to the published
version of the manuscript.

Funding
This research was funded by the Research Management Wing (RMW), Gazipur Agricultural University, through the Long
Term Research Project (GAU/RMW/Long term project/2021-2024/022) of Bangladesh.

Data availability
Data are contained within the article.

Declarations

Consent to participate
Not applicable.

Consent publication
Not applicable.

Competing interests
The authors declare no competing interests.

Ethical approval

All fish experiments in the present study were approved by the Research Management Wing of Gazipur
Agricultural University, Bangladesh and was carried out following the Basel Declaration (Approval Code: GAU/
RMW/2022/134(KA)6068, Approval date: 22 April 2025).

Received: 11 July 2025 / Accepted: 2 September 2025
Published online: 06 October 2025

References

1. FAO. FishStat: Global Aquaculture Production 1950-2022; Food and Agriculture Organization: Rome. 2024. Accessed
March 29, 2024. https.//www.fao.org/fishery/en/statistics/software/fishstatj

2. Alam J, Andriyono S, Hossain A, Eunus A, Kim H-W. The complete mitochondrial genome of a Pabdah catfish, Ompok
Pabda (Hamilton, 1822). Mitochondr DNA B Resources. 2019;4:507-8. https://doi.org/10.1080/23802359.2018.1551079.

3. Mia MR, Uddin MS, Alam MT, Pandit D, Mazumder SK. Habitat and biodiversity degradation of the surma river, Bangladesh
and implications for future management. J Bangladesh Agricultural Univ. 2022;20:103-15. https://doi.org/10.5455/JBAU.13
3514.

4. Mustafi SK, Kunda M, Khan AF, Mazumder SK, Pandit D. Conserving nutrient rich small indigenous species of fish in the
wetlands of north-eastern Bangladesh. Aquacult Aquarium Conserv Legis. 2022;15:2238-52.

5. Amlashi AS, Falahatkar B, Sattari M, Gilani MHT. Effect of dietary vitamin E on growth, muscle composition, hematological
and immunological parameters of sub-yearling Beluga Huso huso L. Fish Shellfish Immunol. 2011;30:807-14. https://doi.or
9/10.1016/}.£5i.2011.01.002.

6.  Al-Thobaiti A, Al-Ghanim K, Ahmed Z, Suliman E, Mahboob S. Impact of replacing fish meal by a mixture of different plant
protein sources on the growth performance in Nile tilapia (Oreochromis niloticus L.) diets. Braz J Biol. 2017;78:525-34.
https://doi.org/10.1590/1519-6984.172230.

7. Huang S,Wang L, Liu L, Hou Y, Li L. Nanotechnology in agriculture, livestock, and aquaculture in China. A review. Agron
Sustain Dev. 2015;35:369-400.

8. Nair M, Jayant RD, Kaushik A, Sagar V. Getting into the brain: potential of nanotechnology in the management of neu-
roaids. Adv Drug Deliv Rev. 2016;103:202-17.

9. Banerjee A, Sarkar A, Acharya K, Chakraborty N. Nanotechnology: an emerging hope in crop improvement. Lett Appl
NanoBioSci. 2021;10:2784-803. https://doi.org/10.33263/LIANBS104.27842803.

10.  Sherif AH, Zommara MA. Selenium nanoparticles ameliorate adverse impacts of aflatoxin in Nile tilapia with special refer-
ence to Streptococcus agalactiae infection. Biol Trace Elem Res. 2024;202:4767-77. https://doi.org/10.1007/512011-023-040
31-1.

11, Sherif AH, Alsokary ET, Esam HA. Assessment of titanium dioxide nanoparticle as treatment of Aeromonas hydrophila infec-
tion in Oreochromis niloticus. J Hellenic Vet Med Soc. 2019;70:1697. https://doi.org/10.12681/jhvms.21796.

