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ABSTRACT
Background: Pomegranate (Punica granatum), fruit rich in bioactive constituents, is used as a feed supplement 
against bacterial pathogens in aquaculture.
Aim: This study examined the effects of supplementing the diet of the common carp (Cyprino carpio) infected with 
Aeromonas veronii on growth and some hematological, biochemical, and immunological health indicators.
Methods: Carp was fed for 7 weeks a diet of 30% crude protein and 7% crude fat, supplemented with 0, 0.5, 1.0, or 
1.5% pomegranate peel, and growth was monitored. Hematological, biochemical, and immunological analyses were 
performed, including liver and antioxidant enzymes. 
Results: Bacteria from infected fish were identified by biochemical characteristics as A. veronii. Growth indicators 
(final body weight, weight gain, and specific growth rate), and feed utilization (relative growth rate and protein 
efficiency ratio) improved significantly in fish fed on 0.5% or 1.0% pomegranate-supplemented diets compared with 
the negative control (0%). red blood corpuscles, white blood cells, and Hct increased at all supplementation levels, 
and the highest hemoglobin was in the 1.5% group. Biochemical parameters, except globulin, decreased in fish-
fed supplemented diets. No significant differences were observed in total protein and albumin levels. There was a 
significant improvement in immunological parameters and antioxidant enzymes.
Conclusion: Dietary supplementation with pomegranate peel is a promising strategy for enhancing C. carpio’s health 
in the presence of A.veronii. Further work is necessary to determine the optimal supplementation level and its long-
term effects. 
Keywords: Pomegranate peel, Aquaculture, P. granatum, C. carpio, A. veronii. 

Introduction
Cyprinus carpio, commonly referred to as the common 
carp, is a globally important species in freshwater 
aquaculture. The Food and Agriculture Organization 
of the United Nations has documented that the 
worldwide cultivation of common carp exceeds 4.1 
million metric tons annually, about 7.7% of the total 
global output from freshwater aquaculture operations 
(FAO, 2020; Chang et al., 2023). Intensive aquaculture 
practices have inadvertently amplified environmental 
stressors, thereby heightening the vulnerability of 
aquatic organisms to a range of pathogens, including 
viruses, bacteria, fungi, and parasites. Consequently, 
the incidence of infectious diseases among aquaculture 
species has increased (Nishida et al., 2018). To ensure 
the long-term viability of aquaculture in the face of 
production intensification, it is crucial to adopt strategies 

such as rigorous pathogen control, robust biosecurity 
protocols, and selective breeding for desirable traits 
(Abdelrahman et  al., 2017; FAO, 2022). Intensified 
aquaculture practices can introduce management 
shortcomings that subject fish to a cascade of stressors 
(Balasch and Tort, 2019). These stressors include 
overcrowding, poor water quality, dietary deficiencies, 
nutritional imbalances, and physical disruptions 
during sorting and transport (Braun et  al., 2010; 
Chen et al., 2022). Consequently, these compromised 
environmental and nutritional conditions negatively 
affect fish health and increase their susceptibility to 
disease outbreaks (Urbinati et al., 2020). 
For decades, aquaculture has relied on the use of 
diverse chemoprophylactic agents such as antibiotics, 
hormones, vitamins, and therapeutic chemicals to 
mitigate stressors and maintain production efficiency 
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(Boyd and Massaut, 1999). With the support of 
sustainable practices by the World Health Organization, 
researchers are now exploring natural food 
alternatives, such as edible plants. These alternatives 
offer advantages in cost-effectiveness, safety, and 
the potential to promote growth and immunity in 
aquaculture (Harikrishnan et  al., 2011; Toutou et  al., 
2019). Food additives in the form of oil or powdered 
extract can be incorporated in the aquafeeds (Dawood 
et al., 2018; Abdel-Latif et al., 2020). 
In the food and agricultural industries, a large amount 
of waste is generated, such as peels and seeds, which 
should be recycled without causing environmental 
hazards (RedCorn et al., 2018, Ghasemi et al., 2023). 
Punica granatum (pomegranate) is a plant with a well-
documented history of therapeutic applications (Akhtar 
et al., 2015). Pomegranate peel represents about 35% 
of the fruit’s total weight (Ain et al., 2023) and is rich in 
bioactive compounds with antioxidant, antimicrobial, 
anti-inflammatory, and anti-carcinogenic properties, 
including anthocyanidins, hydroxybenzoic acids, 
hydrolysable tannins, and flavonoids (Al-Zoreky, 2009; 
Dahham et al., 2010; Rongai et al., 2015), as well as 
strong antimicrobial activity against Gram-positive 
bacteria (Radan et al., 2024). Due to its antimicrobial 
and antioxidant properties, pomegranate peel extract 
(PPE) has been added to minced poultry and rabbit 
meat (Forgione et  al., 2024), as well as thornback 
ray (Raja clavata) sausages (Caglak et  al., 2024), 
where it preserves lipid oxidation and maintains pH 
levels (Ghasemi et al., 2023). Moreover, P. granatum 
contains polyphenol compounds, such as ellagitannins, 
ellagic acid, and gallagic acid, which possess potent 
free radical scavenging activity (Akhtar et  al., 2015; 
Vora et al., 2015). 
The main bacterial diseases in fish farming 
include Vibrosis, Aeromonasis, Edwardsiellosis, 
Pseudomonasis, Flavobacteriosis, Mycobacteriosis, 
Streptococcosis, and Renibacteriosis, along with 
anaerobic bacteria such as Clostridium botulinum 
and Enterobacterium catenabacterium (Sahoo 
et  al., 2020; Muniesa et  al., 2020). The genus 
Aeromonasis comprises an array of Gram-negative, 
motile, anaerobic bacilli, which are ubiquitous in all 
aquatic environments and common in freshwater. 
Several Aeromonas species, including Aeromonas 
hydrophila, Aeromonas salmonicida, Aeromonas 
caviae, Aeromonas sobria, Aeromonas veronii, and 
Aeromonas jandaei, have caused severe morbidity 
and mortality in various fish populations (Medina-
Morillo et al., 2023). Aeromonasis is the most common 
bacterial disease throughout the year in silver carp 
(Hypophthalmichthys molitrix) (Ali et al., 2014), grass 
carp (Ctenopharyngodon Idella) (Song et  al., 2014), 
Indian carp (Labeo rohita) (Behera et al., 2023), and 
common carp (C. carpio) (Chang et al., 2023).
Some studies have suggested that PPE can enhance 
growth and combat various bacterial and viral diseases 

