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Abstract Aquaculture is a rapidly expanding sector that contributes significantly to global food production by cultivating aquatic
organisms under controlled conditions. However, a major obstacle to aquaculture is the widespread use of antibiotics since the
emergence of antibiotic-resistant bacteria. Thus, the immunostimulants are replacing chemotherapeutic therapies for aquaculture
disease control. In such a scenario, morphometric and haematological evaluations are necessary to check the impact of
immunostimulants on the health of both healthy and pathogen-infected fish. Because of its high nutritional value and other beneficial
effects on human health, Catla catla has been a popular cultured freshwater fish in India, limited information is available regarding
the effects of dietary immunostimulants on Aeromonas hydrophila-challenged C. catla. Therefore, the study examined the effects of
immunostimulants on C. catla morphometric and haematological parameters under normal and Aeromonas-infected conditions. This
study found that oral administration of immunostimulants such as vitamin C, vitamin E, chitin, chitosan, and levamisole significantly
increased body weight, feed intake, feed conversion, and biomass. Morphometric investigations demonstrated that
immunostimulant-supplemented feed considerably affected body length, width, and weight. Among all the tested feeds, vitamin C
showed the strongest growth-promoting effect under Aeromonas hydrophila infection. The haematological analysis demonstrated that
immunostimulants substantially increased haemoglobin content, RBC, WBC, neutrophil, lymphocyte, monocyte counts, and ESR as
well as decreased eosinophil count and do not exhibit any effect on basophil count. Among all the immunostimulants Vitamin E has
shown more effect in improving the haematological parameters. In conclusion, immunostimulants promote C. catla growth,
immunity, and survival under 4deromonas infection. Thus, among the above selected immunostimulants, Vitamin C and Vitamin E are
more potent and can be used in developing alternative dietary strategies for improving fish health management and reducing
dependence on antibiotics in aquaculture.

Keywords Aeromonas hydrophila; Catla catla; Haematology; Immunostimulants; Morphometry

1 Introduction

Aquaculture is a rapidly expanding food production sector involving the cultivation of aquatic organisms under
controlled (Ahmed and Thompson, 2019). The worldwide fish production in 2018 accounted for around 179 million
tonnes, according to the Food and Agriculture Organization (FAO, 2020). Cultivated fish serve as a primary food
supply for impoverished individuals, offering a cost-effective source of animal protein (Nolle et al., 2020). The
global fishery stock is extensively depleted as a result of overfishing. Due to the growing human population, there is
a need to enhance the productivity of aquaculture, which has become the main way of satisfying the growing
demand for fish (Gephart et al., 2020).

Furthermore, the rise of antibiotic-resistant microbes poses a significant barrier to the widespread use of antibiotics.
The administration of costly chemotherapeutic agents and antibiotics for managing diseases has faced major
challenges due to their adverse effects, such as the accumulation of residues in tissues, the emergence of drug
resistance, and immunosuppression. As a result, the market demand for antibiotic-treated food fish has decreased
(Anderson and Jeney, 1992). Preventing disease is more preferable to intervening to suppress or stop the disease
progression after it has commenced. Therefore, rather than using chemotherapeutic treatments, there is a growing
focus on utilising immunostimulants as a means of controlling disease in aquaculture. The growing trend of
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exploring various synergistic approaches for minimising fish infections has led to the accelerating use of
immunostimulants as an appealing and potential substitute for chemotherapeutants in aquaculture practices.

An immunostimulant is a substance that enhances the innate or non-specific immune response through direct
interaction with immune system cells, leading to their activation. Immunostimulants can be categorised into
various agents according to their source including bacterial preparations, polysaccharides, extracts from animals
or plants, nutritional components, and cytokines (Sakai, 1999). Immunostimulants enhance the immune system,
decrease vulnerability to disease, and protect fish against stress and diseases. This minimizes adverse
environmental effects and lessens reliance on chemicals or pharmaceuticals. New developments indicate that
probiotics and immunostimulants, which are environmentally friendly methods, can greatly improve fish
cultivation and health management (Sakai, 1999).

Several recent studies of peer researchers such as Rodriguez et al. (2003), Sahoo and Mukherjee (2001), and
Smith et al. (2003) recommend incorporating the use of immunostimulants into the overall health management
strategy. Immunostimulant elicit a strong and effective immune response against pathogenic organisms, including
viruses, bacteria, fungi, and parasites, while exhibiting no risk of toxicity, carcinogenicity, or tissue residues
(Bairwa et al., 2012). However, the effect of adding immunostimulants to fish is reliant on a number of factors
such as the species, stage of development, kind of immunostimulant, and the dosage, which may vary depending
on the animal’s growth (Ringo et al., 2010).

In addition, studying an organism’s response to a stressful event involves two types of responses: direct which
affect biochemical and metabolic function, and indirect which affect the food chain, habitat accessibility, and
behavioural changes (Adams, 2005). Finding and analysing biomarkers, especially in fish, has been recognised as
a useful way to learn more about the state of stressed ecosystems and how they interact with aquatic life (Viarengo
et al., 2007). Research studies indicate that immunostimulants can have beneficial impacts on the haematological
parameters of fish. For instance, Hoseinifar et al. (2017) examined the impact of immunostimulants on the
haematological parameters of rainbow trout, and they discovered that adding pB-glucan, a widely used
immunostimulant to fish’s food resulted in higher levels of white blood cells and haemoglobin concentration.

In this context, fish morphometric and haematological measurements have become useful diagnostic tools and
promising stress indicators. These measurements are crucial for evaluating the overall health of fish and the
intensity of stress-induced reactions. Thus, a morphometric and haematological assessment is required to screen
for the effects of immunostimulants on the health of fish that are both normal and infected with pathogen. In India,
there is a scarcity of information on the effect of immunostimulants on the Aeromonas-infected C. catla. C. catla
exemplifies a successful cultivated freshwater species for consumption, attributed to its notable nutritional and
health benefits (Ismail, 2005). Therefore, this study aimed to evaluate the effects of different dietary
immunostimulants on growth performance, morphometric characteristics, and haematological responses of Catla
catla particularly under Aeromonas hydrophila challenge conditions, compared with previous studies on other
cultured fish species.

2 Materials and Methods

2.1 Collection and acclimatisation of fish samples

Live healthy and young C. catla fish samples, with an initial body weight of 142+10 g, were collected at a private
farm (Longitude: 83°10" 14.88" to 83°11' 6.72" E; Latitude: 17°40' 23.52" to 17°45' 57.6" N) in K. Kotapadu
village, Visakhapatnam, Andhra Pradesh, India, from December 2023 to January 2024. The live samples were
carried to the lab in sterile zip pouches with pond water and maintained under regulated conditions. All fish were
kept for two weeks to acclimatise to the laboratory environment. Fish were maintained in 50x30%x40 cm plastic
containers with aerated, dechlorinated tap water.
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2.2 Experimental design

A study was performed to assess the effects of five dietary immunostimulants, namely vitamin C, vitamin E, chitin,
chitosan, and levamisole, on the growth performance, morphometric characteristics, and haematological responses
of C. catla. The experiment was carried out with four distinct groups as follows:

Group 1 (Control): The first group of fish was fed GrowFin fish feed without any immunostimulants and is
referred to as the control group.

Group 2 (Immunostimulant Fed): The second cohort of fish was subsequently partitioned into five experimental
sub-groups, each receiving a distinct diet supplemented with a particular immunostimulant.

Group 3 (A. hydrophila infected): In the third group, the fish were fed a control diet and infected with a
concentrated 4. hydrophila culture at a dosage of 200 puL/L (10° CFU/mL).

Group 4 (A. hydrophila infected + Immunostimulant Fed/ Treated): In the fourth treatment group, the fish were
further divided into five experimental sub-groups. Each group was infected with A. Aydrophila like third group
and fed independently with five selected immunostimulant mixed feeds.

In each experimental group (n=10), the fish were administered 3 gm of feed at 12-hour intervals. The water
temperature and pH were calibrated at 25°C and 5.6, respectively. The photoperiod is established at 12 hours of
light and 12 hours of darkness. Aerators were affixed to tubs to enhance aeration. Every day, half of the water in
the tub was replaced with fresh, dechlorinated tap water, and the fish were maintained for one month in all the
experimental groups. Following 30 days of exposure, fish were sacrificed with the objective of conducting growth
performance, morphometric, and haematological assessments.

2.3 Measurements of growth performance

The initial measurement of length, weight, and other morphometric characteristics of all fish groups were done at
the beginning of the experiment. Then the fish in all the treatment groups were allowed to grow for one month.
Subsequently, the fish were sacrificed, and all growth parameters were recorded to determine their growth
performance. The growth performance was assessed by measuring the total biomass gain (TBG), weight gain (WG),
and feed conversion ratio (FCR) using the following formulas.

Final biomass-Initial biomass

Total biomass gain (Kg/m?) = Water volume (m?)
volu

Weight gain(g) = Final weight (g)-Initial weight(g)

Consumed feed (g)

Feed Conversion Ratio = Weight gain (2)

2.4 Measurements of morphometric parameters

Morphometrics refers to the quantitative measurements of the dimension such as length, width, and height of the
body or specific body portions of a fish. Morphometric measurements were obtained from fish in all the treatment
groups at the beginning and end of the experiment. The morphometric characters were measured encompassing 14
specific traits including Body Length (BL), Body Width (BW), Body Depth (BD), Weight (W), Head Length (HL),
Head Depth (HD), Eye Diameter (ED), Pupil Diameter (PD), Caudal Peduncle Length (CPL), Caudal Peduncle
Depth (CPD), Caudal Fin Length (CFL), Dorsal Fin Length (DFL), Pectoral Fin Length (PcFL), Pelvic Fin Length
(PIFN), and Anal Fin Length (Haryono, 2001).

2.5 Estimation of haematological parameters

2.5.1 Collection of blood

Following the end of the experiment, blood samples were obtained from the fish in all of the experimental groups.
The blood sample was collected from the caudal vein, located just beyond the anal fin, by injecting a disposable
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syringe into the muscle tissues at a right angle to the ventral surface of the fish until the blood was drawn into the
syringe. Following that, the collected blood was transferred into a vial containing EDTA and placed in a freezer.

2.5.2 Preparation and estimation of haemoglobin

The haemoglobin fraction was isolated using the methodology outlined by Adisa et al. (2004) based on the
principle of hypotonic lysis. To extract haemoglobin, the blood from all the fish in each treatment group were
taken in a separate centrifuge tube and centrifuged at 3000 rpm for 10 minutes. After centrifugation, the RBC
pellet was washed three times with a 0.14 M NaCl solution. Followed by washing, the RBC cell pellet was
dissolved in phosphate buffer saline. Then one volume of RBC suspension was lysed by adding two volumes of
0.01M phosphate bufter (pH 7.4) and 0.5 volume of CCls. The haemolysate was further purified by centrifugation
at 2300 rpm for 15 minutes at room temperature to remove any debris. The fraction with a high concentration of
haemoglobin, specifically the upper layer was isolated and used to estimation of haemoglobin. The
cyanmethemoglobin method, which is internationally recommended, was employed for determining the quantity
of haemoglobin. 5 mL of cyanmethemoglobin reagent (Drabkin’s solution) was transferred into sterilised test
tubes. Subsequently, 20 pL of hemolysate from each of the experimental group fish were added separately to the
tubes. Following that, the tubes were gently agitated and allowed to kept for 10 minutes at room temperature.
After the incubation, the absorbance was measured in a spectrophotometer at 540 nm.

2.6 Determination of total RBC and WBC counts
The enumeration of RBC and WBC was performed using a Neubauer hemocytometer, following the methodology
described by Martins et al. (2004).

Number of cells counted (N)*Dilution factor
Area XDepth

Total RBC count =

Number of cells counted (N)xDilution factor
Area xDepth

Total WBC count=

2.7 Enumeration of differential leucocytes count

The differential blood count of the fish from each experimental group was conducted using the procedure outlined
by Hudson and Hay (1991). To carry out this experiment, a minute quantity of blood was placed on a glass slide,
and a thin smear was made by using oil and a spreader slide. Afterward, the blood smear was allowed to dry in the
air, and then the slide was treated with Leishman’s stain. The slide was incubated for 5 minutes and subsequently
diluted with distilled water, followed by an additional incubation period of 10 minutes. After staining, the slides
were rinsed with tap water and left to air dry. Finally, the slides were examined by placing them under the
microscope.

2.8 Assessment of erythrocyte sedimentation rate (ESR)

The ESR of the fish from all the experimental groups was determined using the Westergren method. In order to
perform ESR, the blood drawn from each sample was transferred into a Westergren-Katz tube up to the 200 mm
mark immediately following blood collection. Subsequently, the tube was positioned vertically in a rack and left
undisturbed for 1 hour at room temperature. During this period, measurements of the distance between the lowest
point of the surface meniscus and the topmost layer of the red cell sediment were taken. The ESR is a measure of the
distance that erythrocytes decrease in millimetres over the course of one hour.