12.  Sherif AH, Gouda MY, Zommara MA, Abd EI-Rahim AH, Mahrous KF, Salama ASS. Inhibitory effect of nano selenium on the
recurrence of Aeromonas hydrophila bacteria in Cyprinus Carpio. Egypt J Aquat Biolo Fish. 2021,25:713-38. https://doi.org/1
0.21608/ejabf.2021.180901.


https://www.fao.org/fishery/en/statistics/software/fishstatj
https://doi.org/10.1080/23802359.2018.1551079
https://doi.org/10.5455/JBAU.133514
https://doi.org/10.5455/JBAU.133514
https://doi.org/10.1016/j.fsi.2011.01.002
https://doi.org/10.1016/j.fsi.2011.01.002
https://doi.org/10.1590/1519-6984.172230
https://doi.org/10.33263/LIANBS104.27842803
https://doi.org/10.1007/s12011-023-04031-1
https://doi.org/10.1007/s12011-023-04031-1
https://doi.org/10.12681/jhvms.21796
https://doi.org/10.21608/ejabf.2021.180901
https://doi.org/10.21608/ejabf.2021.180901

Rahman et al. Discover Food (2025) 5:325

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Sherif AH, El-Sharawy ME, El-Samannoudy Sl, Seida A, Sabry NM, Eldawoudy M, et al. The deleterious impacts of dietary
titanium dioxide nanoparticles on the intestinal microbiota, antioxidant enzymes, diseases resistances and immune
response of Nile tilapia. Aquac Res. 2021;52:6699-707. https://doi.org/10.1111/are.15539.

Sherif AH, Abdelsalam M, Ali NG, Mahrous KF. Zinc oxide nanoparticles boost the immune responses in Oreochromis
niloticus and improve disease resistance to Aeromonas hydrophila infection. Biol Trace Elem Res. 2023;201:927-36. https://d
0i.0rg/10.1007/512011-022-03183-w.

Sherif AH, Khalil RH, Tanekhy M, Sabry NM, Harfoush MA, Elnagar MA. Lactobacillus plantarum ameliorates the immuno-
logical impacts of titanium dioxide nanoparticles (Rutile) in Oreochromis niloticus. Aquac Res. 2022;53:3736-47. https://doi.
org/10.1111/are.15877.

Sherif AH, Elkasef M, Mahfouz ME, Kasem EA. Impacts of dietary zinc oxide nanoparticles on the growth and immunity of
Nile tilapia could be ameliorated using Nigella sativa oil. J Trace Elem Med Biol. 2023;79:127265. https://doi.org/10.1016/j jt
emb.2023.127265.

Ferosekhan S, Gupta S, Singh R, Rather A, Kumari A, Kothari R;,C, Kumar Pal D, Balkrishna A, Jadhao. RNA-loaded Chitosan
nanoparticles for enhanced growth, immunostimulation and disease resistance in fish. Curr Nanosci. 2014;10:453-64.

Shi B, Li D, Piao X, Yan S. Effects of chitosan on growth performance and energy and protein utilisation in broiler chickens.
Br Poult Sci. 2005;46:516-9. https://doi.org/10.1080/00071660500190785.

Paolicelli P, de la Fuente M, Sanchez A, Seijo B, Alonso MJ. Chitosan nanoparticles for drug delivery to the eye. Expert Opin
Drug Deliv. 2009,6:239-53. https://doi.org/10.1517/17425240902762818.

Alishahi A, Mirvaghefi A, Tehrani M, Farahmand H, Koshio S, Dorkoosh F, et al. Chitosan nanoparticle to carry vitamin C
through the gastrointestinal tract and induce the non-specific immunity system of rainbow trout (Oncorhynchus myckiss).
Carbohydr Polym. 2011;86:142-6. https://doi.org/10.1016/j.carbpol.2011.04.028.

El-Naggar M, Salaah S, El-Shabaka H, Abd El-Rahman F, Khalil M, Suloma A. Efficacy of dietary chitosan and chitosan
nanoparticles supplementation on health status of nile tilapia, Oreochromis niloticus (L). Aquac Rep. 2021;19:100628.
https://doi.org/10.1016/j.aqrep.2021.100628.

Wen Z-S, Xu Y-L, Zou X-T, Xu Z-R. Chitosan nanoparticles act as an adjuvant to promote both Th1 and Th2 immune
responses induced by ovalbumin in mice. Mar Drugs. 2011;9(6):1038-55. https://doi.org/10.3390/md9061038.

Traber MG, Atkinson J. Vitamin E, antioxidant and nothing more. Free Radic Biol Med. 2007;43(1):4-15.

Naderi M, Keyvanshokooh S, Salati AP, Ghaedi A. Combined or individual effects of dietary vitamin E and selenium
nanoparticles on humoral immune status and serum parameters of rainbow trout (Oncorhynchus mykiss) under high
stocking density. Aquaculture. 2017;474:40-7. https://doi.org/10.1016/j.aquaculture.2017.03.036.

