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Abstract 
 

This study aimed to investigate the effect of different levels 
of antimicrobial peptides (AMPs) supplementation in the diet 
feed on growth performance, survival rate, biochemical 
parameters in swamp eels. Healthy fishes were randomly 
assigned to five groups feeding with different supplementation 
of AMPs (0, 200, 400, 600, or 800 mg/kg) in diets for 68 days. 
Results showed that relative weight gain, feed coefficient and 
survival rate were significantly (p<0.05) increased by 
supplementation of AMPs in feed. Level of protein (TP), 
triglyceride TG, alanine transaminase (ALT), alkaline 
phosphate (ALP), acid phosphate (ACP), superoxide 
dismutase (SOD), glutathione peroxidase (GPx), and catalase 
(CAT) in the serum were significantly (p<0.05) improved in 
all AMPs treatments, while no significant difference was found 
between the control and AMPs 200 mg/kg. AMPs 
supplementation significantly enhanced (p<0.05) the survival 
rate and immune protection in swamp eels after challenged 
with Aeromonas hydrophila compared to the control group and 
eels fed with AMPs 800 mg/kg had the highest survival rate 
and immune protection (32.50 and 85.71%, respectively). The 
diets containing AMPs enhanced the survival rate, immune 
ability, and antioxidant capacity in swamp eels, indicate that 
an appropriate dosage of AMPs can be used as a potential 
alternative to antibiotics in swamp eels. 

 
 

INTRODUCTION 
Antibiotics have been used as 

growth promoters and prevent diseases in 
livestock for more than 50 years. However, 
the misuse of antibiotics may contribute to 
the emergence of antibiotic-resistant 
bacteria and residues in meat, milk, and 
aquatic products (Xiao et al., 2015; Wang 
et al., 2016; Huang et al., 2020). The 
concern of antibiotic residues in meat and 
dairy products has become increasing due 
to the harmful effects on consumer health 
(Ramatla et al., 2017). AMPs have been 
noticeable as alternative antibiotic agents 

due to their properties included small size 
(< 25-30 kDa), amphipathic, cationic, and 
offer a low possibility for the generation 
microbial resistance (Cruz et al., 2014). 
The cationic with amphipathic properties 
can permit the molecule to be soluble in 
aqueous environments and enter lipid-rich 
membranes (Lei et al., 2019). AMPs 
possess broad-spectrum antimicrobial 
activity on bacteria, viruses, and fungi 
(Izadpanah and Gallo, 2005). They can be 
isolated from numerous organisms such as 
microorganisms, plants, and animals 
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(Cruz et al., 2014). AMPs are involved in 
all living organism’s innate immune 
systems and they afford the first line of 
defense against the invasion pathogens 
(Pasupuleti et al., 2011). Several AMPs 
have been discovered and applied in 
livestock, including Hu et al. (2017) had 
been studied the effect of AMPs on the 
growth performance and small intestinal 
function in broilers under chronic heat 
stress, Daneshmand et al. (2019) 
supplemented AMPs (cLF36) in broiler 
challenged with E. coli, and Xiao et al. 
(2015) studied the effect of AMPs on the 
growth and health promoters in swine. 

Swamp eel (Monopterus albus) is a 
freshwater air-breathing fish that 
widespread from Southeast Asia to East 
Asia (Matsumoto et al., 2010). It is a 
carnivorous and nocturnal animal that 
prefers to consume small fish, mollusks 
and worms, etc. It possesses a high 
nutritional content with medicinal value 
and tasty flavor. It has become a 
commercially important fish that is widely 
farmed in some Asia countries (Khanh and 
Ngan, 2010) and can be cultured in tanks, 
aquariums, and other vessels (Miah et al., 
2018). Swamp eel has a high price in 
China, Malaysia, Singapore, Japan, and 
Taiwan markets (Miah et al., 2015; Miah 
et al., 2018). This study aimed to 
investigate the effect of different levels of 
AMPs supplementation in the diet feed on 
the growth rate, serum biochemical 
parameters, and immune responses in 
swamp eels. 

