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 This study examined the effect of a commercial probiotic (Lactobacillus 

acidophilus) on oxidative stress induced by different levels of stocking density 

in Nile tilapia fingerlings. Fish were divided into 6 groups: group1: control (90 

fish/m3), group 2: control (90 fish/m3) with probiotic, group 3: high stocking 

density Ι (150 fish/m3), group 4: high stocking density Ι (150 fish/m3) with 

probiotic, group 5: high stocking density П (300 fish/m3), group 6: high 

stocking density П (300 fish/m3) with probiotic for 30 days. The results showed 

increase in the activities of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) by increased stocking density compared with their 

respective control. Activities of AST and ALT at high stocking density Ι, П 

with addition of probiotic decreased compared to their respective high stocking 

densities in liver and white muscles. The activities of superoxide dismutase 

(SOD), catalase (CAT), glutathione peroxidase (GPX), glutathione reductase 

(GR) and glutathione S-transferase (GST) decreased by increasing stocking 

density with compared with their respective control in liver and white muscle.  

However, they increased significantly in high stocking density Ι, П with 

probiotic compared with high stocking density Ι, П. The xanthine oxidase (XO) 

activity and malondialdehyde (MDA) level increased by increasing stocking 

density compared with their respective control and decreased in high stocking 

density Ι, П with addition of probiotic compared with high stocking density Ι, 

П. The data concluded that probiotics enhanced the oxidative stress caused by 

high stocking density in liver and white muscles in Oreochromis niloticus. 
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1. Introduction 

 Fish aquaculture may help supply the global 

demand for food. It is a rapidly expanding 

industry that offers consumers high-quality 

food. Additionally, it is essential for wellbeing 

and human health. (Amal et al.,   2021).  

 Nile tilapia (Oreochromis niloticus) is one of 

the most economically important farmed fish 

species produced in aquaculture systems 

worldwide (FAO, 2021). Its suitability for 

aquaculture is related to its ability to tolerate a 

wide range of environmental conditions. Its 

vast culture is attributed to its ability to feed on 

various food, rapid growth, popularity with 

consumers, ease of breeding in captivity, wide  

availability to farmers and great source of high-

quality protein and nutrients. Taking 

consideration of the optimal conditions for 

growth of Nile tilapia farming, lead to higher 

production (Vinicius et al.,   2020). These 

conditions are determined by factors including 

PH, temperature, photoperiod, dissolved 

oxygen (DO) and stocking density. Water 

quality is one of the most important factors for 

the culture of fish and should be constantly 

monitored in order to maintain the desirable 

characteristics for fish farming (Copatti and 

Amaral, 2009).  

Stocking density is an important and critical 

factor which directly affects fish growth. High 
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stocking density increases competition for food 

and space intensifies among individuals, also 

affects fish feeding, physiological, metabolism, 

behavior, and immune function. High stocking 

density affects water quality by increasing fish 

faeces (like ammonia) and food wastes 

(Shalsabilla et al.,   2020). 

Accumulation of waste due to high stocking 

density decreases the diffusion of oxygen, 

leading to a decrease in DO, decrease in oxygen 

absorption capacity which affects the 

metabolism of the fish, so the growth rate 

decreased. High stocking density causes 

crowding stress, triggering oxidative stress 

which increases in reactive oxygen species 

(ROS) that causes oxidant/ antioxidant 

imbalance (Ahmed et al.,   2000). 

Oxidative stress is affected by extrinsic and 

intrinsic factors in fish. High stocking density 

leads to oxidative stress in fish (Taheri et al.,   

2018). Fish have antioxidant enzymes to protect 

them against oxidative conditions. 

Probiotics have been defined as "microbial cells 

that are administered in such a way to enter the 

gastrointestinal tract and to be kept alive, with 

the aim of improving health”. Probiotics are one 

of the alternatives that have been widely used in 

the aquaculture industry (Elsabagh et al.,   

2018). The aim of this study is to assess the 

ameliorating effect of probiotics on the 

oxidative stress results from high stalking 

density.   