2.9 Statistical analysis

Results were given as Mean + Standard Deviation (SD) obtained from three independent experiments, and the
data was assessed by one-way analysis of variance (ANOVA). The ‘p’ values less than 0.05, 0.01 and 0.001 were
considered as significant, highly significant and extremely significant difference between the groups.
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3 Results
3.1 Growth performance

The growth performance of the fish in all of the treatment groups was assessed by measuring the total biomass

gain (TBG), weight gain (WG), and feed conversion ratio (FCR).

3.1.1 Total biomass gain

The total biomass gain after 1 month of feeding with different immunostimulant-supplemented feeds such as
vitamin C, vitamin E, chitin, chitosan, and levamisole under exposure to Aeromonas hydrophila was shown in
Table 1 and Figure 1. From these results, it was observed that the fish fed with vitamin E mixed feed exhibited

greater biomass gain, whereas fish fed with chitin mixed feed exhibited lowest biomass gain. The fish fed with
control diet showed the biomass gain of 2.53 kg m™, while the fish which are infected with A. hydrophila and fed

with control diet exhibited the total biomass gain of 2.13 kg m.

Table 1 Growth performance of Catla catla with different immunostimulant-supplemented feeds under healthy and Aeromonas

hydrophila infected conditions

S. No. Treatment group TBG (kgm™) WG (g) FCR
1 Fed with control feed 2.53 18.7 9.62
2 Aeromonas + Control feed 2.13 15.58 11.55
3 Fed with vitamin C mixed feed 3.33 24.8 7.25
4 Aeromonas + vitamin C mixed feed 2.93 21.9 8.82
5 Fed with vitamin E mixed feed 6.27 47.5 3.78
6 Aeromonas + vitamin E mixed feed 3.23 15.6 11.53
7 Fed with chitin mixed feed 2.8 20.5 8.78
8 Aeromonas + chitin mixed feed 2.66 20.2 8.91
9 Fed with chitosan mixed feed 3.73 28.1 6.41
10 Aeromonas + chitosan mixed feed 3.06 22.8 7.89
11 Fed with levamisole mixed feed 4.1 30.8 5.84
12 Aeromonas + levamisole mixed feed 3.46 26 6.92
Table notes: TBG — total biomass gain, WG — weight, FCR — feed conversion ratio
7
6.27
6
s
\% 4.1
'5 4 3.73 346
0 3.33 3.23 :
© 2.93 28 3.06
S 3| 253 2.66
§= 2.13
£
=
ke
1
0
Control Diet  Vitamin C Vitamin E Chitin Chitosan Levamisole
@ Only Diet @ Aeromonas + Diet

Figure 1 The total biomass gain with different immunostimulant-supplemented feeds under normal and Aeromonas hydrophila

infected conditions
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Furthermore, all the immunostimulant mixed feed significantly increases the total biomass gain when compared to
the control groups. The total biomass gain in the fish fed with selected immunostimulant feeds such as vitamin C,
vitamin E, chitin, chitosan, and levamisole were found to be 3.33, 6.27, 2.8, 3.73, and 4.1 kg m~ respectively.

Whereas total biomass gain in the 4. hydrophila infected fish fed with immunostimulant feeds such as vitamin C,
vitamin E, chitin, chitosan, and levamisole were found to be 2.93, 3.23, 2.66, 3.06, and 3.46 kg m~ respectively.

According to these results, vitamin E has a greater growth promoting properties than the other immunostimulant
feeds, whereas under Aeromonas exposure, levamisole shows greater biomass gain. Furthermore, when compared
to the Aeromonas infected fish with control diets, the fish fed with immunostimulant mixed feeds exhibited

greater biomass gain.

3.1.2 Weight gain
The weight gain after 1 month of feeding with different immunostimulant-supplemented feeds such as vitamin C,

vitamin E, chitin, chitosan, and levamisole under exposure to 4. hydrophila was shown in Figure 2 and Table 1.
From these results, it was observed that the fish fed with immunostimulant mixed feed exhibited greater weight

gain than the fish fed with control feed.

50 47.5

45

40

35
30.8

30 28.1
26

228

25
205502

20

Weight Gain (g)

15

10

Control Diet Vitamin C Vitamin E Chitin Chitosan Levamisole

@A Ounly Diet DOAeromonas + Diet

Figure 2 Weight gain with different immunostimulant-supplemented feeds under normal and Aeromonas hydrophila infected

conditions

Furthermore, among all the tested immunostimulants, fish fed with vitamin E mixed feed exhibited greater weight
gain. However, lowest weight gain was observed in 4deromonas infected fish fed with vitamin E. The fish fed with
control diet shows the weight gain of 18.7 g, while the fish which are infected with and A. hydrophila and fed with

control diet exhibited the weight gain of 15.58 g.
Furthermore, all the immunostimulant mixed feed significantly increased the weight gain when compared to the

control groups. The weight gain in the fish fed with selected immunostimulant feeds such as vitamin C, vitamin E,
chitin, chitosan, and levamisole were found to be 24.8, 47.5, 20.5, 28.1, and 30.8 grespectively.

Whereas, weight gain in the A. hydrophila infected fish fed with immunostimulant feeds such as vitamin C,
vitamin E, chitin, chitosan, and levamisole were found to be 21.9, 15.6, 20.2, 22.8, and 26 g respectively.
According to these results, vitamin E has a greater growth promoting properties than the other immunostimulant
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feeds under normal conditions, whereas under Aeromonas exposure, levamisole shows greater weight gain.
Furthermore, when compared to the Aeromonas infected fish with control diets, the fish fed with
immunostimulant mixed feeds exhibited significantly increased weight gain.

Moreover, the fish fed with immunostimulant mixed feeds exhibited greater weight gain than the fish fed with
control feed. The highest weight gain was observed in fish fed with vitamin E supplemented feed. ~After 30 days
of treatment, the weight gain of fish fed with control feed as well as vitamin C, vitamin E, chitin, Chitosan, and
levamisole supplemented feeds were found to be 18.7, 24.8, 47.5, 20.5, 28.1, and 30.8 g respectively. These
results demonstrated that the vitamin C, vitamin E, and levamisole had the greater growth promoting properties.

3.1.3 Feed conversion ratio

Feed Conversion Ratio (FCR) is a metric that quantifies the amount of feed consumed by an animal relative to the
weight gained by the animal within a specific time frame. Smaller FCR values suggest that a feed is turned into
fish weight gain efficiently, but overfeeding or underfeeding increases the ratio (Bai et al., 2022).

The feed conversion ratio after 1 month of feeding with different immunostimulant-supplemented feeds such as
vitamin C, vitamin E, chitin, chitosan, and levamisole under exposure to A. hydrophila was shown in Figure 3 and
Table 1. From these results, it was observed that the fish fed with immunostimulant mixed feed exhibited lower
FCR weight gain than the fish fed with control feed.

14

12 11.55 11.53
4
@)
= 10
=)
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o4 7.89
S 8 7.25
@
Q 6.41
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B
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Control Diet Vitamin C Vitamin E Chitin Chitosan Levamisole
@ Only Diet @Aeromonas + Diet

Figure 3 Feed Conversion Ratio (FCR) with different immunostimulant-supplemented feeds under normal and Aeromonas
hydrophila infected conditions

Furthermore, among all the tested immunostimulants, fish fed with vitamin E mixed feed exhibited lower FCR,
whereas highest FCR was observed in the fish grown under Aeromonas and control diets. The fish fed with
control diet shows the FCR of 9.62, while the fish which are infected with 4. hydrophila and fed with control diet
exhibited the FCR of 11.55.

Furthermore, all the immunostimulant mixed feed significantly decreases the FCR when compared to the control
groups. The FCR in the fish fed with selected immunostimulant feeds such as vitamin C, vitamin E, chitin,
chitosan, and levamisole were found to be 7.25, 3.78, 8.78, 6.41, and 5.84 respectively. Whereas, FCR for the A4.
hydrophila infected fish fed with immunostimulant feeds such as vitamin C, vitamin E, chitin, chitosan, and
levamisole were found to be 8.22, 11.53, 8.91, 7.89, and 6.92 respectively. According to these results, vitamin E
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has a lower FCR properties than the other immunostimulant feeds under normal conditions, whereas under
Aeromonas exposure, levamisole shows lower FCR values. Furthermore, when compared to the Aeromonas
infected fish with control diets, the fish fed with immunostimulant mixed feeds exhibited significantly decreased
FCR values.

3.2 Morphometric and growth-related traits

The following morphometric characterisation of the fish in all of the treatment groups was assessed by measuring
Body Length (BL), Body Width (BW), Body Depth (BD), Weight (W), Head Length (HL), Head Depth (HD), Eye
Diameter (ED), Pupil Diameter (PD), Caudal Peduncle Length (CPL), Caudal Peduncle Width (CPW), Caudal Fin
Length (CFL), Dorsal Fin Length (DFL), Pectoral Fin Length (PcFL), Pelvic Fin Length (PIFN), and Anal Fin
Length (AFL).

3.2.1 Morphometric characterisation of healthy fish fed with different immunostimulants

Table 2, depicts the initial and final measurements of morphometric parameters of healthy fish fed with control
and immunostimulant mixed feeds. Table 3 presents the net gain of morphometric parameters of healthy fish fed
with control and immunostimulant mixed feeds. From these results, it was found that the morphometric
parameters including body length, body width, and weight were significantly varied with different
immunostimulant feeds. While, the parameters including HL, HD, ED, PD, CPL, CPW, CFL, DFL, PcFL, PIFL,
and AFL have not exhibited significant variation with the different immunostimulant feeds.

Table 2 Morphometric characteristics of healthy fish fed with control and immunostimulant mixed feed

Type of Diet
S. No. Parameter Control Vitamin C Vitamin E Chitin Chitosan Levamisole
1 F 1 F 1 F 1 F 1 F 1 F

1 BL (cm) 15.9 17.3 18.7 21 21 23 16.4 18 9.8 11.7 13.3 15.1
2 BW (cm) 3.8 4.5 5 6 6.7 7.5 4 4.5 3 34 3 3.6
3 W (g) 1545 1732 1487 1715 1613 208.8 1557 1712 1302 1583 1458 176.6
4 HL (cm) 3.8 4.3 5 4.5 53 6 4 4.5 2.4 2.8 32 3.8
5 HD (cm) 2.9 34 4.1 4.5 4.5 5 3 3.5 1.4 1.7 1.7 2.8
6 ED (cm) 0.8 1 0.7 0.9 0.8 1 0.7 0.8 0.6 0.7 0.8 0.9
7 PD (cm) 0.4 0.5 0.35 0.5 0.4 0.5 0.3 0.4 0.3 0.4 0.3 0.4
8 CPL (cm) 1.6 2.3 2.6 3 2.7 3 2 2.5 1.1 1.4 1.7 2.1
9 CPW (cm) 1.7 1.9 1.8 2.3 2.1 2.5 1.5 1.9 0.8 1 1.1 1.5
10 CFL (cm) 3.7 4.1 4.3 4.8 4.4 5 3.9 4.4 2.1 2.7 3.1 3.6
11 DFL (cm) 33 3.8 3.9 4.3 35 4 35 4 2.4 2.9 2.7 3.1
12 PcFL (cm) 2.4 2.9 2.4 3 3 34 2.4 2.7 1.9 2.3 2.1 2.6
13 PIFL (cm) 2.3 2.7 2.9 3.5 2.9 33 2.6 3 1.6 2 1.9 2.4

14 AFL (cm) 2.7 3.1 2.7 3.2 2.9 3.5 2.3 2.7 1.2 1.6 1.7 2.2

Table 3 Net growth of morphometric parameters of healthy fish fed with control and immunostimulant mixed feed after 30 days of

treatment

. Type of Diet
S.No.  Morphometric parameter Control Vitamin C Vitamin E Chitin Chitosan Levamisole
1 BL (cm) 1.4 2.3 2 1.6 1.9 1.8
2 BW (cm) 0.7 1 0.8 0.5 0.4 0.6
3 W (g) 18.7 22.8 47.5 15.5 28.1 30.8
4 HL (cm) 0.5 0.5 0.7 0.5 0.4 0.6
5 HD (cm) 0.5 0.4 0.5 0.5 0.3 0.7
6 ED (cm) 0.2 0.2 0.2 0.1 0.1 0.1
7 PD (cm) 0.1 0.15 0.1 0.1 0.2 0.1
8 CPL (cm) 0.7 04 0.3 0.5 0.3 0.4
9 CPW (cm) 0.2 0.5 0.4 0.4 0.1 0.4
10 CFL (cm) 0.4 0.5 0.6 0.5 0.6 0.5
11 DFL (cm) 0.5 0.4 0.5 0.5 0.5 0.4
12 PcFL (cm) 0.5 0.6 0.4 0.3 0.5 0.5
13 PIFL (cm) 0.4 0.6 0.4 0.4 0.4 0.5
14 AFL (cm) 0.4 0.5 0.6 0.4 0.4 0.5
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Furthermore, fish fed with immunostimulant-supplemented diets showed greater body length increments than the
fish fed with control feed. Among, all the tested feeds, fish fed with vitamin C mixed feed exhibited greater body
length gain. After 30 days of treatment, the length gain of fish fed with control feed as well as vitamin C, vitamin
E, Chitin, Chitosan, and levamisole supplemented feeds were found to be 1.4, 2.3, 2, 1.6, 1.9, and 1.8 cm
respectively.

