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A B S T R A C T

This study was performed to determine the effects of pectin derived from orange peel (PDOP) on growth per-
formance, antioxidant enzyme activity and serum and skin mucus immune response of common carp (Cyprinus
carpio). Common Carp (16.94 ± 0.03 g) were distributed into 12 tanks representing four treatments repeated in
triplicates. Four diets were prepared to contain four levels of PDOP as follows: 0 (control), 0.5, 1, and 2% PDOP.
Growth and immunological parameters as skin mucus lysozyme activity (SMLA) and total immunoglobulin
(SMTIg), serum total immunoglobulin (STIg), serum peroxidase activities (SPA), Catalyse activity (CAT), DPPH
radical scavenging activity, specific growth rate (SGR), weight gain (WG), final weight (FW), and feed con-
version ratio (FCR) were assessed. Fish fed diets supplemented with PDOP showed an improvement of SGR, WG,
FW, and FCR (P < 0.05). In terms of skin mucus immunological parameters, dietary inclusion of pectin sig-
nificantly (P < 0.05) increased SMTIg. Likewise, carps fed either 1 or 2% PDOP showed notable enhancement
of SMLA. In the case of serum immune parameters and antioxidant defence, carps in 1% PDOP treatment showed
significantly (P < 0.05) higher SPA and CAT compared to fish fed either control diet or 0.5% OPDP.
Additionally, no significant change (P > 0.05) was found in SPA and CAT of fish fed either 1% PDOP or 2%
PDOP. Also, no significant (P > 0.05) difference was noticed between treated groups and control in the case of
STIg. Furthermore, no significant differences were observed in DPPH radical activity among treatments
(P > 0.05). Overall, these results suggested that inclusion of PDOP in common carp diet can beneficially affect
growth and immune response.

1. Introduction

Common carp is considered as a potential species for commercial
aquaculture in Asia and several European countries as it has an ex-
cellent capability to adapt to change of the environmental conditions,
food and represent high survival rate [1,2]. Production of common carp
approximately represents 8.3% of the world aquaculture production
[3]. Aquaculture industry is enforced toward intensified culture systems
as a result of the increasing human consumption and fish demand that
consequently could increase the risk of infectious diseases and de-
pressed growth performance [4,5]. These challenges pushes aqua-
culturists toward testing novel ingredients to enhance fish health in
accompany with improving growth performance [2,6,7]. Thus,

performing studies regarding evaluation of bioactive compounds and
novel ingredients as pectin in common carp can be an interesting area
of study. Supplementation of bioactive components in practical diets of
different fish species can enhance diseases resistance, immune response
and improve aquaculture production to achieve sustainability must be
discovered [8,9]. Skin mucus of fish plays a vital role as it is considered
the first line of defense against microbial infections and also contains
many immune constituents [10]. Increasing the activity of lysozyme,
peroxidase and skin mucosa immune parameters are significant ways to
improve immune response of fish. Inclusion of natural antioxidant,
antibacterial, antiviral and bioactive compounds derived from different
fruits and vegetables in fish diets play vital roles to strengthen the
immune system and disease resistance of fish. Sweet orange is one of

https://doi.org/10.1016/j.fsi.2020.04.019
Received 1 March 2020; Received in revised form 2 April 2020; Accepted 8 April 2020

∗ Corresponding author. Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai, 50200, Thailand.
E-mail address: hien.d@cmu.ac.th (H. Van Doan).

Fish and Shellfish Immunology 103 (2020) 17–22

Available online 20 April 2020
1050-4648/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/10504648
https://www.elsevier.com/locate/fsi
https://doi.org/10.1016/j.fsi.2020.04.019
https://doi.org/10.1016/j.fsi.2020.04.019
mailto:hien.d@cmu.ac.th
https://doi.org/10.1016/j.fsi.2020.04.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fsi.2020.04.019&domain=pdf


