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Bitter melon extract (BME), which contains a variety of natural bioactive substances, has diversified biological functions. The
present study is aimed at evaluating the effects of dietary supplementation of BME on growth performance, antioxidant
capacity, inflammatory cytokine expression, and intestinal microbiota in common carp (Cyprinus carpio L.). An 8-week feeding
trial was conducted using four isonitrogenous and isoenergetic diets containing different levels of BME (0%, 0.25%, 0.5%, and
1% for control, LBME, MBME, and HBME groups, respectively). The results showed that there were no significant differences
in the growth performance of common carp among all groups, including final body weight (FBW), weight gain rate (WGR),
specific growth rate (SGR), feed conversion ratio (FCR), and viscera index (VSI) (p > 0:05), but the condition factor (CF) was
decreased by all BME treatments (p < 0:05). Serum superoxide dismutase (SOD) activity was significantly improved in all BME
groups (p < 0:05), and serum catalase (CAT) activity was significantly higher in the MBME group (p < 0:05). Serum
malondialdehyde (MDA) level was lowest while serum total antioxidant capacity (T-AOC) was highest in the HBME group
(p < 0:05). Dietary BME supplementation inhibited proinflammatory cytokine (il-1β and il-8) mRNA expression, while anti-
inflammatory cytokine (il-6 and il-10) mRNA expressions were promoted (p < 0:05). Furthermore, principal coordinate
analysis (PCoA) showed that there were no differences in bacterial communities among different groups, and Shannon index
and Simpson index of intestinal microbiota were unaffected (p > 0:05). Whereas dietary BME reduced Firmicutes abundance
and the ratio of Firmicutes to Bacteroidetes at phylum level, the relative abundance of streptococcaceae at family level,
Streptococcus and Exiguobacterium at genus level were also decreased (p < 0:05). Overall, these results suggested that dietary
supplementation of BME improved serum antioxidant capacity, anti-inflammatory activity, and modified intestinal microbiota
in common carp.

1. Introduction

In recent years, global aquaculture industry has developed
rapidly, but the diseases caused by various pathogens,
including viruses, bacteria, fungi and parasites, lead to
increasing mortality of aquatic farming animals and huge
economical loss. The prevention and control of diseases are
still one of the important challenges faced by intensive aqua-
culture. To overcome this problem, antibiotics, disinfectants,
and therapeutic agents are commonly used to prevent dis-
eases [1]. However, long-term or excessive use of these drugs

has been widely criticized, and they could not only damage
immune defense, increase drug residues, but also lead to
increased drug resistance to pathogens in aquaculture [2].
Therefore, considerable interest has arisen in finding alter-
native natural substances that enhance the immunity of
aquatic animals [3].

Application of plant extracts and herbal medicines in
aquatic animals has received increasing attention worldwide,
because they could be easily prepared, and has few side effects
on aquatic animals as well as environment [4]. Plant extracts
contain many types of active components, like glycosides,
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flavonoids, terpenoids, and alkaloids. Studies have identified
their beneficial effects for aquatic animals, such as stimulating
appetite, promoting growth, boosting immunity, and acting as
antibacterial, antiviral, antifungal, and antiparasitic agents
[5–7]. At present, many extracts derived from various plants
as feed additives have been widely studied in aquatic animals.
It was found that they improved antioxidant and immune
responses in cultured fishes, such as extracts from mistletoe
(Viscum album) [8], olive (Elaeagnus angustifolia) leaf [9],
ginger (Zingiber officinale) [10], and hawthorn (Crataegus
monogyna) fruit [11]. In addition, our previous studies
showed that dietary supplementation of Rehmannia glutinosa
root extract improved growth performance and immune
response [12] of common carp, and dietary Chinese yam
(Dioscorea opposita Thunb.) peel enhanced immunity of com-
mon carp by improving intestine defense barrier andmodulat-
ing intestinal microflora [13].

