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A B S T R A C T

The aim of the present study was to assess the effects of dietary oak (Quercus castaneifolia) leaf extract sup-
plementation on growth performance, antioxidant, immune and stress responses in common carp (Cyprinus
carpio). Ethanolic extract of the oak leaf were prepared and tested for in vitro radical scavenging and antibacterial
properties. The results showed that the extract has radical scavenging property below that of butylated hy-
droxytoluene (BHT) at 12.5–75 μg mL−1, but there was no significant difference between the two materials at
100 and 200 μg mL−1. Moreover, the extract had bactericidal effects against Aeromonas hydrophila, which was
near 5-fold lower than tetracycline. Then, the extract was added to the fish diet at 0 (CTL), 0.5 (0.5E), 1 (1E) and
2 (2E) g kg−1 diet. The fish were fed with aforementioned diets for 60 days before subjecting to a 6-h crowding
stress. The results showed that the extract had no significant effects on the fish growth performance (P > .05).
Dietary extract supplementation (1E and 2E) significantly increased plasma superoxide dismutase (P = .003),
catalase (P = .015), glutathione peroxidase (P < .001), reduced glutathione (P < .001), lysozyme
(P < .001), complement (P = .001), and bactericidal activity (P = .020) and decreased malondialdehyde
(P < .001) levels. Dietary oak leaf extract supplementation had no significant effects on basal cortisol and
glucose levels, but significantly (P < .001) mitigated post-stress levels of these parameters, compared to the
CTL fish. In conclusion, oak leaf extract stimulates antioxidant and immune system of common carp, without
affecting the fish growth performance. Moreover, the extract was partially beneficial to reduce stress in the fish.
Dietary levels of 1–2 g kg−1 oak leaf extract are recommended for common carp feed formulation.

1. Introduction

It is interesting for fish farmers to find out methods for increasing
fish growth and health, because of economic reasons as well as constant
threat of diseases outbreak in the fish farms. An efficient way to reach
these goals is use of feed supplements, which may stimulate the fish
growth performance and boost antioxidant and non-specific immune
systems (Abdel-Tawwab, 2016).

Aquaculture causes constant threat of free radicals to fish due to
various reasons such as high fish stocking density and handling; thus
fish must have strong antioxidant defense to counteract these negative
effects (Abdel-Tawwab et al., 2018b). Superoxide dismutase (SOD),

catalase (CAT), and glutathione peroxidase (GPx) are important anti-
oxidant enzymes in fish that protect cells against superoxide and hy-
drogen peroxide molecules (Yousefi et al., 2019). Oxidative stress is a
condition under which fish antioxidant system fails to counteract pro
oxidants. Oxidative stress leads to fatty acid oxidation and formation of
malondialdehyde (MDA). Therefore, a strong antioxidant system pro-
tects the fish fatty acids against oxidation and guarantees the fish
welfare. Evidence show dietary additives may effectively increase the
fish antioxidant system and suppress oxidative stress (Giannenas et al.,
2012; Pérez Jiménez et al., 2012; Ahmadifar et al., 2019; Yılmaz et al.,
2019).

Non-specific immune system is important in fish immunity, because
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it is the fast responding immune system and acts against a wide range of
pathogens (Lee et al., 2015). Lysozyme and complement molecules are
two well-known components of the fish immune system, which can be
stimulated by dietary additives (Taheri Mirghaed and Ghelichpour,
2018). Immunoglobulins (Ig) are components of adaptive immune
system of fish, but fish produce basal levels of Ig under normal condi-
tion, too (Fazelan et al., 2020). Fish plasma Ig levels increase in re-
sponse to dietary additive supplementation according to previous stu-
dies (Akrami et al., 2015; Safari et al., 2019). Improve in these
parameters helps fish to counteract pathogens.

Many aquaculture practices are stressful for fish, triggering hy-
pothalamus-pituitary-interrenal axis and cortisol release (Barton,
2002). Cortisol has been known to increase fish energy expenditure and
suppress immune system (Tort, 2011). Moreover, fish face higher levels
of free radicals under stressful conditions (Yarahmadi et al., 2016).
Therefore, finding practical approaches for stress relieve is important in
aquaculture. Nutritional manipulation has been demonstrated as a
useful method that can mitigate fish stress (Xie et al., 2008; Sahin et al.,
2014; Abdel-Tawwab et al., 2018a).

Among the feed additives, herbal materials have gained great at-
tention in aquaculture industry, because of their natural origins (Lee
et al., 2015). Several studies have shown that herbal intact materials/
extracts increase fish performance and well-being (Chakraborty and
Hancz, 2011; Chakraborty et al., 2014; Baba et al., 2016; Baba et al.,
2018; Zemheri-Navruz et al., 2019). Oaks (Quercus sp.) are groups of
diverse plant species with worldwide distribution (Almeida et al.,
2008b). They are used as human food supply and medicinal plant in the
world, because they have beneficial properties such as antioxidant and
antibacterial activities (Almeida et al., 2008b; Nourafcan et al., 2013).
Quercus castaneifolia is abundant in hyrcanian forests and studies have
shown that its acorn extract has antibacterial activity (Bahador and
Baserisalehi, 2011; Sefidgar et al., 2015). However, there is no study on
its leaf extracts properties, despite the presence of evidence of anti-
oxidant and antibacterial activity of leaf extract of other oak species
(Almeida et al., 2008b; Nourafcan et al., 2013).