these fruits that are rich in bioactive compounds, the main bioactive
components of sweet orange peel are pectin, phenolic, alkaloids, tan-
nins and flavonoids [11], which have influential functional properties
as growth promoter and immune stimulator [12]. Previous research
studies regarding the possible effects of bioactive compounds in orange
peels on different fish species revealed that pectin derived from citrus
peels or apple pomace is considered one of the most promising im-
munomodulation agents, antiviral and antibacterial effects due to its
high content of bioactive compounds [13,14]. Previous research con-
ducted by Acar et al. [15] and Virgili and Marino [16] found that es-
sential oil and flavonoids derived from orange peels enhance tilapia
resistance against Streptococcus iniae and modulate antioxidant enzyme
response to stress by influencing antioxidant defenses mechanism. In
the same pattern, Vicente et al. [17] fed Nile tilapia diets containing
four doses of orange pectin and exposed to environmental stress. The
results revealed improvement in the antioxidant enzymatic activities
and resistance to oxidative stress of Nile tilapia. Therefore, orange peels
grant a beneficial physiological and nutritional effects on the host
through its content of bioactive compounds as pectin [18] and posi-
tively influences the functional gut topography [19]. Also, pectin sup-
plementation increases gut morphology that consequently increases the
absorption surface area of nutrients; tendencies of improved fish per-
formance [20]. Therefore, it has been noted that supplementation of
pectin adjusts the population of gut microbiota to inhibit the potentially
harmful pathogenic strains. This hypothesis recommends the addition
of bioactive compounds as pectin derived from fruits and vegetables
which influence cellular activities in the aquatic animals [12,21]. Thus,
this study was performed to investigate possible effects of PDOP on
growth, antioxidant defence and serum immune response of common
carp.

2. Materials and methods

2.1. Experimental diets

Diets formulations and chemical compositions are presented in
Table (1). Diets were formulated to be isonitrogenous 38% crude protein
(CP) and isoenergetic, 4105 (cal/kg) digestible energy (DE). The diets
were alike except for the variation of the levels of pectin (0, 0.5, 1 and
2% PDOP) (Table 1). Ingredients were mixed, and water and soybean

oil were added to make dough then the diets were pelleted using ex-
truder. The pellets were dried and stored at 4 °C.

2.2. Fish preparation and experimental design

At the beginning of the trial fish was acclimated to the experimental
conditions and feed diets for two weeks, during the acclimation periods,
fish were fed a commercial diet. A total of 300 common carp (Cyprinus
carpio) with an initial body weight 16.94 ± 0.03 g was distributed into
12 glass tanks (150 L), in triplicate treatment of each diet for 8 weeks.

Fish were fed the diets to satiation twice a day. The tanks water
were static (50% daily exchange) and each tank was supplied by a
continuous air compressor. Water quality variables were measured
during the trial including temperature, including pH; and dissolved
oxygen and maintained within the most favourable levels for common carp
throughout the experimental period and recorded daily according to
APHA (1995).

2.3. Growth indices

The growth parameters were calculated using the following equa-
tions:

Weight gain (WG) = Final body weight (g) - Initial body weight (g)
Weight gain (%) = (Final body weight - Initial body weight)/initial
body weight *100
Specific growth rate (SGR) = (natural logarithmic final body weight
– natural logarithmic initial body weight)/time × 100
Feed conversion ratio (FCR) = Feed consumed (g)/weight gain (g).

2.4. Hematological parameters

The hematological parameters as red blood cell (RBCs) was mea-
sured according to the protocol of Blaxhall and Daisley [22]. Hemato-
crit (Hct) was measured using microhematocrit-heparinized capillary
tubes. Hemoglobin concentrations (Hb) were determined according to
the method of Blaxhall and Daisley [22]. Standard formulae of Stoskopf
et al. [23] was used to calculate the mean corpuscular volume (MCV,
μm3); mean corpuscular haemoglobin (MCH, pg) and mean corpuscular
haemoglobin concentration (MCHC, g/dl).

2.5. Skin mucus and serum immune indices

2.5.1. Sample collection
At the end of 8th week of trial nine specimens were randomly se-

lected from each treated group. The protocol described in previous
work was followed for collection of skin mucus [24]. In addition, three
fish were randomly selected from each replicate and euthanized by
using clove powder (200 mg L−1). At the termination of the feeding
trial, nine fish per treatment (three fishes per tank) were randomly
selected for blood collection. Common carp were sacrificed by lethal
anaesthesia using Tricane methyl sulphonate (MS222). Blood samples
were collected from the caudal vein using a 25gauge needle and 1 ml
syringe, and kept in 4 °C for 4 h and then centrifuged to obtain serum
samples. The collected mucus and serum stored were in −80 °C until
analysis.

2.5.2. Determination of total Ig
For measurement of SMTIg and STIg, at first the total protein con-

tent was determined using a commercial kit (Zist Shimi kits, Iran).
Afterward, the Ig molecules precipitated down by using polyethylene
glycol (Sigma, UK) and the total protein content was re-measured to
calculate SMTIg and STIg as suggested by Siwicki [25].

