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ABSTRACT

Background: The pumpkin (Cucurbita pepo) is a promising medicinal plant that has garnered considerable scientific
attention. It is a widely cultivated plant with high nutritional value and has potential as an alternative feed additive.
Aim: This study aims to examine the effects of a pumpkin flesh flour (PFF) diet on common carp (Cyprinus carpio)
infected with Vibrio parahaemolyticus. The research focuses on growth performance, biochemical and immunological
parameters, antioxidant capacity, and the functions of the liver and kidneys.

Methods: Vibrio parahaemolyticus was identified in infected common carp through molecular and biochemical
analysis. PFF was added to the diet of infected fish at various percentages (0%, 0.5%, 1.0%, 1.5%, and 2.0%) over
70 days. Growth, haematological, and biochemical parameters, feed efficiency, immune responses, and antioxidant
indices were measured.

Results: After 70 days, the growth performance indicators (final body weight, weight gain, and specific growth rate)
showed significant differences (p < 0.05) in fish fed the PFF diet. The results indicate that PFF groups are an effective
and efficient dietary supplement for promoting the growth of common carp. The highest concentrations yielded the
best results, with improvements also seen in blood profiles, biochemical analysis, immune responses, and antioxidant
indices. Based on these findings, 1.0%, 1.5%, and 2.0% PFF are promising therapeutic plants that could be used in
medical research and to protect carp aquaculture from bacterial diseases.

Conclusion: This study highlights the significant potential of PFF as a sustainable and effective feed ingredient in
aquaculture. It demonstrates positive effects on fish growth, feed efficiency, immune health, and disease resistance.
These findings support the idea that pumpkin can play a vital role in reducing reliance on costly and unsustainable
traditional protein sources, thereby contributing to the development of a more efficient and environmentally friendly
aquaculture industry.

Keywords: Cucurbita pepo, Cyprinus carpio, Pumpkin flesh flour, V. parahaemolyticus.

Introduction

Fish are a vital and valuable source of protein, fat,
and energy. Aquaculture has seen significant growth
in recent years, driven by increasing global demand
for aquatic species (Costello et al., 2020; Vakili et al.,
2024). Pathogens spread rapidly in aquaculture,
resulting in significant production losses. The primary
challenge for this crucial sector is that fish raised at
high densities in aquaculture facilities are particularly
susceptible to disease outbreaks (FAO, 2022; Irshath
et al.,2023).

Over the past 30 years, there has been a significant
increase in experiments and reports focused on
maintaining the health and boosting the immunity of

aquatic organisms. However, the rapid expansion of
the aquaculture industry has outpaced these efforts.
Bacteria are among the most dangerous infectious
agents that can harm aquaculture species. This group
of pathogens receives less attention because they
rarely cause primary infections and typically act as
opportunistic pathogens in hosts that are already
injured or severely immunocompromised (FAO, 2022).
Cyprinus carpio has significant potential as a protein
source because it generally grows quickly and has
high fecundity. Although carp farming has advanced
rapidly, there are still several restrictions on this fish.
Disease control is one of the factors that limit the
growth of the aquaculture industry, similar to other
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fish species (Al-Shammari, 2024). However, current
methods for treating aquatic bacterial pathogens, such
as synthetic medicines and antibiotics, are expensive,
inefficient, complex, and harmful to the ecosystem
(Lulijwa et al., 2020). While these treatments can be
effective, their drawbacks—such as safety concerns,
high costs, residual issues, and the development of
multidrug-resistant bacteria—make their widespread
use undesirable (Thirumalaikumar et al., 2021).
Consequently, phytotherapy is a branch of medicine that
uses traditional methods, often preferred over modern
medicines, and emphasizes the use and understanding
of medicinal herbalism (WHO, 2013 ). Although the
aquaculture industry has only recently begun to adopt
it, phytotherapy is increasingly seen as an alternative to
manufactured medications (Citarasu, 2010).

Experts in zoonotic diseases and the global
microbiology community have highlighted Vibrio
species as pathogens of public health concern (Austin
and Austin, 2016). Vibrio parahaemolyticus, a Vibrio
species in the Vibrionaceae family, is a notable
example. Human gastrointestinal illnesses can result
from consuming V. parahaemolyticus, a gram-negative
that is broadly present in estuarine, marine, and coastal
environments (Su and Liu, 2007; Nelapati et al., 2012;
Ceccarelli et al., 2013; Zhang and Orth, 2013; Wang
et al., 2015). Vibrio parahaemolyticus has garnered
significant attention in the field of aquaculture due to
its role as a prominent pathogen affecting marine and
estuarine organisms. Its impact on aquaculture can
lead to substantial economic losses through disease
outbreaks in cultured species such as shrimp and fish.
Subhashini et al. (2011) detected V. parahaemolyticus
in 24 samples of prawn, 33 shrimp, and 27 crab
samples by polymerase chain reaction (PCR) method.
In Bangladesh, 60.2% of samples from aquaculture
farms tested positive for V. parahaemolyticus, with 323
strains identified (Siddique ef al., 2021) isolated from
Oreochromis niloticus, Labeo rohita, and Penaeus
monodon. In Malaysia, 17.71% of samples from
shrimp farms were positive, with sediment samples
showing the highest prevalence (Elexson ef al., 2023).
Nguyen et al. (2024) reported a 24.67% prevalence in
fish mariculture environments in Vietnam.