As an important aquaculture species, common carp (Cyprinus carpio)
global production was higher than 4.1 million tonnes in 2017 (FAO,
2019). Accordingly the present study aimed to assess effects of dietary
Q. castaneifolia leaf extract on growth performance, antioxidant, im-
mune, hemolysis, and stress responses of common carp (Cyprinus
carpio).

2. Materials and methods

2.1. Oak leaf extract

Ethanol extract of oak (Q. castaneifolia) leaf was prepared according
to Sadeghinezhad et al. (2010). The fresh oak leaves were collected in
June from Gorgan, Iran. They were washed with distilled water three
times and allowed to be dried against a fan blow at 25 °C for 48 h. Then
the dried leaves were pulverized and 50 g of the powder were added
500 mL of 80% ethanol. The mixture was left at room temperature for
3 days and then it was filtered through a 500 μm mesh. The resultant
aqueous solution was concentrated in oven (40 °C) for 48 h and after
ethanol evaporation, the solution transferred to a freeze-dryer (Beta
LDpluse, Martin Christ Gefriertrocknungsanlagen GmbH, Germany) for
72 h (−50 °C). The dried materials were collected and used for diet
preparation.

2.2. Fish rearing and induction of crowding stress

A control diet (Table 1) was prepared by mixing the feedstuffs with
0.0 (CTL), 0.5 (0.5E), 1 (1E) and 2 (2E) g kg−1 diet for 30 min. Then,
0.3 L water was added to each kg of the mixture to form dough. The
dough was passed through a meat grinder mesh (3 mm) and the re-
sultant sticks were dried against a fan below at 25 °C for 24 h. To

prepare the other experimental diets, 0.5, 1 and 2 g of the oak leaf
extract were mixed with the dietary oils before mixing with the other
feedstuffs.

About 240 common carp juveniles (~20 g) were randomly stocked
in 12 tanks (180 L) at a density of 20 fish per each tank, equipped with
aeration. The fish were fed the control diet for 10 days to acclimate
with the experimental conditions. Then, the tanks assigned to four
groups receiving the control (CTL) diet or control diet supplemented
with 0.5 (0.5E), 1 (1E) and 2 (2E) g oak leaf extract per kg diet in
triplicates. The fish were fed one the tested diets twice a day until ap-
parent satiation for 60 days and the tanks' water was renewed by half
every day using well-aerated tap water. The tanks' water temperature,
pH, dissolved oxygen, unionized ammonia nitrogen and nitrite nitrogen
levels were monitored weekly, and they were 22.3 ± 1.11 °C,
8.11 ± 0.55, 6.21 ± 1.06 mg L−1, 0.06 ± 0.01 mg L−1, and
0.11 ± 0.09 mg L−1. At the end of the feeding period, the fish feed
intake (FI), weight gain percentage (WG), feed conversion ratio (FCR),
and specific growth rate (SGR) were calculated according to Abtahi
et al. (2013):

= × −WG (%) 100 [(FW IW)/IW]

= −FCR FI/(FW IW)

= ×
−SGR (%d ) 100 [(ln FW–ln IW)/d]1

where, WG was weight gain percentage, IW and FW were fish initial
and final weights in gram, and d was days of rearing.

Two fish were taken from each tank (i.e. six fish per treatment) and
anesthetized using 100 mg L−1 eugenol (Yousefi et al., 2019) for blood
sampling (using heparinized syringes). After the blood sampling, 80%
of the tanks' water was drained to induce stress in the fish. After the 6-h
crowding stress, the fish were blood-sampled again (6 h), before re-
turning the tank water to the original level. 24 h after returning the
tank water to the original levels, the fish were sampled again (re-
covery).

Table 1
Composition of the control diet.

Feedstuffs Amount g kg−1

Fishmeal1 160
Soybean meal2 200
Poultry by-product3 230
Wheat meal4 373
Fish oil5 10
Sunflower oil6 10
Lysine7 8
Methionine8 4
Vitamin mix9 2.5
Mineral mix10 2.5
Dry matter 90.6
Crude protein 39.9
Crude fat 79.0
Crude ash 81.2

1 Peygir Co., Gorgan, Iran (crude protein 65.8%).
2 Soyabean Co., Gorgan, Iran (crude protein 46.2%).
3 Peygir Co., Gorgan, Iran (crude protein 58.0%).
4 Zahedi wheat meal Co., Gorgan, Iran.
5 Peygir Co., Gorgan, Iran (Kilka fish oil).
6 Khorasan oil seed Co., Mashhad, Iran.
7 Madtiur Co., Tehran, Iran.
8 Kimiyazarrin Co., Tehran, Iran.
9 The premix provided following amounts per kg of diet:

Mg: 350 mg; Fe: 13 mg; Co: 2.5 mg; Cu: 3 mg; Zn: 60 mg;
NaCl: 3 g; dicalcium phosphate: 10 g.