 
METHODOLOGY 
Place and Time 

The study is carried out at the 
Aquatic Animal Research Center, Yangtze 
University. 
 
Research Design 
 Eels are assigned to five groups 
feeding with different supplementation of 
AMPs (0, 200, 400, 600, or 800 mg/kg) in 
diets for 68 days. Each treatment was 
made with three replications.  

Work Procedures 
Antimicrobial Peptides (AMPs) 

Short-chain antimicrobial peptides 
(AMPs) from Candida utilis used in this 
research were kindly prepared and 
supported by Shenzhen Sunsmile 
Biotechnology Co., Ltd., (Shenzhen, 
China). The amino acid sequences and 
nucleotides of these AMPs have been not 
revealed due to the patent application. 
AMPs had a molecular mass of ~1.5 kDa 
and displayed broad-spectrum 
antibacterial activity against both gram-
positive and gram-negative bacteria with a 
minimum inhibitory concentration (MIC) 
range of 0.7-17 μM and 3.3->150 μM, 
respectively. Aeromonas hydrophila was 
kindly supported by froms Department of 
Aquatic Animal Medicine, Huazhong 
Agricultural University. 
 
Swamp Eels 

Swamp eels cultured at Aquatic 
Animal Research Center, Yangtze 
University. Before the experiment, swamp 
eels were acclimatized into a pond cage 
(2x2 m) and fed with the commercial diet 
(crude protein 54%, crude fat 18%, and 
ash 7.9%) one per day for 14 days to 
adjust to the new diet and environment 
conditions. Thirty eels were stocked each 
time, new eels should be replaced when 
eel dead during the acclimatization 
period. After fasting for 24 h, the healthy 
eels with uniform size at 30±5 g/head 
were selected and randomly assigned to 
five groups. 
 
Supplied Feed 

Feed was separately mixed with five 
different AMPs concentrations (0, 200, 
400, 600, or 800 mg/kg). Feed 
composition in each treatment is shown in 
Table 1. Eels have received the diet at 6.00 
P.M. at the rate of 7-11% body weight for 
68 days. The residue of diet and feed 
intake were daily recorded during the 
experiment.  
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Table 1. The composition of basal diet. 
Item Control I II III IV 
Fish (H) 60 60 60 60 60 
Replication 3 3 3 3 3 
AMPs（mg/kg） 0 200 400 600 800 
Earthworm  70% 70% 70% 70% 70% 
Pellet feed  30% 30% 30% 30% 30% 

 
Sample Collection 
 On day-68, eels fasted for 24 h, then 
the fishes were counted and weighted. 
Twelve fishes per group were randomly 
selected and collected the blood samples 
by using the tail vein blood sampling 
method. Blood was centrifuged at 4000 
r/min for 10 min, then the supernatant 
was aspirated and stored at -80 °C for 
serum biochemical analysis.  
 
Indicator determination method 
Growth performance  

The final body weight of each group 
was determined at the end of the 
experiment and the relative weight gain, 
feed coefficient and survival rate were 
calculated using the below formulas: 
Relative weight gain 
=	!"#$%	'(")*+	–	-#"+"$%	'(")*+

-#"+"$%	'(")*+	
 x 100 

Feed coefficient = !((.	"#+$/(
0(")*+	)$"#

 
 
Determination of biochemical 
indicators and immune indicators 

Eight serum biochemical and 
immunological indicators, including total 
protein (TP), triglycerides (TG), alanine 
transaminase (ALT), superoxide 
dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), acid 
phosphatase (ACP), and alkaline 
phosphatase (ALP) was determined using 
a commercial kit (Nanjing Jiancheng 
Institute Bioengineering Institute, Jiangsu, 
China). 
 

Survival rate of swamp eel after 
challenge with Aeromonas 
hydrophila 

At the end of the experiment, 
healthy eels (20 fishes) with similar 
weights in each group were selected and 
separately allowed to acclimatize for 7 
days in 60L plastic drums.  

