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Functional feed additives may improve fish health and reduce antibiotic reliance in
aquaculture. This study evaluated the effects of graded dietary inclusion levels of an
immunostimulant supplement, Immunodate, on growth performance, feed utilization,
digestive enzyme activities, hematological parameters, antioxidant status, and gut
microbiota in Asian seabass (Lates calcarifer). A 60-day feeding trial was conducted using
five dietary treatments containing 0% (control), 1%, 3%, 5%, and 7% Immunodate.
Dietary supplementation appeared to numerically improve growth efficiency without
significant differences among treatments; however, the 1% treatment showed the
numerically highest weight gain (87.94 + 5.60 g) and lowest feed conversion ratio (FCR)
(1.349 £ 0.032). The 1% and 3% groups exhibited higher lymphocyte counts and lower
heterophil values and lymphocyte/heterophil ratios compared to the control (p < 0.05).
Antioxidant capacity was also significantly modulated (p < 0.05); catalase (CAT) and
glutathione peroxidase (GPX) activities peaked in the 1% group, whereas superoxide
dismutase (SOD) and total antioxidant capacity (TAC) reached their highest levels in the
7% and 5% groups, respectively. Regarding gut microbiota, Inmunodate supplementation
significantly influenced microbial populations (p < 0.05), with the 1% inclusion level
yielding the highest counts mannitol egg yolk polymyxin agar (MYPA) (2.55 + 0.02 x 10°
CFU/g), Man, Rogosa and Sharpe (MRS) (2.57 = 0.02 x 10° CFU/g), and tryptic soy agar
(TSA) (73.11 + 12.16 x 108 CFU/g). Overall, dietary inclusion of Immunodate at 1%
appeared most effective in enhancing growth efficiency, stimulating beneficial gut
microbiota, and reinforcing the immune and antioxidant systems of L. calcarifer.

©2026 Published by Amol University of Special Modern Technologies Press.

This is an open-access article under the CC-BY4.0 license (https://creativecommons.org/licenses/by/4.0/).



https://cjvs.ausmt.ac.ir/
mailto:msoltani@ut.ac.ir
https://creativecommons.org/licenses/by/4.0/

Soltani et al., 2026

Introduction

Functional feed additives have become
increasingly important in modern aquaculture as
effective  strategies for enhancing growth
performance, immune competence, and disease
resistance while reducing reliance on antibiotics
(Rodrigues et al, 2020; Machuca et al, 2022).
Among these additives, B-glucans are widely
recognized as potent immunomodulators capable
of activating innate immune responses in fish
through interactions with pattern recognition
receptors such as Dectin-1 (Brown and Gordon,
2003; Adams et al., 2008). Numerous studies have
demonstrated the beneficial effects of dietary (-
glucans on fish immunity and survival. For
example, [B-glucan supplementation has been
reported to increase antibody titers and improve
disease resistance in rainbow trout, carp, and sea
bass (Sahoo and Mukherjee, 2001; Siwicki et al,
2004; Kumari and Sahoo, 2006; Bonaldo et al,
2007). In addition, growth-promoting and
physiological benefits of B-glucans have been
reported in several cultured fish species, including
salmonids and freshwater carp (Misra et al, 2006;
Dawood et al, 2015). However, despite plenty
works carried out on effect of 3-glucans on fish
immunity, the optimal dosage of this immuno-
stimulator in fish is remained to be detected. Asian
seabass (Lates calcarifer) is one of the most
economically important marine fish species in the
Indo-Pacific region due to its rapid growth rate,
high market demand, and adaptability to diverse
culture conditions (Schipp et al.,, 2007; Glencross,
2013). Despite these advantages, the fish is
sensitive to environmental and nutritional
stressors, which may negatively affect growth
performance and health. Therefore, the use of
functional feeds and immunostimulator strategies
has become increasingly important for improving
the sustainability of its culture (Faulk and Holt,
2009). Immunodate is an immunostimulant
supplement enriched with B-glucan and other
bioactive compounds such as essential amino
acids, selenium, and zinc, designed to enhance
growth and immunity in fish and shrimp (Rangin
Zist Parvar Shahrekord Knowledge based
Company). There is no data regarding its effect on
growth performance and immuno-physiological
variables in this fish species. Therefore, the
present study aimed to evaluate the effects of
graded dietary inclusion levels of Immunodate on
growth performance, feed utilization, and
digestive enzyme activities in Asian seabass.

