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Abstract

This study evaluated the effects of grape seed extract (GSE) on the growth performance, immune
response, and disease resistance of common carp (Cyprinus carpio). Fish were distributed in four
groups and fed diets with varying levels of GSE at 0, 10, 20, and 30 g/kg for 56 days. The final
length in fish fed with 20 and 30 g GSE/kg diet significantly increased in comparison with the
control group (P<0.05). The final weight and weight gain of fish fed with GSE were statistically
higher than for the control diet, while the feed conversion ratio was lower in GSE groups than
the control. Hematological parameters did not statistically improve with GSE supplemented diets
(P>0.05). However, fish fed with 30 g GSE/kg diet displayed a significantly higher WBC count than
the other group (P<0.05). The serum total protein and globulin in fish fed with 20 g GSE/kg diet
significantly increased compared to the control (P<0.05). A similar pattern was noticed in results
for serum and mucus lysozyme activity with a significant increase in fish fed with 20 and 30 g GSE/
kg diet compared to the control (P<0.05). Total antibody levels in serum and mucus samples were
also increased in fish by dietary GSE with maximum levels by 20 and 30 g GSE/kg diet. Besides,
mucus protease activity was higher in fish that received 20 and 30 g GSE/kg diet with maximum
level shown in fish fed with 30 g GSE/kg diet compared to the control group (P<0.05). Meanwhile,
all groups showed higher mucus antibacterial activity against Aeromonas hydrophila with the high-
est activity in 30 g GSE/kg diet in comparison with the control group. The cumulative mortality
was 36.67% when fish were fed with 30 g GSE/kg diet and challenged with A. hydrophila. However,
the mortality rate was 40% and 53.33% in fish fed 20 and 30 g GSE/kg diet, respectively. This
study suggests that supplementation of GSE could significantly enhance the growth performance,
immune responses, and disease resistance against A. hydrophila in common carp.
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Common carp (Cyprinus carpio) contributes to a large proportion of freshwater
aquaculture production (Dawood et al., 2020; Jagruthi et al., 2014). Intensified aqua-
culture environment and high susceptibility to infectious disease make the industry
vulnerable to disease outbreaks resulting in significant economic losses (Mehana et
al., 2015). For instance, Aeromonas hydrophila, the causative agent of motile Aero-
monas septicemia in fish, causes skin lesions and septicemia with necrosis in hemat-
opoietic tissues and intestinal mucosa as well as focal necrosis in the heart, pancreas,
and gonad tissues (Noga, 2010). The use of chemicals and antibiotics may enhance
growth and disease resistance of fish; nevertheless, consequent hazardous impacts on
fish and environment are unavoidable (Noga, 2010). Therefore, recent studies have
been focused on finding safe and cost-effective alternatives (Al-Deriny et al., 2020;
Lazado and Caipang, 2014; Mehana et al., 2015).

Medicinal plants have long been used to improve the performances and health
condition of aquatic animals (Dawood et al., 2018). Several studies have considered
the utilization of plant extracts, constituting numbers of active substances including
flavonoids, phenolics, alkaloids, saponins, terpenoids, tannins, glycosides, steroids,
or essential oils as supplements with no side effects (Amin et al., 2019; Moustafa et
al., 2019; Srichaiyo et al., 2020; Van Doan et al., 2019 a). Additionally, it has been
stated that the immune system and disease resistance of fish can be stimulated and
enhanced through a wide range of medicinal plants (Adel et al., 2016 a; Awad and
Awaad, 2017; Saeidi Asl et al., 2017). Moreover, plant extracts have been reported
as an appetite stimulant and weight-gain enhancers in cultured fish (Adel et al., 2020;
Ahmadifar et al., 2019 b; Sarhadi et al., 2020).