in aquaculture. For instance, Harikrishnan et al. (2012) 
observed the protective effect of PPE against the marine 
protozoan Philasterides dicentrarchi in olive flounder, 
while Acar et  al. (2018) reported its effectiveness 
against the Gram-negative bacterium Yersinia ruckeri 
in rainbow trout. Similarly, Monir et  al. (2020) and 
Gupta et al. (2023) noted the effects of PPE against A. 
hydrophila in Nile tilapia and rohu, respectively.
Given the widespread recommendations of many 
researchers for the use of PPE, this study investigated 
the effects of PPE as a food additive for common carp 
infected by A. veronii, focusing on growth performance, 
hematological and biochemical parameters, antioxidant 
and liver enzymes, and immunological activity. 

Material and Methods
Fish
Common carp (average 10.5 ± 1.4 g) was obtained 
from the aquaculture unit of Marine Science Center, 
University of Basra. The fish exhibited clinical 
symptoms of infection with bacteria, which were 
isolated and biochemically identified. A total of 60 
fish were randomly distributed into 12 60-l tanks filled 
with tap water. Each tank was equipped with a 24-
hour air pump and kept under a natural photoperiod. 
The water conditions were as follows: temperature 
23.4°C–24.3°C, salinity 1.3–1.8 psu, pH 8.4–8.8, and 
dissolved oxygen 7.2–7.6 mg l. The water was renewed 
twice a week. Fish were acclimated for 2 weeks before 
the experiment and were fed a commercial diet twice 
daily (at 08:00 am and 05:00 pm) at a feeding rate of 
4% body weight.
Biochemical analysis of pathogenic bacteria
Gram staining was used to observe the morphological 
characteristics of unknown bacteria isolates. The 
biochemical characteristics, including maltose, 
glucose, sucrose, lactose, fructose, raffinose, xylose, 
melezitose, sorbose, L-rhamnose, sorbitol, inositol, 
dulcitol, adonitol, urea, esculin, Voges-Proskauer 
test, tartrate, malonate, citrate, starch, salicin, H2S, 
indole, lysine decarboxylase, ornithine decarboxylase, 
arginine dihydrolase, and motility were measured with 
a commercial micro-test system (Hangzhou Binhe 
Microorganism Reagent Co. Ltd., China) according to 
the manufacturer’s instructions.
Pomegranate peel extract
Pomegranate (P. granatum) fruits were procured from 
local markets in Qalat Sukar, Thi-Qar Governorate, 
Iraq, in May 2022. They were thoroughly washed 
with sterile distilled water and shade-dried. The dried 
material was ground into a powder and stored at –25°C. 
Pomegranate extract was produced from the powder 
according to Ismail et  al. (2012). The extract was 
transferred to clean, opaque glass bottles and stored at 
4°C for further use. 
Fish diets and feeding
Experimental diets were formulated to be 
isonitrogenous (30% crude protein and 7% lipid). The 
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detailed compositions and proximate analyses of these 
diets are presented in Table 1. Formulations adhered 
to the established nutritional requirements for fish, 
as outlined by the National Research Council (NRC, 