Bitter melon (Momordica charantia), also known as bit-
ter gourd or balsam pear, is a widely cultivated food vegeta-
ble in many areas around the world, including Asia, South
America, Central America, and East Africa [14]. Although
the fruit has a special bitter taste, it is very popular among
different groups of people all over the world, which can be
explained not only by its special taste but also by various bio-
logical activities that ordinary vegetables cannot provide
[15]. Bitter melon is rich in bioactive compounds, including
saponins, flavonoids, phenolic acids, cucurbitane triterpe-
noids, and triterpene glycosides [16]. Moreover, studies in
mammals demonstrated that this plant has various biologi-
cal activities, such as antioxidant, anti-inflammatory, anti-
bacterial, and immunoregulatory activities, as well as
antidiabetic, antiobesity, and anticancer activities [16]. In
rats, oral administration of BME remarkably increased key
antioxidant enzymes activities, including superoxide dismut-
ase (SOD) and serum catalase (CAT) [17]. Dietary supple-
mentation of bitter melon dry powder reduced
proinflammatory cytokine levels, inhibited recruitment of
inflammatory macrophages into adipose tissues, and amelio-
rated insulin resistance of mice fed with high-fat diet [18].
However, to the best of our knowledge, the properties of
BME as a potential bioactive substance in aquaculture have
not been studied.

Intestine is the largest and most complex ecosystem of
living organisms. Plenty of microorganisms are parasitic or
symbiotic with the intestine of healthy animals. The micro-
organisms and their metabolites are involved in many phys-
iological activities of the host organism. Studies about
intestinal microbiota in fish have increased dramatically over
the past 10 years, and the composition and diversity of intes-
tinal microbial community could be strongly influenced by
diet changes [19]. It is believed that plant products can affect
intestinal microbiota in different ways, and their interplays
contribute to the bioavailability of active ingredients [20].
Previous studies have found that BME is involved in the reg-
ulation of intestinal microbiota in obese rats induced by die-
tary high-fat diet [21]. However, the effect of BME on fish
intestinal microflora remains to be evaluated.

Common carp (Cyprinus carpio L.) is an important eco-
nomical freshwater fish, which is widely farmed in Asia,

especially in northern China. The present study is aimed at
investigating the effects of dietary BME on growth perfor-
mance, antioxidant capacity, inflammatory cytokine expres-
sion, and intestinal microbiota of common carp. For this
purpose, BME was supplemented to the basal diet of com-
mon carp with different proportions, and an 8-week feeding
trial was performed.

2. Materials and Methods

2.1. Diet Preparation. BME was purchased from Xi’an
Xuhuang Bio-Tech Co., Ltd (Xi’an, China). The basal diet
without BME was used as control diet, and the diets with dif-
ferent concentrations of BME (0.25% for LBME, 0.5% for
MBME, and 1% for HBME) were used as experimental diets,
and the composition is given in Table 1. All ingredients were
grounded into powder, sieved through an 80-mesh filter,
blended in a mixer thoroughly, and then mixed with fish
oil and soybean oil [22]. Finally, a proper amount of water
was added to ensure the uniformity of granulation. The
2mm diameter granulated feed was wet-extruded using a
pelletizer and dried at air temperature. Then, all diets were
sealed in plastic bags and stored at -20°C until used.

2.2. Feeding Trial. Juvenile common carp was obtained from
Aquaculture Base of Henan Normal University. The fish
were temporary reared for 2 weeks in the outdoor cement
tank (400 cm × 200 cm × 120 cm) provided with running
freshwater. A total of 420 fish were randomly assigned into
twelve 150 L indoor tanks (35 fish per tank) in a freshwater
recirculation system with a water flow rate of approximately
2.5 L/min/tank and divided into 4 groups (control, LBME,
MBME, and HBME) with triplicate. After 2 weeks of accli-
mation with basal diet, the experimental fish in different
groups was fed with prepared diets, respectively. Fish were
fed 3 times per day (8 : 30, 13 : 00, and 17 : 30) for 8 weeks
according to 3% feeding rate, which was adjusted every
two weeks. The water temperature was maintained as 24 ±
1°C, and dissolved oxygen was above 6.0mg/L, pH 7:5 ±
0:5, and total ammonia below 0.1mg/L.