Grape seed extract (GSE) is a by-product of the processing of wine and grape (Kao
et al., 2010). This additive is the primary source of monomeric phenolic compounds and
dimeric, trimeric, and tetrameric procyanidins (Arslan et al., 2018; Lange et al., 2014;
Nowshehri et al., 2015; Zhai et al., 2014). These active compounds have anti-mutagenic,
anti-viral, anti-aging, anti-diabetic, and anti-inflammatory effects (Gokoglu and Yerli-
kaya, 2008; Nowshehri et al., 2015). In aquaculture, dietary GSE application was shown
to improve the growth performance (Arslan et al., 2018; Lange et al., 2014; Zhai et al.,
2014), antioxidant status (Arslan et al., 2018), and disease resistance (Arslan et al., 2018;
Kao et al., 2010; Lange et al., 2014) in different fish and shellfish species.

To the best of our knowledge, no reports are available about the use of GSE in
common carp diets based on the performance of growth as well as systemic and
mucosal immune responses.

Thus, the current study evaluated the effects of GSE on the growth performance
and immunity of common carp.

Material and methods

Fish husbandry and ethical statement

The current trial followed a standard operating procedure approved by the animal
care and use committee of the Faculty of Natural Resources, University of Zabol,
Zabol, Iran.
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Diets and experimental design

Common carp (45.67+3.32 g) purchased from a local farm (Zahak, Sistan and
Baluchestan, Iran) were transferred to the University of Zabol. After arrival, fish
were bathed with sodium chloride (2%) for 10 min and then kept in two 1000 L tanks
for 10-day acclimation. Then fish were randomly allocated into fiberglass tanks. The
water quality parameters were measured regularly and maintained at the follow-
ing range: temperature, 25.404+2.50°C; dissolved oxygen, 6.40+0.30 mg/L, and pH
7.5+0.32, respectively with 50% daily water exchange.

The composition and the preparation of the basal diet were done by following
Ahmadifar et al. (2019 a) (Table 1). Four diets were formulated by mixing grape
seed extract (GSE) with the basal diet at 0, 10, 20, and 30 g/kg (TO0, T1, T2, and T3).
The prepared diets were separately kept in plastic bags at 4°C to be used in the ex-
periment. After the adaptation period, fish were accommodated in 12 fiberglass tanks
(300 L) (20 fish/tank, triplicates) and fed different diets at the rate of 2—-3% of body
weight gain by hand three times a day (09:00; 12:00; 15:00) for 56 days.

Table 1. Formulation and proximate composition of the different experimental diets (% dry matter)

Compounds (%) | Chemical composition (%)
Fish meal 33 Dry matter 89.50
Wheat flour 26 Crude protein 32.40
Soybean meal 12 Crude lipid 8.78
Wheat gluten 6 Ash 5.92
Corn flour 14 Fiber 11.20
Mineral premix® 3
Vitamin premix* 3
Binder® 2
Anti fungal® 1

*Premix detailed by Hoseinifar et al. (2016).
®Amet binderTM, Mehr Taban-e-Yazd, Iran.
“ToxiBan antifungal (Vet-A-Mix, Shenan-doah, 1A).

Growth performance

In each tank, the initial and final weights of all fish were determined at the end of
the trial. The fish survival rate during the 56-day trial was also calculated by counting
the live individuals in each tank. Weight gain, thermal growth coefficient (TGC), and
feed conversion ratio (FCR) were also expressed as:

Weight gain = W2 (g) — W1 (g) / 56 (days),

TGC =100 x W2 (g)* - W1 (g)* / 56 (days) x mean water temperature (°C),

FCR = total feed consumption (g) / weight gain (g),

Where W2 and W1 are the final weight and initial weight, respectively.

Blood and skin mucus sample collection

At the end of the feeding trial, five fish in each tank were sacrificed through
bathing in clove oil (50 ml/L) (Hajek et al., 2006). Fish blood sample (2 mL)
was gathered from the caudal vein by a non-heparinized syringe. Half of the fish
blood was used for hematological examinations after adding heparin as anticoagu-
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lants, and remaining blood was used for serum separation. After keeping at room
temperature for two hours, fish blood was centrifuged at 1500 g for 15 min. Col-
lected serum from each fish was kept in the Eppendorf tube at —80°C until use for
different assays.