1993). A basal control diet was created to meet these 
requirements, providing 30.23% crude protein and 
4,362 kcal kg-¹ gross energy. All dry ingredients and 
extracts were thoroughly mixed to homogeneity. 
Subsequently, 100 ml of water per kilogram of diet 
was added, and the mixture was blended into a paste 
in a blender. Pellets were formed by extruding the 
paste through a laboratory pellet machine fitted with a 
1-mm diameter die. The pellets were dried in a forced-
air oven (Fisher Oven 13-261-28A) at 65°C for 24 
hours and stored in plastic bags at 4°C throughout the 
experiment.
To assess the effects of PPE, the basal diet was 
supplemented with PPE at concentrations of 0.5%, 
1.0%, and 1.5% (w/w). Each treatment was performed 
in triplicate, with five fish per replicate (a total of 
60 fish). Fish were fed twice daily at a rate of 3% of 
their body weight for 7 weeks. The amount of feed 
was adjusted bi-weekly to account for changes in fish 
biomass. The proximate composition (moisture, crude 
protein, fat, and crude fiber) of the feedstuffs used 
in diet formulation was determined according to the 
methods outlined by AOAC (2005).

Growth performance parameters
Fish were weighed biweekly to determine appropriate 
feed intake (FI) and calculations were done using the 
following equations:
Weight gain (WG) = W2 − W1 (g)
Specific growth rate (SGR%) = 100(ln W2 − ln W1)/T	
Relative growth rate (RGR%) = �W2 − W1 (g)/W1 (g) 

× 100
Feed conversion ratio (FCR) = FI /BWG (g)	
Protein efficiency ratio (PER) = BWG (g)/protein 
intake (g)
where W1 is the initial body weight (g), W2 is the final 
body weight (g), and T is the number of days in the 
feeding period.
Hematological and biochemical analyses
For serum preparation, whole blood samples were 
collected from the heart in tubes without anticoagulant 
and clotted blood was centrifuged at 3,000 rpm for 
15 minutes. The collected serum was stored at –20°C 
for subsequent chemical and immunohistochemical 
analyses. Blood samples containing anticoagulants 
were used for analysis of hemoglobin concentration 
(HGB) and counts of red blood corpuscles (RBC) and 
white blood cells (WBC) as described by Natt and 
Herrick (1952). Hematocrit (Hct) was measured with 
an Auto Counter instrument (Decie and Lewis, 2006). 
The concentrations of total protein (TP) and albumin 
(Alb) were determined using colorimetric methods 

Table 1. Constituents and proximate composition (%) of the experimental basal diet.

Constituents PPE diet types
PPE (%) 0 0.5 1.0 1.5
Fish meal(g/100 g) 40.2 40.2 40.2 40.2
Soybean meal(g/100 g) 30 30 30 30
Yellow starch(g/100 g) 7 7 7 7
Wheat bran(g/100 g) 6.8 6.8 6.8 6.8
Fish oil(g/100 g) 13 12.5 12 11.5
Vitamins and Minerals1(g/100 g) 3 3 3 3

Gross composition (% DM)
Protein 30.22 30.11 30.17 30.09
Lipid 6.78 6.89 6.8 6.9
Ash 12.11 12.76 12.32 12.32
Fiber 5.59 5.61 5.86 5.67
N.F.E. (mg/100 g) 2 50.89 50.24 50.71 50.69
M.E. (kcal/100 g) 3 368.51 366.64 367.82 368.20
Lysine 1.81 1.88 1.79 1.80
Methionine 0.48 0.46 0.45 0.44
Threonine 1.26 1.22 1.24 1.25

