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Abstract

The aim of this study was to investigate the effect of red pepper (Capsicum annuum)
extract on growth, blood, biochemical and non-specific immune parameters of 360
rainbow trout (Oncorhynchus mykiss) juveniles with average weight of 9.38+0.01 g. The
fish were fed with a commercial diet containing 0, 0.25, 0.5 and 1% of C. annuum extract
in 12 tanks (300L) with three replicates (30 fish per tank) for 30 days. Then, Yersinia
ruckeri was injected by intraperitoneal to evaluate fish resistance. At the end of fish
feeding period, growth and survival, as well as blood and immune parameters were
assessed. The highest level of weight gain (%) and SGR and also the least level of FCR
were observed in fishes fed by 0.5% red pepper extract (p<0.05). Hematological
parameters (RBC, WBC and hemoglobin) significantly increased in fish fed with 0.25
and 0.5% of C. annuum extract for 30 days and after challenging with Y. ruckeri as
compared to the control group. Lysozyme and complement contents indicated significant
increases in all treatments fed with red pepper extract after bacterial infection (p<0.05).
Generally, it can be concluded that rainbow trout fed with 0.5 % red pepper extract for a
month could gain more weight and enhance immune responses against infectious
diseases.
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Introduction

The critical role of immune system in
keeping aquatics’ health which ensures
their survival and proper growth rate
during rearing period forced researchers
to apply a wide variety of chemical and
natural compounds stimulating fish
immunity. Like other lower vertebrates,
fishes commonly rely on their non-
specific immune system when facing
pathogens. Therefore, immune
stimulants, as suitable alternatives to
antibiotics, are used to enhance activities
associated with non-specific defense
mechanism which raises resistance
against diseases in rearing fish (Ravelo
et al., 2006). Plant-derived compounds
are mainly categorized into tannins,
alkaloids, pigments, essential oils,
steroids, terpenoids, flavonoids, and
phenolics (Soltani et al., 2019; Elumalai
et al., 2021). Phytochemicals or plant-
derived active compounds exert
immunostimulant, biocidal, anti-stress,
and growth promoting effects (Elumalai
et al., 2021). Immune stimulants are
biological extracts and chemical
compounds which stimulate immune
reactions by increasing cell
phagocytosis, bacterial inactivation,
producing non-specific intracellular
toxins and antibiotics. Among immune
stimulants, herbal extracts have been
considered due to their accessibility, low
price, non-resistance against pathogens
and the least damage to fish and
surrounding environment (Rao et al.,
2006). In recent years, the used of herbal
medicine as an alternative method has
been introduced to prevent diseases in
aquaculture and also oral administration

of plant extracts is considered as the best
way for stimulation of target fish
immune functions (Haghighi et al.,
2014; Azizi et al., 2016; Soltani et al.,
2019; Van Doan et al., 2020).

The use of plant extracts as anti-
fungal, antibacterial and immune system
stimulant has been widely confirmed in
several commercial fish species (Soltani
et al., 2019; Van Doan et al., 2020;
Mehrabi and Firouzbakhsh, 2020)
including rainbow trout (Oncorhynchus
mykiss), common carp (Cyprinus
carpio) and tilapia (Oreochromis
niloticus). The functions of herbs vary
depending on species of the herb, which
may be due to variation in active
substances. Adel et al. (2016)
investigated  potential  effects of
peppermint on blood parameters and
immune responses of rainbow trout
against Yersinia ruckeri infection. Bilen
et al. (2016) evaluated growth
parameters and immune system of
rainbow trout fed by different levels of
nettle, Urtica dioica, at 0.1 and 0.5 g/kg
of diet for 30 days. They also assessed
the fish resistance against Aeromonas
hydrophila. Moreover, fish feeding by
the extract of Ferulago angulata for 8
weeks could increase the number of
some blood cells as well as increase the
complement and lysozyme contents
(Bohlouli and Sadeghi, 2016).

Red pepper (Capsicum annuum),
from the family Solanaceae contains
vitamin C, B-carotene, lycopene and
astaxanthin (Topuz and Ozdemir, 2007).
Capsanthin in red pepper is known as an
immune stimulant and resistance booster
against infections in fish (Talebi et al.,
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2013). Components of red pepper could
increase secretion of intestine, pancreas
and bilirubin which eventually increase
nutrient absorbance, weight gain and
growth performance of fishes.