However, the fish fed with vitamin C and vitamin E supplemented feed exhibited greater body width (BW) than
the control. Whereas, the fish fed with chitin, chitosan, and levamisole supplemented feed shows lesser BW than
the control. The highest BW gain observed in the fish fed with vitamin E supplemented feed. After 30 days of
treatment, the BW gain of fish fed with control feed as well as vitamin C, vitamin E, chitin, chitosan, and
levamisole supplemented feeds were found to be 0.7, 1, 0.8, 0.5, 0.4 and 0.6 cm respectively (Figure 4 to Figure
9).

17.3cm

Figure 4 Morphometric measurements of Catla catla fed with normal feed after 30 days of treatment

Figure 5 Morphometric measurements of Catla catla fed with vitamin C mixed feed after 30 days of treatment
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Figure 6 Morphometric measurements of Catla catla fed with vitamin E mixed feed after 30 days of treatment

27cm

Figure 8 Morphometric measurements of Catla catla fed with Chitosan mixed feed after 30 days of treatment
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Figure 9 Morphometric measurements of Catla catla fed with Levamisole mixed feed after 30 days of treatment

3.2.2 Morphometric characterisation of Aderomonas hydrophila infected fish fed with different immunostimulants
The Table 4, depicts the initial and final measurements of morphometric parameters of Aeromonas infected fish
fed with control and immunostimulant mixed feeds. The Table 5 illustrated the net gain of morphometric
parameters of Aeromonas infected fish fed with control and immunostimulant mixed feeds. From these results, it
was found that the morphometric parameters of infected fish including body length, body width, and weight were
significantly varied with different immunostimulant feeds. While, there was no significant fluctuation observed in
the metrics such as HL, HD, ED, PD, CPL, CPW, CFL, DFL, PcFL, PIFL, and AFL with the different
immunostimulant diets.

Table 4 Morphometric characteristics of Aeromonas hydrophila infected fish fed with control and immunostimulant mixed feed

Paramet Type of Diet

S. No. era ame Control Vitamin C Vitamin E Chitin Chitosan Levamisole

1 F 1 F 1 F 1 F 1 F 1 F

1 BL (cm) 16.2 17.5 20.2 22 20.3 22 16.3 17.8 10.4 11.9 13.5 15

2 BW 4.1 4.5 4.8 0.6 5.5 0.6 4.1 4.5 32 35 2.9 33
(cm)

3 2;]) 157.8 1734 1373 1532 186.3 162.3 148.3 1687 1413 164.1 1645 1385

4 HL 3.9 4.5 4.5 5 43 5 3.8 43 2.4 2.6 3.1 35
(cm)
HD

5 3.8 4.3 3.6 4.1 3.6 4 3 34 1.4 1.6 2.1 2.5
(cm)

6 ED 0.7 0.9 0.7 0.7 0.7 0.8 0.8 1 0.6 0.7 0.7 0.8
(cm)

7 PD 0.4 0.5 0.3 0.35 0.3 0.4 0.4 0.5 0.3 0.4 0.3 0.4
(cm)

8 CPL 1.7 2.2 2.1 2.6 2.1 2.5 1.7 2.3 1.6 2 1.2 1.5
(cm)

9 CPW 1.9 2.1 1.8 2 1.7 2 1.5 1.9 1.1 1.4 1.1 1.4
(cm)

10 CFL 3.8 4.1 43 49 4.7 5.3 3.5 4 2.1 2.5 3.1 3.5
(cm)

11 DFL 3.5 3.9 3.9 4.5 4.1 4.5 49 54 1.7 2 2.7 32
(cm)

12 PeFL 2.4 2.8 2.4 3.1 33 3.8 2.4 2.9 1.1 1.3 2 2.4
(cm)

13 PIFL 2.5 2.9 2.9 34 2.9 3.5 2.3 2.7 1.7 2.2 1.8 2.3
(cm)

14 AFL 2.5 2.7 2.7 2.8 3.1 3.6 1.6 2 1.5 1.8 1 1.2
(cm)
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Table 5 Net growth of morphometric parameters of Aeromonas hydrophila infected fish fed with control and immunostimulant mixed
feed after 30 days of treatment

S No Morphometric Type of Diet
'~ parameter Control Vitamin C Vitamin E Chitin Chitosan Levamisole

1 BL (cm) 1.3 1.8 1.7 1.3 1.5 1.5
2 BW (cm) 0.4 1.2 0.5 0.4 0.3 0.4
3 W (g) 15.6 15.9 24 20.4 22.8 26
4 HL (cm) 0.6 0.5 0.7 0.5 0.2 0.4
5 HD (cm) 0.5 0.4 0.4 0.4 0.2 0.4
6 ED (cm) 0.2 0.1 0.1 0.2 0.1 0.1
7 PD (cm) 0.1 0.1 0.1 0.1 0.1 0.1
8 CPL (cm) 0.5 0.4 0.4 0.6 0.4 0.3
9 CPW (cm) 0.3 0.2 0.3 0.4 0.3 0.4
10 CFL (cm) 0.3 0.4 0.6 0.5 0.4 0.4
11 DFL (cm) 0.4 0.6 0.4 0.5 0.3 0.5
12 PcFL (cm) 0.4 0.4 0.5 0.5 0.2 0.4
13 PIFL (cm) 0.4 0.4 0.6 0.4 0.5 0.5
14 AFL (cm) 0.2 0.8 0.5 0.4 0.3 0.2

Furthermore, infected fish fed with all five selected immunostimulant mixed feed exhibited lower lengths than the
normal fish fed with immunostimulant diets. Among, all the tested feeds, Aeromonas infected fish fed with
vitamin C mixed feed exhibited greater body length gain. After 30 days of treatment, the length gain of
Aeromonas infected fish fed with control feed as well as vitamin C, vitamin E, chitin, Chitosan, and levamisole
supplemented feeds were found to be 1.3, 1.8, 1.7, 1.3, 1.5, and 1.5 cm respectively.

However, the infected fish fed with vitamin C and vitamin E supplemented feed exhibited greater body width
(BW) than the control. Whereas, the fish fed with chitosan supplemented feed shows lesser BW than the control.
The BW gain of infected fish with the chitosan, and levamisole mixed feed are equal to the BW gain of fish fed
with control feed. The highest BW gain observed in the infected fish fed with vitamin C supplemented feed. After
30 days of treatment, the BW gain of infected fish fed with control feed as well as vitamin C, vitamin E, chitin,
Chitosan, and levamisole supplemented feeds were found to be 0.4, 1.2, 0.5, 0.4, 0.3, and 0.4 cm respectively
(Figure 10 to Figure 15).

—

e

N

Figure 10 Morphometric measurements of Aeromonas hydrophila infected Catla catla fed with control feed after 30 days of
treatment
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Figure 11 Morphometric measurements of Aderomonas hydrophila infected Catla catla fed with vitamin C mixed feed after 30 days of

treatment

Figure 12 Morphometric measurements of Aeromonas hydrophila infected Catla catla fed with vitamin E mixed feed after 30 days of
treatment

Figure 13 Morphometric measurements of Aeromonas hydrophila infected Catla catla fed with chitin mixed feed after 30 days of
treatment
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Figure 14 Morphometric measurements of Aeromonas hydrophila infected Catla catla fed with chitosan mixed feed after 30 days of
treatment
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Figure 15 Morphometric measurements of Aeromonas hydrophila infected Catla catla fed with levamisole mixed feed after 30 days
of treatment

From the Table 6 to Table 20 represents the comparative morphometric parameters of fish fed with control and the
five immunostimulants mixed diets under healthy and Aderomonas infected conditions. One way ANOVA analysis
and Tukey’s HSD analysis of morphometric parameters of fish fed with control and the five immunostimulants
mixed diets under healthy and Aeromonas infected conditions.

Table 6 Comparative morphometric parameters of fish fed with control and vitamin C mixed diets under normal and Aeromonas

hydrophila infection
. Control feed Vitamin C feed
S.No,  Morphometric Healthy fish . .
7" parameter (T1) Aeromonas infected fish (T2) Healthy fish (T3) Aeromonas infected fish (T4)
1 BL (cm) 1.4 1.3 2.3 1.8
2 BW (cm) 0.7 0.4 01 1.2
3 W (g) 18.7 15.6 22.8 15.9
4 HL (cm) 0.5 0.6 0.5 0.5
5 HD (cm) 0.5 0.5 0.4 0.4
6 ED (cm) 0.2 0.2 0.2 0.1
7 PD (cm) 0.1 0.1 0.15 0.1
8 CPL (cm) 0.7 0.5 0.4 0.4
9 CPW (cm) 0.2 0.3 0.5 0.2
10 CFL (cm) 0.4 0.3 0.5 0.4
11 DFL (cm) 0.5 0.4 0.4 0.6
12 PcFL (cm) 0.5 0.4 0.6 0.4
13 PIFL (cm) 0.4 0.4 0.6 0.4
14 AFL (cm) 0.4 0.2 0.5 0.8
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Table 7 One-way ANOVA analysis of morphometric parameters of fish fed with control and vitamin C mixed diets under normal and
Aeromonas hydrophila infection

Control feed/ Vitamin C mixed feed SS DF MS F —value
Between groups 3.7066 03 1.2355 0.05331
Within groups 1205.1238 52 23.1755

Total 1208.8303 55

SS - Sum of Squares,

DF - Degrees of Freedom,

MS - Mean Squares,

F-value -- variation between mean values

Table 8 Tukey’s HSD analysis of morphometric parameters of fish fed with control and vitamin C mixed diets under healthy and

Aeromonas hydrophila infection

S. No. Pairwise comparisons Tukey’s HSD Q — value p —value

1 T1:T2 0.29 0.22 0.99860N8
2 T1:T3 0.40 0.31 0.99610NS
3 T1:T4 0.14 0.11 0.99982NS
4 T2:T3 0.69 0.54 0.98128NS
5 T2 :T4 0.14 0.11 0.99982NS
6 T3:T4 0.55 0.42 0.99047NS

T1 — Healthy fish fed with control diet,

T2 - Aeromonas infected fish fed with control diet,

T3 — Healthy fish fed with Vitamin C mixed diet,

T4 — Aeromonas infected fish fed with Vitamin C mixed diet,

Q-value - studentized range statistic value,

p <0.05 - Significant

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant,

NS —

p-value™ = Not Significant

Table 9 Comparative morphometric parameters of fish fed with control and vitamin E mixed diets under normal and Aeromonas
hydrophila infection

S. No. Morphometric Control feed Vitamin E feed
parameter Healthy fish (T1)  Aeromonas infected fish (T2)Healthy fish (T3) Aeromonas infected fish (T4)

1 BL (cm) 1.4 1.3 2 1.7
2 BW (cm) 0.7 0.4 0.8 0.5
3 W (g) 18.7 15.6 47.5 24
4 HL (cm) 0.5 0.6 0.7 0.7
5 HD (cm) 0.5 0.5 0.5 0.4
6 ED (cm) 0.2 0.2 0.2 0.1
7 PD (cm) 0.1 0.1 0.1 0.1
8 CPL (cm) 0.7 0.5 0.3 0.4
9 CPW (cm) 0.2 0.3 0.4 0.3
10 CFL (cm) 0.4 0.3 0.6 0.6
11 DFL (cm) 0.5 0.4 0.5 0.4
12 PcFL (cm) 0.5 0.4 0.4 0.5
13 PIFL (cm) 0.4 0.4 0.4 0.6
14 AFL (cm) 0.4 0.2 0.6 0.5

Table 10 One-way ANOVA analysis of morphometric parameters of fish fed with control and vitamin E mixed diets under normal
and Aeromonas hydrophila infection
Normal feed/

Vitamin E mixed feed S8 DF MS F —value
Between groups (Treatment) 49.2079 03 16.4026 0.27653
Within groups 3084.3857 52 59.3151

Total 3133.5936 55

SS - Sum of Squares,
DF - Degrees of Freedom,
MS - Mean Squares,

F-value -- variation between mean values
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Table 11 Tukey’s HSD analysis of morphometric parameters of fish fed with control and Vitamin E mixed diets under normal and
Aeromonas hydrophila infection