2. Materials and Methods 

Fish Husbandry 

 Fingerlings of tilapia fish were obtained from 

the fish hatching pond in Fowa City (Kafr El-

Sheikh Governorate, Egypt). Fish were 

transferred in well-oxygenated cellophane gas 

bags then distributed in thirty glass aquaria with 

a capacity of 36 liters per aquarium. Its 

dimensions equal to (40 l x 30 W x 30 H) cm, 

respectively 5 fish per aquarium (90 fish/m3) in 

control, 7 fish per aquarium (150 fish/m3), in 

high stocking density Ι and 10 fish per aquarium 

(220 fish/m3), in high stocking density П. Each 

aquarium was equipped with an air pump. Fish 

were acclimated to laboratory conditions at 

room temperature. The entire acclimation 

period was 4 weeks; taking into consideration 

the optimum temperature during all 

experiments was 26°C. Water of aquaria was 

exchanged using dechlorinated water. Fish 

were exposed to a normal light dark cycle (12 l: 

12D) during the experiment and were fed daily 

a standard diet (30% protein with total energy 

4000 kcal kg-1) (Hand Man Animal Nutrition 

Company, Egypt). 

Probiotic  

A commercial probiotic (Lactobacillus 

acidophilus 2 × 108 CFU/gm) composed of: 

Bacillus subtius fermentation extract 100 

grams, 50 grams: Xylanase 1250 unit, 

Hemicellulase2750 unit, Beta - glucanase 2250 

unit; Aserigulus Oryzae fermentation Extracts  

 

50 grams: Alpha Amylase 2.5×103-unit, 

Protease 12500 unit; Cellulase 4500 unit; 

Dectrose as a carrier up to 1 kg (Micro-

BACLA).  

Experimental Design 

Fish were divided into 6 groups, each group 

composed of five aquaria. Group 1: control 90 

fish/m3 (5 fish 10 g ± 2). Group 2: group 2: 

Positive control 90 fish/m3 (5 fish 10 g ± 2) with 

addition of probiotic, group 3: high stocking 

density Ι 150 fish/m3 (7 fish 10 g ± 2). group 4: 

high stocking density Ι 150/m3 fish (7 fish 10 g 

± 2) with addition of probiotic., group 5: high 

stocking density П 300 fish/m3 (14 fish 10 g ± 

2) group 6: high stocking density П (300 

fish/m3) with addition of probiotic. In the 

experiment, fish reared for 30 days.  
Tissue Sampling  

The liver and white muscles were carefully 

excised, avoiding squeezing the tissue, then 

washed in ice-cold isotonic NaCl saline, blotted 

dry and weighed. The liver and white muscles 

were homogenized in ice-cold phosphate buffer 

saline (PBS) (50 mM, pH 7.4) 10% (w/v) using 

Omni international homogenizer (USA) at 

2.2×103 rpm for 20 s each with 10 s intervals. 

Activity of AST and ALT were determined by 

IFCC method (Carl & Edward, 2008) at 

wavelength 340 nm Kinetic. U.V.   

Antioxidant enzyme activities and biochemical 

markers assays were measured by automated 

ELISA System using (Chemwell 2099, Gama 

Trade Company).  

Statistical analysis  
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Data were presented as means ± standard 

deviation (SD). The statistical evaluation of all 

data was done using one-way analysis of 

variance (ANOVA) followed by Sidak test  

 

 

3. Results 

   The obtained results of growth rate 

represented in table1, liver and white muscles 

enzymes (AST, ALT) represented in tables 2 

and 3 and specific antioxidant enzymes 

activities and oxidative stress biomarkers in 

Nile tilapia liver and white muscles were 

represented in tables 4-7. The growth rate 

decreased significantly with increasing 

stocking density, on other hand the growth rate 

improved with additional probiotic. The 

activity of AST and ALT in liver and white 

muscles were significantly increased by 

increasing stocking density in comparison with 

control, on other hand their activities were 

significantly decreased in high stocking density 

with additional probiotic in comparison with 

high stocking density. The activity of SOD,  

 

 

CAT, GPX, GR and GST were significantly 

decreased by increasing stocking densities 

compared with their respective control in liver 

and white muscles. The activities of SOD, 

CAT, GPX, GR and GST were significantly 

increased in high stocking density with 

additional probiotic compared with their 

respective high stocking density groups in liver 

and white muscles. The activities of XO and 

MDA were significantly increased by 

increasing stocking density compared with 

control in liver and white muscles. The 

activities of XO and MDA and were 

significantly decreased in high stocking density 

with additional probiotic compared with their 

respective high stocking density groups. 