10 The premix provided following amounts per kg of feed:
A: 1000 IU; D3: 5000 IU; E: 20 mg; B5: 100 mg; B2: 20 mg; B6:
20 mg; B1: 20 mg; H: 1 mg; B9: 6 mg; B12: 1 mg; B4: 600 mg;
C: 50 mg.
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2.3. In vitro antioxidant and bactericidal activity of the oak leaf extract

Antioxidant capacity of the oak leaf extract was determined based
on 2,2-diphenyl-1-picrylhydrazyl (DPPH) method as suggested by
Kamkar et al., 2010. Briefly, serial dilutions (12.5–200 μg mL−1) of the
extract and reference material (Butylated hydroxytoluene (BHT);
Sigma-Aldrich Co., Saint Louis, USA) were prepared in methanol. One
mL of DPPH (1 M) was mixed with three mL of the dilutions, mixed
vigorously and kept at dark for 30 min. Optical density of the samples
were read at 517 nm. Bactericidal activity of the oak leaf extract was
determined against Aeromonas hydrophila using broth dilution method.
Concentrations of 1, 3, 6 and 10 mg L−1 of the extract and Mueller
Hinton Broth medium containing the bacterium (1.2 × 103) were
prepared. Equal volume of the extract and medium was mixed in test
tube and incubated at 37 °C for 24 h. Concentrations of 1, 3, 6 and
10 mg L−1 of tetracycline was used as control. After the incubation, the
colony forming units of each test tube were counted (Harikrishnan and
Balasundaram, 2005).

2.4. Plasma analyses

Blood plasma was separated after centrifugation (4 °C; 1500 g) for
10 min and kept at −70 °C until biochemical analysis. Plasma lyso-
zyme, alternative complement (ACH50), total immunoglobulin (Ig),
bactericidal activity, SOD, CAT, GPx, GSH, MDA, AST and ALP were
measured after the feeding period (60 d). The plasma cortisol and
glucose levels were measure after the 60 d feeding period (before
stress), 6 h after stress and 24 h after stress termination (recovery). A
commercial kit (Pars Azmun Co., Tehran Iran) was used for measure-
ment of plasma glucose levels based on glucose oxidase method (Taheri
Mirghaed et al., 2018). Plasma SOD (cytochrome C reduction), CAT
(decomposition of hydrogen peroxide), GPx (glutathione oxidation)
activities, and levels of GSH (glutathione oxidation) and MDA (reaction
with thiobarbituric acid) were determined using commercial kits pro-
vided by Zellbio Co. (ZellBio, GmbH, Veltinerweg, Germany) as sug-
gested by Fazelan et al. (2020). Plasma cortisol levels were measured by
ELISA method using a commercial kit (competitive ELISA kit; IBL, Ge-
sellschaft für Immunchemieund Immunbiologie, Germany) (Taheri
Mirghaed et al., 2018).

Micrococcus luteus was used as the target for plasma lysozyme de-
termination in phosphate buffered saline pH 6.2, as described by Ellis
(1990). Hemolytic activity used to measure alternative complement
system (ACH50) using sheep RBC and magnesium-enriched veronal
buffer (pH = 7). Calculation of ACH50 activity was performed ac-
cording to Yano (1992). Total Ig levels of the plasma samples were
measured after precipitation with polyethylene glycol according to
Siwicki and Anderson (1993). Bactericidal activity of the plasma sam-
ples were assayed based on the ability to kill A. hydrophila using nu-
trient broth and nutrient agar media as described by Fazelan et al.
(2020).

2.5. Statistical analysis

Comparison of antioxidant capacity of the oak leaf extract and BHT
was performed using t-test. The other data were normally distributed
according to Shapiro-Wilk test, except the cortisol data, which were log-
transformed before ANOVA analysis. The growth, plasma lysozyme,
ACH50, total Ig, bactericidal activity, SOD, CAT, GPx, GSH, MDA, AST
and ALP data were analyzed by one-way ANOVA to find significant
effects of dietary oak leaf extract. Plasma cortisol and glucose were
subjected to two-way ANOVA to find interaction effects of sampling
time and dietary oak leaf extract. Plasma cortisol data were subjected to
one-way ANIVA because of the interaction effects of sampling time and
dietary oak leaf extract. Duncan test determined significant differences
among the treatments. Significant differences (P < .05) among the
treatments were checked by Duncan test. The data were analyzed using

SPSS v.22 and present as mean ± SE.

3. Results

The results showed that antioxidant capacity of the oak leaf extract
was lower than that of the BHT at the concentrations of
12.5–75 μg mL−1; however, there was no significant difference in an-
tioxidant capacity between the oak leaf extract and BHT at the con-
centrations of 100 and 200 μg mL−1 (Fig. 1). Moreover, the extract
bactericidal activity was 3.8–5 folds lower than that of the tetracycline
(Fig. 2).

According to Table 2, there were no significant difference in fish
growth performance and survival after 60 days feeding of the different
experimental diets (P > .05).

Plasma lysozyme activity of the 0.5E, 1E and 2E treatments were
significantly (P < .001) higher than the CTL treatment. The CTL, 0.5E
and 1E treatment had similar plasma ACH50 activity, which was sig-
nificantly lower than the 2E treatment (P= .001) lower than the values
observed in the 2E treatment. Plasma total Ig levels were statistically
similar among the treatments (P= .720). The 1E and 2E treatments had
significantly (P = .020) higher plasma bactericidal activities compared
to the CTL treatment; however, there was no significant difference
between the 0.5E and CTL treatments (Fig. 3).

Plasma antioxidant parameters showed significant variations among
the treatments (Fig. 4). There were significant increases in plasma SOD
activities (P = .003) and GSH levels (P < .001) of the 0.5E, 1E and 2E
treatments compared to the CTL. Statistically similar plasma CAT and
GPx activities were observed in the 0.5E and CTl treatments. But
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Fig. 1. Inhibition of free radicals (%) by different concentrations of oak leaf
extract and BHT. Asterisks show significant differences between the oak leaf
extract and BHT at each concentration.
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activity of the enzymes was significantly higher in the 1E and 2E
treatments, compared to the CTL. Feeding the fish with 0.5E, 1E and 2E
diets significantly (P < .001) lowered plasma MDA levels compared to
the CTL treatments; the lowest value was observed in the 1E and 2E
treatments.