1 Vitamins and minerals (A, D3, B1, B2, B6, B12, B3, B5, C, E, H, B9, Calcium, Cobalt, Magnesium, FeIron, Copper, 
Zinc, Potassium, Manganese, Choline Chloride). 2 Nitrogen-free extract (calculated by difference) = 100 - (protein + 
lipid + ash). 3Metabolizable energy (M.E.) was calculated as 4.5, 8.1 and 3.49 kcal/100 g for protein, lipid and N.F.E., 
respectively, according to (Pantha, 1982).
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following established protocols outlined by Tietz 
(1990) and Wotton and Freeman (1982), respectively. 
The globulin concentration was then derived by 
subtracting the measured Alb concentration from the 
TP concentration. 
Liver enzymes
Liver enzyme activities were measured following 
the methods described by Bergmeyer et  al. (1976). 
Aspartate aminotransferase (AST) activity was 
determined using an Erba enzymatic assay kit (Erba 
Diagnostics, Mannheim, Germany). Briefly, 500 µl 
of R1 reagent was pre-incubated at 37°C in a test tube 
and 50 µl of the sample was added. The reaction was 
monitored continuously for 3 minutes at 37°C using an 
autoanalyzer. Alanine aminotransferase (ALT) activity 
was measured similarly using an Erba enzymatic assay 
kit (Erba Diagnostics), incubating the R1 reagent at 
37°C before adding the sample. The reaction was 
continuously monitored for the specified time using the 
autoanalyzer. Alkaline phosphatase (ALP) activity was 
quantified using a MERCK enzymatic assay kit (Merck 
KGaA, Darmstadt, Germany). R1 reagent (400 µl) and 
R2 reagent (100 µl) were mixed and pre-incubated 
at 37°C for 1 minute. Then, 10 µl of the sample was 
added, and the reaction was monitored for 4 minutes 
at 37°C using the auto analyzer. All enzyme activities 
are expressed in international units per liter (IU/l). 
To minimize experimental errors and ensure data 
reproducibility, all assays were performed in triplicate. 
Immunological activity
Lysozyme activity in serum was measured using a 
turbidimetric assay as described by Nudo and Catap 
(2011). A volume of 25 µl of each serum sample 
was incubated with 175 µl of Micrococcus luteus 
suspension (0.75 mg/ml) prepared in phosphate-citrate 
buffer (Sigma, ATCC 4698) at 25°C for 30 minutes. The 
optical density (OD) of the mixture was measured at 530 
nm in a plate reader (Thermo Multiskan Go). The assay 
was calibrated with hen egg white lysozyme to convert 
the observed reduction rate in sample OD to lysozyme 
concentration (mg/ml). Total myeloperoxidase (MPO) 
content was measured following a modified protocol 
from Acar et  al. (2018). Briefly, 10 µl of serum was 
diluted with 90 µl of Hank’s Balanced Salt Solution 
lacking calcium and magnesium ions in a 96-well 
plate. Then, 35 µl of a solution containing 0.1 mg/
ml of 3,30,5,50-tetramethylbenzidine dihydrochloride 
and 0.006% hydrogen peroxide were added to each 
well. After incubation for 2 minutes, the reaction was 
terminated by adding 35 µl of 4 M sulfuric acid. The 
final optical density was measured at 450 nm using a 
plate reader.
Antioxidant enzymes
The activity of superoxide dismutase (SOD), a crucial 
antioxidant enzyme that neutralizes superoxide 
radicals, was quantified using the method described 
by Nishikimi et  al. (1972). Additionally, catalase 
(CAT) activity, essential for breaking down hydrogen 

peroxide, was measured based on the protocol by Aebi 
(1974). 
Statistical analysis
Data were processed and analyzed in IBM SPSS version 
22. Results are presented as mean values ± standard 
deviation. Intergroup comparisons between the control 
group and each experimental group (or between groups) 
were done with a least significant difference post-hoc 
test to identify statistically significant differences. 
One-way ANOVA was used to determine statistical 
significance (p-value ≤ 0.05).
Ethical approval
Not needed for this study.