The pumpkin, or Cucurbita pepo, belongs to the
Cucurbitaceae family and is recognized for its potential
health benefits due to its rich nutritional content and
bioactive compounds (Hussain et al., 2022). Cucurbita
pepo extracts have been studied for their possible
effects on boosting the immune system, enhancing
disease resistance, and promoting growth across various
industries, including aquaculture (Musthafa et al.,2017;
Vakili et al., 2024). Khattab ef al. (2023) observed that
partially replacing fishmeal with pumpkin meal had a
more positive impact on growth, nutritional efficiency,
survival rates, and body composition of Oreochromis
niloticus compared to the control diet. Furthermore,
Mounes et al. (2024) reported that substituting soybean

meal protein with pumpkin seed cake improved growth,
antioxidant capacity, and immune status in Nile tilapia.
Dietary pumpkin seed has been shown to boost growth,
immune response, and feed efficiency in common carp,
where Al-Hasson et al. (2025) observed higher survival
rates following a pathogen challenge in fish receiving
this supplement. In addition, Sezgin and Aydin (2021)
demonstrated that soybean meal can be completely
replaced by pumpkin seed cake in common carp diets
without compromising growth performance or health
status. As a result, pumpkin is increasingly gaining
attention due to its therapeutic uses, nutritional value,
and health-protective properties (Montesano et al.,
2018). Consequently, this study aimed to evaluate the
effects of incorporating pumpkin flesh flour (PFF) into
the diet of common carp on their growth, metabolic
and haematological parameters, immune response, and
antioxidant activity.

Material and Methods
Preparation of the pumpkin flesh flour
Pumpkins were purchased from local markets in
Basrah Province, Iraq. To prepare the powder,
the seeds and peels were manually separated and
sun-dried until a constant weight was achieved. The
dried components were then ground using a rotary
mill and sieved through a 28-mesh screen to ensure a
uniform particle size (George, 2020). Analyses of the
proximate composition were performed. The levels of
moisture, ash, crude protein, crude fiber, and total fat
are presented in Table 1; these values were estimated
according to AOAC (1990) methods. Additionally, the
carotenoid and total polyphenol contents were analyzed
according to Zhishen et al. (1999) and de De Carvalho
etal. (2012).
Isolation of bacteria
Naturally infected common carp (11.5 = 1.12 g) were
obtained from earthen tanks at the University of
Basrah’s Marine Science Center. To isolate bacterial
samples, 1.0 g of liver and kidney tissue was harvested
from three individuals; the remaining fish were
transferred to experimental glass tanks. After manual
homogenization, the tissues were placed in sterile
test tubes with 9 ml of distilled water. Following two
minutes of vortexing, the tubes were allowed to settle
for 5-10 minutes before being streaked onto culture
media. The media were then incubated for 24—48 hours
at 37°C to promote the growth of microorganisms on
thiosulfate-citrate-bile salt-sucrose (TCBS) agar.
Molecular detection
The deoxyribonucleic acid (DNA) purification kit
from the Korean company Macrogen is designed to
isolate DNA from bacteria and uses universal primers.
The 16S rRNA gene was amplified using (27F, 5’
AGAGTTTGATCCTGGCTCAG-3') and (1492R,
5'-GGTTACCTTGTTACGACTT-3'), following
the methods of Al-Shammari et al (2023) and the
company’s instructions.
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Table 1. Proximate composition analysis and total amino
acids of PFF on a dry matter basis.