Dietary oak leaf extract and sampling time had interaction effects on
plasma cortisol levels (P = .001). Plasma cortisol levels of all dietary
treatment were statistically similar, before and after stress; feeding with
the extract-supplemented diets significantly decreased cortisol levels
during recovery (P < .001). Such an effect was more pronounced in
the 1E and 2E treatments. The lowest plasma glucose was related to the
before stress sampling time, which showed peak levels after the stress,
followed a partial recovery at the recovery time. Among the extract-
treated fish, the 1E and 2E treatments had the lowest plasma glucose
levels (Table 3).

4. Discussion

The present study showed that the extract of Q. castaneifolia was a
suitable antioxidant and antibacterial agent, which reduced free radical

formation and suppressed growth of an important fish pathogenic
bacterium. The results are in line with previous studies on acorn extract
of Q. castaneifolia, showing that the extract had anti-bacterial effects on
Staphylococcus aureus, Candida albicans, Pseudomonas aeruginosa,
Escherichia coli, Salmonella typhimurium, Shigella dysenteriae and Yersinia
enterocolitica (Bahador and Baserisalehi, 2011; Sefidgar et al., 2015).
Moreover, extract of other oak leaves such as Quercus ruber had radical
scavenging activity in vitro (Almeida et al., 2008b; Almeida et al.,
2008a).

The oak leaf extract had no growth promoting effects in the present
study, suggesting that the extract may not stimulate digestive enzymes
and/or gut absorption. Moreover, leaf extract may have negative effects
on fish growth performance, as reported in hybrid grouper (Epinephelus
lanceolatus♂ × Epinephelus fuscoguttatus♀) and Nile tilapia
(Oreochromis niloticus) fed diets supplemented with Ginkgo biloba and
Moringa oleifera leaf extract (Dongmeza et al., 2006; Tan et al., 2018).
Such negative effects of the leaf extract on growth performance of the
fish fed the supplemented diets were related to lower feed consumption.
This may explain no significant effects of dietary oak leaf extract on the
fish growth rate in the present study. Supporting this hypothesis,

Table 2
Effects of dietary oak leaf extract on growth performance and survival of common carp after 60 days.

CTL 0.5E 1E 2E P-value

Initial weight (g) 20.2 ± 0.43 20.4 ± 0.34 20.0 ± 0.59 20.1 ± 0.44 .954
Final weight (g) 41.0 ± 1.00 42.7 ± 1.20 43.0 ± 1.15 45.3 ± 2.40 .330
Weight gain (%) 102 ± 1.98 110 ± 6.38 115 ± 12.2 126 ± 8.38 .306
SGR (% d−1) 1.18 ± 0.02 1.18 ± 0.05 1.27 ± 0.09 1.35 ± 0.06 .304
Feed intake (g) 603 ± 12.0 597 ± 8.82 587 ± 20.3 637 ± 34.7 .434
FCR 1.45 ± 0.04 1.34 ± 0.07 1.28 ± 0.05 1.27 ± 0.08 .227
Survival (%) 100 100 100 100

 

a

b

c

c

0

10

20

30

40

50

60

70

80

90

CTL 0.5E 1E 2E

Ly
so

zy
m

e 
(U

 m
L-1

) a
a a

b

0

20

40

60

80

100

120

140

CTL 0.5E 1E 2E

AC
H

50
 (U

 m
L-1

)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

CTL 0.5E 1E 2E

To
ta

l I
g 

(g
 d

L-1
)

a

ab

b
b

0

50

100

150

200

250

300

350

CTL 0.5E 1E 2E

Ba
ct

er
ic

id
al

 a
ct

iv
it

y

Fig. 3. Effects of dietary oak leaf extract on plasma lysozyme, ACH50, total Ig and bactericidal activity in common carp after 60 days. Different letters above the bars
mean significant differences among the dietary treatments.

B.A. Paray, et al. Aquaculture 524 (2020) 735276

4



Nelumbo nucifera and Psidium guajava leaf extracts improved growth
rate of Mozambiqu tilapia (Oreochromis mossambicus) and grass carp
(Ctenopharyngodon idella) by augmenting feed intake (Gobi et al., 2016;
Zhu et al., 2019).

The in vivo results approved in vitro antioxidant activity of the oak
leaf extract in the present study. Therefore, the leaf extract potentiates
to both scavenging free radicals and stimulating antioxidant enzymes.
Such elevations in SOD, CAT and GPx activities protect fish against

oxidative conditions. The higher GSH levels in the fish fed oak leaf
extract-supplemented diets might be attributed to radical scavenging
effects of the extract and reducing the conversion of GSH to glutathione
disulfide. Altogether, stimulation of the antioxidant enzymes and
scavenging free radicals by dietary oak leaf extract suppressed oxidative
stress in the fish, characterized by lower plasma MDA levels. There are
no data about the use of oak leaf extract in fish diets and its effects on
antioxidant system. However, other plant leaf extracts such as Ocimum
gratissimum, N. nucifera, P. guajava and Ginkgo biloba significantly in-
creased activity and/or gene expression of the antioxidant enzymes and
suppressed oxidative stress in different fish species (Gobi et al., 2016;
Abdel-Tawwab et al., 2018b; Tan et al., 2018; Adeshina et al., 2019;
Zhu et al., 2019).