Ten fish from each tank were bath anesthetized in clove oil (50 ml/L), then the
skin mucus was gathered with gentle scraping (Sheikhzadeh et al., 2012). Mucus
from five fish was pooled to get enough samples for all assays. After homogenizing
with Tris-buffered saline, mucus samples were centrifuged at 500 g for 30 min at
4°C. The final supernatants were filtered with Whatman no. 1 filter paper. Prepared
mucus homogenates were stored at —80°C for specific enzyme activities.

Hematological and biochemical parameters

For counting red blood cell (RBC) and white blood cell (WBC), blood from each
fish was diluted with Hayem and Turk solutions for RBC and WBC, respectively.
Manual counting was done by hemocytometry using the Neubauer hemocytometer.
Hemoglobin concentration (Hb) was determined with the cyanmethemoglobin meth-
od using Drabkin’s solution. Hematocrit (Ht) was determined with micro hematocrit
capillary tubes (Blaxhall and Daisley, 1973). Different parameters, including mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean cor-
puscular hemoglobin concentration (MCHC) from erythrocytes, were determined
according to Blaxhall and Daisley (1973). The WBC differential count was done by
preparing the blood smears and staining in Wright-Giemsa.

Serum metabolites namely albumin, cholesterol, triglyceride, as well as meta-
bolic enzyme activities including aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), and alanine aminotransferase (ALT) were determined using Par
Azmoun commercial kits (Tehran, Iran) and a biochemical-type automated analyzer
by following the protocol of the manufacturer (Mansour-Ghanaei et al., 2019).

Serum and mucus immunological parameters

Serum and mucus lysozyme activity was measured according to a previous study
by Demers and Bayne (1997). Briefly, 25 pL of serum or mucus samples were mixed
with a 175 pL Micrococcus lysodiekticus (Sigma Aldrich) suspension prepared in
0.1 M phosphate citrate buffer (pH 5.8). Turbidity change was calculated every
30 s for 10 min at 450 nm by a microplate reader. For standard, hen egg-white
lysozyme (Sigma Aldrich) ranging from 0 to 20 pg/mL in the phosphate citrate buf-
fer was used. The equivalent unit of lysozyme activity for each sample was deter-
mined in comparison with the standard and expressed as pg/mL serum or mucus
samples.

Serum and mucus total antibody levels were measured according to methods
described by Siwicki et al. (1994). Briefly, total protein level was determined before
and after precipitation with 12% polyethylene glycol (Sigma Aldrich) using a modi-
fied micro-Lowry method (C-690; Sigma Aldrich).

Skin protease activity was measured by the azocasein hydrolysis method (Ho-
seinifar et al., 2016). Briefly, skin mucus (100 pL) was mixed with 0.7% azoca-
sein solution (100 puL) and then incubated at 30°C for 20 h with continuous agita-
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tion. Trichloroacetic acid (4.5%) was added to stop the reaction. The centrifuging
at 15000 g for 5 min was done to obtain the supernatant. Inside the flat-bottomed
microplates, the resulting supernatants were mixed with 1 N sodium hydroxide (100
pL), and optical density was recorded at 450 nm. Protease activity was determined
in comparison with the positive control, which was a trypsin solution (5 mg/mL)
instead of a mucus sample with 100% protease activity.

Serum antibacterial activity of fish was determined against 4. hydrophila IBRC-M
10814) purchased from the Iranian Biological Resource Center. Briefly, A. hydroph-
ila was cultured in tryptic soy broth (TSB) and then incubated at 25°C for 24 h and
finally adjusted to 1 x 10° CFU/mL. This bacterial suspension was serially diluted
(1:10) with phosphate-buffered saline (PBS) five times. Serum bactericidal activity
was determined by incubating 2 ml of this diluted A. hydrophila suspension with
20 ml of serum in a micro-vial for 1 h at 37°C. For the control group, PBS was re-
placed with the serum sample. After incubation, the total number of colonies visible
on a nutrient agar plate at 37°C for 24 h was considered as the total viable bacteria
(Ghiasi et al., 2018).