Proximate composition (mean=S.D)
Moisture (%) 10.12+£1.22
Crude protein (%) 22.33+0.31
Total lipid content (%) 7.89 + 0.64
NFEI (%) 63.06 +0.76
Crude fiber (%) 6.4+0.23
Ash (%) 5.60+1.11
TCC2 (ng/g) 0.81+0.14
TVN (mg/1900 g) 50
Gross energy (kcal kg™)? 3,700
Total phenols (mg/100 g) 27.92 +1.60
Flavonoids (mg/100g) 22.20+2.34
Amino acid (mean+S.D)

Alanine 0.27 £ 0.05
Arginine 0.56+0.33
Aspartic acid 0.40 £ 0.22
Glutamic acid 0.89£0.12
Glycine 0.27 +£0.23
Histidine 0.24 +0.08
Isoleucine 0.20 £ 0.30
Leucine 0.19+0.12
Lysine 0.11 +£0.25
Methionine 0.29 £ 0.27
Phenylalanine 0.10+0.41
Proline 0.13+£0.04
Serine 0.09 +0.11
Threonine 0.13 +0.03
Tyrosine 0.08+0.14
Valine 0.17 £0.17

'Nitrogenous-free extract (NFE%=100—(ash+crude proteint+crude
fiber+total lipid content); *Total carotenoid content. *Gross energy
was calculated as 4.5, 8.1, and 3.49 kcal/100 g for protein and lipid.
TVN= Total Volatile Nitrogen.

Biochemical characterization

Using 2% NaCl as the suspension solution and API 20E
diagnostic strips (bioMéricux, Durham, NC), partial
biochemical profiles of each V. parahaemolyticus
isolate were obtained. Dry slides were used for
oxidase testing (BBL, Difco, Sparks, MD). Urease and
Voges—Proskauer (VP) reactions were confirmed using
urea (pH 6.7) and methyl red, respectively, because
these reactions were consistently unclear on the API
strips. Following the procedure described by Jones
et al. (2012), the VP test was performed using the VP
reagent (API, Durham, NC).

Table 2. Composition analysis of the experimental basal diet.

PFF %

Ingredients (% DM)

0 0.5 1.0 15 2.0
Fish meal 40.2 402 40.2 402 40.2
Soybean meal 30 30 30 30 30
Yellow starch 7 7 7 7 7
Wheat bran 6.8 68 68 68 68
Fish oil 13 125 12 115 115

Vitamins and Minerals® 3 3 3 3 3

DM, Dry matter. *Vitamins and minerals (A, D,, B, B,, B,, B,, B,

By, B,,, C, E, H, Calcium, Cobalt, Magnesium, Iron, Copper, Zinc,
Potassium, Manganese, Choline Chloride).

Experimental fish and diets

Experimental diets were formulated to be
isonitrogenous, containing 35% crude protein and
6% lipid. PFF was added at levels of 0% (control),
0.5%, 1.0%, 1.5%, and 2.0%. Table 2 illustrates the
composition and nutritional characteristics of the
experimental diets. The meat grinder produced pellets,
which were then dried for 24 hours at 60°C in an air-
recirculation oven (Marconi, MA 035) and stored in a
freezer at —18°C. After obtaining 75 infected common
carp and allowing them to acclimate for a week to a
commercial diet, the fish were divided into five dietary
treatments using a completely randomized design, with
each treatment replicated three times. There were fifteen
fish per treatment, i.e., five individuals per replicate.
Fish were fed twice daily at a rate of 3% (at 7:30 am
and 5:00 pm). Throughout the 70-day experiment, the
fish were kept under controlled conditions.

Growth performance parameters

Fish were weighed every 2 weeks to assess proper feed
intake (FI), and calculations were performed using the
following equations:

Weight gain (WG) =W, - W (g)
Specific growth rate (SGR%) = 100(In W, — In W )/T

Relative growth rate (RGR%) = W, = W (g)/W, (g)
x 100

Feed conversion ratio (FCR) = FI /BWG (g)

Total feed intake (TFI g/fish) = (cumulative feed
distributed — feed refusals) / N

where W is the initial body weight (g), W, is the final
body weight (g), T is the number of days in the feeding
period, and N is the number of fish.

Haematological and biochemical analyses

Blood samples were collected from the caudal vein into
specific tubes for each analysis. Serum was separated
by centrifugation for 15 minutes at 4,000 rpm. The
obtained serum was stored at —20°C for chemical and
immunohistochemical analysis. Serum bactericidal and
lysosomal activities were then evaluated. Additionally,
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aspartate aminotransferase (AST) and serum alanine
aminotransferase (ALT) activities were measured using
colorimetric kits from Bio-Diagnostics (Cairo, Egypt).
An automatic hematology analyzer (Beckman Coulter
Ac-T, Germany) was promptly used to determine the
complete blood count, which was used to measure
the hemoglobin concentration, red blood cells (RBC),
white blood cells (WBC), mean corpuscular volume
(MCV), and mean corpuscular hemoglobin (MCH).
Meanwhile, colorimetric methods measured the
concentrations of albumin (Alb) and total protein (TP),
following the procedures by Wootton and Freeman
(1982) and Tietz (1990) respectively. ALB levels
were subtracted from TP levels to estimate globulin
content. Additionally, creatinine and uric acid levels
were measured calorimetrically with commercial kits
(Bio-Diagnostics, Cairo, Egypt).