2.5.3. Determination of SMLA
The methodology by Ellis [26] (1990) was followed to determine

Table 1
Dietary formulations (%) and proximate compo-
sition.

Ingredient

Fish meal 40.0
Wheat flour 21.0
Soybean meal 13.5
Corn gluten 5.5
Soybean oil 6.0
Fish oil 6.0
Mineral premixa 3.0
Vitamin premixa 2.0
Binderb 2.0
Anti fungic 0.5
Antioxidanta 0.5
Proximate analysis
Dry matter 91.5
Crude protein 36.1
Crude lipid 11.2
Ash 3.5

aPremix detailed by [Hoseinifar et al., 2012].
bAmet binder ™, Mehr Taban-e− Yazd, Iran.
cToxiBan antifungal (Vet-A-Mix, Shenan-doah,
IA).
aButylated hydroxytoluene (BHT) (Merck,
Germany).
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SMLA. Briefly, the lysis of a sensitive bacterium (Micrococcus luteus)
supplied by Iranian Biological Resources center (IBRC) was determined
by spectrophotometry. The decrease in absorbance of 0.001 per minute
was considered as a unit of lysozyme activity.

2.6. Serum antioxidant defence

2.6.1. Serum radical scavenging activity
The radical scavenging activity in serum samples was determined as

described by Lim and Lee [27]. The protocol was based on radical
scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH).

2.6.2. Serum catalase (CAT) activity
A commercial kit (ZellBio GmbH, Germany) and the instruction

suggested by manufacturer was used for determination of serum cata-
lase (CAT) activity. The methodology was described in previous paper
[28]. The amount of sample decomposing 1 μmol of H2O2 to H2O and
O2 in 1 min was considered as a CAT activity unit.

2.6.3. Serum peroxidase activity
The method described by Macadam et al. [29] was followed to

determined serum peroxidase activity. Briefly, to initiate the reaction,
200 μl of serum were added to the peroxidase assay solution composed
of 3.0 ml of 0.1 M potassium phosphate buffer (pH 6.0), 0.04 ml of
0.03 M hydrogen peroxide, and 0.05 ml of 0.2 M guaiacol. The sample
was vortexed and immediately measured at 436 nm by a spectro-
photometer.

2.7. Statistical analysis

Data was subjected to One-way ANOVA and Duncan's new multiple
range test [30] after normality of data was confirmed using the Kol-
mogorov–Smirnov and considered significant at P < 0.05. The ana-
lysis was done by SPSS software version 10.

3. Results

3.1. Growth and feed utilization efficiency

Fish fed diets contain orange pectin showed a significant
(P < 0.05) increase in growth performance and feed utilization
parameters, while the control diet recorded the lowest values of growth
and feed utilization efficiency (Table 2). The best WG (g), WG (%) and
SGR (%/d) values were noticed in fish fed diet containing 1%, orange
pectin. In addition, no significant differences on growth performance
parameters (P > 0.05) among fish fed diets containing different levels
of PDOP were observed. Fish fed 1%, orange pectin recorded the fa-
vourable FCR value, while the worst value of (P < 0.05) FCR were
observed in the control group. No evidences of disease and mortality
were noted in all treatments (Table 2).

3.2. Haematological examination

The haematology parameters including haemoglobin, hematocrite,
MCH and MCHC showed no significant difference (P > 0.05) among
fish fed diets supplemented with different levels of PDOP (Table 3).
However, fish fed diet containing 1% showed the lowest value
(P > 0.05) of Erythrocyte, while there were no significant (P > 0.05)
differences between fish fed control or diets supplemented with 0.5% or
2%. Likewise, fish fed diets supplemented with PDOP showed sig-
nificant (P < 0.05) higher value of MCV while the control diet re-
corded the lowest value of MCV (Table 3).

3.3. Innate immune response

Fig. 1 shows the possible effects of PDOP on skin mucus immune
parameters. Statistical analysis of results revealed that dietary inclusion
of pectin significantly (P < 0.05) increased SMTIg. The highest SMTIg
level was noticed in 2% PDOP which was significantly higher that other
groups (P < 0.05). There was no significant difference between 0.5
and 1% PDOP in the case of SMTIg (P > 0.05). Regarding SMLA, carps
fed either 1% PDOP or 2% PDOP showed notable enhancement of
SMLA (P < 0.05). However, no significant difference was noticed
between 0.5% OPDP and control group (P > 0.05).