Challenge test with A. hydrophila

A. hydrophila (IBRC-M 10814) cultured in TBS for 24 h at 25°C was adjusted to
1 x 108 CFU mL", according to a previous study (Soltanian and Fereidouni, 2016).
At the end of the trial, five fish per tank were intraperitoneally injected with 0.1 mL
of A. hydrophila. For negative control, a group of 15 fish fed with the control diet
during the feeding trial was injected with 0.1 mL of PBS. After the challenge, fish
were kept under observation for 14 days to record the mortality. Dead fish were
examined by culturing on tryptic soy agar to prove the presence of A. hydrophila in
the fish carcass.

Statistical analysis

The values in this study were indicated as the mean value + standard error. After
determining the normality and homogeneity of variance, the one-way analysis of
variance (ANOVA) was conducted using SPSS ver. 19.0 (IBM Corp. USA). The
data values from different groups were compared using the Tukey post hoc test. The
P<0.05 was considered as statistically significant level in the analyses.

Results

Growth performance

In this study, initial weight and length showed no differences between all groups.
The final length in fish fed with 20 and 30 g GSE/kg diet was significantly increased
in comparison with the control group (P<0.05). The final weight, weight gain, and
TGC of fish fed with GSE were statistically higher than the control diet, while the
FCR was lower than the control (P<0.05). Meanwhile, during this 56-day feeding
trial, no mortality occurred in all groups (Table 2).
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Table 2. Effect of dietary grape seed extract on growth performances, and survival rate of common carp

TO Tl T2 T3
Initial weight (g) 45.66+1.22 45.77+0.80 45.51+1.10 45.75+1.45
Initial length (cm) 13.35+0.40 13.60+0.57 13.48+0.44 13.45+0.42
Final weight (g) 67.40+0.76 a 72.84+1.75b 74.91£2.57 ¢ 77.23+1.88 ¢
Final length (cm) 15.96+0.57 a 17.10+0.60 ab 17.35+0.81 b 17.84+0.63 b
Weight gain (g) 21.73£1.97 a 27.05£1.49 b 29.40+3.36 b 31.48+1.00 ¢
TGC 16.07+0.59 a 18.90+0.95 b 20.60+2.01 be 21.58+0.36 ¢
FCR 2.7340.26 b 2.19+0.12 a 2.02+0.22 a 1.88+0.06 a
Survival rate (%) 100 100 100 100

Values show means +SE of three replicates. Values in each column with different letters were significantly
different (P<0.05). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g GSE/kg diet.

Blood parameters

Hematological parameters did not statistically differ with GSE supplemented
diets (P>0.05). However, when fish were fed with 30 g GSE/kg diet, the WBC
count significantly increased in comparison with other groups (P<0.05) (Table 3).
Among the measured serum metabolites, total serum protein, and globulin were sig-
nificantly increased in fish fed with 20 g GSE/kg diet compared to the control group
(P<0.05) (Table 4). Conversely, the remaining metabolites and metabolic enzyme
activities did not differ in different treated groups in comparison with the control
(P>0.05).

Table 3. Effect of dietary grape seed extract on hematological parameters of common carp