Naderi M, Keyvanshokooh S, Ghaedi A, Salati AP. Interactive effects of dietary nano selenium and vitamin E on growth,
haematology, innate immune responses, antioxidant status and muscle composition of rainbow trout under high rearing
density. Aquacult Nutr. 2019,25:1156-68. https://doi.org/10.1111/anu.12931.

Yeung AWK, Tzvetkov NT, El-Tawil OS, Bungdu SG, Abdel-Daim MM, Atanasov AG. Antioxidants: scientific literature land-
scape analysis. Oxidative Med Cell Longev. 2019,2019(8278454). https://doi.org/10.1155/2019/8278454.

Ahmed SA, Ibrahim RE, Farroh KY, Moustafa AA, Al-Gabri NA, Alkafafy M, et al. Chitosan vitamin E nanocomposite amelio-
rates the growth, redox, and immune status of nile tilapia (Oreochromis niloticus) reared under different stocking densities.
Aquaculture. 2021;541:736804. https://doi.org/10.1016/j.aquaculture.2021.736804.

Udo |, Afia O. Optimization of dietary vitamin E (Tocopherols) in fish: a review. NJAFE. 2013;9:99-107.

Liu B, Xu P, Xie J, Ge X, Xia S, Song C, et al. Effects of emodin and vitamin E on the growth and crowding stress of Wuchang
bream (Megalobrama amblycephala). Fish Shellfish Immunol. 2014;40:595-602. https://doi.org/10.1016/}.f51.2014.08.009.
Zhao H, Ma H, Gao S, Chen X, Chen Y, Zhao P, et al. Evaluation of dietary vitamin E supplementation on growth perfor-
mance and antioxidant status in hybrid snakehead (Channa argusx Channa maculata). Aquacult Nutr. 2018;24:625-32.
https://doi.org/10.1111/anu.12552.

Shah BR, Mraz J. Advances in nanotechnology for sustainable aquaculture and fisheries. Rev Aquacult. 2020;12:925-42.
https://doi.org/10.1111/rag.12356.

Farag EA, Baromh MZ, El-Kalamwi N, Sherif AH. Vitamin E nanoparticles enhance performance and immune status of Nile
tilapia. BMC Vet Res. 2024;20:1-11. https://doi.org/10.1186/512917-024-04398-w.

Dawood MA, Gewaily MS, Soliman AA, Shukry M, Amer AA, Younis EM, Abdel-Warith A-WA, Van Doan H, Saad AH, Abou-
bakr M. Marine-Derived Chitosan nanoparticles improved the intestinal histo-morphometrical features in association with
the health and immune response of grey mullet (Liza ramada). Mar Drugs. 2020;18:611. https://doi.org/10.3390/md 18120
611.

Du WL, Niu SS, Xu YL, Xu ZR, Fan CL. Antibacterial activity of Chitosan tripolyphosphate nanoparticles loaded with various
metal ions. Carbohydr Polym. 2009;75:385-9. https://doi.org/10.1016/j.carbpol.2008.07.039.

Elnagar MA, Khalil RH, Talaat TS, Sherif AH. A blend of chitosan-vitamin C and vitamin E nanoparticles robust the immuno-
suppressed-status in Nile tilapia treated with salt. BMC Vet Res. 2024;20(1):331.

Mazumder SK, Das SK, Rahim SM, Abd Ghaffar M. Temperature and diet effect on the pepsin enzyme activities, digestive
somatic index and relative gut length of Malabar blood snapper (Lutianus malabaricus Bloch & schneider, 1801). Aquac
Rep. 2018:9:1-9. https://doi.org/10.1016/j.aqrep.2017.11.003.

Mazumder SK, Ghaffar MA, Das SK. Exploring the suitable temperature and diet for growth and gastric emptying time of
juvenile Malabar blood snapper (Lutianus malabaricus Bloch & schneider, 1801). Thalassas: Int J Mar Sci. 2019;35(1):29-41.
Shalaby AM, Khattab YA, Abdel Rahman AM. Effects of garlic (Alliumsativum) and chloramphenicol on growth perfor-
mance, physiological parameters and survival of nile tilapia (Oreochromis niloticus). J Venom Anim Toxins Incl Trop Dis.
2006;12:172-201.