Results
The biochemical properties in Table 2 support the 
identification of the bacterial species as Aeromonas 
veronii. The isolate’s motility and its capacity to 
hydrolyze urea are the main criteria. The isolate showed 
negative findings for raffinose, xylose, melezitose, 
sorbose, L-rhamnose, sorbitol, inositol, dulcitol, and 
adonitol, but positive results for the Voges-Proskauer 
test, malonate, and acid generation from maltose, 
arabitol, mannose, glucose, sucrose, lactose, and 
fructose. The morphological, physiological, and 
biochemical characteristics of the isolated bacteria 
identified it as A. veronii, a Gram-negative, rod-shaped 
bacterium.
Experiments on the effects of PPE-supplemented diet 
on the growth and feed utilization of common carp 
showed no statistically significant differences in initial 
body weight (IBW) among the groups. The results in 
Table 3 show that supplementation of feed with 0.5% 
or 1.0% PPE significantly increased final body weight 
(FBW), weight gain (WG), specific growth rate (SGR), 
and relative growth rate (RGR) compared to the control 
group (0% PPE) (p < 0.05). However, there was no 
significant difference in growth performance between 
the 1.5% PPE group and the control group, implying 
that the optimal concentration is below 1.5%. 
The 0.5% ratio achieved the best value for feed 
conversion ratio (FCR) compared to the control group 
(1.58% and 2.45% for 0.5% and 0% PPE, respectively; 
p < 0.05). The results of PER did not differ from those 
obtained for FBW, WG, SGR, and RGR,  as there 
was no significant difference between 1.5 and the 
control, while the best values were for the two lower 
concentrations (0.5% and 1%).
Hematological and biochemical results are shown 
in Table 4. RBC counts were significantly higher (p 
< 0.05) in all PPE groups (0.5%, 1.0%, and 1.5%) 
than in the control. Like RBC count, Hct levels 
increased significantly (p < 0.05) with increasing 
PPE supplementation compared to the control group 
(p < 0.05). WBC count showed a dose-dependent 
increase with increasing levels of PPE. The highest 
and middle supplementation levels (1.5% and 1.0%) 
resulted in significantly higher WBC counts compared 
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to the control group (p < 0.05), while 0.5% PPE 
resulted in an intermediate WBC level that differed 
significantly (p < 0.05) from both the 1.5% and 0% PPE 
supplementation levels. HGB showed no statistically 
significant difference between the control (0% PPE) 
and supplemented groups (0.5%, 1.0%, 1.5% PPE). 

Cholesterol and globulin levels were significantly 
lower (p < 0.05) in fish fed with a PPE-supplemented 
diet compared to the control. Notably, all three PPE 
groups (0.5%, 1.0%, and 1.5%) presented significantly 
lower cholesterol levels than the control group (p < 
0.05). On the other hand, PPE-supplemented groups 

Table 2. Biochemical characteristics of the bacterial isolate.

Characteristics Reaction Characteristics Reaction
Acid formation from Production of
Maltose + H2S −
Arabitol + Indole +
Mannose + Lysine decarboxylase +
Glucose + Ornithine decarboxylase +
Sucrose + Arginine dihydrolase −
Lactose + Growth on
Fructose + at 0% of NaCl +
Raffinose − at 1% of NaCl +
Xylose − at 2% of NaCl +
Melezitose − at 3% of NaCl +
Sorbose − at 4% of NaCl +
L-rhamnose − at 5% of NaCl −
Sorbitol − 4°C +
Inositol − Motility +
Dulcitol − Hemolytic +
Adonitol − Utilization of
Hydrolysis of Citrate −
Esculin − Malonate +
Urea + Salicin −

Voges-Proskauer test +
Starch −
Tartrate −

(+): positive; (−): negative.

Table 3. Growth performance parameters of common carp (C. carpio) and their utilization of feed supplemented with different 
concentrations of PPE.

Parameter/group Control (0%)
PPE in diets

0.5% 1.0% 1.5%
IBW 10.67 ± 0.12a 10.76 ± 0.09 10.87 ± 0.13 10.55 ± 0.32
FBW 25.27 ± 0.27b 30.45 ± 0.81a 30.80 ± 0.41a 26.55 ± 0.75b