TO Tl T2 T3
RBC x 10° (cell/mm?) 0.90+0.10 0.99+0.14 0.89+0.14 0.9320.12
WBC x 10° (cell/mm®) 7514040  7.46+0.45a 7.76£0.32 a 8.56+0.46 b
Hb (g/dL) 3.4440.34 3.59+0.24 3.05+0.40 3.530.11
HCT (%) 24.67£3.06  27.00+1.00 24.0043.00 28.67+4.16
MCV (fL) 278.74+66.6  275.36+28.95  278.93+81.1  313.33+80.83
MCH (pg) 38524552 36.49+2.76 34.76+5.48 38.33+6.32
MCHC (g/dL) 14.13+2.66 13.28+0.43 12.8142.12 12.47+1.65
Lymphocyte (%) 95.67+2.31 93.00+4.00 97.6742.52 99.00+1.00
Neutrophil (%) 4334231 6.67+4.51 2.3342.52 0.67+0.58
Monocyte (%) 0.000.00 0.3320.58 0.0020.00 0.3320.58

Values show means +SE of three replicates. Values in each column with different letters were significantly
different (P<0.05). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g GSE/kg diet.

RBC, red blood cell; WBC, white blood cell; Hb, haemoglobin; HCT, haematocrit; MCV, mean corpuscular
volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration.



Effects of grape seed extract on performance of common carp 223

Table 4. Effect of dietary grape seed extract on serum biochemical parameters of common carp

TO T1 T2 T3
Total protein (g/dL) 341034 a 3.50+0.47 a 4.06+£0.32 b 3.53+0.51 a
Albumin (g/dL) 1.10£0.30 a 0.93+0.10 a 1.43+0.17 b 1.05£0.19 a

Cholesterol (mg/dL) 258.9+21.62 279.80+13.00 267.30+33.34 240.6+12.39
Triglyceride (mg/dL) 237.78+17.43 231.91£17.00 219.41£15.06 234.54+12.12

AST (IU/dL) 198.26+18.46 159.78+21.86 166.63+28.81 163.71£43.33
ALP (IU/dL) 240.18+25.21 235.08+36.18 247.21+£34.57 212.65+23.39
ALT (1U/dL) 11.35+1.11 11.86+2.33 13.15£2.28 14.13£2.69

Values show means +SE of three replicates. Values in each column with different letters were significantly
different (P<0.05). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g GSE/kg diet.
AST, aspartate aminotransferase; ALP, alkaline phosphatase; ALT, alanine aminotransferase.
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Figure 1. Effect of dietary grape seed extract on (A) serum and (B) mucus lysozyme activity of

common carp. Values show means £SE of three replicates. Values with different letters were significantly

different (P<0.05). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g
GSE/kg diet
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Immune response

The results of serum and mucus lysozyme activities displayed a significant in-
crease in fish fed with 20 and 30 g GSE/kg diet compared to the control diet (P<0.05)
(Figures 1 A and 1 B). Total antibody levels in serum and mucus samples were also
increased in fish that received different doses of GSE with maximum levels in fish
fed 20 and 30 g GSE/kg diet (Figures 2 A and 2 B). Besides, mucus protease activity
was higher in fish that received 20 and 30 g GSE/kg diet with maximum level shown
in fish fed with 30 g GSE/kg diet compared to the control group (P<0.05) (Figu-
re 3). Meanwhile, all groups showed higher mucus antibacterial activity against
A. hydrophila with the highest activity in 30 g GSE/kg diet in comparison with the
control group (Figure 4).
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Figure 2. Effect of dietary grape seed extract on (A) serum and (B) mucus total antibody level of

common carp. Values show means +SE of three replicates. Values with different letters were significantly

different (P<0.05). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g GSE/kg
diet
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Figure 3. Effect of dietary grape seed extract on mucus protease activity of common carp. Values show
means +SE of three replicates. Values with different letters were significantly different (P<0.05). T0: 0 g
GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g GSE/kg diet
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Figure 4. Effect of dietary grape seed extract on serum antibacterial activity against 4. hydrophila in

common carp. Values show means £SE of three replicates. Values with different letters were significantly

different (P<0.05). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3: 30 g GSE/kg
diet
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The cumulative mortality was 36.67% when fish were fed with 30 g GSE/kg
diet. However, the mortality rate was 40% and 53.33% in fish fed 20 and 30 g GSE/
kg diet, respectively. The infected fish fed with control diet recorded 63% mortality
while the uninfected fish fed the control diet displayed no death (Figure 5).
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Figure 5. The cumulative mortality of 4. hydrophila-infected common carp fed with grape seed extract
recorded for 14 days (N=30). TO: 0 g GSE/kg diet; T1: 10 g GSE/kg diet; T2: 20 g GSE/kg diet; T3:
30 g GSE/kg diet