Lysozyme and complement proteins are important immune com-
ponents that act non-selectively against bacteria and antigens. Thus,
stimulating these immune components may increase fish resistance
against bacterial diseases. The increase in plasma lysozyme activity in
the fish treated with oak leaf extract might be due to increase in blood
neutrophil count and/or lysozyme production (Hoseinifar et al., 2019).
Whereas, increase in complement activity might be due to stimulation
of the molecules production in the host liver (Ghelichpour et al., 2017).
The present results are in line with the previous studies showing the
different plant leaf extracts increased lysozyme and complement ac-
tivities and resistance to bacterial diseases (Gobi et al., 2016; Abdel-
Tawwab et al., 2018b; Adeshina et al., 2019; Zhu et al., 2019). Al-
though the in vitro results showed that bactericidal activity of the oak
leaf extract was about 3-fold lower than tetracycline, the in vivo results
showed that the extract potentiated to increase the fish plasma bac-
tericidal activity against the same bacterium. This might be due to di-
rect effects of the extract bactericidal compound in the fish circulation
and/or due to stimulating other anti-microbial mechanisms. The results
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Table 3
Effects of dietary oak leaf extract and a 6-h crowding stress on plasma cortisol
and glucose levels in common carp after 60 days.

Time Treatments Cortisol (ng mL−1) Glucose (mg dL−1)

Before stress CTL 43.2 ± 4.81a 46.3 ± 1.97
0.5E 39.5 ± 3.44a 44.2 ± 2.30
1E 41.7 ± 3.00a 38.7 ± 1.93
2E 41.7 ± 3.16a 38.2 ± 1.95

After stress CTL 116 ± 9.75d 118 ± 10.4
0.5E 123 ± 9.46d 105 ± 11.9
1E 110 ± 5.18d 91.8 ± 6.85
2E 114 ± 5.44d 80.8 ± 7.17

Recovery CTL 104 ± 6.14d 92.5 ± 3.28
0.5E 71.2 ± 3.45c 89.5 ± 3.79
1E 57.5 ± 5.00b 79.0 ± 5.23
2E 56.8 ± 4.78b 76.7 ± 3.74

2-Way ANOVA
Time 0.003 <0.001 (Before stressa; After

stressc; Recoveryb)
OE <0.001 <0.001 (CTLc; 0.5Ebc; 1Eab;

2Ea)
Time × OE 0.001 0.388

Different letters in a column mean significant differences among the dietary
treatments.
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are similar to previous studies showing that dietary Azadirachta indica
and Myrtus communis leaf extracts significantly increased plasma/
mucus bactericidal effects against Vibrio harveyi, Yersinia ruckeri and A.
hydrophila (Talpur and Ikhwanuddin, 2013; Taee et al., 2017).

It is very important to suppress stress in aquaculture practices be-
cause stress causes adverse effects on fish health. Cortisol elevation due
to stress triggers hyperglycemia and weakens immune system; conse-
quently, stress led to lower growth rate and disease susceptibility. It is
important to suppress cortisol levels and shorten the duration of staying
elevated of cortisol. The present results showed that the oak leaf extract
failed to inhibit the stress-induced cortisol elevation, but mitigated that.
The fish treated with the extract exhibited tendency to faster recovery
from stress compared to the CTL fish and this may increase fish welfare
during stress and recovery. There are no studies about the benefits of
oak leaf extract on stress responses in fish. However, Rheum officinale
extract significantly mitigated plasma cortisol and glucose levels due to
crowding stress in common carp (Xie et al., 2008). Likewise, green tea
extract significantly mitigated anesthesia-induced stress black rockfish
(Sebastes schlegeli) (Hwang et al., 2013) and Urtica dioica extract sig-
nificantly suppressed basal cortisol and glucose levels in Victoria Labeo
(Labeo victorianus) (Ngugi et al., 2015).

In conclusion, the oak leaf extract has antioxidant and antibacterial
properties and improves antioxidant and immune system and mitigate
stress in common carp, when administered via dietary route.
Administering this extract has no negative effects on the fish growth
rate and levels of 10–20 g kg−1 diet are recommended for common carp
dietary inclusion.

Author statement

The study was designed by all authors. The data were collected by
S.M. Hoseini and S.H. Hoseinifar. H. Van Doan analyzed the data and
B.A. Paray drafted the manuscript. Revisions were done by the full
contribution of all authors.

Declaration of competing interest

The authors declare there is no conflict of interest about this article.

Acknowledgement

This research work was partially supported by Chiang Mai
University. The authors would like to extend their sincere appreciation
to the Researchers Supporting Project Number (RSP-2019/144), King
Saud University, Riyadh, Saudi Arabia.

References

Abdel-Tawwab, M., 2016. Feed Supplementation to Freshwater Fish: Experimental
Approaches. LAP LAMBERT Academic Publishing, Germany.

Abdel-Tawwab, M., Samir, F., El-Naby, A.S.A., Monier, M.N., 2018a. Antioxidative and
immunostimulatory effect of dietary cinnamon nanoparticles on the performance of
Nile tilapia, Oreochromis niloticus (L.) and its susceptibility to hypoxia stress and
Aeromonas hydrophila infection. Fish Shellfish Immunol. 74, 19–25.

Abdel-Tawwab, M., Adeshina, I., Jenyo-Oni, A., Ajani, E.K., Emikpe, B.O., 2018b. Growth,
physiological, antioxidants, and immune response of African catfish, Clarias gar-
iepinus (B.), to dietary clove basil, Ocimum gratissimum, leaf extract and its suscept-
ibility to Listeria monocytogenes infection. Fish Shellfish Immunol. 78, 346–354.