Immunological and antioxidant analysis

The immunological assessments encompassed the
activities of lysozyme and immunoglobulin M (IgM),
which were quantified utilizing the methodologies
delineated by Sanchooli et al. (2012). Concurrently,
commercial assay kits procured from BioSource Inc.,
located in San Diego, CA, USA, were employed
to ascertain the enzymatic activities of catalase
(CAT), superoxide dismutase (SOD), and glutathione
peroxidase (GPX) as part of the antioxidant evaluation
conducted at the end of the experimental procedures.
Statistical analysis

SPSS version 26 (SPSS, Inc., Chicago, USA) was used
for all statistical analyses. A one-way ANOVA test
(p <0.05) was performed to evaluate differences among
groups, followed by a post-hoc test (LSD’s multiple
range test) to compare means. Data are presented as
mean + standard deviation.

Ethical approval

Not needed for this study.

Results

The 16S rRNA gene was used to molecularly identify
bacterial isolates from common carp infected with a
bacterial disease. This was confirmed by the presence
of 1,500 base pair sequences (Fig. 1), which indicates
the sequence of the isolated V. parahaemolyticus
bacteria. Figure 2 shows the electrophoresis process
using 2% agarose of the bacterial isolation product.

BasedonTable 3,thebiochemical features ofthe bacterial
isolate from the infected common carp are summarized
as follows: all isolates of V. parahaemolyticus tested
positive for oxidase, indole, and glucose fermentation.
The bacterium is characterized by its ability to produce
gelatinase, cytochrome oxidase, and indole. It can also
break down specific amino acids, as shown by positive
tests for lysine and ornithine decarboxylase. Clinical
isolates of V. parahaemolyticus are typically identified
and exhibit negative results for H,S production,
melibiose fermentation, citrate utilization, and the
Voges-Proskauer test, among other characteristics.

TTTTGCAGCCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGTGGC
ATTCTGATCCACGATTACTAGCGATTCCGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGGACTAC
GACGCACTTTTTGGGATTCGCTCACTTTCGCAAGTTGGCTGCCCTCTGTATGCGCCATTGTAGCACGT
GTGTAGCCCTACTCGTAAGGGCCATGATGACTTGACGTCGTCCCCACCTTCCTCCGGTTTATCACCGG
CAGTCTCCCTGGAGTTCCCGACATTACTCGCTGGCAAACAAGGATAAGGGTTGCGCTCGTTGCGGGA

CTTAACCCAACATTTCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAGAGTTCCCGAAG
GCACCAATCCATCTCTGGAAAGTTCTCTGGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGA

ATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAATCTTGCGACCGT
ACTCCCCAGGCGGTCTACTTAACGCGTTAGCTCCGAAAGCCACGGCTCAAGGCCACAACCTCCAAGT
AGACATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCATCTGA
GTGTCAGTATCTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTTCAGATCTCTACGCATTTCACCG
CTACACCTGAAATTCTACCCCCCTCTACAGTACTCTAGTCTGCCAGTTTCAAATGCAATTCCGAGGTTG

AGCCCCGGGCTTTCACATCTGACTTAACAAACCACCTGCATGCGCTTTACGCCC

Fig. 1. PCR product sequencing of the 16S rRNA gene of
isolated V. parahaemolyticus.

Fig. 2. Agarose gel electrophoresis for the PCR product of
V. parahaemolyticus (1,500 bp) from three naturally infected
fish.

Lastly, the results for B-galactosidase and urease varied,
indicating that this bacterium exhibits consistent traits.
This distinctive set of biochemical reactions provides
a specific fingerprint crucial for its identification and
classification.

Supplementing the common carp’s diet with PFF has a
significant positive impact on their growth performance
(Table 4). All groups started with a very similar initial
body weight (IBW), providing a reliable baseline
for comparison (p = 0.988). Following a duration of
70 days of cultivation, the findings demonstrated a
noteworthy enhancement in final body weight (FBW),
weight gain (WG), and specific growth rate (SGR)
among all PFF groups, particularly at concentrations
of 1 and 1.5% (p < 0.05). The 1.5% concentration
yielded the most elevated FBW (46.62 g) in contrast
to the control cohort (37.64 g). 1.0% and 1.5% of PFF
diets significantly improved both weight gain (WG,
p = 0.000) and specific growth rate (SGR, p = 0.044).
Although there was no significant difference in FCR
between the control and treatment groups (p = 0.094),
the post hoc test revealed a modest variation among
some groups. At 2.0% PFF, the FCR dropped (indicating
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a high value), and this group exhibited the highest FCR
of 3.05 when compared to the control group (p =0.041)
and the 0.5% group (p = 0.016). Carp fed PFF diets
showed no significant difference in TFI compared to
the control group (p = 0.674).