Yersinia ruckeri is the agent of
enteric red mouth disease (ERM) in
salmonids (Ross et al., 1966; Rucker,
1966). Yersiniosis, as an important
bacterial fish disease, damages rainbow
trout culture in many parts of the world
as well as Iran (Tobback et al., 2007;
Soltani et al., 2014).

Considering positive impacts of
immune stimulants in controlling several
microbial and fungal diseases and
activating immune systems in aquatics,
in this work, the effect of red pepper
extract on immune responses and
resistance of rainbow trout was
investigated against Yersinia ruckeri.

Materials and methods

Fish collection and experimental design
Fish samples were bought from a culture
and breeding center of cold water fishes
located in Babol, Mazandaran Province.
They were transported to the rearing
room of fisheries department, Sari
Agricultural  Sciences and Natural
Resources University and then fed by a
commercial diet for 10 days to adapt
with indoor captive condition. After
adaptation, 300 specimens of rainbow
trout weighing 9.38+0.01g in average
were randomly selected and stocked in
12 equal sized fiberglass tanks (300 L)
containing well aerated water. Water
quality parameters were monitored on a
daily basis. Mean water
physicochemical  parameters  were

11.0+0.5°C for temperature, 7.5 for pH
and 600 mg/l for hardness.

Diet preparation and feeding

To prepare experimental diets, red
pepper extract was produced by Kashan
Barij Co., Iran, and was added to the
commercial diet of Beyza feed mill 21,
Shiraz-Iran (Crude protein 45%, Raw fat
14%, Crude fiber 2%, moisture 10%) at
0, 0.25, 0.5 and 1% to obtain four
triplicated treatment combinations. Then
for fixing the extract on food plates, it
was dissolved in 6 mL of ethanol and
sprayed on plates per each kg of the
food. The diet of control group was only
sprayed with the solvent. Thereafter,
plates were dried under a sterilized hood
for 24h, oil-covered (2.5 ml/kg) food
was packed and stored in a refrigerator
at 4°C. Fish were fed daily by 3% of
body weight, three times a day (9.00 am,
13.00 pm and 16.30 pm) and for 30 days.
During the experimental period, the
feces and uneaten food were syphoned
from the tank and two third of the whole
tank water was replaced daily.

Calculation of growth indices

During the experiment, biometric
indices were measured fortnightly.
Parameters of weight gain percent
(WG), specific growth rate (SGR), and
food conversion ratio (FCR) were
calculated according to the following
formula (Mahghani et al., 2014):

LTle - LTlWl

SGR = ————=x 100
W, — W.
WG =—2—1x100
Wy
FCR = x 100
W, —WwWp
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Where t is the rearing period, Lnw2 and
Lnwz is natural log of final and initial
fish weights (g), respectively, and F is
the amount of consumed food (g).

Calculation of biochemical and
hematological parameters

After 30 days of fish feeding, three
specimens were randomly selected from
each replicate and anesthetized in a
solution containing 150 ppm of clove
oil. Blood sampling was performed by
cutting fish caudal peduncle. Red and
white blood cell counts (RBC and WBC)
were measured according to the method
described by  Houston  (1990).
Hematocrit percent (Htc) was measured
by micro centrifugation method and
hemoglobin measurement was done
using the method of Drabkin (1945).
Total protein and albumin contents were
calculated as demonstrated by Lowry et
al. (1951) and King and Wotton (1956),
respectively. Serum globulin  was
obtained by subtracting albumin from
total protein. Immune factors of
lysozyme and complement contents
were analyzed based on Ellis’s method
(1990) using ELISA device.

Challenging with bacteria

To assess fish resistance, Yersinia
ruckeri was intraperitoneally injected
(1.2x108 CFU/ml) at the end of
experiment (day 30). Total number of
dead fish in each replicate was
calculated after 10 days of bacterial
injection. Moreover, blood sampling, as
described previously, was taken for
measurement of serum biological and

hematological factors after challenging
period.