Discussion

Medicinal plants have widely attracted the aquaculture researchers because of
their beneficial influence on fish such as improving the innate immune responses,
improving growth, and feed digestibility (Adel et al., 2016 b; Mahmoud et al., 2019;
Van Doan et al., 2019 b, c¢). These additives could augment the growth of benefi-
cial microbial colonies in the digestive tract, which leads to enhance feed intake
and weight gain of various aquatic species (Safari et al., 2017). Increased resistance
against infectious diseases of aquatic species following the administration of differ-
ent medicinal plants was also shown previously (Van Doan et al., 2019 b, c; Yin et
al., 2008).

It has been reported that fish growth performance and immune responses can
be induced by several materials such as a plant extract. The grape seed extract con-
tains several bioactive substances such as vitamins C and E, and fatty acids that can
stimulate the immune system by the production of bioactive molecules (immuno-
globulin, lysozyme, complement) and increasing the activity of phagocytosis (Ar-
slan et al., 2018; Gokoglu and Yerlikaya, 2008; Kao et al., 2010; Lange et al., 2014).
Hence, the medicinal utilization of grape seed extract (GSE) is due to the presence of
the mentioned bioactive compounds, which can also affect fish growth and immu-
nity.
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Weight gain and growth rate are directly correlated with animal capability for
digestion and absorption of nutrients (Magouz et al., 2020). Medicinal plants have
been used to improve nutrition in human for a long time, and their use has drawn
considerable attention in livestock, poultry, and aquatic animals (El-Deep et al.,
2019; Saleh et al., 2019; Shekarabi et al., 2019). The current study revealed im-
proved growth performance in fish fed GSE. In parallel, the positive effects of di-
etary GSE and grape seed oil in tilapia (Oreochromis niloticus) and rainbow trout
were observed (Arslan et al., 2018; Zhai et al., 2014). The presence of polyphenolic
compounds in diet might protect the intestinal mucosa against different pathogens
and oxidative damage, thereby leading to better absorption of nutrients (Abu Hafsa
et al., 2018). Meanwhile, polyphenols can perform the role of prebiotics by enhanc-
ing the composition of the gut microbial community, which results in an impact on
host health (Ozdal et al., 2016).

Biochemical and hematological composition of blood can provide valuable infor-
mation about animal health and is used to monitor metabolic disturbance and disease
as a result of biotic and abiotic factors (Dossou et al., 2018; El Basuini et al., 2016).
Additionally, these parameters have been assessed as health indicators for the evalu-
ation of immunostimulants’ effect on fish (Dawood et al., 2017). The present study
demonstrated that dietary GSE could modify the WBC count, which increased with
administration of GSE, indicating the immunostimulatory potential of grape seed
against infection (Talpur and Ikhwanuddin, 2012).

It has been known for a long time that the number of RBC and WBC has a direct
relationship with the immune response in the fish (Ainsworth, 1992). In the current
study, we observed that 3% supplementation of GSE in the diet increased WBC
significantly, which is in alignment with the results of other studies that evaluated
medicinal plants in fish (Van Doan et al., 2019 b; Yin et al., 2008). This might be
the result of the increased vitamin C, carotene, calcium, and iron availability in the
circulatory system due to improved absorption in the intestine (Arslan et al., 2018;
Gokoglu and Yerlikaya, 2008; Kao et al., 2010; Lange et al., 2014).