Materials and Methods
Experimental design
Fish

Juvenile Asian seabass (L. calcarifer) with
initial average weight presented in Table 1 were
obtained from Makran Agriculture and Industry
Company fish farm and were adapted to new
condition for two weeks. Fish were kept in 1000-1
fiberglass tanks, with 15 fish randomly stocked in
each tank, and were fed commercial feed
(Faradaneh Aquafeed Manufacturing Company) at
2.5% body weight.

Table 1. Initial body weight (g) and total length (cm) of
fish in each dietary treatment.

Treatment Number of Average initial Average initial

tank weight (g) length (cm)

1% 6,7,14 35.03+6.03 14.02 +1.74

3% 4,10,15 37.16 £5.17 14.24 + 1.60

5% 11,12,13 34.25+£7.30 13.64 +2.12

7% 2,59 37.57 £5.78 14.06 + 1.92
Water quality

Water quality parameters including dissolved
oxygen, temperature, salinity, and pH were
monitored daily using WTW water quality meters
(Germany), and the values were maintained at > 6
mg/1, 31-332C, 38-41ppt, and 7.7-8.1, respectively.

Feeding experiments

Body weight and total length of all fish were
individually = measured. Statistical analysis
confirmed that there were no significant
differences among treatments at the start of the
trial, indicating uniform initial conditions among
the experimental groups (Steel et al., 1997). The
experiment was conducted using a completely
randomized design consisting of five dietary
treatments containing 0% (control), 1%, 3%, 5%,
and 7% Immunodate, each with three replicates.
The feeding trial lasted for 60 days. Fish were
hand-fed three times daily (at 8 am, 11 am and 5
pm) at a feeding rate of 2.5% of body biomass, and
the feeding ratio was adjusted every 15 days based
on the biomass of each tank. A commercial basal
diet formulated for Asian seabass, produced by
Faradaneh Co. (Iran) (protein 44-46%, lipid 14-
16%, carbohydrate, fiber 2-3%, ash 8-12%,
moisture 6-8%, and phosphorus 1.2-1.4%) was
used as the base feed. The Immunodate
supplement, in powder form, was incorporated
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into the basal diet at the designated inclusion
levels. For this purpose, the supplement was first
mixed with a small amount of starch paste and
then evenly sprayed onto the feed pellets. The
prepared pellets were air-dried at room
temperature and stored at 4°C until use. Fish in
the control group received the basal diet without
Immunodate supplementation. Throughout the
experimental period, all tanks were continuously
aerated. Tank biomass was measured every 15
days to adjust the feeding rate.

Growth performance

At the end of the experiment, all fish were
individually weighed and measured. Growth
performance and feed utilization were evaluated
by calculating weight gain (WG), feed conversion
ratio (FCR), protein efficiency ratio (PER), and
lipid efficiency ratio (LER) using following
equations (NRC, 2011). Initial body weight and
total length of fish in each dietary treatment were
given in Table 1.

WG = (final body weight (FW) (g) - initial body
weight (IW) (g)

SGR = (In FW - In (IW) x 100/experimental days
PER = Weight gain (g) / Protein intakt (g)

LER = Weight gain (g) / Lipid intake (g)

FCR = total feed consumed (g)/WG (g)
Digestive enzymes activity

Three fish from each tank (nine fish per
treatment) were randomly sampled for digestive
enzyme analysis. Intestinal tissues were dissected,
homogenized in cold buffer, and centrifuged at
4°C. The supernatant was collected and used for
enzymatic assays. The activities of lipase and
amylase were determined using commercial
colorimetric assay Kkits according to the
manufacturer’s instructions. Enzyme activities
were determined spectrophotometrically using a
UV-visible spectrophotometer and expressed as
IU/ml following standard enzymatic procedures
(Bergmeyer, 1974).

Hematological indices

Blood samples were collected from caudal vein
randomly from three fish in each tank (nine fish

per treatment). A portion of each sample was used
to prepare blood smears for differential leukocyte
counts. The smears were air-dried, fixed with
methanol, and stained with Giemsa stain.
Differential leukocyte counts were performed
under a light microscope to identify and count
leukocyte types, including lymphocytes and
heterophils. The heterophil-to-lymphocyte (H/L)
ratio was calculated as an indicator of
physiological stress and immune status following
standard hematological procedures (Davis et al,
2008).