2.3. Sampling Collection. After feeding experiment, fish were
fasted for 24 h and anaesthetized with MS-222 (100mg/L,
Sigma, USA) before sampling. The whole fish population
was sampled for final body weight (FBW), weight gain rate
(WGR), specific growth rate (SGR), feed conversion ratio
(FCR), and condition factor (CF), and 3 fish per tank were
randomly sampled for viscera index (VSI). Blood were col-
lected (3 fish per tank) with a 1mL syringe via puncture of
caudal vein and then centrifuged at 3000 rpm for 10min at
4°C to prepare serum samples, which were subsequently
stored at -80°C until analysis. As for gene expression analy-
sis, samples of head kidney, spleen, and intestine were col-
lected from 3 fish per tank, frozen in liquid nitrogen
immediately, and then transferred to a -80°C refrigerator
until RNA extraction. The intestinal contents were carefully
removed from two fish per tank by gently squeezing with
sterile forceps in a clean bench. The samples were frozen
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in liquid nitrogen for quick freezing and stored at -80°C until
DNA extraction.

2.4. Determination of Antioxidant Indexes. The activities of
serum antioxidant enzymes, including superoxide dismutase
(SOD) and catalase (CAT), serum malondialdehyde (MDA)
content, and total antioxidant capacity (T-AOC), were mea-
sured using commercial assay kits (Solarbio, China) accord-
ing to the manufacturer’s protocol, and the product codes
are BC0170, BC0205, BC0025, and BC1315, respectively.

2.5. Gene Expression Analysis. Total RNA was extracted
using RNAiso Plus (TaKaRa, 9109) according to the manu-
facturer’s instruction. RNA purity and concentration were
evaluated with a NanoDrop 2000C spectrophotometer
(Thermo Scientific, USA), and RNA integrity was assessed
by agarose gel electrophoresis. Then, 1μg of total RNA was
used to synthesize cDNA using PrimeScript RT reagent Kit
with gDNA Eraser (TaKaRa, RR047A) according to the
manufacturer’s protocol. RT-qPCR was performed using
SYBR Green qPCR Mix (Dongsheng Biotech, P2092) with

LightCycler 480 II (Roche), and the procedures were
described as our previous study [23]. Briefly, 10μL reactions
contained 5μL SYBR Green qPCR Mix, 0.3μL of each
primer (10μM), 1μL of 10-fold diluted cDNA, and 3.4μL
of water, and PCR amplification was initiated by denatur-
ation at 94°C for 3min, 40 cycles of 95°C for 15 s, 56°C for
15 s, and 72°C for 30 s. The primer sequences for target genes
and reference gene (18S RNA) are shown in Table 2. After
verification of PCR efficiency of tested genes to be around
100% (Table 2), the relative gene expression was normalized
to 18S with 2−ΔΔCT method.

2.6. Genomic DNA Extraction and Illumina High-
Throughput Sequencing. The genomic DNA was extracted
from the intestinal content samples using a genomic DNA
extraction kit (QIAamp, Germany). Their concentrations
and integrity were determined by NanoDrop 2000 and aga-
rose-electrophoresis, respectively. Using the qualified DNA
was used as template, and 338F (5′-ACTCCTACGGGAGG
CAGCA-3′) and 806R (5′-ATGCAGGGACTAC
HVGGGTWTCTAAT-3′) were used as primers, the V3–
V4 region of bacteria 16S ribosomal RNA gene was ampli-
fied, and the amplicons were purified with a gel extraction
kit (CW2302, CoWin Biosciences, China), and then
sequenced by Majorbio Bio-Pharm Technology Co., Ltd.,
(Shanghai, China). The resulted sequences were clustered
to operational taxonomic units (OTUs) with 3% divergence
(97% similarity) using Parse (v.7.1, http://drive5.com/
uparse/) for further bioinformatics analysis. Chimeric
sequences were identified and removed by UCHIME. The
phylogenetic affiliation of each 16 S rRNA gene sequence
was analyzed by RDP Classifier algorithm (version 2.2
http://sourceforge.net/projects/rdp-classifier/) against the
Silva (SSU123) 16S rRNA database according to a confi-
dence threshold of 70%. According to species annotations,
the number of sequences annotated to each classification
was counted for each sample. The diversity indexes were
analyzed using MOTHUR program (version 1.33.3, http://
www.mothur.org).