Abtahi, B., Yousefi, M., Kenari, A.A., 2013. Influence of dietary nucleotides supple-
mentation on growth, body composition and fatty acid profile of Beluga sturgeon
juveniles (Huso huso). Aquac. Res. 44, 254–260.

Adeshina, I., Jenyo-Oni, A., Emikpe, B.O., Ajani, E.K., Abdel-Tawwab, M., 2019.
Stimulatory effect of dietary clove, Eugenia caryophyllata, bud extract on growth
performance, nutrient utilization, antioxidant capacity, and tolerance of African
catfish, Clarias gariepinus (B.), to Aeromonas hydrophila infection. J. World Aquacult.
Soc. 50, 390–405.

Ahmadifar, E., Sheikhzadeh, N., Roshanaei, K., Dargahi, N., Faggio, C., 2019. Can dietary
ginger (Zingiber officinale) alter biochemical and immunological parameters and gene
expression related to growth, immunity and antioxidant system in zebrafish (Danio
rerio)? Aquaculture. 507, 341–348.

Akrami, R., Gharaei, A., Mansour, M.R., Galeshi, A., 2015. Effects of dietary onion (Allium

cepa) powder on growth, innate immune response and hemato–biochemical para-
meters of beluga (Huso huso Linnaeus, 1754) juvenile. Fish Shellfish Immunol. 45,
828–834.

Almeida, I.F., Fernandes, E., Lima, J.L., Costa, P., Bahia, M., 2008a. Protective effect of
Castanea sativa and Quercus robur leaf extracts against oxygen and nitrogen reactive
species. J. Photochem. Photobiol. B Biol. 91, 87–95.

Almeida, I.F., Amaral, M.H., Costa, P.C., Bahia, M.F., Valentão, P., Andrade, P.B., Seabra,
R.M., Pereira, T.M., 2008b. Oak leaf extract as topical antioxidant: free radical
scavenging and iron chelating activities and in vivo skin irritation potential.
Biofactors. 33, 267–279.

Baba, E., Acar, Ü., Öntaş, C., Kesbiç, O.S., Yilmaz, S., 2016. The use of Avena sativa extract
against Aeromonas hydrophila and its effect on growth performance, hematological
and immunological parameters in common carp (Cyprinus carpio). Ital. J. Anim. Sci.
15, 325–333.

Baba, E., Acar, Ü., Yılmaz, S., Zemheri, F., Ergün, S., 2018. Dietary olive leaf (Olea europea
L.) extract alters some immune gene expression levels and disease resistance to
Yersinia ruckeri infection in rainbow trout Oncorhynchus mykiss. Fish Shellfish
Immunol. 79, 28–33.

Bahador, N., Baserisalehi, M., 2011. The effect of Quercus castaneifolia extract on pa-
thogenic enteric bacteria. Anaerobe. 17, 358–360.

Barton, B.A., 2002. Stress in fishes: a diversity of responses with particular reference to
changes in circulating corticosteroids. Integr. Comp. Biol. 42, 517–525.

Chakraborty, S.B., Hancz, C., 2011. Application of phytochemicals as immunostimulant,
antipathogenic and antistress agents in finfish culture. Rev. Aquac. 3, 103–119.

Chakraborty, S.B., Horn, P., Hancz, C., 2014. Application of phytochemicals as growth-
promoters and endocrine modulators in fish culture. Rev. Aquac. 6, 1–19.

Dongmeza, E., Siddhuraju, P., Francis, G., Becker, K., 2006. Effects of dehydrated me-
thanol extracts of moringa (Moringa oleifera Lam.) leaves and three of its fractions on
growth performance and feed nutrient assimilation in Nile tilapia (Oreochromis ni-
loticus (L.)). Aquaculture. 261, 407–422.

Ellis, A.E., 1990. Lysozyme assays. In: Stolen, J.S. (Ed.), Techniques in Fish Immunology.
SOS Publication, Fair Haven, pp. 101–103.

FAO, 2019. Cultured aquatic species information programme; Cyprinus carpio (Linnaeus,
1758). Available at. http://www.fao.org/fishery/culturedspecies/Cyprinus_
carpio/en.

Fazelan, Z., Vatnikov, Y.A., Kulikov, E.V., Plushikov, V.G., Yousefi, M., 2020. Effects of
dietary ginger (Zingiber officinale) administration on growth performance and stress,
immunological, and antioxidant responses of common carp (Cyprinus carpio) reared
under high stocking density. Aquaculture. 518, 734833.

Ghelichpour, M., Taheri Mirghaed, A., Mirzargar, S.S., Joshaghani, H., Ebrahimzadeh
Mousavi, H., 2017. Plasma proteins, hepatic enzymes, thyroid hormones and liver
histopathology of Cyprinus carpio (Linnaeus, 1758) exposed to an oxadiazin pesticide,
indoxacarb. Aquac. Res. 48, 5666–5676.

Giannenas, I., Triantafillou, E., Stavrakakis, S., Margaroni, M., Mavridis, S., Steiner, T.,
Karagouni, E., 2012. Assessment of dietary supplementation with carvacrol or thymol
containing feed additives on performance, intestinal microbiota and antioxidant
status of rainbow trout (Oncorhynchus mykiss). Aquaculture. 350, 26–32.