S. No. Pairwise comparison Tukey’s HSD Q — value p — value
1 T1:T2 0.29 0.14 0.99966NS
2 T1:T3 2.13 1.03 0.88411NS
3 T1:T4 0.40 0.19 0.99906NS
4 T2:T3 2.41 1.17 0.84027NS
5 T2:T4 0.69 0.33 0.99534NS
6 T3 :T4 1.73 0.84 0.93350NS

T1 — Healthy fish fed with control diet

T2 - Aeromonas infected fish fed with control diet

T3 — Healthy fish fed with Vitamin E mixed diet

T4 — Aeromonas infected fish fed with Vitamin E mixed diet

Q-value - studentized range statistic value,

p <0.05 - Significant

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant,
p-valueMS = Not Significant

Table 12 Comparative morphometric parameters of fish fed with control and Chitin mixed diets under normal and Aeromonas
hydrophila infection

S. No Morphometric Control feed Chitin feed
T parameter Healthy fish (T1) Aeromonas infected fish (T2) Healthy fish (T3) Aeromonas infected fish (T4)

1 BL (cm) 1.4 1.3 1.6 1.3

2 BW (cm) 0.7 0.4 0.5 0.4

3 W (g) 18.7 15.6 15.5 20.4

4 HL (cm) 0.5 0.6 0.5 0.5

5 HD (cm) 0.5 0.5 0.5 0.4

6 ED (cm) 0.2 0.2 0.1 0.2

7 PD (cm) 0.1 0.1 0.1 0.1

8 CPL (cm) 0.7 0.5 0.5 0.6

9 CPW (cm) 0.2 0.3 0.4 0.4

10 CFL (cm) 0.4 0.3 0.5 0.5

11 DFL (cm) 0.5 0.4 0.5 0.5

12 PcFL (cm) 0.5 0.4 0.3 0.5

13 PIFL (cm) 0.4 0.4 0.4 0.4

14 AFL (cm) 0.4 0.2 0.4 0.4

Table 13 One-way ANOVA analysis of morphometric parameters of fish fed with control and Chitin mixed diets under normal and
Aeromonas hydrophila infection
Normal Feed/

Chitin Feed SS DF MS F — value
Between groups (Treatment) 1.4657 3 0.4886 0.02301
Within groups 1104.0314 52 21.2314

Total 1105.4971 55

SS - Sum of Squares,
DF - Degrees of Freedom,
MS - Mean Squares,

F-value -- variation between mean values
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Table 14 Tukey’s HSD analysis of morphometric parameters of fish fed with control and Chitin mixed diets under normal and
Aeromonas hydrophila infection

S. No. Pairwise comparisons Tukey’s HSD Q — value p — value
1 T1:T2 0.29 0.23 0.99841NS
2 T1:T3 0.24 0.20 0.99902Ns
3 T1:T4 0.10 0.08 0.99993NS
4 T2:T3 0.04 0.03 0.99999NS
5 T2:T4 0.39 0.31 0.99612NS
6 T3 :T4 0.34 0.28 0.99726NS

T1 — Healthy fish fed with control diet,

T2 - Aeromonas infected fish fed with control diet,

T3 — Healthy fish fed with Chitin mixed diet,

T4 — Aeromonas infected fish fed with Chitin mixed diet,

Q-value - studentized range statistic value,

p <0.05 - Significant

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant,
p-valueMS = Not Significant

Table 15 Comparative morphometric parameters of fish fed with control and Chitosan mixed diets under normal and Aeromonas
hydrophila infection

S. No. Morphometric Control feed Chitosan feed
parameter Healthy fish Aeromonas infected fish (T2) Healthy fish Aeromonas infected fish (T4)
(T1) (T3)

1 BL (cm) 1.4 1.3 1.9 1.5

2 BW (cm) 0.7 0.4 0.4 0.3

3 W (g) 18.7 15.6 28.1 22.8

4 HL (cm) 0.5 0.6 0.4 0.2

5 HD (cm) 0.5 0.5 0.3 0.2

6 ED (cm) 0.2 0.2 0.1 0.1

7 PD (cm) 0.1 0.1 0.2 0.1

8 CPL (cm) 0.7 0.5 0.3 0.4

9 CPW (cm) 0.2 0.3 0.1 0.3

10 CFL (cm) 0.4 0.3 0.6 0.4

11 DFL (cm) 0.5 0.4 0.5 0.3

12 PcFL (cm) 0.5 0.4 0.5 0.2

13 PIFL (cm) 0.4 0.4 0.4 0.5

14 AFL (cm) 0.4 0.2 0.4 0.3

Table 16 One-way ANOVA analysis of morphometric parameters of fish fed with control and Chitosan mixed diets under normal and
Aeromonas hydrophila infection

Source SS DF MS F —value
Between groups (Treatment) 6.3621 3 2.1207 0.06473
Within groups 1703.72 52 32.7638

Total 1710.0821 55

SS - Sum of Squares,
DF - Degrees of Freedom,
MS - Mean Squares,

F-value -- variation between mean values
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Table 17 Tukey’s HSD analysis of morphometric parameters of fish fed with control and Chitosan mixed diets under normal and
Aeromonas hydrophila infection

S. No. Pairwise comparison Tukey’s HSD Q — value p — value

1 T1:T2 0.29 0.19 0.99917Ns
2 T1:T3 0.64 0.42 0.99077NS
3 T1:T4 0.17 0.11 0.99982NS
4 T2:T3 0.93 0.61 0.97320NS
5 T2:T4 0.46 0.30 0.99602NS
6 T3 :T4 0.47 0.31 0.99630NS

T1 — Healthy fish fed with control diet

T2 - Aeromonas infected fish fed with control diet

T3 — Healthy fish fed with Chitosan mixed diet

T4 — Aeromonas infected fish fed with Chitosan mixed diet

Q-value - studentized range statistic value

p <0.05 - Significant

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant,
p-valueMS = Not Significant

Table 18 Comparative morphometric parameters of fish fed with control and Levamisole mixed diets under normal and Aeromonas
hydrophila infection

S. No Morphometric Control feed Chitosan feed
" parameter Healthy fish (T1)  Aeromonas infected fish (T2)Healthy fish (T3) Aeromonas infected (T4)
1 BL (cm) 1.4 1.3 1.8 1.5
2 BW (cm) 0.7 0.4 0.6 0.4
3 W (g) 18.7 15.6 30.8 26
4 HL (cm) 0.5 0.6 0.6 0.4
5 HD (cm) 0.5 0.5 0.7 0.4
6 ED (cm) 0.2 0.2 0.1 0.1
7 PD (cm) 0.1 0.1 0.1 0.1
8 CPL (cm) 0.7 0.5 0.4 0.3
9 CPW (cm) 0.2 0.3 0.4 0.4
10 CFL (cm) 0.4 0.3 0.5 0.4
11 DFL (cm) 0.5 0.4 0.4 0.5
12 PcFL (cm) 0.5 0.4 0.5 0.4
13 PIFL (cm) 0.4 0.4 0.5 0.5
14 AFL (cm) 0.4 0.2 0.5 0.2

Table 19 One-way ANOVA analysis of morphometric parameters of fish fed with control and Levamisole mixed diets under normal
and Aeromonas hydrophila infection
Control diet/

Lavamisole mixed diet S8 DF MS F - value
Between groups 11.5177 3 3.8392 0.10062
Within groups 1984.0807 52 38.1554

Total 1995.5984 55

SS - Sum of Squares,

DF - Degrees of Freedom,

MS - Mean Squares,

F-value -- variation between mean values
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Table 20 Tukey’s HSD analysis of morphometric parameters of fish fed with control and Levamisole mixed diets under normal and
Aeromonas infection

S. No. Pairwise comparison Tukey’s HSD Q — value p — value

1 T1:T2 0.29 0.17 0.99934NS
2 T1:T3 0.91 0.55 0.97986NS
3 T1:T4 0.46 0.28 0.99731NS
4 T2:T3 1.19 0.72 0.95613NS
5 T2:T4 0.74 0.45 0.98873NS
6 T3 :T4 0.45 0.27 0.99743NS

T1 — Healthy fish fed with control diet

T2 - Aeromonas infected fish fed with control diet

T3 — Healthy fish fed with Levamisole mixed diet

T4 — Aeromonas infected fish fed with Levamisole mixed diet

Q-value - studentized range statistic value

p <0.05 - Significant

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant,
p-valueMS = Not Significant

Though there is no significant change between the groups, finally the vitamin C and vitamin E have shown the
improvement in growth performance and morphometric characteristics of the experimental fish.

3.3 Haemoglobin

The Table 21, shows the mean haemoglobin values of healthy and Aeromonas-infected Catla catla fish that were
treated with different immunostimulant mixed feeds such as vitamin C, vitamin E, chitin, chitosan, and levamisole
as well as the control feed. Based on these data, it was shown that the average haemoglobin values in all test groups
varied significantly. The average haemoglobin values in healthy fish treated with different
immunostimulant-supplemented feeds ranged from 6.86+0.37 to 14.61+£0.35 gm/dL. In Aeromonas infected fish,
haemoglobin levels with different immunostimulant mixed feeds typically vary from 5.99+0.66 to 13.04+0.19
gm/dL.

Table 21 Haemoglobin content in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Mean Haemoglobin (g/dL)

S. No. Experimental feed Healthy fish Aeromorfz_lasi1 infected F —value p —value
1 Control feed 6.86+0.37 5.99+0.66 3.92 0.118N8
2 Vitamin C mixed feed 13.61+0.35 12.81+£0.17 11.03 0.023*
3 Vitamin E mixed feed 14.61+0.35 13.04+0.19 48.28 0.022*
4 Chitin mixed feed 9.61+0.21 7.84+0.59 13.21 0.022*
5 Chitosan mixed feed 9.79+0.49 8.83+0.33 7.79 0.045*
6 Levamisole mixed feed 12.65+0.22 11.77+0.26 20.01 0.011*

NS —

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-value Not Significant

The mean haemoglobin levels in healthy fish fed with immunostimulant mixed feed such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole were found to be 6.86+0.37, 13.61+0.4, 14.61+0.35, 9.16+0.21,
9.7940.49, and 12.65+0.22 gm/dL respectively. As well as, the mean haemoglobin levels in 4deromonas infected
fish fed with immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole
were found to be 5.994+0.66, 12.81+0.17, 13.04+0.19, 7.84+0.59, 8.834+0.33, and 11.77+0.26 g/dL respectively.

The quantity of haemoglobin significantly varies between healthy and Aeromonas infected fish from all the
treatment groups. The p-values for the haemoglobin content of the healthy and Aeromonas infected fish in the
treatment groups of control, vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.118, 0.023,
0.002, 0.022, 0.045, and 0.011 respectively. These results demonstrated that the tested immunostimulants
significantly increased haemoglobin content in both healthy and Aeromonas infected fish when compared to the
control.
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3.4 Total RBC count

The mean total RBC count in the fish fed with different immunostimulant mixed feeds under normal and
Aeromonas infected conditions is shown in Table 22. These results demonstrated significant variation in the mean
values of the total RBC count across all test groups. The average total RBC count in healthy fish treated with
different immunostimulant-supplemented feeds ranged from 1.24+0.08 to 2.85+2.09 x10%mm?>. In Aeromonas

infected fish, total RBC count with different immunostimulant mixed feeds typically varies from 1.16+0.05 to
2.2540.08x10%/mm?.

Table 22 Total RBC count in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Mean Total RBC count (x10%mm?)

S. No. Experimental feed Healthy fish  Aeromonas infected fish F —value p —value
1 Control feed 1.24+0.08 1.16+0.05 2.41 0.196N8
2 Vitamin C mixed feed 2.59+0.05 2.05+0.07 121.13 0.0004***
3 Vitamin E mixed feed 2.85+0.09 2.25+0.08 73.64 0.00***
4 Chitin mixed feed 1.67+0.06 1.26+0.05 99.53 0.0006***
5 Chitosan mixed feed 1.77+0.06 1.33+0.04 109.49 0.0005%**
6 Levamisole mixed feed 2.21+0.03 1.78+0.05 214.51 0.00071***

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-valueNS = Not Significant

The mean total RBC count in healthy fish fed with immunostimulant mixed feed such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole was found to be 1.24+0.08, 2.59+0.05, 2.85+0.09, 1.67+0.06,
1.7740.06, and 2.214+0.03x10%mm? respectively. As well as, the mean total RBC count in Aeromonas infected fish
fed with immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole was
found to be 1.16+0.05, 2.05+0.07, 2.25+0.08, 1.26+0.05, 1.33+0.04, and 1.78+0.05x10%mm? respectively.