Then, each fish was injected 
intraperitoneally with A. hydrophila at 0.4 
mL/fish (1x109 CFU/mL). Fish swimming 
and mortality rate were recorded every 2 
h, and the experiment was closely 
observed for one week. The survival rate 
and immune protection were calculated 
using the below formulas: 
Survival rate (%) = !"#$%	#123(4	56	6"7*

-#"+"$%	#123(4	56	6"7*
 x 

100 
Immune protection (%) = 
(9:;7	)451<	714="=$%	4$+(	>	?5#+45%	)451<	714="=$%	4$+()

?5#+45%	)451<	714="=$%	4$+(
 

x 100 
 
Data Analysis 

Data statistical analysis in this study 
was analyzed using SPSS 20.0 software. 
The results are expressed as mean ± SEM. 
The differences between treatments were 
examined using one-way ANOVA followed 
by Duncan's multiple comparisons 
(p<0.05). 
 
RESULTS AND DISCUSSION 
Relative Weight gain, Feed efficiency 
and Survival rate 

The relative weight gain, feed 
efficiency and survival rate of swamp eels 
was showed in Table 2.  
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Table 2. Effect of AMPs on the growth and survival rate of swamp eels. 
AMPs Relative weight gain rate（%） Feed coefficient Survival rate（%） 

0 152.7a 3.21a 87.5a 
200 166.3a 3.11a 90.2a 
400 195.2b 2.86b 92.5b 
600 200.7bb 2.75b 93.6b 
800 203.1c 2.69b 93.8c 

The data in the table are mean ± standard deviation (n = 6), and the lowercase letters of the same 
column data indicate significant difference (p< 0.05). 
 

The relative weight gain was 
significantly improved in all AMPs 
concentrations (p<0.05). The relative 
weight gain was increased with increasing 
AMPs concentration in the feed. The 
relative weight gain was 203.1% in AMPs 
800 mg/kg, 200.7% in AMPs 600 mg/kg, 
195.2% in AMPs 400 mg/kg, 166.3% in 
AMPs 200 mg/kg and 152.7% in control, 
separately. All AMPs treatments displayed 
a lower feed coefficient; the lowest feed 
coefficient was found in AMPs 800 mg/kg 
at 2.69 while the control had the highest 
feed coefficient (3.21). Moreover, the 
survival rate of all AMPs treatments was 
significantly higher than those of control. 
All the AMPs groups had a survival rate of 
more than 90.2% and 87.5% in control.  

However, no significant difference 
in relative weight gain, feed coefficient, 
and survival rate (p>0.05) were observed 
between control and AMPs 200 mg/kg. 
The results indicated that AMPs could 
enhance the relative weight gain, feed 
coefficient and survival rate in swamp 
eels. The relative weight gain and survival 
rate were increased with the increase of 
the AMPs concentration in the diet. Zhou 
et al. (2008) reported that AMPs-
apidaecin enhanced the weight, daily gain, 
specific growth rate, survival rate and FCR 
in common carp (Cyprinus carpio). Su et 
al. (2019) found that an adequate AMPs 
concentration stimulates the growth 
performances and decreases the FCR in 
Epinephelus coioides. Dong et al. (2015) 
described that the association between 
AMPs and the indigenous microbial flora 
probably attribute to the high growth 
performance in common fish. 

 
 

Serum Biochemical Parameters  
Supplementation with AMPs in feed 

significantly increased (p<0.05) the TP 
level in the serum and the TP content was 
increased with the increasing of AMPs 
concentrations. The highest TP content 
was found in the AMPs 600 mg/kg group. 
It was significantly increased by 15.99% 
compared with the control (p<0.05). 
Moreover, AMPs significantly (p<0.05) 
decreased the TG level in swamp eels and 
the TG content was the lowest in AMPs 
600 mg/kg, which was significantly lower 
than that of the control by 32.10%. The 
serum ALT activity of each AMPs group 
was increased to some extent and the 
activity was significantly (p<0.05) 
difference when used AMPs at 800 mg/kg.  