Statistical analyses

This experiment was conducted in a
completely-randomized design. Firstly,
data normality was checked using
Shapiro-wilk test. Blood parameters data
(the percent of eosinophil, neutrophil,
monocyte, lymphocyte, hematocrit), and
total mortality were square root
transformed to approximate a normal
distribution. One-way ANOVA was
applied to find any significant difference
among various treatments. Mean
comparisons  were  performed by
Duncan's multiple range test and paired-
samples T-test. Statistical analyses were
done wusing the statistical software
package of SPSS Ver. 20 and diagrams
were prepared by Microsoft Excel 2012.

Results

Changes in growth parameters

Results  of  growth  parameters
comparison in rainbow trout fish fed
with red pepper extract are shown in
Figures 1-4. As presented in Figure 1,
differences in the values of fish weight
exposed to different feeding treatments
at first day of the experiment were
statistically non-significant (p>0.05)
while final weight of the fish fed with 0.5
% red pepper extract was significantly
higher than that of the other groups
(p<0.05). Weight gain (%) and SGR of
0.5%-treated fish was the most whereas
the control and 1%-treated fish showed
the least amount of these parameters
(Figs. 2 and 4). Furthermore, the
rainbow trout fish fed with 0.5 % and 1
% of red pepper extract had the least
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(1.22+0.034)  and

the

highest

(1.44+0.038) level of FCR, respectively

(Fig. 3).
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Figure 1: Comparison of initial and final mean weight (g) in rainbow trout fed with different levels
of red pepper extract for 30 days. Error bards show standard deviation.
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Figure 2: Comparison of mean weight gain (%0) in rainbow trout fish fed with different red pepper
extract for 30 days. Error bars show standard deviation.
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Figure 3: Comparison of mean food conversion ratio (FCR) in rainbow trout fish fed with different
red pepper extract for 30 days. Error bars show standard deviation.
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Figure 4: Comparison of mean specific growth rate (SGR) in rainbow trout fish fed with red pepper
extract for 30 days. Error bars show standard deviation.

Changes in proximate composition

Results of proximate composition
comparison in rainbow trout carcass
among different treatments at the end of
rearing period are presented in Table 1.
Based on the results, no significant
difference was discovered among

various levels of pepper extract in
humidity, dry matter, protein, and ash of
the fish carcass (p>0.05). But fat content
in the control fish was significantly less
than the other treatments (p<0.05).

Table 1: Proximate composition of rainbow trout carcass fed with red pepper extract during the 30-
day rearing period (mean + standard deviation).

0% 0.25% 0.5% 1%
Humidity 77.55+0.02 A 77.73£0.19 A 77.73£0.19 A 77.79£0.25 4
Dry matter 22.44%0.02 A 22.28+0.16 A 22.17+0.15 A 22.27+0.18 A
Protein 73.67£2.27 4 71.57+0.52 A 74.7246.12 A 71.22+0.87 A
Fat 19.51+0.49 A 20.05+0.21 B 20.11+0.08 B 20.43+0.06 B
Ash 10.74+0.16 A 10.52+0.14 A 10.17+0.02 A 9.90+1.65 A

Different letters (A-D) indicate significant difference among different concentration in each row (p<0.05).

Changes in  hematological and
biochemical parameters

According to the results of blood
parameter measurements in Table 2,
there was no significant difference
between pre and 10 days post-
challenging in the control treatment
(p>0.05). However, treating with
different concentrations of red pepper
extract had a significant effect on
hemoglobin and WBC as both
parameters showed a significant decline
after challenging with bacteria (p<0.05).
Among the evaluated parameters,

significant differences were detected
between pre and 10 days post-
challenging of bacteria for neutrophil
and lymphocyte in 0.25 % treated fish,
monocyte in 0.5 % treated fish, and
hematocrit in 1% treated fish (p<0.05).
The fish fed with 0.5 % and 1 % of red
pepper extract revealed a significant
difference in RBC as a remarkable
decline was observed in the number of
red blood cells at 10 days post-challenge
(p<0.05).
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Table 2: Changes in hematological and biochemical parameters of rainbow trout fed with different

red pepper extract on pre and 10 days post-challenge (mean + standard deviation).