2.7. Statistical Analysis. The results were presented as mean
± SEM. The variables were first submitted to normality tests
and homoscedasticity tests using Shapiro-Wilk and Levene’s
test with SPSS 20.0 software. Then, statistical differences
between groups were identified by one-way ANOVA
followed by Duncan’s multiple range tests. Probability of less
than 0.05 (p < 0:05) was considered as statistically
significant.

3. Results

3.1. Growth Performance. Growth performance parameters
are shown in Table 3. Compared with basal diet (control
group), dietary supplementation of BME with different pro-
portions (LBME, MBME, and HBME groups) had no signif-
icant effect on growth performance of common carp,
including FBW, WGR, SGR, FCR, and VSI (p > 0:05). How-
ever, the CF was lower in the LBME, MBME, and HBME
groups compared to the control group (p < 0:05).

Table 1: Formulation and proximate composition of experimental
diets.

Ingredients (%)
Dietsa

Control LBME MBME HBME

Soybean meal 13 13 13 13

Fish meal 17 17 17 17

Rapeseed meal 13 13 13 13

Cotton meal 12 12 12 12

Wheat grain 26 26 26 26

Meat and bone meal 5 5 5 5

Soybean oil 5.5 5.5 5.5 5.5

Full-fat soybean 1.5 1.5 1.5 1.5

Ca(H2PO4)2 2 2 2 2

Multivitamin b 0.3 0.3 0.3 0.3

Multimineral c 2.5 2.5 2.5 2.5

Multibentonite 1 1 1 1

Cellulose 1.2 0.95 0.7 0.2

Bitter melon extract 0 0.25 0.5 1

Total 100 100 100 100

Proximate composition (% dry weight basis)

Crude protein 34.088 34.088 34.088 34.088

Crude lipid 8.2025 8.2025 8.2025 8.2025

Crude fiber 4.2935 4.2935 4.2935 4.2935

Nitrogen free extract 2.9351 2.9351 2.9351 2.9351

Crude ash 7.4915 7.4915 7.4915 7.4915
aBasal diet without BME was used as control diet, and the diets with
different concentrations of BME (0.25% for LBME, 0.5% for MBME, and
1% for HBME) were used as experimental diets. bMultivitamin (mg or IU/
kg diet): vitamin A, 1000 IU; vitamin B1, 5mg; vitamin B2, 10mg;
vitamin B5, 20 mg; vitamin B6, 5 mg; vitamin B12, 0.5 mg; vitamin C,
50mg; vitamin D3, 2500 IU; vitamin E, 45mg; pantothenate, 150mg;
folacin, 20mg; biotin, 2.5 mg; inositol, 100mg. cMultimineral (mg/kg
diet): Mg: 350mg; Fe: 150mg; Zn: 80mg; Mn, 25mg; Cu: 5 mg; I, 0.5 mg;
Co: 1.0 mg; Se, 0.2 mg.
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3.2. Serum Oxidative and Antioxidant Parameters. The
serum antioxidant parameters of fish in different groups
are shown in Table 4. Compared with the control group,
all the experimental groups (LBME, MBME, and HBME)
with dietary BME supplementation significantly improved
serum SOD activity (p < 0:05). Serum CAT activity in the
MBME group was significantly higher compared with that
in the control group (p < 0:05). Dietary supplementation
with 1% BME (HBME group) significantly reduced MDA
content and elevated T-AOC level in the serum of common
carp (p < 0:05).

3.3. Expression of Inflammatory Cytokines. Dietary supple-
mentation with BME at all proportions (LBME, MBME,
and HBME diets) significantly inhibited il-1β mRNA
expression in the head kidney, spleen, and intestine of com-
mon carp (p < 0:05) (Figure 1(a)). The il-6 mRNA levels in
the head kidney of fish fed with HBME diet were increased,

and it was also elevated in the spleen of LBME, MBME and
HBME groups and increased in the intestine of LBME group
(p < 0:05) (Figure 1(b)). On the contrary, il-8 mRNA expres-
sion in the head kidney and spleen was downregulated sig-
nificantly by dietary supplementation of BME at different
levels (p < 0:05), and it was also inhibited in the intestine
of LBME group (p < 0:05) (Figure 1(c)). As for il-10, its
mRNA level in the head kidney of fish fed with LBME and
HBME diets was significantly higher than that of control
group, and its level in the spleen of LBME and MBME
groups as well as in the intestine of HBME group was also
elevated remarkably (p < 0:05) (Figure 1(d)).