Table 1. Effect of different stocking densities and probiotic on growth rate of Nile tilapia fingerlings.  

 Control C.Pro. H.SD.(1)  H.SD. (1) Pro. H.SD. (2) H.SD.(2). Pro 

Initial weight 

(Mean ± SD) 

10.56±4.0 12.30±3.5 10.20 ±3.0 10.0±4.0 10.2±3.0 10.40±5.0 

Final weight 

(Mean ± SD) 

20.56±4.0 * 26.6±7.0 * 17.38±3.0* 18.8±3.0* 15.62±1.5 

* 

18.60±4.0 * 

Absolute growth 

rate (gr/ day) 

0.33 0.47* 0.23* 0.29 0.18* 0.27 

Relative growth 

rate (%n/30 day) 

94.69 116* 70.3* 88 53* 78 

Specific growth 

rate (%n/ day) 

2.22 3.19* 1.77 2.1 1.4* 1.9 

Control: 90 fish /m3; C.Pro: Control 90 fish /m3 with probiotics; H.SD.(1): 150 fish/m3; H.SD. (1)Pro: 150 fish/m3 with 

probiotics; H.SD.(2): 220 fish m3; H.SD.(2): 300 fish /m3; H.SD.(2)Pro: 300 fish /m3 with probiotics. Each reading 

represents Mean ± SD of n = 10 *: Significant vs. control at p < 0.05 

Table2. Effect of different stocking densities and probiotic on AST, ALT activities (µg/Min/gram 

wet weight tissue) in liver.  

 Control C.Pro. H.SD.(1) H.SD. (1) Pro. H.SD. (2) H.SD.(2). Pro 

AST 24.2 ± 1.8 23.9 ± 2.6 34.8 ± 2.8* 29.2 ± 3.1 13.14 ± 3.2* 16.02± 4.9* 

ALT 17.6 ± 5.6 15.96 ± 4.7 26.0 ± 3.8* 17.2 ± 3.7* 50.06 ± 5.38* 37.1 ±4.4* 

Control: 90 fish /m3; C.Pro: Control 90 fish /m3 with probiotics; H.SD.(1): 150 fish/m3; H.SD. (1)Pro: 150 fish/m3 with 

probiotics; H.SD.(2): 220 fish m3; H.SD.(2): 300 fish /m3; H.SD.(2)Pro: 300 fish /m3 with probiotics. Each reading 

represents Mean ± SD of n = 10 *: Significant vs. control at p < 0.05 
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Table 4. Effect of different stocking densities and probiotic on activities of antioxidant enzymes 

(µM/min//gram wet weight tissue), except that SOD activity (U/mg wet weight tissue) in liver. 

 Control C.Pro. H.SD.(1) H.SD. (1) 

Pro. 

H.SD. (2) H.SD.(2). Pro 

SOD 23.18±3.0 25.5±3.0 15.02±0.9* 16.1±   3.5 8.8 ± 1.64* 16.98±1.9* 

CAT 25.26±1.09 27.3±2.1 19.2± 1.7* 22.5 ± 1.8 12.98±2.2* 23.58±2.1* 

GPX 12.88± 1.5 14.8±1.8 10.6 ± 1.4* 13.4 ± 1.2* 9.42 ±1.36* 12.48±0.8* 

GR 5.42 ± 1.1 5.2 ±0.8 3.4 ± 0.8* 3.6 ± 0.5 3.32 ±1.56* 4.02± 0.93* 

GST 23.3 ± 3.06 24.1±3.5 17.0 ± 1.6* 21.8 ± 1.6* 13.8 ± 2.4* 18.8 ± 1.8* 

XO 4.22 ± 1.4 5.96 ± 1.6 12.2 ± 1.5* 7.2 ± 0.9* 19.6 ± 1.6* 11.6 ± 2.1* 

MDA 12.6 ± 1.8 13.1 ± 2.6 17.2 ± 1.9* 13.8 ± 1.9 18.7 ± 1.78* 14.1 ±3.1 

Control: 90 fish /m3; C.Pro: Control 90 fish /m3 with probiotics; H.SD.(1): 150 fish/m3; H.SD. (1)Pro: 150 fish/m3 

with probiotics; H.SD.(2): 220 fish m3; H.SD.(2): 300 fish /m3; H.SD.(2)Pro: 300 fish /m3 with probiotics. Each 

reading represents Mean ± SD of n = 10 *: Significant vs. control at p  < 0.05 

 