The total RBC count significantly varies between healthy and Aeromonas infected fish from all the treatment groups.
The p - values for the total RBC count between healthy and Aeromonas infected fish in the treatment groups of
control, vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.196, 0.0004, 0.001, 0.0006,
0.0005, and 0.0001 respectively. These results demonstrated that the tested immunostimulants significantly
increased the total RBC count in both healthy and Aeromonas infected fish when compared to the control
control-fed group.

3.5 Total WBC count

The mean total WBC count in the fish fed with different immunostimulant mixed feeds under normal and
Aeromonas infected conditions is shown in Table 23. From these results, it was observed that the mean WBC count
in all test groups varied significantly. The average total WBC count in healthy fish treated with different
immunostimulant-supplemented feeds ranged from 4077+0.93 to 7535+1.07 cells/mm?. In Aeromonas infected fish,
the total WBC count with different immunostimulant mixed feeds typically ranges from 4342+0.87 to 7757+1.06
cells/mm?.

Table 23 Total WBC count in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Mean Total WBC count (cells/mm?)

S. No. Experimental feed Healthy fish /éleromor;vlazssh infected F- value p — value
1 Control feed 4077+0.93 4342+0.87 12.94 0.0228%*
2 Vitamin C mixed feed 6855+0.86 7130+0.43 17.43 0.134Ns
3 Vitamin E mixed feed 7535+1.07 7757+1.06 6.5 0.063Ns
4 Chitin mixed feed 6613+0.74 6849+1.12 9.1 0.034*
5 Chitosan mixed feed 6322+0.84 6435+0.92 2.41 0.195N8
6 Levamisole mixed feed 7248+0.82 7373+0.95 2.97 0.156NS

NS —

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-value Not Significant
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The mean total WBC count in healthy fish fed with immunostimulant mixed feed such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole was found to be 4077+0.93, 6855+0.861, 7535+1.07, 6613+0.74,
6322+0.84, and 7248+0.82 cells/mm? respectively. As well as, the mean total WBC count in Aeromonas infected
fish fed with immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole
were found to be 4342+0.87, 7130+0.43, 7757+1.06, 6849+1.12, 6435+0.92, and 7373+0.95 x103/mm?>
respectively.

The total WBC count significantly varies between healthy and Aeromonas infected fish from all the treatment
groups. The p - values for the total WBC count content between healthy and Aeromonas infected fish in the
treatment groups of control, vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.0228, 0.134,
0.063, 0.034, 0.195, and 0.156 respectively. These results demonstrated that the chitin mixed feed significantly
increased the total WBC count content in both healthy and Aeromonas infected fish when compared to the control
control-fed group.

3.6 Differential leucocyte count

Differential blood counts of the fish fed with different immunostimulant mixed feeds under normal and
Aeromonas infected conditions were performed by counting the blood cells including eosinophils, basophils,
neutrophils, lymphocytes, and monocytes.

3.6.1 Eosinophils

The Table 24 shows the mean eosinophil count of healthy and Aeromonas infected Catla catla fish that were treated
with different immunostimulant mixed feeds. According to these results, it was observed that the average eosinophil
count in all test groups varied significantly. The average eosinophil count in healthy fish treated with different
immunostimulant-supplemented feeds ranged from 357+53.07 to 475+45.76 cells/mm?. In Aeromonas infected fish,
eosinophil count with different immunostimulant mixed feeds typically ranges from 369+50.21 to 543.66+52.51

cells/mm?.

Table 24 Eosinophil count in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Eosinophils (cells/mm?)

S. No. Experimental feed Healthy fish  Aeromonas infected fish F- value p- value
1 Control feed 475+45.76 543.66+52.51 2.86 0.166NS
2 Vitamin C mixed feed 412+49.31 408+44.65 0.01 0.925N8
3 Vitamin E mixed feed 357+53.07 369+50.21 0.09 0.779Ns
4 Chitin mixed feed 417+£53.02 454452.003 0.77 0.421N8
5 Chitosan mixed feed 430+47.12 466+46.36 0.91 0.394N8
6 Levamisole mixed feed 358+41.06 393+67.002 0.61 0.47N8

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-valueNS = Not
Significant

The mean eosinophil count in healthy fish fed with immunostimulant mixed feeds such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole was found to be 4754+45.76, 412+49.31, 357+£53.07, 417+53.02,
430+47.12, and 358441.06 cells/mm? respectively. As well as, the mean eosinophil count in Aeromonas infected
fish fed with immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole
was found to be 543.66+52.51, 408+44.65, 369+50.21, 454+52.003, 466+46.36, and 393+67.002 cells/mm?
respectively. The number of eosinophils significantly varies between healthy and Aeromonas infected fish from all
the treatment groups.

The p - values for the eosinophil count healthy and Aeromonas infected fish in the treatment groups of control,
vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.166, 0.925, 0.779, 0.421, 0.394, and
0.47 respectively. These results demonstrated that the tested immunostimulants decreased eosinophil count but not
significantly in both healthy and 4deromonas infected fish when compared to the control control-fed group.
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3.6.2 Basophils

The basophil counts in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas
infected conditions are shown in Table 25. Based on these findings, it was determined that there was no statistically
significant variation in the average basophil counts across the groups being tested. The average basophil counts in
healthy fish treated with different immunostimulants mixed feed ranged from 3849 to 4849 cells/mm?. In
Aeromonas infected fish, basophil counts with different immunostimulant mixed feeds typically ranged from
34+6.5 to 42.6+6.02 cells/mm?>.

The mean basophil counts in healthy fish fed with immunostimulant mixed feed such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole was found to be 38+9, 44.3+8.50, 48+9, 38+9.53, 43.3+11.06, and
46.33+8.50 cells/mm? respectively. As well as, the mean basophil counts in Aeromonas infected fish fed with
immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole was found to
be 34+6.5, 39+8, 42.66+6.02, 36.33+8.50, 39+8.54, and 42.66+11.5 cells/mm? respectively.

Table 25 Basophils count in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Basophils (cells/mm?)
S. No. Experimental feed Aeromonas F- value p- value
Healthy fish Infected fish
1 Control feed 38.0£9 34.0+£6.5 0.33 0.596NS
2 Vitamin C mixed feed 44 .3+8.50 39.0+8 0.63 0.47 N8
3 Vitamin E mixed feed 48.0+9 42.66+6.02 0.73 0.441NS
4 Chitin mixed feed 38.0+£9.53 36.33+8.50 0.05 0.834Ns
5 Chitosan mixed feed 43.3£11.06 39.0+8.54 0.29 0.618NS
6 Levamisole mixed feed 46.33+8.50 42.66+11.5 0.2 0.677NS

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-valueNS = Not Significant

The number of basophils insignificantly varies between healthy and Aeromonas infected fish from all the treatment
groups. The p - values for the basophil counts between healthy and Aeromonas infected fish in the treatment groups
of control, vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.596, 0.471, 0.441, 0.834,
0.618, and 0.677 respectively. These results demonstrated that the tested immunostimulants don’t exhibit a
significant impact on the basophil count in both healthy and Aeromonas infected fish when compared to the
control control-fed group.

3.6.3 Neutrophils

The Table 26 shows the mean neutrophil counts of healthy and Aeromonas infected Catla catla fish that were fed
with different immunostimulant-supplemented feeds. From these results, it was shown that the average neutrophils
count in all test groups varied significantly. The mean neutrophil counts in healthy fish treated with different
immunostimulants mixed feed ranged from 2650+0.525 to 3340+0.49 cells/mm?. Whereas, in Aeromonas infected
fish, neutrophil counts with different immunostimulant mixed feeds ranged between 5060+0.89 and 757040.62
cells/mm?.

Table 26 Neutrophil counts in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions.

Neutrophils (cells/mm?)

S. No. Experimental feed Healthy fish Aeromorziassh infected F- value p- value
1 Control feed 2650+0.525 5060+0.89 8.46 0.043*
2 Vitamin C mixed feed 2806+0.62 6890+0.77 51.11 0.0020%**
3 Vitamin E mixed feed 3340+0.49 7570+0.62 110.1 0.0005%***
4 Chitin mixed feed 3150+0.625 5640+0.525 28.04 0.0061**
5 Chitosan mixed feed 2860+0.576 6206+0.765 36.6 0.0037**
6 Levamisole mixed feed 2910+0.672 7100+1.030 37.79 0.0041**

NS —

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-value Not Significant
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The mean neutrophil counts in healthy fish fed with immunostimulant mixed feed such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole were found to be 2650+0.525, 2806+0.62, 3340+0.49, 3150+0.625,
2860+0.576, and 2910+0.672 cells/mm? respectively. As well as, the mean neutrophil number in Aeromonas
infected fish fed with immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and
levamisole were found to be 5060+0.89, 6890+0.77, 7570+0.62, 5640+0.525, 6206+0.765, and 7100+1.030
cells/mm? respectively.

The number of neutrophils significantly varies between healthy and Aeromonas infected fish from all the treatment
groups. The p - values of the neutrophil counts between healthy and 4eromonas infected fish in the treatment groups
of control, vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.043, 0.0020, 0.00046,
0.0061, 0.0037, and 0.0041 respectively. These results demonstrated that the tested immunostimulants
significantly increased the neutrophils content in both healthy and Aeromonas infected fish when compared to the
control.

3.6.4 Lymphocytes

The Table 27, presents the mean lymphocyte counts of healthy and Aeromonas-infected Catla catla fish that were
given various immunostimulant-mixed feeds, along with a control feed. Based on these findings, it was noted that
the average lymphocyte counts in all the test groups, with the exception of the chitosan mixed diet group, showed
significant variation. The mean lymphocyte counts in healthy fish that treated with different immunostimulant
mixed feeds ranged from 2531+0.79 to 3072+0.99 cells/mm?. Whereas, in Aeromonas-infected fish, the lymphocyte
counts varied between 2290+1.095 and 2740+1.270 cells/mm? with the use of different immunostimulant mixed
feeds.

Table 27 Lymphocyte counts in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Lymphocytes (cells/mm?)

S. No. Experimental feed Aeromonas F - value p —value
Healthy fish infected fish

1 Control feed 2531+0.79 2229+1.095 14.92 0.018*
2 Vitamin C mixed feed 2745+0.87 2459+1.046 13.3 0.021%*
3 Vitamin E mixed feed 3072+0.99 2740+1.270 12.7 0.023*
4 Chitin mixed feed 2629+0.92 2353+1.084 11.28 0.028%*
5 Chitosan mixed feed 2544+1.17 2360+1.06 4.03 0.115N8
6 Levamisole mixed feed 2850+0.89 2553+1.22 11.6 0.027*

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-valueNS = Not Significant

The average lymphocyte counts in healthy fish that were fed with different types of immunostimulant mixed feeds
including control, vitamin C, vitamin E, chitin, chitosan, and levamisole, were measured to be 2531+0.79,
2531+0.79, 3072+0.99, 2629+0.92, 2544+1.17, and 2850+0.89 cells/mm? respectively. As well as, the mean counts
of lymphocytes in Aeromonas infected fish that were fed with different types of immunostimulant mixed feeds
including control, vitamin C, vitamin E, chitin, chitosan, and levamisole were reported to be 2229+1.095,
2459+1.046, 2740+1.270, 2353+1.084, 2360+1.06, and 2553+1.22 cells/mm? respectively.

The number of lymphocytes shows considerable variation between healthy fish and those infected with Aeromonas
across all treatment groups. The p - values for the lymphocyte counts between healthy and Aeromonas infected fish
in the treatment groups of control, vitamin C, vitamin E, chitin, chitosan, and levamisole were 0.018, 0.021, 0.023,
0.028, 0.115, and 0.027 respectively. These results indicated that the tested immunostimulants had a substantial
effect on increasing significantly the number of lymphocytes in both healthy and Aeromonas infected fish when
compared to the control control-fed group.
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3.6.5 Monocytes

The average monocyte counts of healthy and Aeromonas infected Catla catla fish treated with various
immunostimulant mixed diets are shown in Table 28. According to these data, it was demonstrated that the average
monocyte count differed considerably across all test groups. The mean monocyte counts in healthy fish treated with
various immunostimulant mixed feeds ranged from 178+0.64 to 370+0.51 cells/mm?. Whereas, in
Aeromonas-infected fish, the monocyte counts varied between 462+0.56 and 685+0.77 cells/mm? with the use of
different immunostimulant mixed feeds.

Table 28 Monocyte counts in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila
infected conditions

Monocytes (cells/mm?)