WG 14.59 ± 0.38b 19.68 ± 1.02a 19.92 ± 0.61a 16.0 ± 1.27b

SGR 1.23 ± 0.29b 1.48 ± 0.51a 1.49 ± 0.40a 1.31 ± 0.98b

RGR 136.75 ± 4.91b 182.93 ± 10.23a 183.24 ± 7.92a 151.98 ± 17.74b

FCR 2.45 ± 0.58b 1.58 ± 0.78a 1.91 ± 0.63ab 2.64 ± 0.54ab

PER 0.48 ± 0.01b 0.65 ± 0.02a 0.66 ± 0.01a 0.53 ± 0.03b

Means values (±) in the same column sharing the same superscript are not significantly different. Absence of letters indicates no significant 
difference (ANOVA, one-way, p ≥ 0.05). IBW = Initial body weight (gm), FBW = Final body weight (gm), WG= Weight gain (gm), SGR= 
Specific growth rate (%/day), RGR=Relative growth rate (%), FCR= Feed conversion ratio, PER=Protein efficiency ratio (%).
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displayed significantly increased globulin levels 
compared to the control group (p < 0.05). However, 
no significant differences were observed in TP and Alb 
levels. Liver enzyme activities (ALP, AST, and ALT) in 
the PPE-supplemented groups were significantly lower 
(p < 0.05) than in the control group. 
Lysozyme and MPO activities were higher in C. carpio 
fed on feed supplemented with PPE (Fig. 1). The 
lysozyme in PPE-supplemented groups increased with 
increasing PPE content (p < 0.05). Furthermore, MPO 
increased in the blood of common carp fed diets with 
1.0% or 1.5% PPE (p < 0.05).
The antioxidant activity of SOD and CAT levels 
increased with increasing concentration of PPE in the 
diet. This increase was significant even in the 0.5% 
PPE group (Fig. 2). 

Discussion
Aeromonas veronii is a widely spread pathogen in 
aquaculture that can infect a variety of aquatic animals. 
It is a rod-shaped, mesophilic, facultative anaerobic 
bacterium (Su et al., 2023). This species has been linked 
to biliary sepsis and diarrhea in humans (Fernández-
Bravo and Figueras, 2020). The biochemical traits of A. 
veronii isolated in our study are consistent with those 
identified by Hickman-Brenner et al. (1987), including 
the utilization of sugars such as maltose, mannose, 
glucose, and sucrose. Additionally, it showed positive 
reactions to lysine and ornithine decarboxylase and 
negative reactions to arginine dihydrolase. These results 

align with research on infected crucian carp (Chen 
et  al., 2019) and Nile tilapia (El Latif et  al., 2019), 
which reported similar morphological and biochemical 
characteristics of A. veronii in infected fish.
Plant waste compounds exhibit biological activities; 
therefore, this study evaluated the potential benefit 
of PPE as a feed additive to protect C. carpio against 
A. veronii. The results indicate significant growth 
improvement (FBW, WG, SGR, RGR, and PER) in 
common carp at 0.5% and 1% PPE feed concentration. 
However, the 1.5% PPE group showed decreased 
growth performance, similar to the control group, 
possibly due to the high levels of polyphenols and fiber 
(Ji et al., 2018). 
FCR decreased with reduced PPE concentration, likely 
due to enhanced caloric intake and nutrient digestibility, 
while at 1% and 1.5% PPE, FCR was similar to the 
control group, possibly due to toxic components and 
excessive doses of polyphenols and fiber (Mahmoud 
et al., 2011; Fayed et al., 2012; Avazeh et al., 2020). 
Additionally, the antioxidant activities (SOD and CAT) 
were higher in fish fed on a PPE-supplemented feed, 
which enhances growth even in starvation conditions 
(Tejas et al., 2012). Studies have indicated that herbal 
medicines can act as appetite and growth stimulants 
by enhancing digestive enzymes, thereby increasing 
the growth and survival of fish (Srichaiyo et al., 2020; 
Reverter et al., 2021; Van Hai, 2015). Likewise, Abdel-
Rahman et al. (2020) and Avazeh et al. (2020) observed 
growth improvement in Nile tilapia and rainbow trout 

Table 4. Hematological and biochemical parameters of common carp, C. carpio, fed a diet supplemented with different 
concentrations of PPE.

Parameter/group
PPE in diets

Control (0%) 0.5% 1.0% 1.5%
Hematological parameters
RBC 1.33 ± 0.02b 1.52 ± 0.06a 1.59 ± 0.05a 1.54 ± 0.06a

WBC 2.44 ± 0.04c 3.24 ± 0.49b 3.82 ± 0.04ab 3.94 ± 0.05a

Hct 28.93 ± 1.06b 29.19 ± 0.78a 29.48 ± 0.73a 29.30 ± 0.83a

HGB 2.45 ± 0.05ab 2.49 ± 0.35ab 2.26 ± 0.14b 3.35 ± 0.83a

Biochemical parameters
CHOL 8.58 ± 1.25a 5.77 ± 0.32b 5.99 ± 0.94b 5.69 ± 0.24b

Glo 27.45 ± 0.27b 29.52 ± 0.45a 30.96 ± 0.59a 31.73 ± 0.75a

TP 33.89 ± 1.19 35.07 ± 0.67 35.41 ± 0.94 35.50 ± 0.49
Alb 5.77 ± 0.34 5.55 ± 0.38 5.45 ± 0.33 5.43 ± 0.16
ALP 55.64 ± 2.94a 46.02 ± 1.71b 40.87 ± 5.30bc 35.11 ± 3.38c