Pérez-Casanova JC, Lall SP, Gamperl AK. Effect of feed composition and temperature on food consumption, growth and
gastric evacuation of juvenile Atlantic cod (Gadus morhua L.) and haddock (Melanogrammus aeglefinus L). Aquaculture.
2009;294(3-4):228-35.

De Silva SS, Anderson TA. Fish nutrition in aquaculture. Volume 1. Springer Science & Business Media; 1994.

Biswas G, Thirunavukkarasu AR, Sundaray JK, Kailasam M. Culture of Asian seabass Lates calcarifer (Bloch) in brackishwa-
ter tide-fed ponds: growth and condition factor based on length and weight under two feeding systems. Indian J Fish.
2011,58(2):53-7.

Page 16 of 18


https://doi.org/10.1111/are.15539
https://doi.org/10.1007/s12011-022-03183-w
https://doi.org/10.1007/s12011-022-03183-w
https://doi.org/10.1111/are.15877
https://doi.org/10.1111/are.15877
https://doi.org/10.1016/j.jtemb.2023.127265
https://doi.org/10.1016/j.jtemb.2023.127265
https://doi.org/10.1080/00071660500190785
https://doi.org/10.1517/17425240902762818
https://doi.org/10.1016/j.carbpol.2011.04.028
https://doi.org/10.1016/j.aqrep.2021.100628
https://doi.org/10.3390/md9061038
https://doi.org/10.1016/j.aquaculture.2017.03.036
https://doi.org/10.1111/anu.12931
https://doi.org/10.1155/2019/8278454
https://doi.org/10.1016/j.aquaculture.2021.736804
https://doi.org/10.1016/j.fsi.2014.08.009
https://doi.org/10.1111/anu.12552
https://doi.org/10.1111/raq.12356
https://doi.org/10.1186/s12917-024-04398-w
https://doi.org/10.3390/md18120611
https://doi.org/10.3390/md18120611
https://doi.org/10.1016/j.carbpol.2008.07.039
https://doi.org/10.1016/j.aqrep.2017.11.003

Rahman et al. Discover Food (2025) 5:325

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Shah SL, Altindag A. Alterations in the immunological parameters of tench (Tinca tinca L. 1758) after acute and chronic
exposure to lethal and sublethal treatments with mercury, cadmium and lead. Turk J Vet Anim Sci. 2005;29(5):1163-8.
Elabd H, Mahboub HH, Salem SM, Abdelwahab AM, Alwutayd KM, Shaalan M, et al. Nano-curcumin/chitosan modulates
growth, biochemical, immune, and antioxidative profiles, and the expression of related genes in nile tilapia, Oreochromis
niloticus. Fishes. 2023;8:333. https://doi.org/10.3390/fishes8070333.

Karim A, Qaisar R, Azeem M, Jose J, Ramachandran G, Ibrahim ZM, ElImoselhi A, Ahmad F, Abdel-Rahman WM, Ranade AV.
Hindlimb unloading induces time-dependent disruption of testicular histology in mice. Sci Rep. 2022;12:17406. https://do
1.0rg/10.1038/541598-022-22385-9.

Sokal RR, Rohlf FJ. Biometry. The principles and practice of statistics in biological research. San Francisco: WH. Freeman &
Co,; 1995.

Zar JH. Biostatistical analysis. New Delhi: Pearson Education India; 1999.

Duli¢ Z, Poleksi¢ V, Ragkovi¢ B, Laki¢ N, Markovi¢ Z, Zivi¢ |, Stankovié¢ M. Assessment of the water quality of aquatic
resources using biological methods. Desalin Water Treat. 2009;11:264-74. https://doi.org/10.5004/dwt.2009.861.

Makori AJ, Abuom PO, Kapiyo R, Anyona DN, Dida GO. Effects of water physico-chemical parameters on tilapia (Oreo-
chromis niloticus) growth in earthen ponds in Teso North sub-county, Busia County. Fish Aquat Sci. 2017;20:1-10. https://d
oi.org/10.1186/541240-017-0075-7.

Alam MT, Hussain M, Sultana S, Hasan M, Haque M, Simon K, et al. Water quality parameters and their correlation matrix: a
case study in two important wetland beels of Bangladesh. Cienc Tec Vitivinic. 2015;30:463-89.

Sayeed MA, Hossain MAR, Wahab MA, Hasan MT, Simon KD, Mazumder SK. Water and sediment quality parameters in the
Chalan Beel, the largest wetland of Bangladesh. Chin J Ocean Limnol. 2015;33:895-904. https://doi.org/10.1007/500343-01
5-4176-9.

