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Introduction: The present study aimed to assess the effects of Pediococcus acidilactici as a 
dietary supplement on some oxidation parameters and intestinal microbiota in common carp 
(Cyprinus carpio). 
Methods: In this study, 60 carps (weight: 75±5 g) were randomly divided into two groups of 30. 
In the first group (control), the fish received a basic dietary plan, and the second group 
(treatment) received a basic dietary plan supplemented with 0.9×107 CFU of Pediococcus 
acidilactici per gram of diet for 30 days. At the end of the trial and after blood sampling, the fish 
were dissected, and muscle and intestinal samples were obtained. Some oxidative status 
biomarkers were measured in the blood samples (superoxide dismutase, glutathione peroxidase, 
and glutathione) and muscle samples (malondialdehyde [MDA], protein carbonyls, and total 
antioxidant status) using validated spectrophotometric methods. Moreover, the microbial culture 
of the intestinal samples was performed. 
Results: Measurement of the erythrocytic antioxidants showed no significant difference between 
the treatment and control groups. However, muscle MDA levels significantly decreased in the 
treatment group compared to the control group (P<0.05). In addition, muscle protein carbonyls 
significantly decreased in the treatment group compared to control group. Total antioxidant 
status was evaluated based on ferric-reducing antioxidant power and increased significantly in 
the treatment group compared to the control group. Microbial culture also indicated that the level 
of lactic acid bacteria increased in the intestinal microbiota of the probiotic group. 
Conclusion: According to the results, supplementation with 5% Pediococcus acidilactici was 
effective in enhancing the antioxidant system against oxidative stress, while it also had 
remarkable effects on the intestinal microbiota of common carp. 
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Introduction
Within the past decade, use of probiotics in 

aquaculture has developed as an 
environmentally friendly approach (1). 
Probiotics are specific, vivid microorganisms 
with beneficial effects on the health of the host 
(2). These microorganisms colonize in the 
intestine, preventing the action of pathogenic 

bacteria. In addition, they could produce various 
antioxidant metabolites that increase the level 
of antioxidant enzymes in the host (3). Recently, 
several studies have confirmed the beneficial 
effects of probiotics on the host health and 
growth performance of aquatic animals (4-7). 

Reactive oxygen species (ROS) are naturally 
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produced in living cells during normal aerobic 
metabolism. In some condition (e.g., hypoxia, 
heat stress, and some infections), ROS 
production increases, causing oxidative stress 
(4, 8). ROS degrade all biomolecules, including 
proteins, lipids, DNA, and carbohydrates. 
However, ROS production is part of the immune 
defense system and plays a pivotal role in 
antipathogenic activity in some immune cells, 
such as phagocytes. Nevertheless, ROS over-
production or residual ROS may cause oxidative 
stress (9). 

Due to the high levels of polyunsaturated 
fatty acids, fish are highly sensitive to oxidative 
stress (10). The antioxidant defense system 
decreases the production of ROS by antioxidant 
enzymes (e.g., superoxide dismutase [SOD] and 
glutathione peroxidase [GPx]) and with the help 
of some minerals and vitamins (e.g., vitamin E 
and selenium). The antioxidant defense system 
and immune system closely combat pathogens, 
while the antioxidative defense system potential 
of cultured fish is relatively poor (4, 11, 12). 

The immunological effects of probiotics 
support the antioxidative defense system and 
immune system. 

One of the main routes through which 
probiotics affect the immune function in fish is 
the effect of probiotics on gut immunity (5). Gut 
immunity is composed of macrophages, 
granulocytes, numerous diffusely organized 
lymphoid cells, and mucus IgM (13). Probiotics 
improve gut immunity through the 
augmentation of the immune response while in 
adherence to the gut-associated lymphoid tissue 
(GALT), thereby directly affecting the immune 
cells (e.g., leukocytes), enhancing the number of 
Ig+ cells and acidophilic granulocytes (AGs), and 
increasing T-cells (14-16). 

Pediococcus acidilactici (strain MA18/5M) is 
among the most important probiotic bacteria. 
Several studies have indicated the beneficial 
effects of this lactic acid bacteria, such as the 
improvement of weight gain, survival, feed 
conversion ratio, and hemolymph total 
antioxidant status in shrimps (17), modulation 
of intestinal bacterial communities in growing 
red tilapia, stimulation of some aspects of 
nonspecific immune response (18), reduction of 
infection levels, and improving the antioxidant 
status in shrimps (4). However, the mechanisms 
of these benefits have not been well recognized. 