3.4. Intestinal Microbiota. As for intestinal microbiota anal-
ysis, a total of 2608 OTUs were obtained after the merge
with a 97% species similarity. There were 1841, 1637, 1537,
and 1532 OTUs in the control, LBME, MBME, and HBME
groups, respectively. These OTUs were classified into 36

Table 2: Primer sequences for RT-qPCR detection of inflammatory cytokines genes.

Gene Primer Sequence(5′-3′) Accession number Product size Amplification efficiency

il-1β
F TTACAGTAAGACCAGCCTGA

AJ245635
91 bp 96%

R AGGCTCGTCACTTAGTTTGT

il-6
F GCAGCGCATCTTGAGTGTTTAC

AY102632
73 bp 97%

R CTGCTGCTCCATCACTGTCTTC

il-8
F GTCTTAGAGGACTGGGTGTA

EU011243.1
110 bp 98%

R ACAGTGTGAGCTTGGAGGGA

il-10
F CGCCAGCATAAAGAACTCGT

KX964678.1
233 bp 96%

R TGCCAAATACTGCTCGATGT

18S
F CTGAGAAACGGCTACCACATC FJ710827.1 107 bp 95%

R GCCTCGAAAGAGACCTGTATTG

Table 3: Growth performance of common carp (Cyprinus carpio L.) fed diets with different levels of BME for 8 weeks. Data are means of
triplicate.

Control LBME MBME HBME ANOVA p value

Initial body weight (IBM, g) 13:95 ± 0:26 13:76 ± 0:18 14:14 ± 0:06 14:01 ± 0:27 0.377

Final body weight (FBW, g) 51:24 ± 0:13 52:86 ± 2:23 51:52 ± 0:36 52:00 ± 0:17 0.621

Weight gain rate (WGR, %) 2:67 ± 5:87 2:75 ± 2:51 2:64 ± 1:11 2:71 ± 1:65 0.115

Specific growth rate (SGR, %/day) 2:32 ± 0:03 2:40 ± 0:06 2:31 ± 0:01 2:34 ± 0:01 0.100

Feed conversion ratio (FCR) 1:05 ± 0:02 1:02 ± 0:01 1:06 ± 0:00 1:04 ± 0:01 0.119

Condition factor (CF, g/cm3) 3:05 ± 0:05a 2:60 ± 0:04b 2:59 ± 0:02b 2:63 ± 0:07b 0.000

Viscera index (VSI, %) 9:01 ± 1:32 9:29 ± 1:21 9:56 ± 1:72 9:6 ± 1:75 0.853

Table 4: Serum antioxidant parameters of common carp (Cyprinus carpio L.) fed diets with different levels of BME for 8 weeks. Data are
shown as mean ± SEM (n = 9).

Control LBME MBME HBME ANOVA p value

Superoxide dismutase (SOD, U/mL) 0:74 ± 0:47a 2:07 ± 0:57b 2:41 ± 0:16b 1:74 ± 0:25b 0.002

Catalase (CAT, U/mL) 20:07 ± 0:99a 16:97 ± 0:75a 41:47 ± 0:99b 19:62 ± 0:36a 0.000

Maleic dialdehyde (MDA, U/mL) 17:69 ± 4:49a 14:85 ± 3:35a 24:81 ± 8:78a 6:33 ± 2:77b 0.000

Total antioxidant capacity (T-AOC, U/mL) 1:77 ± 0:09a 1:76 ± 0:18a 1:76 ± 0:14a 2:22 ± 0:21b 0.000
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phylums, 79 classes, 216 orders, 396 families, and 871 genus.
The OTUs from each sample were statistically analyzed
based on the OTU table, and the Venn diagram was con-
structed. In this regard, 918 OTUs were shared by all gut
samples of common carp fed with different diets, and the
numbers of OTUs unique to control, LBME, MBME, and
HBME groups were 316, 230, 134, and 184, respectively
(Figure 2(a)). Nonetheless, the principal coordinate analysis
(PCoA) showed no differences in bacterial communities
between the dietary BME groups and control group
(Figure 2(b)), and there were no significant differences in
Shannon index and Simpson index between the experimen-
tal groups and control group (p > 0:05) (Figure 2(c);
Figure 2(d)). These results showed that intestinal microbial
diversity was not affected by dietary BME.