Liver antioxidant activity

Liver tissues were collected from three fish
randomly from each tank, and samples were
immediately  excised, rinsed with cold
physiological saline, frozen in liquid nitrogen, and
stored at —80°C until analysis. Prior to biochemical
assays, liver tissues were homogenized in cold
phosphate buffer and centrifuged at 4°C, and the
resulting supernatant was used for biochemical
measurements. The activities of catalase (CAT),
glutathione peroxidase (GPx), and superoxide
dismutase (SOD), as well as total antioxidant
capacity  (TAC), were determined using
commercial assay kits (KPG company) according
to the manufacturer’s instructions. Enzyme
activities were measured spectrophotometrically
using a UV-visible spectrophotometer. Protein
concentration in the tissue homogenates was
determined using the Bradford method (Bradford,
1976), and antioxidant enzyme activities were
expressed relative to protein content.

Statistical analysis

All data were expressed as mean #* standard
deviation (SD). The normality of data was also
checked. Differences among treatments were
analyzed using one-way analysis of variance
(ANOVA), and when significant differences were
detected, Tukey’s HSD test was used to compare
treatment means. Statistical analyses were
performed using SPSS version 26, and differences
were considered statistically significant at p <
0.05.

Results

The initial biometric characteristics of the
experimental fish were similar among treatments.
The mean initial weight ranged from 34.25 to
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37.57 g, while the mean initial length varied
between 13.64 and 14.24 cm across treatments.
Results of growth and nutritional performances
were given in Table 2. Dietary Immunodate
supplementation did not significantly affect
growth performance or feed utilization indices of
Asian seabass among the experimental treatments
(p > 0.05). Weight gain per fish ranged from 74.23
* 4.10 g in the control group to 87.94 + 5.60 g in
the 1% Immunodate group. Although fish fed the
1% Immunodate diet showed numerically higher

weight gain and feed intake, no significant
differences were observed among treatments.
Also, dietary Immunodate supplementation did
not significantly affect the specific growth rate
(SGR) of Asian seabass among the experimental
groups (p > 0.05). The highest numerical SGR was
recorded in the 1% treatment (2.09 + 0.04), while
the remaining groups showed comparable values.
Similarly, FCR, protein efficiency ratio (PER), and
lipid efficiency ratio (LER) were not significantly
different among groups (p > 0.05).

Table 2. Growth performance and feed utilization indices of Asian seabass fed different levels of Inmunodate for 8 weeks.
WG = weight gain, SGR= specific growth rate, PER= protein efficiency rate, LER=lipid efficiency rate, FCR= feed conversion

rate.
Treatment WG/fish (g) SGR Feed/fish (g) FCR PER LER
Control 7423+4102 1.82+0.10= 113.4+3.782 1.53 £0.08= 1.45+0.07= 436+0.222
1% 87.94 + 5.602 2.09+0.04> 118.1+4.732 1.35+0.03= 1.65 + 0.04 = 495+0.122
3% 78.87 £9.022 1.83+0.172 1159 +6.094 148 +0.112 1.51+0.122 4.53+0.332
5% 74.89 £ 5474 1.93+0.122 109.94 +2.292 1.47 +0.082 1.51+£0.092 454 +0.252
7% 75.45+11.372 1.88+0.167 113.57 £7.91= 1.52+0.12= 1.47 £0.13= 442+0372

Digestive enzymes

The activities of digestive enzymes were not
significantly influenced by dietary Immunodate
supplementation (p > 0.05). Lipase activity ranged
from 7.89 + 1.62 IU/ml in the 1% group to 10.57 *
2.47 IU/ml in the 7% group. Although the highest
lipase activity was observed in fish fed the 7%
Immunodate diet, this increase was not
statistically significant compared to the control

group.

Amylase activity showed a numerical increase
in all Immunodate-supplemented groups
compared to the control. The highest amylase
activity was recorded in the 7% group (8.71 + 1.87
[U/ml), followed by the 1% and 5% groups.
However, no significant differences were detected
among treatments (p > 0.05) (Table 3).

Table 3. Digestive enzyme activities in intestine tissues
of Asian seabass fed different levels of Immunodate.