Table 5 illustrates the haematological and biochemical
parameters associated with common carp feeding
supplementation. PFF diets somewhat increase the
fish’s blood protein profile. However, significant

Table 3. Biochemical properties of bacterial isolates from the
infected common carp.

Characteristic = Reaction Characteristic Reaction
B-Galactosidase v Gelatinase +
Arginine _ Voges- _
dihydrolase Proskauer test
Lysine Glucose
+ . +
decarboxylase fermentation
Ornithine n Sorbitol _
decarboxylase fermentation
Tryptophan _ Saccharose _
deaminase fermentation
Cytochrome Amygdalin
. + . +
oxidase fermentation
Sucrose _ Mannitol n
utilization fermentation
Citrate _ Inositol _
utilization fermentation
. Rhamnose
H_S production = . -
2> produ fermentation
Indole N Melibiose _
production fermentation
Arabinose
Urease \Y . +
fermentation

(+) Positive >80%; (—) negative <80%; V = variable results.

differences were seen only at 0.5% and 1.0% PFF levels
for TP (p = 0.010 and 0.020, respectively) and ALB
(p = 0.020 and 0.027, respectively) when compared
to the control group. Furthermore, 0.5% demonstrated
a significant difference in GLOB value compared
to the control group (2.96, p = 0.028). However,
there is no significant difference in concentrations
of 1.5% and 2.0% for TP and ALB, respectively,
and 0.5% for GLOB when compared to other groups
(p = 0.05). Haematological parameters also showed
clear improvements (Table 5), except for MCH. All
the PFF groups experienced significant increases in
haemoglobin (Hb) and RBC counts (p < 0.05), with
the 2.0% PFF diet having the highest values (9.54
and 1.83, respectively; p = 0.000). Additionally, WBC
counts and MCV were significantly higher in all PFF
groups, especially at 1.5% and 2.0% (p < 0.05). The
addition of PFF improved liver function, as shown
by the activity of liver function enzymes. The PFF
groups showed a significant decrease in ALT and AST
compared to the control group (p < 0.05). Regarding
ALP values, the 0.5% and 1.5% PFF diets exhibited a
reduction compared to the control group (p = 0.000),
but the 1.0% and 2.0% diets demonstrated an increase
with no significant difference from the control group
(p =0.530).

Table 6 shows the positive effect of PFF diets on
immune markers (IgM and lysozyme) after 70 days.
All PFF groups exhibited an increase in these markers
compared to the control group (p < 0.05). There was
no significant difference in final IgM levels among the
PFF groups (p > 0.05). During the same period, the
0.5% PFF groups did not show a significant difference
in lysozyme levels compared to the control group
(» = 0.123) and 1.0% PFF (p = 0.302). The 1.5% and
2.0% groups had the highest final lysozyme levels
compared to the control group (29.59 and 30.00,
respectively; p = 0.001).

Table 7 showed the effect of dietary pumpkin
supplementation on the antioxidant indices of common
carp. The results reveal significant increases in all

Table 4. Growth performance indices and efficiency of common carp fed PFF diets.

Parameter/group Soui PEF % p-value
(0%) 0.5 1.0 1.5 2.0
IBW 12.10 £ 1.11 12.43 £0.42 12.21 £0.85 1243 £1.24 12.36 £0.27 0.988
FBW 37.64 £2.39¢ 40.21 £0.83%* 4578+ 1.14* 46.62 +1.12* 42.84 +£0.92° 0.000
WG 25.54+1.28° 29.78+£0.85* 33.56+1.99° 3420 +1.222 3047 £1.16* 0.000
SGR 2.06 £0.05°* 2.13+£0.07® 2.40+0.18° 2.40+0.15° 2.18£0.12%® 0.044
FCR 2.28+0.12®  2.09+0.10° 2.78£0.22 2.53 £0.18® 3.05+0.67* 0.094
TFI 51.98+1.50 52.08 +1.53 50.84 +1.71 50.69 + 0.41 50.66 + 096 0.674

IBW = initial body weight (g); FBW = final body weight (g); WG = weight gain (g); SGR = specific growth rate (%day/100); FCR =
feed conversion ratio; and TFI = total feed intake (g). Data were presented as the mean + standard deviation. Mean values in the same
column sharing the same superscripts are not significantly different. Absence of letters indicates no significant difference (ANOVA,

one-way, p > 0.05).
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Table 5. Hematological and biochemical parameters of common carp fed PFF diets.