In this study, AMPs displayed the 
benefit when used as feed additives in the 
swamp eels. Fish serum biochemical 
characteristics including protein levels, 
enzymes and electrolytes are related to 
fish metabolism, nutrition, and health. 
These parameters show the information of 
fish internal organs, nutritional status, 
metabolic state, etc. that are helpful to 
assess and manage fish health status (Su 
et al., 2019). Serum TP index is commonly 
used to evaluate fish nutritional and 
metabolic status. This index is referred to 
fish dietary protein content, liver 
metabolism, and some lesions that cause 
protein loss. Moreover, a high TP level in 
serum could be stimulated the 
development of fish tissues (Yang et al., 
2017). Compared with the control group, 
the TP level in all AMPs serums 
significantly increased (p<0.05).  

These results were similar to the 
previous reports in tilapia Oreochromis 
niloticus (Chen et al., 2016). TG is a type 
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of lipid in blood and the levels of TG in 
serum are a vital parameter that returns to 
the metabolism of body lipid (Dong et al., 

2015). The TG content was decreased with 
the concentration of AMPs increased 
(Table 3).  

 
Table 3. Effect of antimicrobial peptides on serum biochemical parameters of swamp eels. 

AMPs Total protein (TP) (ug/mL) Triglyceride (TG) n 
mol/mL 

Alanine transaminase 
(ALT) (U/L) 

0 33231.20±1326.12a 1.62±0.36a 26.36±1.98a 
200 35441.10±1212.93b 1.57±0.23a 26.61±2.57a 
400 36075.11±1548.33b 1.45±0.21b 29.01±3.09a 
600 38547.75± 1476.57c 1.10±0.29c 29.80±2.07a 
800 38103.94±2223.56c 1.21±0.29c 31.61±5.32b 

The data in the table is the mean ± standard deviation (n = 6), the lower column of the same column 
data indicates that the difference is significant (p <0.05). 
 

Control exhibited the highest TG 
content at 1.62 mol/mL. These results 
demonstrated that feeding eels with AMPs 
could decrease TG in serum and it was 
directly correlated with AMPs level and 
the effect. ALT is a specific enzyme found 
bountifully in the cytosol of hepatocytes. A 
High level of ALT in serum is released to 
the hepatic cell problem (Huang et al., 
2006). The results showed that no 
significant differences were observed in 
ALT (p>0.05) among all groups, except 

the 800 mg/kg group. This study indicated 
that the supplementation of AMPs in the 
diet for 68 days positively influenced on 
TP, TG and ALT in swamp eel serum.  

 
Serum Phosphatase Activity 

The results indicated that the serum 
phosphatase activity was significantly 
increased with the increase of AMPs 
concentration in the diet (Table 4).  

 
Table 4. Effect of AMPs on serum phosphatase activity of swamp eels. 

AMPs Alkaline phosphatase (ALP) 
（King unit/100ml ) 

Acid phosphatase (ACP) 
（unit/100ml） 

0 4.98±0.56a 4.72±0.61a 
200 5.00±0.69a 4.88±0.70a 
400 5.56±0.76a 6.11±0.92b 
600 6.63±0.68b 7.81±0.60b 
800 6.94±1.32b 7.13±1.56b 

The data in the table is the mean ± standard deviation (n = 6), the lower column of the same column 
data indicates that the difference is significant (p<0.05). 
 

Alkaline phosphatase (ALP) activity 
possessed the highest activity when the 
AMPs concentration reached to 800 
mg/kg and the activity was significantly 
increased by 39.36% compared to the 
control. Eels feed with AMPs 600 mg/kg in 
the diet displayed excellent acid 
phosphatase (ACP) activity, which was 
significantly increased by 65.47% with 
reference to the control. However, the ACP 
activity was decreased in AMPs 800 
mg/kg. We also evaluated the effect of 
different AMPs levels in diet on immune-
related enzymes. Immunity in aquatic is 

involved with two cooperative defense 
systems, including specific and non-
specific immunity. Phosphatase enzymes, 
including ALP and ACP, play a key role in 
animal non-specific immune (Dong et al., 
2015).  