Table5. Effect of different stocking densities and probiotic on activities of antioxidant enzymes 

(µM/min/gram wet weight tissue), except that SOD activity (U/mg wet weight tissue) in white 

muscles.  

 Control C.Pro. H.SD.(1) H.SD. (1) Pro. H.SD. (2) H.SD.(2). Pro 

SOD 29.0±2.0 28.6 ±2.0 17.8 ± 1.5* 22.6 ± 2.1* 13.7±1.8* 18.4±2.1* 

CAT 27.9 ±2.5 29.0 ± 2.0 15.7± 1.6* 18.3± 1.0 11.3±1.4* 15.7±0.7* 

GPX 14.8 ±1.2 13.9±1.1 10.6 ± 1.4* 13.7 ± 1.2* 8.0 ± 2.2* 12.5± 1.6* 

GR 4.2± 1.2 5.7 ± 1.9 1.5± 0.7* 2.9 ± 0.5 1.1± 0.7* 2.3± 0.7 

GST 23.3 ±2.7 25.5 ± 3.3 17.7 ± 1.5* 22.3 ±1.5* 13.5±2.4* 18.8 ± 1.5* 

XO 4.7±0.8 5.4±1.4 13.9±1.2* 14.2±3.6 24.8±4.0* 13.9 ±1.98* 

MDA 4.9±1.05 3.4±1.17 19.0±2.2* 13.0±3.1* 26.3±2.4* 11.4 ±1.29* 

Control: 90 fish /m3; C.Pro: Control 90 fish /m3 with probiotics; H.SD.(1): 150 fish/m3; H.SD. (1)Pro: 150 fish/m3 

with probiotics; H.SD.(2): 220 fish m3; H.SD.(2): 300 fish /m3; H.SD.(2)Pro: 300 fish /m3 with probiotics. Each 

reading represents Mean ± SD of n = 10 *: Significant vs. control at p < 0.05 

 

4. Discussion 

This study conducted with growth rate, liver 

and white muscles enzymes (AST and ALT) in 

Nile tilapia fingerlings. In addition to oxidative 

stress biomarkers and antioxidant defense in 

liver and white muscles. To analyze the effects 

of various high stocking densities and the 

function of the probiotic, it was crucial to 

evaluate the activity of antioxidant enzymes 

and lipid peroxidation in high stocking density 

(I), high stocking density (II), high stocking  

density (I) with probiotics and high stoking 

density (II) with probiotics in the liver and 

white muscles   Tilapia cultivated at various 

stocking densities had different average growth 

rates. The results showed low growth rate in 

high stocking density (II) compared with their 

respective control. Growth rate of high stocking 

density (I) was not affected, and fish showed 

final weight as a control.  indicating that 

stronger fish social interaction may not alter 

fish feeding behaviour, proving tilapia ability to 

tolerate range of stocking density. These 

findings are consistent with Yao et al.,   2022, 

Table3. Effect of different stocking densities and probiotic on AST, ALT activities 

(µg/Min/gram wet weight tissue) in white muscles.  

 Control C.Pro. H.SD.(1) H.SD. (1) Pro. H.SD. (2) H.SD.(2). Pro 

AST 21.6 ± 5.5 22.5±  5.1 30.0 ±  2.7 23.5 ± 2.8 55.8 ± 10.09* 39.4 ± 7.7* 

ALT 23.1 ± 2.3 28.8 ±5.02 33.8 ± 3.9* 21.8 ± 3.1* 36.5 ± 6.2* 22.9 ± 3.4* 

 Control: 90 fish /m3; C.Pro: Control 90 fish /m3 with probiotics; H.SD.(1): 150 fish/m3; H.SD. (1)Pro: 150 fish/m3 

with probiotics; H.SD.(2): 220 fish m3; H.SD.(2): 300 fish /m3; H.SD.(2)Pro: 300 fish /m3 with probiotics. Each 

reading represents Mean ± SD of n = 10 *: Significant vs. control at  p < 0.05 
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which found that M. pellegrini weight gain was 

significantly lower at higher stocking density 

groups than in relatively lower ones, indicating 

that growth was adversely impacted when 

density exceeded a particular value for these 

fish species. 