Zhang K, Ye Z, Qi M, Cai W, Saraiva JL, Wen Y, et al. Water quality impact on fish behavior: a review from an aquaculture
perspective. Rev Aquacult. 2025;17:€12985. https://doi.org/10.1111/raq.12985.

Abdel-Tawwab, et al. Fish response to environmental stressors: blood biomarkers. Rev Aquacult; 2020.

Gheytasi A, Hosseini Shekarabi SP, Islami HR, Mehrgan MS. Feeding rainbow trout, Oncorhynchus mykiss, with lemon
essential oil loaded in chitosan nanoparticles: effect on growth performance, serum hemato-immunological parameters,
and body composition. Aquacult Int. 2021;29:2207-21. https://doi.org/10.1007/510499-021-00741-2.

Abd El-Naby FS, Naiel MAE, Al-Sagheer AA, Negm SS. Dietary chitosan nanoparticles enhance the growth, production
performance, and immunity in Oreochromis niloticus. Aquaculture. 2019;501:82-9. https://doi.org/10.1016/j.aquaculture.20
18.11.014.

Abdel-Tawwab M, Razek NA, Abdel-Rahman AM. Immunostimulatory effect of dietary chitosan nanoparticles on the
performance of nile tilapia, Oreochromis niloticus (L). Fish Shellfish Immunol. 2019;88:254-8. https://doi.org/10.1016/jfsi.20
19.02.063.

Oushani AK; Soltani M, Sheikhzadeh N, Mehrgan MS, Islami HR. Effects of dietary chitosan and nano-chitosan loaded clino-
ptilolite on growth and immune responses of rainbow trout (Oncorhynchus mykiss). Fish Shellfish Immunol. 2020,98:210-7.
https://doi.org/10.1016/jsi.2020.01.016.

Amiri Resketi M, Yeganeh S. Effect of dietary lemon peel (Citrus limon) essential oil on growth performance, hematologi-
cal, serum biochemical parameters and liver enzymes of rainbow trout (Oncorhynchus mykiss) juvenile. Fish Sci Technol.
2020;9:51-8.

Aranaz |, Mengibar M, Harris R, Panos |, Acosta N, Galed G, et al. Functional characterization of chitin and chitosan. Curr
Chem Biol. 2009;3:203-30. https://doi.org/10.2174/187231309788166415.

Nazir I, Chauhan RS. Evaluation of dietary utilization of phytobiotics along with vitamin c and Chitosan and its impact on
growth in fingerlings of Cyprinus Carpio haematopterus. Pharma Innov J. 2018;7(8):281-5.

Ibrahim RE, Amer SA, Farroh KY, Al-Gabri NA, Ahmed Al, El-Araby DA, et al. The effects of chitosan-vitamin C nanocom-
posite supplementation on the growth performance, antioxidant status, immune response, and disease resistance of nile
tilapia (Oreochromis niloticus) fingerlings. Aquaculture. 2021;534:736269. https://doi.org/10.1016/j.aquaculture.2020.73626
9.

Mohammed SIH, EL-Kamali HH, EL-Tahir AS. Haematological effects of aqueous extracts of Geigeria Alata in male albino
rats. J Fac Sci Technol. 2022,9:125-33.

Acar U, Kesbi¢ OS, Yilmaz S, Giltepe N, Tiirker A. Evaluation of the effects of essential oil extracted from sweet orange peel
(Citrus sinensis) on growth rate of tilapia (Oreochromis mossambicus) and possible disease resistance against Streptococcus
iniae. Aquaculture. 2015;437:282-6. https://doi.org/10.1016/j.aquaculture.2014.12.015.

Hrubec TC, Cardinale JL, Smith SA. Hematology and plasma chemistry reference intervals for cultured tilapia (Oreochromis
Hybrid). Vet Clin Pathol. 2000,29(1):7-12. https://doi.org/10.1111/j.1939-165X.2000.tb00389.x.

Hamza RZ, EL-Megharbel SM, Altalhi T, Gobouri AA, Alrogi AA. Hypolipidemic and hepatoprotective synergistic effects

of selenium nanoparticles and vitamin. E against acrylamide-induced hepatic alterations in male albino mice. Appl
Organomet Chem. 2020;34(3):e5458.