Treatment Lipase (IU/ml) Amylase (IU/ml)
Control 8.71+2.192 414+ 1417
1% 7.89+1.622 7.00£2.322
3% 8.64+1.35¢ 6.90+1.182
5% 8.56+2.10¢ 7.00+2.16¢2
7% 10.57 £+ 2,47 a 8.71+1.872

Hematological values

Results of hematological values were presented
in Table 4. Lymphocyte value was significantly
higher in the 1% and 3% treatments compared to
other treatments and the control. In contrast,
heterophile percentage showed a significant
decrease in the 1% and 3% treatments, while the
control and higher inclusion levels (5% and 7%)
exhibited comparatively greater  values.
Accordingly, the H/L ratio was significantly
reduced in the 1% and 3% groups showing an
improvement in haematological status under
these dietary treatments.
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Table 4. Haematological parameters of Asian seabass
fed different levels of Immunodate.

supplementation exerted a dose-dependent effect
on the antioxidant status of the fish (Table 5). A

Treatment Lymphocyte (%) Heterophile (%) H/L ratio significant improvement in CAT and GPX activities
Control 69.50 + 1.41¢ 30.00 + 0.19° 0.45 + 0.16 was observed in fish fed with the 1% inclusion
1% 7575 & 161° 24,00 + 0.77¢ 033 + 0.14¢ level, which marked the peak for these spe-c1.f1c
parameters. Conversely, the SOD activity

0, a c c . . .
3% 74.88 + 138 25.00 + 040 0.34 + 0.09 demonstrated an upward trend with increasing
5% 70.50 + 1.59° 28.63 + 0.70° 042 + 0.15 inclusion levels, reaching its maximum in the 7%
7% 69.88 + 0.91¢ 29.50 + 0.66° 0.43 + 0.08" group, which was significantly higher than all
other treatments. Regarding the total antioxidant

. o :

Antioxidant activity capacity (TAC), the 5% supplementation level

appeared to be the most effective, as it induced a
significant elevation compared to other dietary

The analysis of hepatic antioxidant indices
groups.

revealed that dietary Immunodate

Table 5. Antioxidant enzyme activities in liver tissues of Asian seabass fed different levels of Immunodate. CAT= (U/mg
protein), GPX= (U/mg protein), SOD= (U/mg protein), TAC= (uM/mg protein).

Treatment CAT (U/mg protein) GPX (U/mg protein) SOD (U/mg protein) TAC (uM/mg protein)
Control 4.04 +1.04° 37.49 £ 4.40° 46.94 +3.97° 1.38 £ 0.04°
1% 7.50 + 1.42° 74.53 + 3.38° 4531 £4.53¢ 1.53+0.07°
3% 5.52+2.32° 49,03 + 5.99° 45.83+2.13° 1.61£0.01°
5% 5.35 + 2.36° 53.23 £3.79° 52.90 + 1.56° 1.86 + 0.06°
7% 3.64 % 0.64° 30.17 £ 2.85¢ 65.92 + 1.88° 1.40 £ 0.05¢

Intestinal microbiota composition based on

(219 = 0.34
exhibiting the

highest

levels,

trend, with the 1% (2.57 + 0.02 x 10° CFU/g) and
x 10° CFU/g) treatments
significantly

culture-dependent analysis

Intestinal microbial counts were presented in
Table 6. Dietary treatments significantly
influenced MYP, MRS, and TSA counts (p < 0.05).
The highest MYP counts were observed in the 1%
treatment (2.55 + 0.02 x 10° CFU/g), whereas the
control group showed the lowest values (1.21 *
0.02 x 10° CFU/g). MRS counts followed a similar

exceeding the control group (0.26 + 0.01 x 10°
CFU/g). Regarding TSA counts, the 1% group
reached the highest level (73.11 + 12.16 x 10®
CFU/g), while the control group recorded the
lowest count (36.33 + 4.47 x 108 CFU/g). Overall,
dietary supplementation improved intestinal
microbial populations, with the 1% inclusion level
providing the most pronounced enhancement
across all parameters.

Table 6. Intestinal microbial counts of Asian seabass fed different levels of Immunodate.