The present study aimed to assess the effects 
of Pediococcus acidilactici as a dietary 
supplement on some oxidation parameters and 
intestinal microbiota in common carp (Cyprinus 
carpio). 
 

Material and methods 
Experimental Design and Sampling 

Probiotic Bactocel® (Duncan, Germany) 
was used in this study, which contained 1*1010 

CFU/g of Pediococcus acidilactici (strain 
MA18/5M). Dietary formulation and 
proximate composition of the basal diet are 
presented in Table 1. 

 
Table 1. Composition and Proximate Analysis of Diets 

Ingredient (g/kg) 
Fishmeal 300 
Soybean Meal 160 
Corn Meal 240 
Wheat Flour 180 
Rice Bran 80 
Fish Oil 20 
Soybean Oil 20 

 

In total, 60 common carps (Cyprinus carpio; 
weight: 75±5 g) were obtained from a local farm 
in Mazandaran, Iran and randomly divided into 
two equal groups. The samples were preserved 
in two glass aquaria, each of which contained 
250 liters of fresh water. The fish were 
acclimatized for seven days before the 
experiments and received a commercial pellet 
diet at the rate of 2% body weight day-1. During 
the experiments, the physicochemical 
conditions of water were the dissolved oxygen 
of 5.5-6 ppm, temperature of 25±1ºC, and pH of 
7±0.5. The photoperiod was a 12:12 light-dark 
cycle, and the water in the aquaria was renewed 
every 48 hours. 

The fish in the first group received a basic 
dietary plan (control), and the fish in the second 
groups received a basic dietary plan 
supplemented with 0.9×107 CFU of Pediococcus 
acidilactici per gram of diet (17). The fish in 
each group were fed three times daily at 8:00, 
13:00, and 19:00 throughout the experiments 
(30 days).  

At the end of the experiments, five fish were 
selected randomly from each aquarium and 
anesthetized in diluted MS-222. Blood samples 
were collected by cardiac puncture using 
heparinized syringes and tubes. After plasma 
separation by centrifugation at 1000×g for 20 
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minutes, erythrocyte pellet was washed three 
times with normal saline solution. The washed 
and centrifuged erythrocytes were hemolyzed 
with the addition of an equal volume of ice-cold 
redistilled water, and the prepared plasma 
hemolysate aliquots were stored at the 
temperature of -70°C until analysis. 

The fish were sacrificed by cutting the spinal 
cord. Afterwards, the dorsal and abdominal 
surfaces of the samples were disinfected with 
70% ethanol. The abdominal cavity was opened 
using a sterile surgical knife, and the intestine 
was separated from the esophagus to 0.5 
centimeter prior to the anus. Muscle samples 
were collected from the middle-dorsal region, 
located below the dorsal fin of the dark muscles 
on each side of the body. The muscle samples 
were rapidly thawed and homogenized in 10 
volumes (w/v) of ice-cold 0.05 M phosphate 
buffer (pH: 7.4) for five minutes and centrifuged 
at 4,000 g at the temperature of 4°C for 15 
minutes. The supernatant was preserved in ice 
until assayed. 

 
Microbial Culture 

In order to investigate the effect of 
Pediococcus acidilactici on the intestinal 
microbiota, the intestinal samples 

(gastrointestinal wall and its contents) were cut 
longitudinally with a sterile surgical knife at the 
end of the experiments. Following that, the 
samples were diluted using sterile distilled 
water and placed in a bag mixer for 10 minutes 
in order to make them identical. At the next 
stage, the dilutions were prepared and 
cultivated in total vial count (TVC) on plate 
count agar to determine the total count of the 
intestinal bacteria, as well as De Man, Rogosa, 
and Sharpe (MRS) agar (Merck, Germany) in 
order to specify the count of intestinal lactic acid 
bacteria. 

 
Biochemical Assays and Analysis 

The ferric-reducing antioxidant power or 
ferric-reducing ability (FRAP assay) of the 
extracts was performed as described previously 
(19). The prepared stock solutions included 
acetate buffer (300 mM), pH of 3.6, 2, 4, 6-tri (2-
pyridyl)-s-triazine (TPTZ; 10 mM) solution in 40 
mM of HCl, and FeCl3·6H2O solution (20 mM). 