AST 173.71 ± 2.31a 151.60 ± 1.02a 143.01	 1.89b 141.43 ± 5.19b

ALT 27.89 ± 2.68a 14.14 ± 1.79b 14.32 ± 1.41b 14.33 ± 2.21b

Means values (±) in the same column sharing the same subscript are not significantly different, absence of letters indicates no 
significant difference (ANOVA, one-way, p ≥ 0.05). RBC= Red blood cell (×106 µl-1), WBC= White blood cell (×106 µl-1), 
Hct= Hematocrit (%), HGB= Hemoglobin (mmol L-1), CHOL= Cholesterol (mmol L-1), Glo = Globulin (g L-1), TP= Total 
Protein (g L-1), Alb= Albumin (g L-1), ALP= Alkaline phosphatase (U/l), AST= Aspartate aminotransferase (U/l), ALT= Alanine 
aminotransferase (U/l).
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when lower concentrations of PPE were used, as in our 
study. On the other hand, Badawi and Gomaa (2016) 
found no significant difference in SGR and FCR in Nile 
tilapia (O. niloticus) fed diets with varying PPE levels 
compared to the control group. High levels of PPE also 
affected positively PER in Nile tilapia (Toutou et al., 
2019).
Hematological analyses are valuable tools in 
aquaculture and veterinary practice, providing insights 
into optimizing health. Hematological parameters are 
known to be highly sensitive to various environmental 
factors such as nutrition, water quality, stress, and 
pathogen exposure (Witeska et al., 2022). The current 
results demonstrate a significant increase in Hct and 
RBCs in common carp fed a PPE-supplemented diet 
compared to the control group. This increase likely 
indicates increases in RBC volume and hemoglobin 
concentration, potentially enhancing the fish’s oxygen-
carrying capacity. Similar increases in Hct with PPE 

supplementation have been documented in olive 
flounder (Harikrishnan et  al., 2012) and rainbow 
trout (Avazeh et  al., 2020 and 2021). Moreover, the 
addition of PPE to common carp diets in our study 
increased RBC count, which agrees with findings by 
Acar et al. (2018), who reported increased RBCs and 
hemoglobin levels in rainbow trout fed diets enriched 
with pomegranate seed oil, suggesting that it improves 
oxygen transport and promotes better tissue perfusion. 
Furthermore, WBCs play an integral role as components 
of innate and acquired immunity (Farrell, 2011; 
Esmaeili, 2021). We observed an increase in WBC at 
all PPE supplement concentrations. Harikrishnan et al. 
(2012) noted that olive flounder fed on pomegranate 
meal had resistance against diseases due to the increased 
WBC. However, Hrubec et  al. (2000) demonstrated 
that exposure to a high bacterial load in low-quality 
water can negatively impact WBC count. Our results 
agree with Shafiei et al. (2016), Badrey et al. (2019), 

Fig. 1. (A) Lysozyme and (b) MPO levels of common carp, C. carpio, fed a diet supplemented with different concentrations of PPE 
for 60 days. Values with a different lowercase letter show a significant difference (p < 0.05); bar = standard deviation.