To further understand the changes of microbial commu-
nities in the intestine of common carp, we analyzed its com-
position and relative abundance at phylum, family, and
genus levels (Figure 3). At phylum level, the intestinal
microbiota in each group was mainly composed of Proteo-
bacteria, Actinobacteria, Chicroflexi, and Firmicutea, and
the abundance of Firmicutes in the dietary BME treatment
was relatively lower compared with that in control group
(p < 0:05) (Figure 3(a)), and the ratio of Firmicutes to Bacter-

oidetes was significantly decreased by dietary BME supple-
mentation (Figure 3(b)). At family level, the relative
abundance of streptococcaceae was decreased in the LBME,
MBME, and HBME groups (p < 0:05) (Figure 3(c)). At
genus level, compared to the control group, dietary BME sig-
nificantly reduced the relative abundances of Streptococcus
(p < 0:05) and Exiguobacterium (p < 0:01) (Figure 3(d)).

4. Discussion

As a common vegetable, bitter melon and its extract (BME)
have been widely concerned and used in traditional medi-
cine due to its various biological activities [16]. However,
its roles in aquatic animals have not been explored. In this
study, we first evaluated the effect of dietary BME on growth
performance of common carp. The result showed that
growth parameters were unaffected by BME supplementa-
tion in the diet of common carp, including FBW, WGR,
SGR, FCR, and VSI (p > 0:05). This suggested that BME
had no growth-promoting effect on common carp. Consis-
tent with our results, it was found that dietary BME supple-
mentation had no significant effect on the body weight of rat
fed with normal diet [24]. Although many studies have
found that plant extracts effectively enhanced growth in
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Figure 1: Effects of dietary bitter melon extract (BME) on gene expression of inflammatory cytokines in common carp (Cyprinus carpio L.).
Fish were fed with either basal diets containing different proportions of BME (0.25%, 0.5%, and 1% for LBME, MBME, and HBME,
respectively) or basal diet as control for 8 weeks. Gene expressions of il-1β (a), il-6 (b), il-8 (c), and il-10 (d) were detected by RT-qPCR.
Data are shown as mean ± SEM (n = 9). Different letters in each column indicate significant differences (p < 0:05).
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aquatic animals, but it was also reported that some plant
extracts had no growth-promoting effect. For example, hon-
eysuckle (Lonicera japonica) extract and bee pollen extract
did not significantly influence the growth performance of
grass carp (Ctenopharyngodon idella) [25] and rainbow trout
(Oncorhynchus mykiss) [26], respectively. This suggested
that not all plant extracts could be acted as growth pro-
moters, and their different effects on growth might be related
to the active components. In addition, lower CF was caused
by dietary BME in this study. This could be explained as the
roles of BME in energy homeostasis. Studies in mice have
shown that BME ameliorated obesity induced by high-fat
diets [27].

Reactive oxygen species (ROS), which are the by-
products of normal physiological processes, react with a
variety of biomolecules, and excessive ROS promotes lipid
peroxidation, causes molecular damage, oxidative distress,
and development of various diseases [28]. Antioxidant sys-