Red pepper extract

0% 0.25 % 0.5 % 1%
RBC ch;::ﬁg o 092:004%  104:004%  102:0034  0.95:0.02%
6/mm3 )
(10%mm) Ch:ﬁztnge 0.80:0.018,  0.89+0.03%  0.88#0.03%  0.85:0.025,
Hematocrit Ch;:g;]ge 32.67+1.53 Aa 37.67+1.53 Aa 36.00+2.00 Aa 31.00+1.00 Aa
(%) Post- 1 oA o0 o s
challonge  2800£100%  30.00:100%  SLO0XLODA  28.33:153°%
Hemoglobin e e 789:049%  B87:032% 88310164  7.49:015%
o challonge  17£025%  6.45:008%  6841009%  599:0.12%
WBC Ch;:g;l go  1393:450%  1023:472%  1007:642%  16.03£305%
3/mm3 )
v challenge  13:13t378%  16.10:435%  16.30:B00%  1403:4.04°,
Pre- A A R .
Neutrophil challenge 34.33+5.13%  19.33+1.53%  21.67#3.51%  30.00£3.61%
0 POt 230043614  28.33%3218,  18.67+4.62A,  22.0048.72A
challenge DA 99%3.c1 "a 6/£4.62%, .00£8.72 A,
Monocyte Ch;:gn e LOOXLO0%  300:L00%  367153%  233:153%
0 -
(4) e e 233:058%  36THLS3%  200:100%  267:153%
Lymphocyte Ch;[g‘g ., 0333:306% 75331534  7267x473%;  67.00:200%
0 -
0 Ch:ﬁztnge 73'6Zib2'08 65.6742.08%,  78.0042.65%,  74.33£9.29%,
al
Eosinophil Ch;:s;,ge 1.33+1.53%4, 2.33+1.534, 2.00+1.004, 0.67+0.584,
0 -
(4) e ge  LOOELOO%  233:058%  133+115%  100:0.00%
Pre- A A R A
Total protein  challenge 3.2310.12% 3.87£0.17% 3.75£0.11%, 3.68+0.14 4,
o chzﬁitr{ge 325:0.11% 39680174 38610224  3.82:0.05%
Albumin Ch;:;ge 1.25:0.164, 17240134,  1.62¢0.08%  1.5620.09%
o chZIc:Ztr;ge 121£0.07%  1.79#0.14%,  173%0.08%  1.69:0.08 %,
Globulin Ch;:g;]g . L97:025%  215:016A 21410054 21280224
(@/dh ChZﬁZtr;g . 204:004%  217$005%  213:017A4  213:0.124

Different letters (a-d) indicate significant difference among different concentration in each row (p<0.05).
Different letters (A-D) indicate significant difference between pre and post-challenge for each parameter
(p<0.05).
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Of all the studied parameters, increasing
red pepper extract in feeding diet of
rainbow trout fish caused no significant
difference in globulin, hematocrit and
eosinophil at pre and 10 days post-
challenge. Also, the number of white
blood cells, neutrophils and monocytes
indicated no difference among the fish
treated by various levels of red pepper
extract at 10 days post-challenge
(p<0.05). At pre-challenge, the fish
treated by 0.5 % red pepper extract had
the highest number of monocytes while
the control fish showed the lowest
number of this cell. By contrast,
neutrophil count was the least in 0.25 %
and 0.5 % treated fish but the most in 1
% treated rainbow trout fish. At pre and
10 days post-challenge, there was no
significant difference in total protein and
albumin contents of those fish fed by
various concentrations of red pepper
extract (p>0.05), while they had
significant difference with the control
(p<0.05). The 0.25 % and 5% treated
fish showed the most number of
lymphocytes at pre and 10 days post-
challenge, respectively. In 0.25% and
0.5% treated fish, the most number of

WBC, RBC and hemoglobin content
were perceived at pre-challenging of
bacteria. Hemoglobin content of fish fed
by 0.5 % red pepper extract was
significantly higher than that of other
fish at 10 days post-challenge (p<0.05).

Changes in immune responses

Results of mean comparison of immune
responses in rainbow trout fish fed with
different concentrations of red pepper
extract at pre- and 10 days post-
challenge are depicted in Table 3.
Regardless of red pepper extract
concentrations, all the reared rainbow
trout fish indicated a significant
difference between pre- and 10 days
post-challenge of bacteria in immune
responses (p<0.05). In addition, there
were significant differences among
various treatments of red pepper extract
at each sampling occasion for each
indicator of immune responses (p<0.05).
Notably, an increasing trend was
observed in lysozyme and complement
contents of the fish with increased level
of red pepper extract in their feeding
diet.