S. No. Experimental feed Healthy fish Aeromonas infected fish F- value p-value
1 Control feed 178+0.64 462+0.56 32.53 0.0046**
2 Vitamin C mixed feed 287+0.62 654+0.61 52.88 0.0019**
3 Vitamin E mixed feed 3706+0.51 685+0.77 345 0.0041**
4 Chitin mixed feed 247+0.4007 547+0.625 48.75 0.0022%*
5 Chitosan mixed feed 261+0.45 556+0.62 41.14 0.0030%**
6 Levamisole mixed feed 274+0.66 492+0.72 14.85 0.018*

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-valueNS = Not Significant

The mean monocyte counts in healthy fish fed with immunostimulant mixed feed such as control, vitamin C,
vitamin E, chitin, chitosan, and levamisole were found to be 178+0.64, 287+0.62, 370+0.51, 247+0.4007,
261+0.45, and 27440.66 cells/mm? respectively. As well as, the mean monocyte counts in Aeromonas infected fish
fed with immunostimulant mixed feed such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole were
found to be 462+0.56, 654+0.61, 685+0.77, 547+0.625, 556+0.62, and 492+0.72 cells/mm? respectively.

The monocyte counts show significant variation between healthy fish and those infected with Aeromonas across all
treatment groups. The p - values for the monocyte counts between healthy and Aeromonas infected fish were
examined in the following treatment groups: control, vitamin C, vitamin E, chitin, chitosan, and levamisole. The p -
values for these groups were 0.0046, 0.0019, 0.0041, 0.0022, 0.0030, and 0.018, respectively. These results indicate
that the tested immunostimulants significantly enhance the monocyte count in both healthy and Aeromonas infected
fish, as compared to the control feed.

3.7 Erythrocyte sedimentation rate (ESR)

The Table 29 shows the mean ESR values of healthy and Aeromonas infected Catla catla fish which were treated
with different immunostimulant-supplemented feeds. From these results, it was observed that there was no
statistically significant variation in the average ESR across the groups being tested. The mean ESR values in healthy
fish treated with different immunostimulant mixed feeds ranged from 0.2740.13to 0.39+0.17 cm/hour. Whereas, in
Aeromonas infected fish, the ESR with different immunostimulant mixed feeds vary between 0.33+0.111 and
0.45+0.14 cm/hour.

Table 29 ESR in the fish fed with different immunostimulant mixed feeds under normal and Aeromonas hydrophila infected

conditions
ESR (cm/hour)
S. No. Experimental feed Healthy Aeromonas infected F- value p -value
Fish fish

1 Control feed 0.39+0.17 0.45+0.14 0.28 0.624NS
2 Vitamin C mixed feed 0.33+0.12 0.33+0.11 0.0 1.00N8
3 Vitamin E mixed feed 0.27+0.13 0.34+0.15 0.42 0.552N8
4 Chitin mixed feed 0.37+0.14 0.43+0.15 0.23 0.656N8
5 Chitosan mixed feed 0.35+0.14 0.39+0.17 0.13 0.736N8
6 Levamisole mixed feed 0.33+0.13 0.33+1.13 0.0 1.00NS

NS —

p-value* = Significant, p-value** = highly significant, p-value*** = extremely significant, p-value Not Significant
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The mean ESR values in healthy fish fed with immunostimulant mixed feed such as control, vitamin C, vitamin E,
chitin, chitosan, and levamisole were found to be 0.39+0.17, 0.33+0.12, 0.27+0.13, 0.37+0.14, 0.35+0.14, and
0.33+0.13 cm/hour respectively. As well as, the mean ESR in Aeromonas infected fish fed with immunostimulant
mixed feeds such as control, vitamin C, vitamin E, chitin, chitosan, and levamisole were found to be 0.45+0.14,
0.33£0.11, 0.34+0.15, 0.43+0.15, 0.39+0.17, and 0.33+1.13 cm/hour respectively.

In this study, the ESR insignificantly varies between healthy and Aeromonas infected fish from all the treatment
groups. The p - values for the ESR between healthy and Aeromonas infected fish in the treatment groups of control,
vitamin C, vitamin E, chitin, chitosan, and levamisole were measured as 0.624, 1.00, 0.552, 0.656, 0.736, and 1.00
respectively. These results demonstrated that the tested immunostimulants insignificantly increased the ESR in
both healthy and Aeromonas infected fish when compared to the control control-fed group.

4 Discussion

Aquaculture offers a sustainable source of cost-effective and nutritious protein for humans to consume, thus
enhancing human health. Regrettably, the occurrence of epidemics of diseases remains a substantial hindrance to the
attainment of profitable production through technological improvement. Researchers in the aquaculture field are
currently studying a number of biologically safe and environmentally acceptable substances that have the potential
to regulate the immune system, enhance growth performance, and prevent diseases in fish (Mansour et al., 2021).

In addition, they serve the purpose of safeguarding aquaculture organisms against many environmental factors such
as water pollution, low temperatures, and excessive population density (Refaey et al., 2022). Immunostimulants
positively affect growth rate efficiency and enhance the sustainability of aquaculture (Yossa et al., 2018).
Immunostimulants have significant value in maintaining fish diseases and can be beneficial in fish farming. Studies
have demonstrated the immunostimulatory properties of glucan, chitin, lactoferrin, and levamisole in fish and
crustaceans. Vitamin B and C, growth hormone, and prolactin are also known to have immunostimulatory effects.

Immunostimulants enhance the activity of natural killer cells, complement, lysozyme, and antibody reactions in fish.
The stimulation of these immune activities is linked to the enhanced defence against infectious pathogens (Sakai,
1999). Hence, the present research aims to assess the potential impacts of different immunostimulants on the growth
performance and morphometric parameters of the Catla catla. The growth performance of the fish in all groups of
treatment was evaluated by measuring the total biomass gain (TBG), weight gain (WG), and feed conversion ratio
(FCR).

The findings of this study showed that the inclusion of immunostimulant mixed feed resulted in a significant
increase in overall biomass gain compared to control. Based on these findings, vitamin E has superior
growth-promoting characteristics compared to the other immunostimulant diets. The research conducted by Aathi
et al. (2013), supports the argument that adding chitosan mixed fish feed can enhance the proximate value of
crude protein in Indian large carp, Labeo rohita. The observed outcomes can be attributed to the augmentation of
digestive enzymes, which aid in enhancing nutrition and facilitating the absorption of nutrients in the intestines.
Consequently, this leads to a rise in fish growth (Abdel-Tawwab et al., 2020).

The present study revealed a significant rise in the weight gain of fish that were fed with immunostimulant diet
compared to the control group after a period of 30 days. The FCR (Feed Conversion Ratio) of all the groups that
received treatment was greater than that of the control group. These results were in accordance with the
observations made by Abdelkhalek et al. (2008) and Awad et al. (2013) who found that nourishing sea bream with
Nigella sativa, or synthetic immunostimulants, over a period of 30 to 60 days led to a substantial rise in weight
gain and the rate of survival.

The findings of this study correlate with the research conducted by Rozi et al. (2018) who showed that including
chitosan in the diet resulted in a significant rise of 12.19+3.45 g in the relative weight growth of Oreochromis
niloticus. In another study, Sarker et al. (2023) found that the average weight gain of fish at the end of the
experiment was 6.88+0.046, 8.97+0.042, 5.94+0.036, and 4.65+0.051 in the treatment groups T1, T2, T3, and the
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control group respectively. Payung et al. (2017) reported that the addition of ginger to diets at concentrations
ranging from 1.0 to 8.5 g/kg resulted in growth promoting benefits in catla, nile tilapia, and rohu accordingly.
Similarly, Talpur et al. (2013) observed a notable increase in rate of development when rainbow trout were fed
with ginger containing feed.

Setijaningsih et al. (2021) examined the impact of various immunostimulants on the growth rate of Oreochromis
niloticus, and they found that treatment B resulted in the greatest size increase, with an increase in weight of
17.75+0.48 g, followed by treatment C with a weight gain of 15.91+£0.71 g, treatment D with a weight gain of
11.9240.21 g, and treatment A with a weight gain of 11.97+0.42 g accordingly. Purbomartono et al. (2021) found
that the weight gain of African catfish nourished with a diet containing 7.5 g/kg of ginger (T3) and diets containing
25,50, and 75 g/kg of turmeric were significantly different from the weight gain of fish nourished with the control
diet. The magnitude of weight gain is greater than the magnitude of length increase. The inherent biology of the fish
is one of the sources of this condition. Positive allometry refers to a growth pattern in which the rate of weight
increase is greater than the rate of length increase (Dewi et al., 2017).

The feed conversion ratio (FCR) represents the proportion of feed required to generate 1 kg of cultured fish flesh. A
lower feed conversion ratio indicates a more efficient transformation of feed into meat, whereas a higher ratio
suggests a less efficient conversion. The current findings indicate that there is substantial variation in the feed
conversion ratio across various immunostimulant diets in Catla catla fish. The feed conversion ratio is commonly
employed to assess the quality of the feed provided for fish development (Saputra et al., 2018). According to
Defrizal and Khalil (2015) the FCR variability is affected by factors such as feed quality, feed quantity, species type,
and fish size. Mudjiman (2011) stated that the FCR in fish typically ranges between 1.5 and 8. According to this
statement, it can be concluded that the FCR of most treatments in the current study is favourable as it is within an
acceptable range.

Furthermore, the present findings are consistent with the results reported by Khattabya et al. (2004) who showed
that the Biogen® diet led to an enhancement of consumption of feed, FCR, protein efficiency ratio, and other
metabolic parameters such as crude protein, solvent extract, ash, and moisture in fish. Novian et al. (2023) reported
that following a treatment period of 42 days, the feed conversion ratio ranged from 1.6 to 2.3. The treatment with the
highest FCR value is A, whereas the treatment with the lowest FCR value is C. The symbiotic supplementation of
2.5 g/kg and 5 g/kg resulted in a ratio of 2.3+0.3. Udo et al. (2018) stated that the inclusion of chitosan in the Clarias
gariepinus meal at the ideal dosage can enhance the survival rate of fish. The study conducted by Sarker et al. (2023)
observed that the average FCR of fish treatments T1, T2, T3, and the control were 1.35+0.009, 1.10+0.029,
1.56+0.010, and 1.56+0.022 respectively. In another study, Hassan et al. (2018) found that the FCR was
considerably improved in the treatment groups supplemented with turmeric, rosemary, and thyme compared to the
control group. Purbomartono et al. (2021) found that the FCR of African catfish fed with ginger and turmeric diets
was significantly different from the control group.

In addition, the FCR of'the turmeric diet and the ginger diet at a dosage of 75 g/kg exhibited the most optimal results.
The results of this study showed that these treatments influenced haematological responses associated with immune
status in Catla catla, thereby effectively enhancing metrics related to growth promotion. The fish fed with vitamin E
mixed feed had the most favourable outcomes, as evident by notable enhancements in the final body weight, weight
gain percentage, and FCR, in comparison to the fish that were fed with a control diet.

In the present study, it was found that a 30-day dietary supplementation of immunostimulants substantially
influences the body length, feed intake, feed conversion, and biomass in Catla catla. Vitamins are vital chemical
substances that play a crucial role in sustaining life, as they are necessary in small quantities for regular growth,
reproduction, and overall health (Gouda et al., 2020). L-ascorbic acid phosphate is a stable variant of vitamin C that
can be used in feed as a supplement and it plays several important functions including immunostimulant and free
radical scavenger.
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Multiple research studies such as Abdel Rahman et al. (2020) and Liua et al. (2018) have found that adding vitamin
C to fish feed can improve both developmental and immunological responses. Ibrahim et al. (2020) found that the
final body weight, total weight gain, daily weight gain, and specific growth rate in Nile tilapia showed an
exponential rise in the three experimental groups that received vitamin C supplementation when compared with the
control group that did not receive vitamin C supplementation. However, the differences in feed intake, FCR, and
PER across the experimental groups were not statistically significant.

Similarly, Xu et al. (2022) found that maintaining an appropriate quantity of vitamin C in the diet significantly
enhanced the growth performance of Coho salmon post-smolts. But the amounts of dietary vitamin C didn’t have
any major effect on the ability to survive Coho salmon post-smolts. In addition, the specific growth rate of fish
enhanced but the FCR dropped when they were fed with varying concentrations of vitamin C supplemented diets.
The variables HIS, VSI, and CF did not have any substantial impact when exposed to varying doses of vitamin C.
Padua et al. (2015) demonstrated that feeding O. niloticus with Aqute Fish™® supplemented diets had a greater
survival rate; however, there was no difference in weight gain or specific growth rate. In contrast to the current
findings, previous research conducted by Simic and Karel (1980) and Gao et al. (2012) found that the
consumption of dietary vitamin C led to a reduction in feed intake and slower growth in fish. This was attributed
to the alteration of the diet flavour and odour resulting from the deterioration of dietary lipids.

The vitamin C requirements of fish are influenced by several factors such as age, size, species, and conditions of
rearing (Dawood and Koshio, 2016). Research on the vitamin C supplemented feed specifications for several fish
species indicates that fish require 20~50 mg/kg of feed to meet their demands (NRC, 2011). In the current study,
the addition of vitamin C to the diet of Catla catla resulted in a considerable enhancement in their growth
performance compared to the control group. This may be caused by the vitamin C induced overexpression of
growth hormone levels, improved intestinal health, and improved fish gut absorptive surface (Abdel Rahman et al.,
2018). Faramarzi (2012) stated that the greater rate of development and weight gain seen in Nile tilapia when
given vitamin C supplements can be attributed to the acceleration of protein synthesis.