tem protects cells from oxidative damage. SOD and CAT
are important antioxidant enzymes involved in the resis-
tance to harmful effects of free radicals, and the former con-
tributes to the disputation of superoxide radicals to
hydrogen peroxide and molecular oxygen, while the later
catalyzes the reduction of hydrogen peroxides into water
[29]. In the present study, dietary BME significantly
increased serum SOD activity. Similarly, study in rat showed
that BME treatment increased SOD and CAT activities in
the heart tissue of diabetic rats [17] and inhibited stress-
induced lipid peroxidation by increasing CAT activity [30].
However, serum CAT activity was only higher in the MBME
group compared to that in the control group. This suggested
that CAT activity in the serum of common carp was not
influenced by low or high dietary BME levels. MDA is the
product of lipid peroxidation, and its levels parallel the
severity of free radicals attack, while T-AOC directly repre-
sents the antioxidant capacity of fish [31]. The present study
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Figure 2: Effects of dietary bitter melon extract (BME) on the intestinal microbial diversity of common carp (Cyprinus carpio L.). (a) Venn
diagram showing the distribution of OTUs in different groups. (b) Principal coordinate analysis (PCoA) of intestinal microbial
communities. (c) and (d) Shannon index and Simpson index of the diversity of intestinal microbiota. “ns” represents that there was no
significant difference among groups (p > 0:05).
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Figure 3: Continued.
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showed that serum MDA content was significantly
decreased in the HBME group, while serum T-AOC level
was significantly elevated. These results suggested that die-
tary supplementation with BME improved the antioxidant
capacity of common carp, and this point has been well dem-
onstrated in some studies of rodents [32].

Immune status is closely related to inflammation, which
is initiated and regulated by inflammatory cytokines [33].
IL-1β serves as a proinflammatory cytokine that activates
innate immunity and promotes acute-phase response [34].
IL-6 is a soluble cytokine with pleiotropic activities, and it
contributes to the host defense by inducing synthesis of
acute phase proteins [35]. IL-8 is produced by various types
of cells in response to inflammatory stimuli, and it plays an
important role in the acute inflammation [36]. All these

cytokines are considered to be proinflammatory factors in
some fish species [37]. On the other hand, IL-10 exerts as
anti-inflammatory cytokine in fish by inhibiting the produc-
tion of reactive radicals and expression of proinflammatory
cytokines [38]. It is reported that dietary supplementation
with plant extracts can alter the transcriptional level of pro-
inflammatory and anti-inflammatory cytokine genes in dif-
ferent organs of fish [39]. Bitter melon has been shown to
have anti-inflammatory effects in mammals [40]. In this
study, we measured the mRNA levels of inflammatory cyto-
kine genes (il-1β, il-6, il-8, and il-10) in response to BME
supplementation in the diet of common carp.

The present study showed that dietary BME suppressed
il-1β mRNA expression in the head kidney, spleen, and
intestine of common carp and reduced il-8 mRNA level in
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Figure 3: Composition and relative abundance of intestinal microbial communities of common carp (Cyprinus carpio L.) fed with different
diets. (a), (c), and (d) The composition and relative abundance of bacterial communities at phylum, family, and genus level, and the relative
abundance less than 0.01% was classified as others. (b) Ratio of Firmicutes to Bacteroidetes, different letters in each column indicate
significant differences (p < 0:05).
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the head kidney and spleen. Similarly, a previous study
found that BME reduced il-1β and il-6 mRNA expressions
in the liver of mice [16], and bitter melon leaf extract sup-
pressed il-1β and il-6 mRNA expressions in Propionibacter-
ium acnes stimulated human monocytic THP-1 cells in vitro
[41]. These suggested that BME played a role in anti-
inflammation by inhibiting proinflammatory cytokine
expression. As for il-6, however, the opposite result was
found in this study. The il-6 mRNA expression in the spleen
of common carp was upregulated by dietary BME at all pro-
portions. Its mRNA level was also increased in the head kid-
ney and intestine in the HBME and LBME groups,
respectively. This could be explained as that the function
of teleosts IL-6 differs from that of mammals. For example,
il-6 mRNA level was downregulated by oral administration
of LPS, which was opposite to what happened in mammals
[42]. The il-10mRNA abundance in the head kidney, spleen,
and intestine of common carp was decreased by dietary
BME at different proportions, and this result was similar to
that previously reported. For example, adding wild bitter
melon (Momordica charantia L. var. abbreviate Seringe)
powder to the diet or treatment with bitter melon fruit juice
significantly increased IL-10 secretion levels in rats [43, 44].
Likewise, oral administration of bitter melon powder also
significantly improved serum IL-10 level of rats fed with
high-fat diet [21]. This suggested that BME improved anti-
inflammatory ability of fish by promoting the expression of
anti-inflammatory cytokine IL10.