Gobi, N., Ramya, C., Vaseeharan, B., Malaikozhundan, B., Vijayakumar, S., Murugan, K.,
Benelli, G., 2016. Oreochromis mossambicus diet supplementation with Psidium gua-
java leaf extracts enhance growth, immune, antioxidant response and resistance to
Aeromonas hydrophila. Fish Shellfish Immunol. 58, 572–583.

Harikrishnan, R., Balasundaram, C., 2005. Antimicrobial activity of medicinal herbs in
vitro against fish pathogen, Aeromonas hydrophila. Fish Pathol. 40, 187–189.

Hoseinifar, S.H., Hosseini, M., Paknejad, H., Safari, R., Jafar, A., Yousefi, M., Van Doan,
H., Mozanzadeh, M.T., 2019. Enhanced mucosal immune responses, immune related
genes and growth performance in common carp (Cyprinus carpio) juveniles fed
dietary Pediococcus acidilactici MA18/5M and raffinose. Dev. Comp. Immunol. 94,
59–65.

Hwang, J.-H., Lee, S.-W., Rha, S.-J., Yoon, H.-S., Park, E.-S., Han, K.-H., Kim, S.-J., 2013.
Dietary green tea extract improves growth performance, body composition, and stress
recovery in the juvenile black rockfish, Sebastes schlegeli. Aquac. Int. 21, 525–538.

Kamkar, A., Jebelli Javan, A., Asadi, F., Kamalinejad, M., 2010. The antioxidative effect
of Iranian Mentha pulegium extracts and essential oil in sunflower oil. Food Chem.
Toxicol. 48, 1796–1800.

Lee, C.-S., Lim, C., Webster, C.D., 2015. Dietary Nutrients, Additives, and Fish Health.
Wiley-Blackwell, NJ, USA.

Ngugi, C.C., Oyoo-Okoth, E., Mugo-Bundi, J., Orina, P.S., Chemoiwa, E.J., Aloo, P.A.,
2015. Effects of dietary administration of stinging nettle (Urtica dioica) on the growth
performance, biochemical, hematological and immunological parameters in juvenile
and adult Victoria Labeo (Labeo victorianus) challenged with Aeromonas hydrophila.
Fish Shellfish Immunol. 44, 533–541.

Nourafcan, H., Nasrollahpour, M., Bajalan, I., 2013. Antibacterial activity of leaves ex-
tract from oak (Quercus persica) against some positive and negative bacteria. Int. J.
Farm. Allied Sci. 2, 1153–1155.

Pérez Jiménez, A., Peres, H., Cruz Rubio, V., Oliva-Teles, A., 2012. The effect of dietary
methionine and white tea on oxidative status of gilthead sea bream (Sparus aurata).
Br. J. Nutr. 108, 1202–1209.

Sadeghinezhad, B., Shiravi, F., Ghanbari, S., Alinezhadi, M., Zarin, M., 2010. Antifungal
activity of Satureja khuzestanica (Jamzad) leaves extracts. Jundishapur J. Microbiol.
3, 36–40.

Safari, O., Sarkheil, M., Paolucci, M., 2019. Dietary administration of ferula (Ferula
asafoetida) powder as a feed additive in diet of koi carp, Cyprinus carpio koi: effects on
hemato-immunological parameters, mucosal antibacterial activity, digestive en-
zymes, and growth performance. Fish Physiol. Biochem. 45, 1277–1288.

Sahin, K., Yazlak, H., Orhan, C., Tuzcu, M., Akdemir, F., Sahin, N., 2014. The effect of
lycopene on antioxidant status in rainbow trout (Oncorhynchus mykiss) reared under

B.A. Paray, et al. Aquaculture 524 (2020) 735276

6

http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0005
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0005
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0010
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0010
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0010
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0010
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0015
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0015
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0015
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0015
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0020
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0020
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0020
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0025
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0025
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0025
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0025
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0025
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0030
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0030
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0030
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0030
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0035
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0035
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0035
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0035
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0040
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0040
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0040
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0045
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0045
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0045
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0045
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0050
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0050
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0050
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0050
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0055
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0055
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0055
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0055
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0060
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0060
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0065
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0065
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0070
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0070
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0075
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0075
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0080
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0080
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0080
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0080
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0085
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0085
http://www.fao.org/fishery/culturedspecies/Cyprinus_carpio/en
http://www.fao.org/fishery/culturedspecies/Cyprinus_carpio/en
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0090
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0090
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0090
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0090
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0100
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0100
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0100
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0100
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0105
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0105
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0105
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0105
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0110
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0110
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0110
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0110
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0115
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0115
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0120
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0120
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0120
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0120
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0120
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0125
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0125
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0125
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf3000
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf3000
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf3000
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0130
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0130
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0135
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0135
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0135
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0135
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0135
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0140
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0140
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0140
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0145
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0145
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0145
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0150
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0150
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0150
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0155
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0155
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0155
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0155
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0160
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0160


high stocking density. Aquaculture. 418, 132–138.
Sefidgar, S.A.A., Taghizadeh Armaki, M., Pournajaf, A., Ardebili, A., Omidi, S., Abdian

Asl, A., 2015. Evaluation of antimicrobial activity of alcoholic and aqueous extracts
from common hop (Humulus lupulus) and oak (Quercus castaneifolia). J. Arak Univ.
Med. Sci. 17, 39–46.