Fig. 2. (A) Superoxide dismutase (SOD) and (B) catalase (CAT) levels in common carp, C. carpio, fed with PPE-supplemented 
feed at different concentrations for 70 days. Values with different lowercase letters show a significant difference (p < 0.05); error 
bars = standard deviation.
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and Avazeh et  al. (2020), who observed increased 
WBC counts in fish fed diets supplemented with PPE 
TP in blood serum is a key indicator of fish health, 
reflecting their nutritional status and metabolism. It is 
influenced by factors such as species, age, sex, water 
temperature, and dietary quality and quantity (Dorojan 
et  al., 2015). In our study, no significant differences 
were observed in TP and Alb levels among the groups, 
aligning with Shafiei et al. (2016) and Sayed-Lafi et al. 
(2022). However, Badrey et  al. (2019) reported an 
increase in TP in Nile tilapia-fed PPE. 
Globulins play a vital role in the immune system 
(Wiegertjes et al., 1996), and an increase in globulin 
levels suggests an enhanced immune response and 
improved resistance to infection (Løvoll et al., 2006). 
Consistently, the current results show a significant 
elevation in globulin levels in the dietary PPE groups, 
likely due to the immunostimulant properties of 
pomegranate (Dügenci et al., 2003). 
The cholesterol levels decreased in the PPE groups 
compared to the control group, indicating good liver 
health and reduced lipid oxidation due to antioxidant 
activity (Forgione et al., 2024). This effect could vary 
with fish species and feeding duration (Avazeh et al., 
2021). Likewise, Badrey et al. (2019) noted decreases 
in triglycerides and total cholesterol in Nile tilapia-fed 
pomegranate. However, Avazeh et al. (2021) observed 
that PPE increased cholesterol levels in rainbow trout.
Liver enzymes such as ALP, AST, and ALT are used 
as biomarkers to detect and monitor liver damage 
(Akbary et al., 2018). In our study, liver enzyme levels 
were elevated in the control group of common carp 
due to infection with A. veronii. In contrast, the groups 
treated with PPE displayed reduced liver enzyme levels 
compared to the control. PPE could have protected the 
hepato-cellular membrane and the normal histological 
structure of the liver by the antioxidant properties 
of phenols and flavonoids (Friedman, 2000; Cao 
et  al., 2016). These findings suggest that PPE could 
combat bacterial infections and improve fish health by 
mitigating liver damage and decreasing liver enzyme 
levels. Similarly, Chattopadhyay (2003) reported that 
leaf extract of Indian lilac, Azadirachta indica, can 
help maintain liver health. The current findings concur 
with other studies (Badawi and Gmaa, 2016; Shafiei 
et al., 2016; Acar et al., 2018; Badrey et al., 2019). 
This study demonstrates that incorporating PPE in fish 
feed strengthens the immune system by increasing 
SOD and CAT levels. Furthermore, it is known that 
pomegranate peel has antibacterial properties by virtue 
of active compounds that can destroy the cell membrane 
of bacteria (Hamady et  al., 2015). Pomegranates 
contain antibacterial agents, such as pelargonidin-3-
galactose, cyanidin-3-glucose, quercetin, and myricetin 
(Naz et al., 2007), as well as others such as flavonols, 
gallotannins and ellagic acid derivatives (Dahham et al., 
2010). These compounds are effective against both 
Gram-negative and Gram-positive bacteria, such as 

Bacillus sp, Shigella sp, Salmonella sp, Staphylococcus 
sp, Vibrio cholera, Escherichia coli, Pseudomonas 
aeruginosa, and Aeromonas hydrophila (Hama et al., 
2014; Tinrat and Singhapol, 2014; Hassan et al., 2018; 
Abdel-Rahman et al., 2020). 
Furthermore, incorporating medicinal plants in feed 
stimulates the defense mechanisms of fish against 
some microbes (Giri et  al., 2015; Hoseinifar et  al., 
2019). Harikrishnan et al. (2012) reported that a diet 
rich in pomegranates boosts the innate immunity of 
olive flounder against Philasterides dicentrarchi. The 
present results do not conflict with previous findings 
that pomegranate consumption can enhance the innate 
immunity of other fish species (Harikrishnan et  al., 
2012; Acar et al., 2018; Monir et al., 2020).
The antioxidant system is crucial for eliminating 
reactive oxygen species, preventing cell damage. 
In this context, lysozyme plays a vital role in innate 
immunity by breaking down the cell walls of bacteria, 
while MPO is involved in responding to microbial 
infections (Hoseinifar et  al., 2019). Our results 
demonstrate increased lysozyme and MPO activity 
in fish fed on PPE-supplemented diets, indicating a 
positive impact on their immune responses. This might 
be attributed to the presence of phenolic compounds 
in PPE, such as protochatechuic acid, gallic acid, 
pyrogallol, p-coumaric acid, catechin, rosmarinic 
acid, rutin, naringenin, myricetin, scopoletin, and 
hesperidin, which possess antioxidant activities that 
reduce oxidative stress, free radical generation, and 
lipid peroxidation (Mashkor and Muhson, 2014; Azmat 
et al., 2024; Ranjana et al., 2024). PPE also contains 
ellagitannins, which are known to stimulate the growth 
of lymphocytes (Fraga, 2007). Consequently, the 
infected fish fed on PPE diets appeared to be in better 
health in our study. Our results are consistent with 
Harikrishnan et al., (2012); Shafiei et al., (2016), and 
Hamed and Abdel-Tawwab (2021).

Conclusion
Supplementing fish food with PPE benefits common 
carp by supporting their growth, boosting their 
immune system, and enhancing their antioxidant 
defenses against Aeromonas veronii. We propose that 
PPE could be a promising alternative to antibiotics and 
chemotherapeutics in fish farming. Further research is 
needed to fully understand the mechanisms of PPE’s 
impact and identify the optimal dosage for improving 
growth performance and health in common carp.
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