Intestinal microbiota is well known as an important fac-
tor in regulating animal health, and it plays a pivotal role in
the metabolism, inflammatory, and immune response of
host [45]. Studies have shown that some plant extracts can
significantly affect microbial communities in the intestine
of aquatic animals. In this study, we found that there were
no remarkable differences in Shannon index and Simpson
index of the gut microbiota between the dietary BME groups
and control group. PCoA result showed that the microbial
communities in all groups were not significantly separated
from each other. These results suggest that BME failed to
affect the overall structure of the intestinal microbiota of
common carp. This is in good agreement with previous find-
ings in the literatures. For instance, bacterial taxa diversity in
the intestine of rat with bitter melon powder (BMP) treat-
ment was similar to that in the control group, but the gut
microbiota in high-fat diet-induced obese rats were signifi-
cantly modified, and the alpha diversity was increased by
BMP intervention [21, 46]. Dietary BME supplementation
in the high-fat diets might have an effect on gut microbial
diversity in fish, but it needs to be further validated.

At the level of phylum classification, the dominant com-
munities in the intestine of common carp in all the groups
were Proteobacteria, Actinobacteria, Chicroflexi, Firmicutea,
Planctomycetes, Chlamydiate, Fusobacteria, and Bacteroi-
detes. This is consistent with what has been reported in pre-
vious studies [47]. In particular, dietary BME decreased the
relative abundance of Firmicutes. This could be explained
as a possible antibacterial activity of BME in common carp.
This is because intestinal Firmicutes abundance was also
decreased by dietary antibiotic mixture in the diet of grass

carp [48]. Our result is also consistent with previous study,
in which it was found that dietary Gelsemium elegans alka-
loids reduced Firmicutes abundance in the gut of blunt snout
bream (Megalobrama amblycephala) [49]. The ratio of Fir-
micutes to Bacteroidetes is closely related to obesity and
intestinal health, and its value was significantly decreased
in diabetic rats by treatment of bitter melon formulation
[46]. In this study, similar results were obtained after the
dietary BME treatment. The interaction between the relative
abundance of Firmicutes to Bacteroides and energy metabo-
lism as well as inflammatory response in fish needs to be fur-
ther demonstrated. Streptococcaceae are known
opportunistic pathogens, and its typical genus is Streptococ-
cus [50]. Lower abundance of Streptococcaceae and Strepto-
coccus was observed in the dietary BME groups. Similarly,
resveratrol, a polyphenolic phytoalexin derived from plants,
decreased the proportion of harmful microbial taxa (Strepto-
coccaceae), whereas increased the abundance of beneficial
microbial taxa (Acetobacteraceae and Methylobacteriaceae)
in the intestine of tilapia (Oreochromis niloticus) [51]. Addi-
tionally, it was reported that dietary supplementation with
Exiguobacterium acetylicum had a significant upregulation
of il-1β expression in the head kidney and spleen of goldfish
(Carassius auratus) [52]. In line with this result, we found
that dietary BME significantly reduced the abundance of
Exiguobacterium at the genus level, while the il-1β mRNA
expression level in the head kidney, spleen, and intestine
was significantly elevated. Therefore, we speculated that the
anti-inflammatory effect of BME could be closely related to
its regulating effect on gut microbiota; however, the interac-
tion between them remains to be elucidated.

5. Conclusion

In conclusion, dietary supplementation of BME had no
effect on growth performance of common carp, but it ele-
vated serum antioxidant capacity and inhibited the expres-
sion of proinflammatory cytokines (il-1β and il-8), while
the expression of anti-inflammatory cytokine (il-6 and il-
10) was promoted. In addition, the diversity of intestinal
microbiota was not affected by dietary BME, but at phylum
level, Firmicutes abundance and the ratio of Firmicutes to
Bacteroidetes were reduced by dietary BME, and the relative
abundance of streptococcaceae at family level and Streptococ-
cus and Exiguobacterium at genus level was also decreased.
Determination of the association between the antioxidant
and anti-inflammatory effects of BME and its regulation on
intestinal microbiota merits further study.
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