ALP is a metal-containing enzyme 
found in the superficial parts and the 
striated border of epithelial cells in the fish 
foregut. ALP has a positive correlation 
with the absorption of glucose, lipid, 
calcium and phosphorus in the epithelial 
cells (Liu et al., 2010). ALP is sensitive to 
metal and its activity is considered as a 
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stress marker to evaluate the effects of 
environmental toxicants, such as pollution 
of heavy metal.  

Therefore, ALP is an essential 
enzyme for application and absorption in 
fish nutrition (Zhang et al., 2016). ACP is 
a marker enzyme for the plasma 
membrane that widely distributed in the 
lysosome, endoplasmic reticulum, and 
cytoplasm substrate outside the lysosome. 
ACP associates with many activities, 
including adjustment of metabolism, 
phosphate metabolism, energy transfer 
and signal transduction (Dong et al., 
2015). Both ALP and ACP are associated 
with several metabolic processes, 
including molecular permeability, growth 
and cell differentiation and 
steroidogenesis (Mazorra et al., 2002). 
ACP has been used as a marker enzyme in 
lysosomal membranes and ALP is used as 
an apical membrane enzyme (Molina et 
al., 2005).  

As shown in Table 4, the 
supplementation of AMPs at the dosage of 
600 and 800 mg/kg significantly increased 
(p<0.05) serum ACP and ALP activities 
compared to the other groups. Serum ACP 

and ALP activities were increased after fed 
with AMPs. The serum content in ACP and 
ALP increased with all AMPs-treatments 
compared to that eels in control. But, the 
increase was significant (p<0.05) at AMPs 
600 and 800 mg/kg. AMPs were 
supported to increase the ALP activity in 
Litopenaeus vannamei (Chai et al., 2012), 
koi (Cyprinus carpio) (Lin et al., 2013) and 
ACP activity in swamp eels (Dong et al., 
2015). These results suggest that AMPs 
have an influence on the immune-related 
enzyme activity in serum and increase the 
immune system in swamp eels.  

 
Serum Oxidase Activity 

AMPs (Table 5) had significantly 
affected serum SOD, GPx, and CAT 
(p<0.05). Three enzymes exposed the 
highest activity in AMPs 600 mg/kg in the 
diet. The SOD was significantly increased 
by 25.36% (p<0.05) compared with the 
control. Besides, GPx was significantly 
developed by 22.10% (p<0.05) and CAT 
significantly improved by 34.66% 
(p<0.05).  

 
Table 5. Effect of AMPs on serum antioxidant enzyme activity of swamp eels. 

AMPs Superoxide dismutase 
(SOD) (U/ml) 

Glutathione peroxidase (GPx) 
(U/ml) 

Catalase (CAT) 
(U/ml) 

0 125.12±12.13a 1129.56±53.27a 1.76±0.12a 
200 126.70±11.52a 1140.1 1±60.39a 1.81±0.09a 
400 137.59±9.38b 1256.31±59.62b 2.15±0.22b 
600 156.85±12.70c 1379.23±107.66c 2.37±0.08b 

800 140.41±21.21b 1208.81±155.02b 2.16±0.45b 
The data in the table is the mean ± standard deviation (n = 6), the lower column of the same column 
data indicates that the difference is significant (p <0.05). 

 
Fish possesses a unique immune 

system against pathogens. The immune 
parameters are related to their antioxidant 
abilities (Salinas and Magadán, 2017). 
Both enzymatic and non-enzymatic 
antioxidants are generated and detoxified 
free radicals in fish (Abhijith et al., 2016). 
Antioxidant enzymes, including 
superoxide dismutase (SOD), catalase 
(CAT), glutathione reductase (GR) and 
glutathione peroxidase (GPx) are directly 
supported cells to neutralize free radicals 