Parameter/group  Control (0%) PR % p-value
0.5 1.0 1.5 2.0
Blood protein profile content
TP 474 £0.11° 5.64 +0.30° 5.53 +£0.29° 5.29 £ 0.60% 5.33+£0.21% 0.074
ALB 2.18+£0.51° 2.67 +0.87* 2.64 +0.08° 2.56 +0.40® 2.53+£0.10® 0.114
GLOB 2.56+0.21° 2.96 +0.12° 2.88 +£0.22% 2.73 +£0.20® 2.79 +£0.18% 0.183
Blood hematological parameters
Hb (g/dl) 7.26 £ 0.28¢ 8.26 + 0.40¢ 8.53 +0.40° 8.74 £ 0.56® 9.54 + 0.96* 0.000
RBC (%106 /pl) 1.35+£0.15° 1.56 +0.07¢ 1.59 £0.16° 1.72 £0.10° 1.83 £0.06* 0.000
WBC (x106 /ul)  23.96 +1.58"  34.40 + 1.96* 32.22 £2.09* 35.06+0.77*  33.82+1.73% 0.000
MCV (fl) 183.26 £5.39° 191.13£2.19° 195.34+5.44® 201.17+2.39* 202.04 +2.88°  0.001
MCH (pg) 32.12+1.23 34.89 +2.56 36.51+2.25 35.92 +£2.56 36.18 £2.61 0.206
Liver function enzyme activity
ALT 89.51+£0.96*  72.47+1.52¢ 75.45 +£1.52° 72.79 £ 1.72%  73.66 + 1.32°  0.000
AST 125.16 £2.04* 115.18 £ 1.51° 113.26 +1.68* 109.59 £ 0.51¢ lllogfdi 0.000
ALP 81.34+4.50" 68.61 +3.08° 81.10+1.11° 58.01 £1.92¢  79.66 +2.72° 0.000

TP, total protein; ALB, albumin; GLOB, globulin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; and ALP, Alkaline
phosphatase. Data were presented as the mean + standard deviation. Mean values in the same column sharing the same superscripts are
not significantly different. Absence of letters indicates no significant difference (ANOVA, one-way, p=0.05).

Table 6. Immunity responses of common carp fed PFF diets.

Parameter/group  Control (0%) PRE % p-value
0.5 1.0 1.5 2.0

Initial IgM 15.15+0.12 1544+048 1526+0.26 1541+0.51 15.95+0.52 0.416

Final IgM 20.07+1.70>  26.11+1.22* 29.10+ 1.04* 28.59+1.89* 29.14+2.33*  0.001

Initial lysozyme 15.04 £ 0.60 16.05+0.63  1625+0.27 15.72+0.94 16.51 +0.63 0.272

Final lysozyme 22.77+2.01° 2540+ 1.60 27.10+2.02* 29.59+0.58* 30.00+1.05*  0.005

Data were presented as the mean + standard deviation. Mean values in the same column sharing the same superscripts are not
significantly different. Absence of letters indicates no significant difference (ANOVA, one-way, p=0.05).

Table 7. Antioxidant indices of common carp fed PFF diets.

Parameter/group Control (0%) PREY p-value
0.5 1.0 1.5 2.0

CAT 23.48 £1.66° 4236+ 1.37° 45.54+1.15° 43.87+1.22?% 43.36+0.50”  0.000

SOD 47.03 £3.14¢ 89.15+1.42¢ 97.06+0.77° 100.96+1.07¢ 99.99 +0.39  0.000

GPX 4518 £1.92¢ 68.53 £2.25¢ 77.56+1.47" 82.51+2.55* 82.44+0.90* 0.000

CAT, Catalase; SOD, Superoxide Dismutase; and GSH, Glutathione peroxidase. Data were presented as the mean + standard
deviation. Mean values in the same column sharing the same superscripts are not significantly different. Absence of letters
indicates no significant difference (ANOVA, one-way, p>0.05).

antioxidant enzyme activity (p < 0.05). The activity of
CAT and SOD was significantly higher in all RP groups
compared to the control group. While the SOD value
peaked at 1.5% (100.96), the CAT value peaked at 1.0%
(45.54). The concentration of GPX progressively rose
in the PFF groups, exhibiting significant differences
among groups, except between the 1.5% and 2.0%

groups (p = 0.967). The highest GPx values for PFF
diets were significantly higher than the control group
(» <0.05), especially at 1.5% (82.51) and 2.0% (82.44).