3.4. Antioxidant defence

The effects of PDOP on serum antioxidant defence is shown in
Fig. 2. In the case of serum DPPH radical activity, no significant dif-
ferences were observed between treated groups and control
(P > 0.05). However, fish fed 1% PDOP showed the highest CAT ac-
tivity which was significantly (P < 0.05) higher when compared to
fish fed either control diet or 5% PDOP. Similar result was obtained in
the case of SPA. Carps fed 1% PDOP had the highest SPA compared with
other treatments. However, no significant difference was noticed be-
tween 1% PDOP or 2% PDOP treatments (P > 0.05).

4. Discussion

Inclusion of secondary products from agricultural processing in-
dustry, such as fruit and vegetable by products, in aquafeed decreases
the environmental pollution and increases the overall profitability.
Also, these represent a potential source of aquaculture feed, which are
currently not fully exploited. Fish skin mucus considered as a first de-
fense line and plays as a barrier between fish and surrounding en-
vironment [10,31]. Recent research conducted by Refs. [12,19,32]
found that inclusion of pectin derived from citrus and orange peels in
fish diets improve the mucosal immune responses because of the im-
munomodulatory role of pectin [12,33]. In addition, Jiang et al. [34]
found that pectin feeding has proved positive significant effects on the
intestinal topography and morphology which results in improved nu-
trients absorption and consequently enhancing fish growth and immune
response, thus, the current research was conducted to examine the

Table 2
Growth performance parameters of Common carp fed different level of PDOP. Data in a row assigned with different letter indicate significant differences (P < 0.05).
Values are reported as mean ± SD.

Control 0.5% 1% 2%

Initial weight (g) 16.94 ± 0.03a 16.96 ± 0.06a 17.36 ± 0.34a 17.46 ± 0.74a
Final weight (g) 37.42 ± 2.18b 39.82 ± 0.08ab 40.96 ± 2.65ab 44.84 ± 1.36a
Weight gain (g) 20.48 ± 2.21b 22.86 ± 0.76ab 23.58 ± 2.4ab 27.44 ± 0.62a
Gain (%) 120.90 ± 1.02b 134.79 ± 1.04 ab 135.941.11± ab 156.82 ± 0.98a
Weight gain (%) 120.91 ± 13.22b 134.78 ± 4.05ab 135.99 ± 16.51ab 157.77 ± 3.1a
SGR (% day−1) 1.76 ± 0.13b 1.86 ± 0.38ab 1.91 ± 0.16ab 2.1 ± 0.03a
FCR 2.21 ± 0.13a 2.05 ± 0.07ab 2.01 ± 0.2ab 1.75 ± 0.2a
Survival (%) 100% 100% 100% 100%
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Table 3
Haematological parameters of Common carp fed different level of PDOP. Data in a row assigned with different letter indicate significant differences (P < 0.05).
Values are reported as mean ± SD.

Parameters Erythrocyte ( × 104 μl-1) Haemoglobin (g dl-1) Haematocrit (%) MCH (pg) MCHC (g dl−1) MCV (fl)

Groups

Control 1.94 ±0.25a 5.38 ±1.95a 38 ±2.5a 29.46 ±13.93a 14.68 ±5.68a 197.1 ±18.57b
0.5% 1.69 ±0.04ab 5.28 ±0.7a 40 ±2.53a 31.2 ±3.37a 13.18 ±1.29a 236.56 ±2.43ab
1% 1.43 ±0.01b 5.21 ±0.49a 35.5 ±2.4a 36.55 ±3.65a 14.65 ±1.1a 249.14 ±6.19a
2% 1.95 ±0.16a 5.74 ±1.97a 39 ±2.52a 29.78 ±8.15a 14.67 ±2.54a 200 ±23.28a

Data are presented as mean ± S.D.
Data assigned with different superscripts in a column present significantly differed at P < 0.05.

Fig. 1. The effects of dietary PDOP on skin mucus total proteins level and lysozyme activity in common carp juveniles. Bars assigned with different superscripts are
significantly different (P < 0.05). Values are presented as the mean ± S.D. (n = 9).

Fig. 2. The effects of dietary PDOP on serum immune and antioxidant defence parameters in common carp juveniles. Bars assigned with different superscripts are
significantly different (P < 0.05). Values are presented as the mean ± S.D. (n = 9).
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positive roles of OPDP on growth, feed utilization and immune response
for common carp.