According to this study, which agrees with 

Waleed et al, 2018, juvenile tilapia stoked in 

high density experienced a drop-in growth rate 

because of crowding or because of 

physiological reactions linked to stress. Which 

emphasized the negative effect of high stocking 

density. However, there was an increase in 

growth of groups receiving probiotics 

compared to respective controls, demonstrating 

the improving effect of probiotics. It was 

evident since the weight significantly increased 

in the control group. 

Which agrees with Mary et al.,   2019 as they 

suggested that addition of probiotics improved 

growth rate in high stocking density groups 

compared with high stocking density groups 

with out of probiotic groups. The present study 

results go in parallel with the study of 

Merrifield et al.,   2010 who stated 

that probiotics improved digestion of food by 

producing digestive enzymes or alterations of 

the gut environment, translated to better 

growth.  

was adversely impacted when density exceeded 

as amino acid-metabolizing enzymes, AST is 

mainly present in cardiomyocytes and 

hepatocytes, while ALT mainly exists in the 

liver.  Increased AST and ALT activities may 

reflect an excess of amino acid hydrocarbons 

being used to meet the higher energy demand. 

This shows that confinement stress results in a 

larger mobilization of free amino acids, which 

in turn created glucose to handle the stress 

through a stronger gluconeogenesis pathway. 

our This study goes in parallel with Soheila et 

al.,   2023 stated, higher stocking density 

caused higher plasma AST and ALT as the 

stress response in tilapia, and they also 

concluded that stocking density of tilapia up to 

150 fish m-3 showed an adverse effect on the 

liver functions ALT activity were significantly 

higher in the group of 500 fish/m3 than the 

groups of 125 and 250 and confirmed that the 

plasma AST and ALT was significantly 

increased at high stocking density at the end of 

the experiment. This degree of response was 

caused by the influence of stocking density as a 

stress factor which suggested that increased 

stocking density caused stress to fish.   

  Soltan & El-Laithy, 2008 noticed that tilapia 

treated diets with probiotic had significantly 

decreased AST and ALT values compared to 

control group. Which agrees with our result and 

another study where AST and ALT levels 

significantly decreased when tilapia fed diets 

supplemented with probiotic compared to 

control group. 

Usually, antioxidant enzymes are upregulated 

by elevated levels of ROS. However, not all fish 

showed an overall increase in key markers of 

redox-activated antioxidant defense in response 

to elevated high stocking-induced oxidative 

stress Changes in the activities of antioxidant 

enzymes or ROS production during high 

stocking density are species and tissue specific. 

stress (Leveelahti et al.,   2014). Changed in the 

activities of antioxidant enzymes or ROS 

production during high stocking density are 

species and tissue specific (Lau et al.,   2019).  

  There is a decrease in activities of SOD, CAT, 

GR, GPX and GST by increasing stocking 

density in liver and white muscles compared 

with control related to stress which can activate 

the intracellular production of ROS. High ROS 

can exhaust the antioxidant defense system thus 

reducing the enzyme antioxidant activities. 

 Fish groups stocked at a high rate suffered 

from oxidative stress compared to respective 

control. The present research in agreement with 

a samar et al.,   2021 which indicated that high 

stocking density had significantly reduced the 

tilapia serum levels of SOD. This could be 

considered a response to the nonstop stresses of 

high stocking density and might mirror the 

restricted capacity of the antioxidant systems in 

tilapia.  