Discussion

Recent research on Vibrio genetics has led to
significant progress in understanding these infections.
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According to Al-Taee et al. (2017) vibriosis typically
presents as hemorrhagic septicemia, characterized
by localized necrosis of the liver, spleen, kidney,
and other tissues, accompanied by widespread skin
lesions. Aquatic animals are the primary reservoirs
for V. parahaemolyticus infections in freshwater
environments (Quintoil ef al., 2007; Abdellrazeq and
Khaliel, 2014). However, some studies have shown
that these bacteria also live in marine environments,
estuaries, and coastal areas (Nelapati et al., 2012;
Velazquez-Roman et al., 2012; Ceccarelli et al., 2013;
Zhang and Orth, 2013). Therefore, salinity changes
in the aquatic habitats of Basra indicate high salinity
levels in rivers with low freshwater flows and the
intrusion of the salt front from the Arabian Gulf into
the Shatt Al-Arab River (Abdullah and Lafta, 2024,
Al-Silawy et al., 2025).

When isolated from seafood and aquatic environments,
V. parahaemolyticus strains complicate standard
phenotyping and biochemical identification methods.
Therefore, a common molecular technique for
identifying and detecting V. parahaemolyticus is
PCR-based assays (Drake et al., 2007; Subhashini
et al., 2011). Mamdouh et al. (2023) observed that the
biochemical features of V. parahaemolyticus samples
indicate that the isolated strains are rod-shaped,
motile, and produce catalase and oxidase. Additionally,
Ghenem and Elhadi (2018) and Patel er al. (2018)
found that the genus exhibits hemolytic activity,
causing colonies to appear green on TCBS agar.

The incorporation of pumpkin into the diet for
development is seldom documented; it is predominantly
employed to enhance color vibrancy in ornamental
fish (Aulia et al., 2025). The current results indicate
that supplementing with PFF improved the growth
performance of common carp, especially at 1.0%, 1.5%,
and 2.0%. This effect may be due to compounds present
in PFF, such as carotenoids, zeaxanthin, and phenolic
acids, which are known to promote growth (Eissa et al.,
2025). Pumpkin flour contains high B-carotene, which
plays an important role in fish colouring and improve
the growth. Therefore, Teimouri et al. (2013) noticed
that using carotenoids to increase the brightness of
colour could also increase growth in rainbow fish. Yanti
et al. (2022) found that 5% pumpkin flour significantly
increased the growth of L. calcarifer. But Sausan
and Safrida (2017) did not notice a significant effect
on the growth of Carassius auratus fish when adding
pumpkin flour. As well, Aulia et al. (2025) found that
while adding pumpkin peel powder to Labidochromis
caeruleus diet had no effect on growth, it did have
an impact on colour enhancement. The optimal dose
of yellow pumpkin peel flour for enhancing the color
of lemon fish is P4 (15%), with a 30.7% increase in
fish color. Additionally, it might influence the overall
structure of the gut, as Al-Hasson et al. (2025) and
Khattab et al. (2024) found that pumpkin encourages
the development of intestinal villi, thereby increasing

the surface area for nutrient absorption and enhancing
digestive enzyme activity.

Meanwhile, beyond serving as a protein source, raw
pumpkin also has the potential to act as a nutraceutical.
It contains health-promoting bioactive compounds,
including squalene, phytosterols, and tocopherols.
Additionally, these medicinal plants have been
utilized for various pharmacological and therapeutic
purposes, including anti-inflammatory, anti-cancer,
antioxidant, antibacterial, and antiparasitic effects
(Bardaa et al., 2016; Musthafa et al., 2017; Salehi
et al., 2019; Abdelhice et al, 2021). Serum and
haematological biochemical markers are essential
tools for assessing fish health, offering insights
into their immune, pathological, and physiological
conditions (Ammar et al., 2020). According to the
study’s results, PFF showed no significant effect on
TP, ALB, and GLOB compared to the control group,
except at the lower concentrations (0%, 0.5%, 1.0%,
and 1.0%). Therefore, the treatments did not impact
these serum biochemical indicators. These findings
align with those of Sezgin and Aydin (2021) who also
studied common carp but used pumpkin seed cake as
a substitute for dietary soybean meal. A higher RBC
count and Hb concentration in fish fed PFF suggest
improved oxygen-carrying capacity, potentially
leading to increased metabolic activity and energy
production. The effect of pumpkin on haematological
parameters may be due to its high vitamin C content,
which enhances iron absorption from the intestines of
the fish. Other vitamins and minerals may also help
improve haematopoiesis (Lim et al., 2000). Research
consistently shows that pumpkin is rich in minerals
such as iron and zinc, as well as vitamins like folic
acid, which are vital for hemoglobin synthesis and red
blood cell formation (Elinge et al., 2012; Negm, 2020).
The current findings align with those of Vakili et al.
(2024) who investigated the effects of pumpkin seed
extract on growth factors, serum immune factors, and
resistance to Yersinia ruckeri in O. mykiss. Conversely,
Jalili et al. (2013) reported that replacing fish meal with
plant sources (wheat gluten, corn gluten, and soybean
meal) did not significantly impact blood parameters.
The restoration of the common carp’s livers after
being fed PFF shows that pumpkin works through a
mechanism that improves ALT and ALP levels, thereby
reducing liver toxicity. This suggests that PFF helps
prevent liver diseases and disorders by enhancing
liver function and reducing cell damage (Uribe ef al.,
2011). Dietary pumpkin offers hepatoprotective
and nephroprotective benefits due to its antioxidant
activity (Latif ef al., 2020). Carotenoids are pigmented
compounds produced by plants and microorganisms,
including pB-carotene, lycopene, and lutein (Shehu
and Saidu, 2012). Furthermore, Wang et al. (2022)
demonstrated that p-carotene provides significant
protection to the liver. Pumpkin effectively reduces
liver and kidney enzyme levels because of its
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antioxidant and anti-inflammatory properties, which
protect these organs from damage (Negm, 2020). The
current study demonstrated that the use of pumpkin
flour during the experiment improved the phenotypic
condition of the liver, as it contains B-cryptoxanthin
(Nincevi¢ Grassino et al., 2023). In this context, active
components of medicinal herbs contribute to improving
fish health (Sayed-Lafi ef al., 2024a and b). Similarly,
Mounes et al. (2024) observed that replacing soybean
meal with pumpkin seed cake in Nile tilapia diets
decreased serum enzyme levels such as AST and ALT.
However, there has been limited research on the effects
of natural carotenoids from vegetable sources on fish
growth and liver enzyme activity. The use of pumpkin
flour may also somewhat reduce the need for antibiotic
treatment, such as with florfenicol, enrofloxacin, and
oxytetracycline. These antibiotics improved the liver
function parameters of Nile tilapia infected with
V. alginolyticus (E1-Gohary et al., 2020).