Bacillus spp. (MYP) Lactic acid bacteria (MRS) Total viable bacteria (TSA)

Treatment (x 10° CFU/g) (x 10° CFU/g) (x 10 CFU/g)
Control 1.21 % 0.02¢ 0.26 + 0.01¢ 36.33 + 447
1% 2.55 +0.022 2.57 £0.02a 73.11 £ 12.16¢

3% 2.27 £ 0.33ab 2.19 + 0.342 53.11 + 10.44>

5% 1.89 + 0.06% 1.40 + 031 51.89 + 12.75

7% 1.91 + 0,05k 1.83 + 0.07% 54.67 + 11370
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Discussion

In the present research work, dietary
supplementation with Immunodate produced
numerical improvements in several growth and
nutritional indices of Asian seabass, with the
inclusion of 1% exhibiting the most favourable
response. However, these improvements were not
statistically significant among treatments. Similar
findings have been reported in previous studies.
For instance, Bagni et al (2005) showed that
dietary B-glucan supplementation did not
significantly affect the performance of European
seabass, although it improved fish immune
responses. Similarly, Sealey et al. (2008) showed
no significant effect of different dietary B-glucan
concentrations on fish growth. These findings
support the view that $-glucan functions primarily
as an immunomodulator rather than a direct
growth promoter (Ai et al, 2007; Meena et al,
2013). The activity of digestive enzymes is an
important indicator of digestive efficiency and
nutrient utilization in fish. In our present study,
lipase and amylase activities varied slightly among
treatments but did not differ significantly. This
lack of significant variation may be in part due to
the attribution to the adequate nutritional
composition of the basal diet and favourable
rearing conditions, which likely maintained
digestive performance at an optimal concentration
regardless of dietary supplementation.

In contrast, Immunodate supplementation
significantly influenced the intestinal microbiota
of Asian seabass. Fish fed the diet containing 1%
Immunodate exhibited significantly higher
populations of beneficial bacteria, including lactic
acid bacteria and Bacillus spp., compared to the
control group. This shift toward a more favourable
gut microbial community suggests a prebiotic
effect of Immunodate. Date seed powder, one of
the components of Immunodate, contains
bioactive compounds and fermentable substrates
that can support the proliferation of beneficial
intestinal microorganisms. Similar improvements
in intestinal healthy fish have been reported by
Dawood et al. (2020) in Nile tilapia fed fermented
date seed.

Dietary Immunodate also significantly affected
heamatological variables, particularly at the 5%
and 7% inclusion concentrations. These
treatments resulted in a significant increase in
lymphocyte percentage and a corresponding
reduction in the H/L ratio. Because the H/L ratio

is widely recognized as an indicator of
physiological stress, its reduction suggests lower
stress levels and improved immune status (Davis
et al, 2008). An increase in lymphocyte value
further exhibited stimulation of the innate
immune responses through pattern-recognition
receptor pathways (Brown and Gordon, 2003;
Adams et al., 2008), a mechanism that has been
associated with enhanced resistance to bacterial
infections in fish (Siwicki et al, 2004; Bonaldo et
al, 2007).

The antioxidant defence system also responded
positively to Immunodate supplementation in
Asian seabass. Fish receiving Immunodate had
significantly higher activities of antioxidant
enzymes, including CAT, GPX, SOD, and TAC,
compared to the control fish. These findings are
consistent with previously reported data
demonstrating that B-glucans enhance antioxidant
defences by reducing reactive oxygen species
production and improving cellular integrity
(Dawood et al., 2017; Han et al, 2020; Rodrigues
etal, 2020).

The antioxidant response, however, differed
among individual enzymes. CAT and GPX activities
were not dose-dependent, as their activities
declined at higher Inmunodate inclusion levels. In
contrast, SOD activity continued to increase up to
the 7% supplementation level, while TAC reached
its highest value at 5% Immunodate. These results
exhibite that the antioxidant effect of Immunodate
may be in part enzyme-specific, with moderate
supplementation levels (1-5%)  generally
providing the greatest improvement of the overall
antioxidant activity.

Overall, these present findings of this study
exhibit that although Immunodate
supplementation insignificantly improved growth
performance or digestive enzyme activity of Asian
seabass, it positively influenced gut microbiota,
hematological parameters, and antioxidant status
in Asian seabass. Inclusion of 1% in the fish diet
was the most effective in enhancing beneficial
intestinal microbiota, whereas inclusion of higher
concentrations (5-7%) induced greater
enhancements in hematological and antioxidant
responses. These findings suggest that
Immunodate can enhance the physiological
condition and immune competence of Asian
seabass, making it as a promising functional feed
additive. Nevertheless, further research work,
including pathogen challenge trials, is needed to
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confirm its protective efficacy under commercial
aquaculture conditions.
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