Table 3: Changes in immune responses of rainbow trout fed with different concentrations of red
pepper extract on pre and 10 days post-challenge (mean * standard deviation).

Red pepper extract

0% 0.25 % 0.5% 1%
Lysozyme Pre-challenge  316.92+0.40”, 379.80%0.214, 395.35+1.64%4; 406.39+2.33%,
mg/ml Post- 382.90+1.788, 434.38+0.548, 442.83+1.128;  455.69+2.91 By
challenge
Complement Pre-challenge  16.03+0.294,  22.06£0.28 4,  24.56+0.914 28.21+0.2544
mg/ml Post- 43.21+1.098,  76.23+1.098,  84.82+0.57 & 88.31+1.08 &
challenge

Different letters (a-d) indicate significant difference among different concentrations in each raw

(p<0.05).
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Changes in fish mortality

Results of cumulative fish mortality (%)
after 10 days of bacterial challenge are
depicted in Figure 5. Comparison among
various treatments significantly

100

exhibited less mortality rate (%) in the
fish treated by higher concentrations of
red pepper extract (p<0.05).
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Figure 5: Cumulative mortality (%6) in rainbow trout fish fed by red pepper extract at 10 days post-

challenge with Y. ruckeri.

Discussion
Farmed fish species are exposed to
immunosuppression due to increased
rearing density and adverse
environmental conditions. Therefore,
feed additives as immunostimulants are
widely used to enhance the growth
performance, immune responses, and
resistance to diseases in aquatic animals.
The present study indicates that
dietary red pepper extract for a month
could be a potential feed additive to
enhance fish growth performance,
hematological and biochemical factors
and also immune response in rainbow
trout. In this study, the highest increase
in body weight and specific growth rate
was observed in 0.5% C. annuum
extract. These results are parallel with
results of Talebi et al. (2013) who
obtained higher weight gain and
significant growth after feeding rainbow

trout (Oncorhynchus mykiss) with red
bell pepper diet. Similar results are
indicated by Parrino et al. (2020) who
observed remarkable changes in weight
gain and SGR of the rainbow trout
treated by hot pepper (Capsicum sp.) oil.
Also, Shamsaie Mehrjan et al. (2020)
demonstrated that supplementing diet
with 5% C. annuum powder improved
growth performance and immunity of
rainbow trout fry in 45 days of feeding.
These results may be because potentially
inhibitory pathogens would enhance the
population of beneficial microorganisms
and may improve feed digestibility and
nutrient absorption. Thus, digestibility
increases and in turn the energetic
benefits enhance the growth rate. In this
investigation, higher concentration of
red pepper extract (1%) indicated no
positive  influence on  growth
performance which might be due to
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changes in flavor and fish appetite.
Moreover, this might be likely because
of anti-nutritional materials in higher
concentrations of red pepper extract
added to the diet which would
impressively disrupt fish growth.

Necessarily, body chemical
composition is always affected by diet
components and  daily feeding
percentage. Feeding by red pepper
extract in the present work affected only
fat content and the lowest fat level was
detected in the control treatment. As
reported by Mahdavi et al. (2014),
feeding by fennel oil (Foeniculum
vulgare) for 60 days showed no
significant effect on protein and ash
contents of Caspian white fish (Rutilus
frisii), but fat amount in 100 and 400
mg/kg treatments were statistically
significant. Also Setiawati et al. (2016)
reported that the addition of 1%
cinnamon (Cinnamomum burmannii)
leaf to Asian catfish (Pangasianodon
hypophthalmus) dietary improved flash
fat content.

Hematology tests and analysis of
fish blood serum are suitable tools for
detection of metabolic disorders, fish
health evaluation in intensive culture
systems, non-specific resistance of fish
and brood stocks, assessment of feeding
condition and additive ingredients
effects. The obtained results of this study
significantly indicated increases the
RBC, WBC and hemoglobin content in
the fish treated by red pepper extract.
These increases in WBC and RBC are in
line with Nya and Austin (2009) who
obtained increased WBC and RBC after
feeding rainbow trout with ginger diet.