The plant extracts or standard methanolic 
Trolox solutions (150 μL) were incubated at the 

temperature of 37°C with two milliliters of the 
FRAP solution, which had been prepared by 
mixing 25 milliliters of acetate buffer, five 
milliliters of the TPTZ solution, and 10 milliliters 
of the FeCl3·6H2O solution, for 30 minutes in the 
dark. Afterwards, the absorbance of the formed 
blue ferrous tripyridyltriazine complex was read 
at 593 nanometers. 

Malondialdehyde (MDA) concentration was 
determined based on the spectrophotometry of 
the pink-colored product of thiobarbituric acid-
reactive substances as described by Latha and 
Pari (20). The concentration of MDA was 
calculated using the molar extinction coefficient 
value of 156,000 M-1 cm-1. 

The carbonyl groups of proteins were 
detected through the reaction with 2, 4-
dinitrophenylhydrazine, which led to the 
formation of a stable 2, 4-
dinitrophenylhydrazone product (21). The 
resulting 2, 4 dinitrophenylhydrazones were 
quantified spectrophotometrically at 370 
nanometers using the molar extinction 
coefficient of 22,000 M-1 cm-1. 

Measurement of some endogenous 
antioxidants (SOD, GPx, and GSH) in the 
erythrocyte samples was performed using 
RANDOX® kits (Randox, UK). 

 
Statistical Analysis 

Data were expressed as mean and standard 
deviation, and data analysis was performed 
using one-way analysis of variance (ANOVA). In 
addition, student’s t-test was used to compare 
the mean values in the study groups, and the 
differences were considered significant at the P-
value of less than 0.05. 
 

Results  
Biochemical Assays and Analysis 

As is depicted in Figures 1-3, the levels of the 
measured antioxidants (SOD, GPx, and GSH) had 
no significant differences between the treatment 
and control groups. 
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Figure 1: Effect of P. acidilactici on superoxide 
dismutase activity in erythrocyte hemolysate of 
common carp. Data are mean ± SEM (n = 5 in each 
group). (Asterish significantly different from control) 

 

 
Figure 2: Effect of P. acidilactici on glutathione 
peroxidase activity in erythrocyte hemolysate of 
common carp. Data are mean ± SEM (n = 5 in each 
group). (Asterish significantly different from control) 

 

 
Figure 3: Effect of P. acidilactici on glutathione 
concentration in erythrocyte hemolysate of common 
carp. Data are mean ± SEM (n = 5 in each group). 
(Asterish significantly different from control) 

 
With regard to the MDA levels in the muscle 

tissues, the obtained results indicated that the 
MDA levels in the treatment group were 
significantly lower compared to the control 
group (Figure 4). 

 

 
Figure 4: Effect of P. acidilactici on malondialdehyde in 
muscle of common carp. Data are mean ± SEM (n = 5 in 
each group). (Asterish significantly different from 
control) 

 
Furthermore, the protein carbonyl contents 

significantly decreased in the treatment group 
compared to the control group (Figure 5). 

 

 
Figure 5: Effect of P. acidilactici on carbonyl groups of 
proteins in muscle of common carp. Data are mean ± 
SEM (n = 5 in each group). (Asterish significantly 
different from control) 

 
As is shown in Figure 6, the muscle FRAP 

values significantly increased in the treatment 
group compared to the control group. 

 

 
Figure6: Effect of P. acidilactici on FRAP values in 
muscle of common carp. Data are mean ± SEM (n = 5 in 
each group). (Asterish significantly different from 
control) 
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Microbial Culture 
The results of microbial culture in the MRS 

agar and TVC are presented in Table 2. 
Accordingly, the number of the Lactobacillus 
bacteria in the probiotic group significantly 
increased compared to the control group 

(P<0.05). 
 

Table 2. Viable Counts (CFU g-1) of Intestinal Microbiota 
after Trial (day 30) (data expressed as mean±SEM; n=5 per 
group) 

Group MRS Agar TVC 
Control 2.4233±0.05239a 0.7167±0.05239a 
Treatment 2.6333±0.03756b 1.3400±0.06928b 

a, b Different superscript letters in the same column indicate 
significant differences (P<0.05). 

 

Discussion 
Aerobic organisms require molecular oxygen 

(O2) to provide energy, which is completely 
restored to water during cellular respiration. 
However, 2-4% of the oxygen is consumed in 
defective resuscitation and ROS production 
(22). Organisms neutralize ROS and counteract 
their harmful effects using some enzymatic 
systems and the low-weight molecules that act 
as antioxidants. The formation of ROS could also 
cause oxidative stress (23), and oxidative stress 
may cause protein degradation (22), 
inactivation of enzymes, lipid peroxidation, cell 
damage, and apoptosis (24). 