Teleost fish primarily rely on non-specific immune
responses, including antibacterial compounds such as
lysozyme and IgM. For fish, the innate immune system
is a more critical first line of defence against invasive
infections than it is for mammals (Magnadottir, 2006).
Ekawati (2008) mentioned that the carotenoid in the diet
of fish not only function as colour formation but also
play a role in their reproduction and immune system.
In this study, IgM and lysozyme levels increased with
high percentages of PFF diet (1.0%, 1.5%, 2.0%).
After breaking down bacteria, these antimicrobial
substances act as opsonins, stimulating phagocytes
and the complement system (Magnadoéttir, 2006; Uribe
et al., 2011). Furthermore, Eissa et al. (2025) indicated
that pumpkin seed oil-loaded chitosan nanoparticles
enhance the immune response in Litopenaeus vannamei
against V. parahaemolyticus. Therefore, the PFF may
enhance the fish’s resistance to V. parahaemolyticus,
potentially improving health management in farmed
fish and increasing their disease resistance, which is
vital for successful aquaculture. These findings agree
with those of Musthafa et al. (2017) who studied
Oreochromis mossambicus fed diets containing
pumpkin mixed seed meal. They observed improved
immune responses against gram-negative bacteria
and Aeromonas hydrophila. Similarly, their results
align with studies on Nile tilapia (Khattab et al., 2023;
Naiel et al., 2024), rainbow trout (Vakili et al., 2024),
Caspian whitefish (Adel et al., 2015), and Victoria
Labeo (Ngugi et al., 2015).

Antioxidant activity in enzymes like CAT, SOD, and
GPX serves as a key biomarker for monitoring fish
health, reflecting how fish respond to external stimuli.
This activity also assesses the antioxidant capacity of
the fish (El-Houseiny ef al., 2023). Pumpkin may have
stimulated antioxidant defenses in all treated groups
because it contains active ingredients such as proteins,
minerals, phytosterols, triterpenes, carotenoids,
lignans, polyunsaturated fatty acids, tocopherol, and

phenolic and antioxidant compounds (Caili et al., 2006;
Nkosi et al., 2006; Salehi et al., 2019; Abdelhiee et al.,
2021). In this study, PFF was particularly effective,
significantly boosting the activities of CAT, SOD, and
GPX at high concentrations (1.0%, 1.5%, and 2.0%).
Overall, carp fed with pumpkin demonstrated a strong
and active antioxidant defense system. Similar results
were observed in other studies, including those by
El-Houseiny et al. (2023) and Mounes et al. (2024)
on Nile tilapia, as well as Al-Hasson et al. (2025) and
Sayed-Lafi ef al. (2024a) on common carp.

Conclusion

PFF contains active components that help improve
the health of fish infected by V. parahaemolyticus.
It can be considered a valuable tool for enhancing
growth performance, haematological and biochemical
parameters, immunological responses, and antioxidative
activity in common carp. Further research is needed to
determine the optimal dosage for promoting growth
and health in common carp, as well as to obtain more
detailed findings.
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