Siwicki, A., Anderson, D., 1993. Nonspecific defense mechanisms assay in fish: II.
Potential killing activity of neutrophils and macrophages, lysozyme activity in serum
and organs and total immunoglobulin level in serum. In: Siwicki, A., Anderson, D.,
Waluga, J. (Eds.), Fish Disease Diagnosis and Prevention Methods. Wydawnictwo
Instytutu Rybactwa Srodladowego, Olsztyn, Poland, pp. 105–112.

Taee, H.M., Hajimoradloo, A., Hoseinifar, S.H., Ahmadvand, H., 2017. Dietary Myrtle
(Myrtus communis L.) improved non-specific immune parameters and bactericidal
activity of skin mucus in rainbow trout (Oncorhynchus mykiss) fingerlings. Fish
Shellfish Immunol. 64, 320–324.

Taheri Mirghaed, A., Ghelichpour, M., 2018. Effects of anesthesia and salt treatment on
stress responses, and immunological and hydromineral characteristics of common
carp (Cyprinus carpio, Linnaeus, 1758) subjected to transportation. Aquaculture.
501, 1–6.

Taheri Mirghaed, A., Ghelichpour, M., Zargari, A., Yousefi, M., 2018. Anesthetic efficacy
and biochemical effects of 1,8-cineole in rainbow trout (Oncorhynchus mykiss,
Walbaum, 1792). Aquac. Res. 49, 2156–2165.

Talpur, A.D., Ikhwanuddin, M., 2013. Azadirachta indica (neem) leaf dietary effects on the
immunity response and disease resistance of Asian seabass, Lates calcarifer challenged
with Vibrio harveyi. Fish Shellfish Immunol. 34, 254–264.

Tan, X., Sun, Z., Liu, Q., Ye, H., Zou, C., Ye, C., Wang, A., Lin, H., 2018. Effects of dietary
ginkgo biloba leaf extract on growth performance, plasma biochemical parameters,
fish composition, immune responses, liver histology, and immune and apoptosis-re-
lated genes expression of hybrid grouper (Epinephelus lanceolatus♂× Epinephelus

fuscoguttatus♀) fed high lipid diets. Fish Shellfish Immunol. 72, 399–409.
Tort, L., 2011. Stress and immune modulation in fish. Dev. Comp. Immunol. 35,

1366–1375.
Xie, J., Liu, B., Zhou, Q., Su, Y., He, Y., Pan, L., Ge, X., Xu, P., 2008. Effects of anthra-

quinone extract from rhubarb Rheum officinale Bail on the crowding stress response
and growth of common carp Cyprinus carpio var. Jian. Aquaculture. 281, 5–11.

Yano, T., 1992. Assays of hemolytic complement activity. In: Stolen, J.S. (Ed.),
Techniques in Fish Immunology. SOS Publication, Fair Haven, pp. 131–141.

Yarahmadi, P., Miandare, H.K., Fayaz, S., Caipang, C.M.A., 2016. Increased stocking
density causes changes in expression of selected stress-and immune-related genes,
humoral innate immune parameters and stress responses of rainbow trout
(Oncorhynchus mykiss). Fish Shellfish Immunol. 48, 43–53.

Yılmaz, S., Ergun, S., Şanver Çelik, E., Yigit, M., Bayizit, C., 2019. Dietary trans-cinnamic
acid application for rainbow trout (Oncorhynchus mykiss): II. Effect on antioxidant
status, digestive enzyme, blood biochemistry and liver antioxidant gene expression
responses. Aquac. Nutr. 6, 1207–1217.

Yousefi, M., Vatnikov, Y.A., Kulikov, E.V., Ghelichpour, M., 2019. Change in blood stress
and antioxidant markers and hydromineral balance of common carp (Cyprinus carpio)
anaesthetized with citronellal and linalool: comparison with eugenol. Aquac. Res. 50,
1313–1320.

Zemheri-Navruz, F., Acar, Ü., Yılmaz, S., 2019. Dietary supplementation of olive leaf
extract increases haematological, serum biochemical parameters and immune related
genes expression level in common carp (Cyprinus carpio) juveniles. Fish Shellfish
Immunol. 89, 672–676.

Zhu, Y., Hu, P., Yao, J., Xu, D., Xu, Y., Tan, Q., 2019. Optimal dietary alcoholic extract of
lotus leaf improved growth performance and health status of grass carp
(Ctenopharyngodon idellus). Fish Shellfish Immunol. 93, 1–7.

B.A. Paray, et al. Aquaculture 524 (2020) 735276

7

http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0160
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0165
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0165
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0165
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0165
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0170
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0170
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0170
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0170
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0170
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0175
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0175
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0175
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0175
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0180
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0180
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0180
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0180
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0185
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0185
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0185
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0190
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0190
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0190
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0195
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0195
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0195
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0195
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0195
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0200
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0200
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0205
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0205
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0205
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0210
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0210
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0215
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0215
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0215
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0215
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0220
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0220
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0220
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0220
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0225
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0225
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0225
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0225
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0230
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0230
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0230
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0230
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0235
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0235
http://refhub.elsevier.com/S0044-8486(20)30608-6/rf0235

	Effects of dietary oak (Quercus castaneifolia) leaf extract on growth, antioxidant, and immune characteristics and responses to crowding stress in common carp (Cyprinus carpio)
	Introduction
	Materials and methods
	Oak leaf extract
	Fish rearing and induction of crowding stress
	In vitro antioxidant and bactericidal activity of the oak leaf extract
	Plasma analyses
	Statistical analysis

	Results
	Discussion
	Author statement
	Declaration of competing interest
	Acknowledgement
	References