In the present study, the status of oxidative 
stress was evaluated by measuring the products 
or macromolecules that were damaged by ROS 
(e.g., MDA and carbonyl protein levels) in the 
muscles and measuring the primary defense 
against ROS using antioxidants (e.g., SOD, GPx, 
and GSH) in erythrocyte hemolysate. According 
to our findings regarding antioxidants (SOD, 
GPx, GSH), Pediococcus acidilactici had no 
significant effects on the concentrations of these 
enzymes in the comparison of the treatment and 
control groups. Similarly, Castex et al. (17) 
reported no significant difference in the 
concentrations of SOD and GSH between the 
treatment and control groups, while the 
concentration of GPx in the digestive glands 
increased in shrimps (Litopenaeus stylirostris). 

In another research, Castex et al. (4) 
observed that Pediococcus acidilactici 
significantly increased the activity of SOD and 
GPx, while significantly decreasing the 
concentration of GSH in the digestive glands of 
Litopenaeus stylirostris. The differences in the 

levels of antioxidant enzymes could be due to 
the fact that enzymes have higher activity in 
digestive tissues. Therefore, our findings 
indicated that probiotics may have significant 
effects on the levels of the antioxidants in 
erythrocytes. 

Our findings regarding the free radical 
damage to lipids (MDA) and proteins (carbonyl 
proteins) indicated a significant reduction in the 
treatment and control groups. Since MDA levels 
are considered to be an appropriate indicator 
for lipid peroxidation (25), the results obtained 
by Weifen et al. (26) on grass carp 
(Ctenopharyngodon idellus) demonstrated that 
the use of Bacillus in culture water and as a 
dietary supplement reduced the levels of MDA 
in the liver. The main reasons for the mentioned 
finding were the use of Bacillus as a pathogen 
and stimulating the immune system, 
improvement of nonspecific immune 
parameters, and enhancement of the antioxidant 
ability of grass carp. Furthermore, Bita et al. 
(27) observed that the addition of Synbiotic 
Biomin Imbo® significantly reduced the 
concentration of MDA in the muscles of Mugil 
cephalus, which is consistent with the results of 
the present study. As stated earlier, the 
concentration of carbonyl proteins significantly 
decreased in the treatment group compared to 
the control group in the present study. This is in 
congruence with the findings of Castex et al. 
(17). 

In the current research, TAS was significantly 
higher in the treatment group compared to the 
control group in the evaluation of the muscle 
samples. This finding is in line with the results 
reported in the previous studies in this regard 
(4, 17, 27-29). Therefore, it could be inferred 
that the use of Pediococcus acidilactici as 
probiotic supplementation could prevent the 
damage caused by ROS to some macromolecules 
through improving the total antioxidant status. 
However, considering the findings of the current 
research, the bacteria had no effect on the 
antioxidants (SOD, GPx, and GSH) in the 
erythrocyte samples. Therefore, the probiotic 
bacteria might enhance the antioxidant status 
by affecting the intestinal microbiota. 

According to the results of microbial culture 
in the MRS agar and TVC, lactic acid bacteria 
increased in the treatment group compared to 
the control group. This finding could clarify the 
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possible effects of Pediococcus acidilactici on the 
oxidation status, which could be attributed to 
the effects of the bacteria on the digestive tract 
of the fish. Probiotics exhibit such functions 
through limiting the presence and activity of 
pathogenic bacteria in the gastrointestinal tract 
via the production of inhibitory compounds or 
competition for adhesion sites, energy, and 
nutrients (30), and stimulating the gut immune 
system by increasing the number of Ig+ cells and 
acidophilic granulocytes (15, 16). T-cells are 
found in the GALT of many fish and significantly 
increase by probiotics (16, 31, 32) through the 
production of vitamins and digestive enzymes 
(e.g., proteases) and degradation of indigestible 
compounds, thereby enhancing the nutritional 
status in fish (33), performing fermented 
processes in the body of fish, and producing 
antioxidant metabolites (26). 

According to the findings of the current 
research, Pediococcus acidilactici might enhance 
the antioxidant status by influencing the 
intestinal microbiota and reducing the damages 
induced by oxidative stress in the lipids and 
proteins of the muscle tissues in common carp.  
 

Conclusion 
According to the results, Pediococcus 

acidilactici might enhance the antioxidant status 
by influencing the intestinal microbiota and 
reducing the damages caused by oxidative stress 
in the lipids and proteins of the muscle tissues in 
common carp. 
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