Vitamin E refers to a group of eight naturally occurring lipophilic substances. The most biologically active form
of vitamin E is a-tocopherol, which has an important role in normal metabolic functioning and biological
processes (Combs and McClung, 2017). Fish are unable to produce all the biologically functional kinds of vitamin
E on their own and therefore need external sources in their diet to obtain it (Peng and Gatlin, 2009). Inadequate
diets that lack vitamin E can result in stunted growth, poor production of RBC, muscular weakness, darker skin,
exudative diathesis, skin depigmentation, liver fat deterioration, and mortality (NRC, 2011).

Multiple research studies including Lu et al. (2016) and Bae et al. (2013) have documented that the application of
dietary vitamin E supplementation improves the growth performance of fish. The present study demonstrates that
the addition of vitamin E to the diet for a period of 30 days leads to a substantial enhancement in body growth and
biomass. The results of this study agree with the findings of Taveekijakarn et al. (1996) who observed that a
certain dosage of vitamin E stimulated the growth of aquatic animals. Similarly, He et al. (2017) found that catfish
fed with a vitamin E supplemented diet significantly increased growth parameters such as mean weight gain, daily
mean growth, and PER compared to those fed with the control diet. Furthermore, the greatest results were
observed in fish receiving a diet supplemented with 100 mg/kg of vitamin E.

Saheli et al. (2021) reported that raising the dietary vitamin E concentration had a significant positive effect on the
weight gain rate, specific growth rate, and protein efficacy ratio in Caspian trout. The greatest values were
observed in Caspian trout fed with a diet supplemented with 78.8 mg/kg of vitamin E. In contrast, the FCR
showed a linear and exponential reduction as the vitamin E concentration increased. The lowest FCR value was
observed in fish that were fed a diet supplemented with 78.8 mg/kg of vitamin E. Rohani et al. (2023) found that
adding vitamin E to the fish diet significantly increased their growth indices including weight gain and specific
growth rate, when compared to fish fed with a control diet. In the same manner, feed utilisation markers such as
FCR and PER were considerably increased without any noticeable differences in the control group.
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James et al. (2008) reported that vitamin E has a considerable impact on the eating, growth, reproduction, and
leukocyte count of C. auratus. Furthermore, they noted that fish fed a diet containing 300 mg of vitamin E per kg
exhibited superior growth, gonad weight, gonadosomatic index, egg production, egg size, and hatching rate.
Mehrad et al. (2012) found a notable disparity in body weight increase among zebrafish that were fed with a
supplemental diet containing 500 and 1000 mg/kg of vitamin E, in comparison with the other groups. Additionally,
the fish that were fed with a diet containing 1000 mg/kg of vitamin E exhibited the highest BWG. According to
Wassef et al. (2001) the inclusion of vitamin E in the diet of aquatic organisms inhibits the oxidative degradation of
unsaturated fatty acids in their diets and tissues. This assists in maintaining a typical metabolism and leads to
increased survival rate, weight gain, and feed efficiency in these animals. Furthermore, He et al. (2017) found that
vitamin E had a substantial impact on the development of the gut in fish. It was achieved by strengthening the
structure of the intestinal wrinkles and increasing the thickness of the mucosal membrane. Since, the digestive and
absorptive abilities of fish were enhanced, leading to improved growth. The findings of this study demonstrate that
incorporating vitamin E into the diet is crucial for enhancing the survival rate and promoting the growth of Catla
catla.

Chitin is the second most commonly found polysaccharide, following cellulose, and it makes up a significant
portion of the exoskeleton structure of crustaceans (Boric et al., 2020). Chitin and its derived compounds possess
several applications attributed to their biocompatibility (Barikani et al., 2014), biodegradability (Zhu et al., 2019),
antibacterial and antioxidative characteristics (Ahmad et al, 2020). Danulat (1987) reported that the
gastrointestinal system of Gadus morhua can digest up to 90% of chitin. Additionally, it has chitinase activity
throughout its gastrointestinal system. In addition, Fines and Holt (2010) discovered that young Rachycentron
canadum possess chitinolytic activity in their gastrointestinal system.

In this study, the addition of chitin to the diet over a period of 30 days leads to an increase in overall body weight.
These outcomes are clearly evident as Kono et al. (1987) found that adding chitin to the diet of different kinds of
fish such as yellowtail, sea bream, and Japanese eel, resulted in an increased growth rate and improved feed
effectiveness. Shiau and Yu (1999) reported that the growth performance and digestibility of diet ingredients in
hybrid tilapia fingerlings decrease as the amount of additional chitin in their diet increases. Elserafy et al. (2021)
observed that the addition of chitin to the base diet of Nile tilapia at concentrations of 2 and 5% did not exhibit a
significant improvement in growth performance when compared to the control group.

Chitosan is a biopolymer composed of glucosamine and N-acetylglucosamine that is obtained from the chitin found
in the exoskeletons of crustaceans like crabs, lobsters, prawns, and krill, as well as the cell walls of fungi (El-Naggar
etal., 2021). The addition of chitosan has a beneficial impact on the growth of fish, and additionally, on the structure
and function of the intestines and the process of nutrient digestion and absorption. Abdel-Ghany and Salem (2019)
and Magsood et al. (2010) found that adding 2% chitosan to the diet of common carp can decrease fish mortality and
improve their ability to grow.

Similarly, Salam et al. (2021) found that the chitosan supplemented feed at a dose of 1 g/kg increased body weight
gain at days 15, 30, 45, and 60 after the treatment in juvenile Barbonymus gonionotus. Zaki et al. (2015) observed
that the mean percentage of feed body weight and specific growth rate per day were significantly greater in the three
groups of Dicentrarchus labrax that received a diet supplemented with 1 g chitosan per kg diet. The findings of
Zhao et al. (2022) have substantiated that chitosan has the ability to inhibit the digestion of Dp-Ca (peptide-calcium
chelate) in the stomach. This, in turn, leads to an increased amount of calcium being introduced into the intestine,
thereby facilitating the absorption of calcium.

Levamisole, a synthetic compound belonging to the phenylimidazolthiazole class, is currently widely employed in
human as well as animal medicine as an antihelminthic drug (Janssen, 1976). Levamisole was originally used in fish
to augment the innate immune response (Baba et al., 1993) and used as an adjuvant in combination with a vaccine
(Jeney and Anderson, 1993). Magsood et al. (2009) found that adding 250 mg of levamisole per kg of feed
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considerably improved the specific growth rate of Cyprinus caprio compared to fish that were fed a control diet.
They also observed that the levamisole supplementation enhanced the FCR.

Siwicki and Korwin-Kossakowski (1988) demonstrated that levamisole enhances the growth of Cyprinus caprio
larvae while having no impact on their survival or developmental pace. Mulero et al. 91988) found that Sparus
aurata fish that received levamisole exhibited greater size and weight at the end of the trail when compared to the
control group. Alvarez Pellitero et al. (2006) reported that Scophthalmus maximus treated with the 500 mg/kg
supplemented levamisole diet exhibited a greater specific growth rate compared to the control group. Similarly, Niki
et al. (1991) demonstrated that levamisole has a substantial impact on the specific growth rate of fish, resulting in a
significant rise when compared with the control group. Bhatnagar and Lamba (2016) reported a statistically
significant increase in the growth and feed efficiency of C. mrigala after 60 days of ingesting a diet with varying
concentrations of levamisole. The results of this study indicate that adding levamisole to the diet of Catla catla
significantly improves their innate immune response, boosts their resistance to disease, reduces mortality, and
promotes fish growth.

Haematology is the branch of science that focuses on the examination of the fundamental elements including blood
cells, and the identification of anomalies in the normal functioning of these cells. Pathology intricately connects
with haematology to assess the physical condition of fish, determining whether they are in a state of health or
disease. The composition of the blood will undergo alterations, particularly if it becomes contaminated. Alterations
in the fish’s physiology are indicated by variations in the blood composition, including measurements of
haematocrit levels, haemoglobin levels, and blood cell counts.

Esepelid et al. (1987) assert that alterations in the blood composition of fish can serve as reliable markers for both
infection and stress-related circumstances. Hence, blood measures play a vital role in assessing the nutritional
adequacy, level of substances, and potential harm to the circulatory system in aquatic animals (Dash et al., 2015).
Immunostimulants are critical in enhancing aquatic organisms’ growth productivity by increasing their ability for
feed digestion, utilisation, and haematological, as well as Immunological responses (Ringo et al., 2012).

Therefore, the objective of this study was to investigate the impact of several immunostimulants on the
haematological parameters of Catla catla in both normal and Aeromonas infected conditions. The blood parameters
were measured by assessing the concentration of haemoglobin, total RBC count, total WBC count, differential
count, and erythrocyte sedimentation ratio. Ramesh et al. (2015) found that the haematological parameters were
enhanced during the experiment due to the influence of feed additives.

Haemoglobin consists of polypeptide chains, referred to as globins, each of which contains a prosthetic group called
heme. Globins are present in all organisms and tissues, displaying a wide range of quaternary structures and multiple
functions in addition to transporting and storing oxygen, as demonstrated by cytoglobins and neuroglobins (Fago et
al., 2004). Haemoglobin, found in red blood cells, enable the solubility of large amounts of gas and carry it to the
tissues. Within the tissues, oxygen acts as the final recipient of electrons produced by oxidative catabolic reactions
(Giardina et al., 2004).

Haemoglobin primarily serves the purpose of transporting oxygen from the gas-exchange organs to the peripheral
tissues. Depending on the partial pressure of the gas, it must have the capacity to both firmly bind oxygen and
release it when needed (Perutz, 1978). Riggs (1976) observed that haemoglobin appears to adapt to the diverse
metabolic requirements of animals and the consistent fluctuations in their environment. According to Landini et al.
(2002) haemoglobin play a crucial role in fish adaptation by serving as a connection between the organism and its
surroundings. Fish, in comparison to terrestrial species, encounter a highly fluctuating environment with frequent
changes in oxygen levels, both in terms of time and space.

Multiple studies have documented alterations in haemoglobin levels in fish in response to varying environmental
conditions. For instance, Bastiawan et al. (1995) documented that stress in fish resulted in alterations in various
blood parameters such as haemoglobin, hematocrit, RBC and WBC count. There is a noticeable rise in haemoglobin
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and hematocrit levels in Nile tilapia, O. niloticus, when they are fed with Bacillus amyloliquefaciens supplemented
feed (Reda and Selim, 2015). Similarly, Kumar et al. (2008) reported an increase in WBC count in Labeo rohita
when fed with Bacillus subtilis supplemented diets.

In the present study, the mean haemoglobin concentration in healthy fish fed with various immunostimulant
supplemented diets varied between 6.86+0.37 and 14.61+£0.35 gm/dL. The haemoglobin concentrations in fish
infected with Aeromonas and fed with different immunostimulant mixed feeds ranged from 5.99+0.66 to
13.04+0.19 gm/dL. These results demonstrated that the fish fed with immunostimulant mixed feed exhibited
significantly greater haemoglobin content in both healthy and Aeromonas infected fish when compared to fish fed
with control feed.

Furthermore, the vitamin E mixed feeds induce greater haemoglobin content in both normal and Aeromonas
infected conditions than the other immunostimulants. The current results are consistent with the findings of Wu et
al. (2013) who reported that the haemoglobin percentage was elevated (p >0.05) in the C0.5 group on days 28 and
42 and in the C1.0 group on days 14, 28, and 42 when compared to the control with the treatment of Coriolus
versicolor polysaccharides in all gynogenetic crucian carp.

The present study found that healthy fish treated with immunostimulant mixed feeds had an average total RBC
count ranging from 1.24+0.08 to 2.85+2.09 x10%/mm?>. Aeromonas infected fish had a total RBC count ranging from
1.1620.05 to 2.25+0.08 x10%mm? when fed immunostimulant mixed diets. The current findings showed that fish
fed with immunostimulant mixed feed had considerably higher RBC counts in both healthy and Aeromonas infected
fish as compared to fish given control feed.

Furthermore, vitamin E mixed feed significantly enhances the RBC count in both normal and Aeromonas infected
fish. Ahmad (1982) reported that the reference fish had a mean RBC count of 2.2 x10° cells/mm? of blood. The
current findings are consistent with those of Zhou et al. (2012) who found a considerably greater RBC number in
Rachycentron canadum fed with vitamin-C supplemented feed. Similarly, Burrells et al. (2001) found enhanced
RBC number in Atlantic salmon fed with a nucleotide supplemented diet; however, the difference was not
statistically significant. These findings suggest that the ingredients of the experimental feed might have an influence
on haematocrit levels.