Ballarin L, Dall'Oro M, Bertotto D, Libertini A, Francescon A, Barbaro A. Haematological parameters in Umbrina cirrosa (Tele-
ostei, Sciaenidae): a comparison between diploid and triploid specimens. Comp Biochem Physiol A: Mol Integr Physiol.
2004;138(1):45-51. https://doi.org/10.1016/j.cbpb.2004.02.019.

Ortiz M, Esteban MA. Biology and functions of fish thrombocytes: a review. Fish Shellfish Immunol. 2024;148:109509.
https://doi.org/10.1016/jsi.2024.109509.

Scridon A. Platelets and their role in hemostasis and thrombosis-from physiology to pathophysiology and therapeutic
implications. Int J Mol Sci. 2022,23(21):12772.

Rashmeei M, Hosseini Shekarabi SP, Shamsaie Mehrgan M, Paknejad H. Stimulatory effect of dietary chasteberry (Vitex
Agnus-Castus) extract on immunity, some immune-related gene expression, and resistance against Aeromonas hydrophila
infection in goldfish (Carassius auratus). Fish Shellfish Immunol. 2020;107:129-36. https://doi.org/10.1016/j.f51.2020.09.037.
Barton BA. Stress in fishes: a diversity of responses with particular reference to changes in circulating corticosteroids.
Integr Comp Biol. 2002;42(3):517-25. https://doi.org/10.1093/icb/42.3.517.

Magnadoattir B. Innate immunity of fish (overview). Fish Shellfish Immunol. 2006;20:137-51. https://doi.org/10.1016/}fsi.20
04.09.006.

Page 17 of 18


https://doi.org/10.3390/fishes8070333
https://doi.org/10.1038/s41598-022-22385-9
https://doi.org/10.1038/s41598-022-22385-9
https://doi.org/10.5004/dwt.2009.861
https://doi.org/10.1186/s41240-017-0075-7
https://doi.org/10.1186/s41240-017-0075-7
https://doi.org/10.1007/s00343-015-4176-9
https://doi.org/10.1007/s00343-015-4176-9
https://doi.org/10.1111/raq.12985
https://doi.org/10.1007/s10499-021-00741-2
https://doi.org/10.1016/j.aquaculture.2018.11.014
https://doi.org/10.1016/j.aquaculture.2018.11.014
https://doi.org/10.1016/j.fsi.2019.02.063
https://doi.org/10.1016/j.fsi.2019.02.063
https://doi.org/10.1016/j.fsi.2020.01.016
https://doi.org/10.2174/187231309788166415
https://doi.org/10.1016/j.aquaculture.2020.736269
https://doi.org/10.1016/j.aquaculture.2020.736269
https://doi.org/10.1016/j.aquaculture.2014.12.015
https://doi.org/10.1111/j.1939-165X.2000.tb00389.x
https://doi.org/10.1016/j.cbpb.2004.02.019
https://doi.org/10.1016/j.fsi.2024.109509
https://doi.org/10.1016/j.fsi.2020.09.037
https://doi.org/10.1093/icb/42.3.517
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/j.fsi.2004.09.006

Rahman et al. Discover Food (2025) 5:325

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

9.

97.

98.

Younus N, Zuberi A, Mahmoood T, Akram W, Ahmad M. Comparative effects of dietary micro-and nano-scale chitosan on
the growth performance, non-specific immunity, and resistance of silver carp Hypophthalmichthys molitrix against Staphy-
lococcus aureus infection. Aquacult Int. 2020,28(6):2363-78.

Hamre K. Metabolism. Interactions, requirements and functions of vitamin E in fish: vitamin E in fish. Aquacult Nutr.
2011;17(1):98-115. https://doi.org/10.1111/}.1365-2095.2010.00806 x.

Naiel MAE, Ismael NEM, Shehata SA. Ameliorative effect of diets supplemented with Rosemary (Rosmarinus officinalis) on
aflatoxin B1 toxicity in terms of the performance, liver histopathology, immunity and antioxidant activity of nile tilapia
(Oreochromis niloticus). Aquaculture. 2019;511:734264. https://doi.org/10.1016/j.aquaculture.2019.734264.

Magnadottir B. Immunological control of fish diseases. Mar Biotechnol. 2010;12(4):361-79.