In parallel, total protein, globulin, and total antibody levels were increased in fish
fed GSE. Immunoglobulin, globulin, lysozyme, and alternative complement pathway
have bactericidal properties and play a role in the immune defense (Vallejos-Vidal
et al., 2016). It has been shown that medicinal plant supplementation can elevate the
levels of innate immune response components (Ji et al., 2017; Magnadottir, 2010;
Uribe et al., 2011). In the current study, GSE could augment the lysozyme activity
in common carp serum. Similarly, feeding tilapia fingerlings with GSE increased
the serum lysozyme activity (Zhai et al., 2014). All these results show the potential
role of GSE in augmenting the systemic immune responses in common carp.
Enhanced blood IgM in the current study is in line with the increased lysozyme
activity, suggesting immunomodulatory effects of GSE on carp after A. hydrophila
challenge.

Fish health relies on two non-specific and specific defense lines (Uribe et al.,
2011). The skin mucus and phagocytes are of the first and significant lines of non-
specific immunity in fish, which are triggered by various immunostimulants like
glucans, growth hormone, vitamin C, etc. (Dawood, 2016; Lazado and Caipang,



228 Z. Mehrinakhi et al.

2014). Despite the numerous studies on the impact of medicinal plants on fish, there
is still a lot to be known, especially on the skin mucus activities (Van Doan et al.,
2019 a). Results of the current study showed that lysozyme activity was increased
in fish skin mucus following the administration of GSE, which is in parallel with
results achieved in fish mucus. The presence of lysozyme enzyme in different organs
or tissues in various fish species, including ova, serum, and mucus, shows continu-
ous contact with pathogenic microorganisms (Ji et al., 2017). In this study, higher
protease activity in common carp fed with GSE was also shown. This study was in
line with previous studies proving the positive effects of different immunostimu-
lants, including Ergosan and Persian hogweed (Heracleum persicum) on the protease
activity in fish mucosal tissues (Hoseinifar et al., 2016; Sheikhzadeh et al., 2012).
Proteases have protective roles against different pathogens by cleaving their proteins
direct or enhancing the mucus consistency and sloughing the mucus indirectly. This
phenomenon finally results in pathogen removal from the body surface (Sheikhzadeh
et al., 2012). Meanwhile, applying the immunomodulatory function by activating
other immunological components, such as complement and immunoglobulin, was
also shown in mammalians (Palaksha et al., 2008). In parallel, in this study, a higher
antibody level was also demonstrated in fish treated with GSE.

Although there is a plenty of research on controlling motile Aeromonas septice-
mia disease in aquaculture using natural products (Ardo et al., 2008), the mortalities
associated with the disease outbreaks still constitute a significant problem in fish
farming (Fernandes et al., 2019). The used GSE in the present study was efficient
in the treatment of various human and animal diseases, being rich in flavonoids and
polyphenols in addition to tannins, which contribute to enhancing the immune sys-
tem and antioxidative response (Nowshehri et al., 2015). The cumulative mortality
rate is one of the visual parameters indicating the immune effect of an immunostim-
ulant in a challenging experiment. In the current study, the lowest mortality rate
against A. hydrophila was shown in fish that received a high dose of GSE, followed
by medium and low dose groups. This result suggests that GSE can augment dif-
ferent humoral factors in the fish host during pathogen invasion. Furthermore, the
skin mucus test also showed strong antibacterial effects against A. hydrophila in
fish treated with GSE with the highest level in the high dose group. Fish mucosal
tissues with immune-related components potentiate the overall physiological re-
sponse, starting the systemic immune responses upon stimulation (Vallejos-Vidal et
al., 2016). Therefore, both mucosal and systemic immune stimulation after feeding
GSE might enhance the fish resistance against 4. hydrophila.

Conclusion

In conclusion, the inclusion of the extract from grape seed improves the growth
performance, serum and mucosal immune responses of common carp. Also, GSE
resulted in increased resistance against 4. hydrophila. Therefore, GSE could be used
as a promising natural antibacterial additive for protecting the fish from infectious.
The optimum dietary GSE is 20 to 30 g/kg diet for improving the performances of
common carp.
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