In accordance with the present study, Rairakhwada et al. (2007) found that channel catfish fed with -1,3/1,6 glucan
had a higher RBC count. Muahiddah and Diamahesa (2023) found that prechallenged Cyprinus carpio had a
maximum RBC count of 2.63+0.034 x10° cells/mm? when treated with 25 g of Euphorbia hirta leaf extract per Kg.
Following infection with the pathogen, a maximal RBC count of 1.93+0.012 x10° cells/mm? was observed on the 5%
day with 25 g of E. hirta leaf extract per Kg and 50, 20, 10, and 5 g leaf extracts.

In contrast to the current findings, Kumar et al. (2006) discovered that supplanting with dietary starch fails to
improve RBC count or haemoglobin concentration. Furthermore, Aeromonas infected fish had significantly fewer
RBC than control fish. Pulungan et al. (2022) stated that hemolysin produced by the 4. hydrophila bacterium can
cause red blood cell lysis.

The total white blood cell count provides insight into the immunological condition of the fish, as WBC are the
primary constituents of the immune system. Leukocytes, often known as blood cells, are responsible for targeting
and destroying infections by engulfing them through a process called phagocytosis. The application of
immunostimulants in the diet resulted in a rise in the total number of leukocytes, indicting an enhancement of
cellular defence mechanisms.

According to Zainun (2007) leukocytes are a kind of blood cells that serve as non-specific defences by localising
and eliminating infections. The reduction in leukocyte count following an infection is due to the migration of active
leukocytes from blood vessels into the diseased tissue. The study conducted by Nuryati et al. (2010) demonstrates
the ability of fish to identify and remember various types of infections that invade their bodies.
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Kresno (2001) stated that an elevated leukocyte count suggests that the fish’s immune system is reacting to the
existence of foreign substances in the body. An elevation in leukocyte count indicates the effectiveness of the fish’s
immune system in generating a cellular and immunological response as a stimulus for an immune reaction.
Suprayudi et al. (2006) suggested that fish enhance their ability to survive by augmenting the quantity of leukocytes,
which serve as defensive cells. Sudiono (2014) reported that administering immunostimulants orally leads to a rise
in the total WBC count. This reaction suggests that immunostimulants encourage fish to enhance their immune
system by raising the quantity of leukocytes, which are involved in non-specific defensive mechanisms.

In the present study, the mean total WBC count in healthy fish treated with different
immunostimulant-supplemented feeds ranged from 4077+0.93 to 7535+1.07 cells/mm?®. In Aeromonas infected fish,
the total WBC count with different immunostimulant mixed feeds ranges from 4342+0.87 to 7757+1.06 cells/mm?.
These results demonstrated that the activities of leukocytes have decreased against bacterial infection significantly,
when they were fed with different immunostimulant mixed feeds in compared to simple infection, which signifies
the immunostimulatory activity of immunostimulants.

In addition, the vitamin E mixed feeds considerably enhance the white blood cell count in both healthy and
Aeromonas-infected fish compared to other tested immunostimulants. The current results evident with the findings
of Anderson and Jeney (1992) who observed that the injection of QAC resulted in an increase in the total WBC
counts. Similarly, Harikrishnan et al. (2003) observed that elevated WBC counts in C. carpio following
administration of Azardicha indica extracts. Lin et al. (2011) found that koi fish given -1,3-glucan had noticeable
increased peripheral leukocyte counts. Similarly, Sahoo and Mukherjee (2001) reported considerably higher
leukocyte counts in Labeo rohita after administering p-1,3-glucan orally.

Furthermore, Sanchez-Martinez et al. (2017) found that a feed enriched with -1,3/1,6-glucan led to a considerable
increase in the number of leukocytes in Ictalurus punctatus. In their study, Selvaraj et al. (2005) found that the
leukocyte counts in Cyprinus carpio remained unchanged when they were given yeast-derived B-glucan orally or by
bath therapy. Indriani et al. (2020) reported that the total number of leukocytes in treatments A and B showed a
greater rise compared to treatment C after receiving an immunostimulant till day 14. The post-day test challenge
revealed a reduction in the overall number of leukocytes in all treatment groups of catfish when exposed to
Aeromonas hydrophila.

The proportion of various cell types among the white blood cells is also a significant measure since it provides
insight into the activation of the leukocytes (Fernandez et al., 2002). Leucocytes in vertebrates are classified based
on their physical characteristics. This categorization allows for the identification of several types of cells, including
eosinophils, basophils, lymphocytes, monocytes, and neutrophils (Ellis, 1977).

Granulocytes consist of three types of cells: eosinophils, basophils, and neutrophils. Granulocytes exhibit a response
when foreign substances enter the body, although they do so without specifically recognising antigens. When an
invasion occurs in tissues, these cells move and eliminate foreign particles either by phagocytosis or by destroying
them through a cytotoxic reaction (Fernandez et al., 2002).

Lymphocytes possess a high metabolic capacity as a result of their many organelles in the cytoplasm, including the
golgi apparatus, mitochondria, ribosomes, and endoplasmic reticulum. Lymphocytes are further categorised into B
lymphocytes and T lymphocytes based on their maturation locations in the bone marrow and thymus, respectively.
T cells are important for cell-mediated immunity and also aid B lymphocytes, which are accountable for producing
antibodies against antigens (Ronald, 2001). Lymphocytes primarily serve to generate antibodies, establish
immunological memory, and release regulatory substances known as lymphokines when subjected to the humoral
and cell-specific immune systems (Campbell and Murru, 1990). Macrophages are crucial to the body's defence since
they play a vital role in eliminating infections. Fernandez et al. (2002) established that macrophages, the primary
phagocytic cells in fish, eliminate infections by two mechanisms: the release of harmful chemicals and phagocytosis.
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In the present study, the differential blood counts of the fish fed with different immunostimulant mixed feeds
under normal and Aeromonas infected conditions were performed by counting the blood cells including
eosinophils, basophils, neutrophils, lymphocytes, and monocytes. The results of differential counts demonstrated
that the average eosinophil, basophil, and neutrophil count in healthy fish treated with different
immunostimulant-supplemented feeds ranged from 357+53.07 to 475+45.76 cells/mm?, 38+9 to 48+9 cells/mm’,
and 2650+0.525 to 3340+0.49 cells/mm? respectively.

Whereas, in Aeromonas infected fish, eosinophil, basophil, and neutrophil count with different immunostimulant
mixed feeds varied between 369+50.21 to 543.66+52.51 cells/mm?, 34+6.5 to 42.6+6.02 cells/mm?, and 5060+0.89
and 7570+0.62 cells/mm? respectively. The results of eosinophil counts indicated that the tested immunostimulants
significantly increased eosinophil count in both healthy and Aeromonas infected fish when compared to the
control. While, the results of basophil counts indicated that the tested immunostimulants don’t exhibit a
significant impact on the basophil count in both healthy and Aeromonas infected fish when compared to the
control.

Furthermore, the results of neutrophil counts demonstrated that the tested immunostimulants significantly
decrease the neutrophils content in both healthy and Aeromonas infected fish when compared to the control. The
results of mean lymphocyte count in healthy fish that treated with different immunostimulant mixed feeds ranged
from 2531+0.79 to 3072+0.99 cells/mm?3. Whereas, in Aeromonas-infected fish, the lymphocyte counts varied
between 2290+1.095 and 2740+1.270 cells/mm? with the use of different immunostimulant mixed feeds. While, the
mean monocyte counts in healthy fish treated with various immunostimulant mixed feeds ranged from 178+0.64 to
370+0.51 cells/mm?. Whereas, in Aeromonas-infected fish, the monocyte counts varied between 462+0.56 and
685+0.77 cells/mm? with the use of different immunostimulant mixed feeds. These results of lymphocyte and
monocyte counts indicated that the tested immunostimulants had a substantial effect on increasing the number of
lymphocytes and decreasing number of neutrophils in both healthy and Aeromonas infected fish, as compared to the
control group.

The current findings are consistent with the prior research conducted by Selvaraj et al. (2005) which demonstrated
that intraperitoneal administration of B-glucan led to a considerable rise in the number of peripheral neutrophils and
monocytes in a manner that appeared to be dependent on the dosage. Additionally, Chin and Woo (2005) found that
Atlantic salmon had lymphocytes comprising 66.4~75.1% of their blood cells, granulocytes making up 1.6~3.6%,
monocytes accounting for 0.19~1.1%, and thrombocytes constituting 20.1~31.9%. Hardie et al. (1991) observed
that lymphocytes accounted for 68.0 ~80.3% of the total count, thrombocytes accounted for 16.8~23.3%,
neutrophils accounted for 2.0~7.5%, and monocytes accounted for 1.0~2.8%. Hardie et al. (1991) reported that the
percentage of lymphocytes ranged from 59.7% to 65.9%, thrombocytes ranged from 30.3% to 39.1%, neutrophils
ranged from 2.1% to 2.6%, and monocytes ranged from 0.9% to 1.4%.

Contrary to the current study, Wojtaszek et al. (2002) found that administering cortisol resulted in a decrease in the
number of circulating lymphocytes and eosinophils, but the number of neutrophils increased. Narnaware and Baker
(1996) observed a decrease in lymphocytes and thrombocytes in the bloodstream, along with an increase in
neutrophils and monocytes, in rainbow trout under stress. Ellsaesser and Clem (1987) discovered a decrease in
lymphocyte count that was associated with an increase in neutrophils following the administration of physiological
quantities of cortisol to channel catfish. While comparing the current data to earlier reports, it is evident that there is
a relatively large number of lymphocytes, but the fraction of neutrophils is lower than the expected range. The
change in the erythrocyte sedimentation rate has been attributed to components present in both the plasma and red
blood cells (Al-Homrany, 2002). An elevated ESR level signifies a rise in the formation of erythrocyte rouleaux,
which can be harmful to red blood cells as they pass through the microcirculation (Qian et al., 2002).

In the present study, the mean ESR values in healthy fish treated with different immunostimulant mixed feeds
ranged from 0.27+0.13 to 0.39+0.17 cm/hour. Whereas, in Aeromonas-infected fish, the ESR with various
immunostimulant mixed feeds ranges from 0.33+0.111 to 0.45%0.14 cm/hour. The results indicated that the
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immunostimulants examined did not have a significant effect on the ESR in both healthy and Aeromonas infected
fish, as compared to the control group. The present results align with the findings of Harkal et al. (2011) who
observed arise in ESR from 7.25 mm/h to 8.10 mm/hr over a period of 24 to 96 hours respectively, in presence of a
15-ppm concentration of aqueous garlic extract. Similarly, they noted an increase in ESR from 7.80 mm/h to 9.11
mm/h over the same time frame.

Moreover, it has been indicated that an elevation in ESR might be attributed to an augmentation in the level of
fibrinogen, resulting in fibrinogenemia, which can be caused by exposure to garlic or by chemical compounds such
as sulphur. Similarly, Wu et al. (2013) found that the erythrocyte sedimentation rate reduced in the groups receiving
dosages of 0.5 and 1.0 g/kg. In the groups receiving dosages of 2.0 and 4.0 g/kg, the ESR reduced from days 0 to 14,
but rise from days 28 to 56. Malla et al. (2009) and Kumar & Benerjee (1990) have documented an elevation in ESR
in Channa punctatus and Clarias batrachus following a seven-day exposure to chlorpyrifos.

5 Conclusion

It is concluded that the infected fish fed with all the five selected immunostimulant mixed feed exhibited lower
lengths than the normal fish fed with immunostimulant diets. Among all the tested feeds, Aeromonas- infected fish
fed with vitamin C mixed feed exhibited greater body length gain. The tested immunostimulants significantly
enhance the Hemoglobin percentage, as well as RBC, WBC, neutrophils, lymphocytes, and monocyte count;
decrease the eosinophil count and not shown a significant impact on the basophils count and ESR in both healthy
and Aeromonas infected fish when compared to the control feed administered group. Thus, among the above
selected immunostimulants, Vitamin C and Vitamin E have shown better impact on the morphometry and
haematology of Cata catla fish under Aeromonas hydrophila infected conditions and restored all the above
parameters as in healthy fish.
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  Total biomass gain (Kg/  m 3 ) =    Final biomass-Initial biomass  Water volume (  m 3 )


  Weight gain(g) = Final weight   ( g ) -Initial weight(g)


  Weight gain(g) = Final weight   ( g ) -Initial weight(g)


  Feed Conversion Ratio =    Consumed feed (g)  Weight gain (g)


  Feed Conversion Ratio =    Consumed feed (g)  Weight gain (g)


  Total RBC count =   Number of cells counted   ( N ) ×Dilution factor  Area ×Depth


  Total WBC count=   Number of cells counted   ( N ) ×Dilution factor  Area ×Depth


  Total WBC count=   Number of cells counted   ( N ) ×Dilution factor  Area ×Depth