The current findings suggest that fish fed diets containing orange
pectin had the best growth and feed efficiency (Table 2). These findings
are consistent with Salem et al. [35] who found that seabream fed diets
supplemented with orange pectin improved growth and nutrients uti-
lization; the results confirmed the role of orange pectin to utilize nu-
trients more efficiently. Follow the same pattern, Salem and Abdel-
Ghany [36] found that Nile tilapia fed diets supplemented with dif-
ferent levels of pectin improved growth and feed efficiency. In addition,
Van Doan et al. [33] found that pectin supplementation had positive
effects on innate immune response, disease resistance and growth
performance of Nile tilapia (Oreochromis niloticus) cultured under in-
door biofloc system. The enhancements of growth and feed efficiency
utilization due to inclusion of pectin in fish diets could be attributed to
several mechanisms including: i) supplementation of pectin divulged
modulation of the gut microbiota by increasing the positive bacterial
population in the gut [37] and enhance the digestive enzyme activities
[38,39] or liver enzyme activities and gut morphology [5,39,40]; be-
side enhanced appetite [41]; ii) phytochemicals derived of orange peels
enhances the absorption of essential nutrients and remove pathogens
and undesirable compounds in the digestive tract [42]; iii) orange peels
are rich in bioactive compounds such as limonoids, dietary fibers, and
phenolic compounds that enhanced growth performance as described
by Oluremi et al. [43]; v) The immunomodulatory effect of PDOP that
activate the production of antibody and macrophages [44]; VI) Increase
the population of beneficial bacteria in the gut microbiota which sub-
sequent improve the digestion and absorption of nutrients. Further-
more, Doan et al. [12] attributed the effect of pectin to stimulate
growth performance and immune system to the presence of bioactive
compounds which improve immune response, health status and disease
resistance and consequently improve growth performance and feed
efficiency utilization. Haematological profile is an effective tool to
measure the physiological, pathological and functional status [45]. No
significant differences were found in haematological parameters as
Haemoglobin, hematocrite, MCH and MCHC of common carp fed diets
containing different doses of pectin. To the contrary fish fed diet sup-
plemented with 0.1% pectin showed the lowest value of erythrocyte
while, fish fed the control diets showed the lowest value of MCV
compared to the other treatments. The variations in haematological
characteristics, mostly depends on wide range of nutritional and non-
nutritional factors [46]. In state of the present findings the results were
still within the normal range for the species according to Ref. [47].

Lysozyme and peroxidases are the most important components to
stimulate the immune response of fish which inhibit the growth of
bacteria by breaking down the carbohydrate content of cell walls [48].
The current study showed that fish fed pectin improved SMLA and
SMPA (Fig. 2). These results are consistent with previous researches
[49,50] who found an enhancement of SMLA and SMPA in (Spondy-
liosoma cantharus) fed diets contained lemon peel. Follow the same
pattern [24,51] found an enhancement of SMLA and SMPA of Nile ti-
lapia fed diets contained orange peels derived pectin. In addition,
Khramova et al. [44] found that rats fed citrus pectin enhanced immune
properties by enhanced antigen presentation, immunostimulating and
activation of macrophages, furthermore, lemon pectin enhanced Tu-
mour necrosis factor alpha (TNFα) and interferon gamma (IFNγ) pro-
duction by peritoneal macrophages, in addition, Suh et al. [52] found
that mice fed diets supplemented with a lemon derived pectic-causing
increased secretion of GM-CSF and IL-6 from Peyer's patches, indicating
immune cell activation.

Recently, Vogt et al. [53] found that lemon pectin has an im-
munostimulatory fiber prebiotic which is able to stimulate TLR and T84
intestinal epithelial cell barrier function. Similarly, significant elevation
of serum immune parameters via supplementation of prebiotics have
been reported in several fish species [54] as African catfish, Clarias
gariepinus [55]; rockfish, Sebastes schlegeli [56], zebrafish, Danio rerio

[57], and hybrid sturgeon [58]. Thus, the improvements of skin mucus
lysozyme and peroxidase activities could be assigned to the im-
munostimulants and bioactive compounds found in pectin [33,59] and
to different immune mechanisms as skin, gill and gut associated lym-
phoid tissues [60,61]. However, more investigations are required to
explore the mechanisms that pectin modulates mucosal immune re-
sponse in fish. Thus, the results of present study confirmed that the
serum and mucus immunology parameters were positively modulated
by PDOP supplementation in fish diets.

5. Conclusion

In conclusion, dietary administration of PDOP acts as a functional
food for sustainable aquaculture. The present study explored that OPDP
supplementation might potentially improve growth performance, feed
efficiency and activation the mucosal immune mechanisms in common
carp.
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