Wu Z,Tian L, Liu X, Zhang Y, Li X. TIR signal promotes interactions between lipase-like proteins and ADR1-L1 receptor and
ADRI1-L1 oligomerization. Plant Physiol. 2021;187(2):681-6.

Hamoud AR, Weaver L, Stec DE, Hinds TD. Bilirubin in the liver-gut signaling axis. Trends Endocrinol Metab.
2018,;29(3):140-50.

Mehrpak M, Banaee M, Nematdoost HB, Noori A. Protective effects of vitamin C and chitosan against cadmium-induced
oxidative stress in the liver of common carp (Cyprinus carpio). Iran J Toxicol. 2015;9, (30).

Zhang Q, Xie Y, Tang J, Meng L, Huang E, Liu D, et al. Effects of dietary chitosan on growth performance, serum biochemi-
cal indices, antioxidant capacity, and immune response of juvenile tilapia (Oreochromis niloticus) under cadmium stress.
Animals. 2024;14:2259. https://doi.org/10.3390/ani14152259.

Yang J-L, Chen H-C. Serum metabolic enzyme activities and hepatocyte ultrastructure of common carp after gallium
exposure. Zool Stud. 2003;42:455-61.

Zhou M, Zhu L, Cui X, Feng L, Zhao X, He S, Ping F, Li W, Li Y. The triglyceride to high-density lipoprotein cholesterol (TG/
HDL-C) ratio as a predictor of insulin resistance but not of B cell function in a Chinese population with different glucose
tolerance status. Lipids Health Dis. 2016;15:104. https://doi.org/10.1186/512944-016-0270-z.

Ismael S, Silvestre MP, Vasques M, Aratjo JR, Morais J, Duarte MI, et al. A pilot study on the metabolic impact of Mediter-
ranean diet in type 2 diabetes: is gut microbiota the key? Nutrients. 2021;13(4):1228.

Abd El-Naby AS, Al-Sagheer AA, Negm SS, Naiel MAE. Dietary combination of chitosan nanoparticle and thymol affects
feed utilization, digestive enzymes, antioxidant status, and intestinal morphology of Oreochromis niloticus. Aquaculture.
2020;515:734577. https://doi.org/10.1016/j.aquaculture.2019.734577.

Hassaan MS, Goda AMA-S, Mahmoud SA, Tayel SI. Protective effect of dietary vitamin E against fungicide Copperoxychlo-
ride stress on nile tilapia, Oreochromis niloticus (L.) fingerlings. Int Aquat Res. 2014;6:58. https://doi.org/10.1007/540071-01
4-0058-6.

Uribe C, Folch H, Enriquez R, Moran G. Innate and adaptive immunity in teleost fish: a review. Vet Med. 2011;56(10):486—
503. https://doi.org/10.17221/3294-VETMED.

Secombes CJ, Wang T. The innate and adaptive immune system of fish. In: Infectious disease in aquaculture. Woodhead
Publishing; 2012:3-68.

Niu H, Jia Y, Hu P, Meng Z, Lei J. Effect of dietary vitamin E on the growth performance and nonspecific immunity in sub-
adult turbot (Scophthalmus maximus). Fish Shellfish Immunol. 2014,41:501-6. https:.//doi.org/10.1016/j.fsi.2014.09.033.
Dalia A, Loh T, Sazili A, Jahromi M, Samsudin A. Effects of vitamin E, inorganic selenium, bacterial organic selenium, and
their combinations on immunity response in broiler chickens. BMC Vet Res. 2018;14:1-10. https://doi.org/10.1186/51291
7-018-1578-x.

Sahoo PK, Mukherjee SC. The effect of dietary immunomodulation upon Edwardsiella Tarda vaccination in healthy and
immunocompromised Indian major carp (Labeo rohita). Fish Shellfish Immunol. 2002;12:1-16. https://doi.org/10.1006/fsi
m.2001.0349.

Harikrishnan R, Kim J-S, Balasundaram C, Heo M-S. Immunomodulatory effects of chitin and chitosan enriched diets in
Epinephelus Bruneus against Vibrio alginolyticus infection. Aquaculture. 2012;326-329:46-52. https://doi.org/10.1016/j.aqua
culture.2011.11.034.

Pacitti D, Lawan MM, Feldmann J, Sweetman J, Wang T, Martin SAM, et al. Impact of selenium supplementation on fish
antiviral responses: a whole transcriptomic analysis in rainbow trout (Oncorhynchus mykiss) fed supranutritional levels of
sel-plex®. BMC Genomics. 2016;17:116. https://doi.org/10.1186/512864-016-2418-7.