(Yusof et al., 2017). SOD and CAT are 
involved in the protection of cells from the 
potentially toxic effects of environmental 
pollutants (Velkova-Jordanoska et al., 
2008). SOD is an important antioxidase 
that scavenge oxy-radicals in the body 
(Ruiz-Gutiérrez et al., 2001). CAT is one of 
the major antioxidant enzymes present in 
all living tissues. CAT catalyzes H2O2 turn 
to oxygen and water in order to stop the 
action of hydroxyl radical in tissues. GPx is 
one of the major intracellular antioxidant 
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enzymes that neutralize hydrogen 
peroxide to water and the responding 
stable alcohols (Yusof et al., 2017). These 
antioxidant enzymes counteract the active 
oxygen radicals to reduce the damaging 
effects of oxidants in the body.  

Antioxidants have been used as a 
parameter to determine fish’s health and 
immune system. They can be referred to as 
the ability of the fish body to eliminate 
excess oxygen radicals in normal 
conditions (Dong et al., 2015). The results 
showed that the activities of SOD, GPx and 
CAT increased with higher AMPs 
concentration. The SOD, GPx and CAT of 
AMPs-600 mg/kg exhibited higher than 
that of the control group, which was 
reflected on eels immune ability. The 
results showed that the supplementation 
with AMPs in diet enhanced the 
antioxidant ability in the eel body to 
detoxify free radicals and protect cells. 
These results were agreed with many 
pieces of research reported that AMPs 
encouraged antioxidant activity and 
enhanced the immunity of L. vannamei 

(Chen et al., 2010), Carassius auratus 
gibelie (He et al., 2011), and tilapia (Jiang 
et al., 2011) serum. 
 
Survival Rate of Swamp Eels After 
Challenge with A. hydrophila 

Pathological changes present in the 
organs of dead fish mainly showed 
congestion, hemorrhage, extensive tissue 
degeneration, and necrosis of the liver and 
kidney. A. hydrophila is a free-living gram-
negative pathogen bacterium that 
widespread in freshwater lakes and 
streams, domestic tap water, and sewage. 
It can cause hemorrhagic septicemia and 
Epizootic Ulcerative Syndrome (EUS) in 
fish farming over Asian countries (Yesmin 
et al., 2004). In this study, 
supplementation with AMPs in diet could 
increase the survival rate of swamp eels 
after challenge with A. hydrophila and the 
highest survival rate was found when the 
supplementation at 800 mg/kg in the diet 
(Table 6).  

 
Table 6. Effect of AMPs on the survival rate of swamp eels after with A. hydrophila 
 bacteria challenge. 

AMPs Fish (H) Survival (H) Survival rate (%) Immune protection 
(%) 

0 40 7 17.50a - 
200 40 8 20.00ab 14.28 
400 40 9 22.50b 28.57 
600 40 12 30.00c 71.43 
800 40 13 32.50c 85.71 

Different lowercase letters in the same column of data indicate significant differences (p < 0.05). 
 

Compared to the control, the 
survival rate of AMPs 800 mg/kg was 
significantly increased by 15% and the 
immune protective capacity was 85.71% 
(p<0.05). Supplementation of AMPs 
corresponding to enhance fish’s immune 
protection capacity on A. hydrophila and 
improve the survival rate in fish. A similar 
result was found in the research of Chen et 
al. (2010) who found that AMPs enhanced 
the survival rate of L. vannamei after 
challenged with Aeromonas veronii. It is 
concluded that AMPs supplementation 
enhances non-specific immunity and 

disease resistance and promotes the 
growth of swamp eels. 
 
CONCLUSION 

This study revealed that dietary 
supplementation with AMPs could 
improve the growth, survival rate, serum 
biochemical parameters (TP, TG, ALT), 
serum phosphatase activity (ALP, ACP), 
serum antioxidant activity (SOD, GPx, 
CAT), and survival rate after challenge 
with A. hydrophila in swamp eels. The 
recommended supplement level of AMPs 
in the diet for swamp eels is 600 mg/kg. 
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Further studies are required to study the 
activity of AMPs on fish performance. 
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