The increase in  hematological
parameters  following red pepper
supplemented diet feeding indicates the
immunostimulants  properties of C.
annuum. It could be explained that the
bioactive compounds in red pepper
extract prevented rainbow trout from
diseases by immune system stimulation.
Serum protein level is an important
index of humoral defense system and
health condition in fish species.
Actually, immune stimulants activate
immunity system cells by stimulating
protein synthesis (Rao et al., 2006). In
the present research, total protein
contents of the treated groups were
significantly different than that of
control after 30 days of rearing. Also,
total protein and albumin contents
increased in the fish fed by pepper
extract than those in the control after
bacterial challenging. However, some
researchers reported no impact of herbal
extracts on protein content, which is
incompatible with the present work
(Ispir and Dorucu, 2005; Misra et al.,
2006). Furthermore, Nya and Austin
(2011) demonstrated non-significant
effect of garlic powder added to rainbow
trout diet on plasma protein after 14 days
when compared to the control. Serum
protein and albumin play significant
roles in immune system of fishes.
However, albumin is vital to sustaining
the osmotic pressure needed for proper
distribution of body fluids and acts as
plasma carrier (Talpur and
Ikhwanuddin, 2013).
The use of immunostimulants is one of
the methods used to enhance the immune
system, particularly  non-specific
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defense mechanisms, for prevention and
control of diseases in aquaculture.
Lysozyme is considered as an important
component of non-specific immunity in
fishes which  damages bacterial
membrane, activates complement and
spreads phagocytosis. Also complement
has a substantial bactericidal activity in
fish serum and mucus (Ellis, 2001;
Holland and Lambris, 2002) interfering
in phagocytosis as opsonin by binding to
particular parts of an invasive agent in
the host body. In the present study,
serum lysozyme and complement of the
fish fed by red pepper (C. annuum)
extract was significantly more than that
of the control fish. Reports of increased
complement and lysozyme contents after
feeding by herb extracts have been
presented by many researchers,
including the application of 1 and 2%
wolf bean (Lupinus perennis), mango
(Mangifera indica), nettle (Urtica
dioica) after 14 days (Awad and Austin,
2010), garlicat 0.5 and 1 g per 100 kg of
diet (Nya and Austin, 2011), nettle (0.1
and 0.5 g/kg) for 30 days (Bilen et al.,
2016) and 5% C. annuum powder for 45
days (Shamsaie Mehrjan et al., 2020).
Lysozyme acts an important role in the
immune system of fish following its
stimulation, which in addition to blood,
greatly accumulates and secretes in the
kidney (Soltani et al., 2010). The
increase of lysozyme content in fish fed
with red pepper extract in our study
could be due to flavonoids which
stimulate phagocytosis.

The present work revealed no
significant difference in survival rate
between the fish groups fed by pepper

extract and control group after a month.
In a previous research by Sotoudeh et al.
(2018) on different levels of dietary
purple coneflower (Echinacea
purpurea) and marjoram (Origanum
majorana) extracts, the survival rate of
rainbow trout was 100% at all
treatments. Health promoting effect of
red pepper and the presence of phenol
and flavonoids components in its extract
during one month feeding could prevent
fish mortality in this investigation.

More of the fish fed by red pepper
extract in this survey were survived than
the control fish after Yersinia ruckeri
injection. Bilen et al. (2016) found
higher rate of survival in the rainbow
trout fed by 0.1 and 0.5 g/kg of nettle
extract in comparison with the control
after challenging by Aeromonas
hydrophila. Supplemented diet of
peppermint (Mentha piperita) indicated
higher survivability and significant
difference by contrast to the control
treatment against Y. ruckeri (Adel et al.,
2016). In an investigation by Amirkhani
and Firouzbakhsh (2015) on common
carp, most fish fed by diets containing
400 mg/kg of basil leaf extract (Ocimum
basilicum) were survived against A.
hydrophila. The application of red
pepper extract at certain levels in the diet
could improve non-specific immunity
mechanisms and reduce mortality rates
after challenge.

Results presented here suggest positive
effects of red pepper extract as a growth
promoter and survival enhancer in feed
of rainbow trout. Addition of red pepper
extract, particularly at 0.5 %, to the diet
of rainbow trout can increase their
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weight gain (%) and stimulate immune
system against infectious disease of
yersiniosis, because of its different
flavonoids and anti-oxidative
components.
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