Wacheck S, Werres C, Mohn U, Dorn S, Soutschek E, Fredriksson-Ahomaa M, Mértlbauer E. Detection of IgM and IgG
against hepatitis E virus in serum and meat juice samples from pigs at slaughter in bavaria, Germany. Foodborne Pathog
Dis. 2012;9(7):655-60.

Raida MK, Buchmann K. Innate immune response in rainbow trout (Oncorhynchus mykiss) against primary and secondary
infections with yersinia ruckeri O1. Dev Comp Immunol. 2009;33(1):35-45.

Haygood AM, Jha R. Strategies to modulate the intestinal microbiota of tilapia (Oreochromis Sp.) in aquaculture: a review.
Rev Aquac. 2018;10:320-33. https://doi.org/10.1111/rag.12162.

Sedlak TW, Snyder SH. Bilirubin benefits: cellular protection by a biliverdin reductase antioxidant cycle. Pediatrics.
2004;113(6):1776-82.

Liang F, Li C, Hou T, Wen C, Kong S, Ma D, et al. Effects of chitosan-gentamicin conjugate supplement on non-specific
immunity, aquaculture water, intestinal histology and microbiota of Pacific white shrimp (Litopenaeus vannamei). Mar
Drugs. 2020;18:419. https://doi.org/10.3390/md18080419.

Tawfik TEAE, Farghaly RM, Gad-Elrab HM, Abdel-Aziz NM. Effect of some essential oils against Aeromonas hydrophila
artificially inoculated into raw Nile tilapia fish fillets during refrigeration storage. SVU-International Journal of Veterinary
Sciences. 2022;5(4):88-102.

Shahbazi Y. Antioxidant, antibacterial, and antifungal properties of nanoemulsion of clove essential oil. Nanomed Res J.
2019/4(4):204-8.

Liu DK, Xu CC, Zhang L, Ma H, Chen XJ, Sui YC, et al. Evaluation of bioactive components and antioxidant capacity of four
celery (Apium graveolens L.) leaves and petioles. Int J Food Prop. 2020;23(1):1097-109.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 18 of 18


https://doi.org/10.1111/j.1365-2095.2010.00806.x
https://doi.org/10.1016/j.aquaculture.2019.734264
https://doi.org/10.3390/ani14152259
https://doi.org/10.1186/s12944-016-0270-z
https://doi.org/10.1016/j.aquaculture.2019.734577
https://doi.org/10.1007/s40071-014-0058-6
https://doi.org/10.1007/s40071-014-0058-6
https://doi.org/10.17221/3294-VETMED
https://doi.org/10.1016/j.fsi.2014.09.033
https://doi.org/10.1186/s12917-018-1578-x
https://doi.org/10.1186/s12917-018-1578-x
https://doi.org/10.1006/fsim.2001.0349
https://doi.org/10.1006/fsim.2001.0349
https://doi.org/10.1016/j.aquaculture.2011.11.034
https://doi.org/10.1016/j.aquaculture.2011.11.034
https://doi.org/10.1186/s12864-016-2418-7
https://doi.org/10.1111/raq.12162
https://doi.org/10.3390/md18080419

	﻿Nutritional modulation with chitosan nanoparticles and α-tocopherol enhances growth, health and gut histology in butter catfish (﻿Ompok pabda﻿)
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Materials and methods
	﻿2.1﻿ ﻿Chemicals used and preparation of fish feed
	﻿2.2﻿ ﻿Field sampling and experimental setup
	﻿2.3﻿ ﻿Hydrobiology
	﻿2.4﻿ ﻿Growth and feed utilization
	﻿2.5﻿ ﻿Haematological and biochemical indices
	﻿2.6﻿ ﻿Immune assay
	﻿2.7﻿ ﻿Histopathological investigation
	﻿2.8﻿ ﻿Statistical analysis

	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Hydrobiology
	﻿3.2﻿ ﻿Growth performances
	﻿3.3﻿ ﻿Haematological parameters
	﻿3.4﻿ ﻿Levels of different biochemical parameters
	﻿3.5﻿ ﻿Effects on liver function test
	﻿3.6﻿ ﻿Effects on CNP and VE on Immunoglobulin M
	﻿3.7﻿ ﻿ Gut histology

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusion
	﻿References