SOD catalyzes the dismutation of superoxide 

anions to hydrogen peroxide, which is 

subsequently detoxified to oxygen and water by 

Catalase (Zhang et al.,   2007). Antioxidant 

activity of SOD and CAT, appear to have an 

important role in computing the generation of 

superoxide radical and hydrogen peroxide from 

the intense metabolic activity characteristic of 

these tissues. 
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 The first line of antioxidant defense in fish are 

SOD, CAT, and GPx, which convert 

superoxide ion to oxygen and water through 

sequential reactions (Seyyed et al.,   2019). 

our finding was inconsistent with El Hawwary 

et al.,   2018 in the reduction of SOD and CAT 

activities by increasing stocking density. Also 

agrees with a Xin et al.,   2022 which showed 

that intestinal SOD and CAT enzyme activities 

significantly decreased as the stocking density 

increased. Conversely, increased levels of 

antioxidants were also observed in fish under 

high density, suggesting a positive response of 

the antioxidant defense system to stress may 

also happen in another fish species (Yao et al.,   

2022) which showed that intestinal SOD and 

CAT enzyme activities significantly decreased 

as the stocking density increased. Conversely, 

increased levels of antioxidants were also 

observed in fish under high density, suggesting 

a positive response of the antioxidant defense 

system to stress may also happen in another fish 

species (Yao et al.,   2022) 

In our study we observed a positive effect of 

probiotic on activities of antioxidant enzymes 

(SOD, CAT, GR, GPX and GST), where their 

activities were clearly decreased in high 

stocking density groups after 30 days compared 

to control. Emmanuel et al.,   2018 studied fish 

fed with probiotic and evaluation of SOD 

activity in all treated groups which showed 

variable levels at both time   points but with 

higher SOD activity compared with the 

untreated group after 4 weeks compared to 

control group. All treated groups demonstrated 

a significant increase in CAT activities after 2 

and 4 weeks. The present study also agrees with 

Gehan et al, 2020 study which showed that 

dietary supplementation of probiotic improved 

the antioxidant status SOD and CAT activities 

of the fish which suggest improved immunity 

and health status in Nile Tilapia.  

In this experiment study GPX activity in liver 

and white muscles which was significantly 

decreased by increasing stocking density 

compared to control. Which agrees with a 

Taylor & Zenteno et al.,   2011 study on Pacific 

white shrimp (Litopenaeus vannamei) stated 

that activity of the antioxidant enzyme GPx in 

extracts of muscle and hepatopancreas from 

white shrimp increased in case of probiotic. 

   Xanthine oxidase levels increased in fish with 

high stocking density in comparison with 

control. This agrees with Hegazy et al.,   2010 

study where hepatic XO activity was higher in 

fish exposed to oxidative stress. Demonstrated 

that this enzyme is the main pathway related to 

ROS production and consequent damage during 

stress exposure. Beedham, 2002 studies on XO 

showed that modulation of enzymes activity, co 

factors availability, substrate concentration and 

oxygen tension all affect rates of intracellular 

ROS production. Although XO generates ROS 

enzyme exists predominantly as a 

dehydrogenase, reacting with NAD+. In the 

present study XO levels decreased in different 

stocking density with the addition probiotic 

compared to their respective high stocking 

density. 

   The increase in MDA level is due to the 

occurrence of oxidative stress which related to 

imbalance between ROS and the ability of the 

biological system to detoxify readily the 

reactive intermediates. Stress leading to the 

formation of various active compounds 

including high level of MDA (Zorawar et al.,   

2014). Fish reared in high stocking density had 

significantly higher MDA level. Which is 

confirming that high stocking density as a 

stressor can stimulate the formation of ROS in 

fish (Wang et al.,   2019). In fish, increased lipid 

peroxidation has always attracted widespread 

attention under high stocking densities. Zhou et 

al.,   2020 found that the high stocking density 

promoted MDA formation in the liver, blood, or 

intestine of fish. Excess ROS may react with 

unsaturated fatty acids on cell membranes, 

inducing lipid peroxidation. It has been 

reported that a large number of harmful 

products from lipid peroxidation are capable of 

inactivating many cellular proteins, inducing 

inflammation and damaging cells or tissues. 

Similarly, the formation of ROS in fish (Wang 

et al.,   2019). increased MDA level was also 

observed in the plasma and liver of M. 

Salmoides, indicating that the high density 

induced lipid peroxidation after 90 days of 

farming the rice fish farming system (Zaki et 

al.,   2020).  

There was significance decrease in MDA case 

of additional probiotic in comparison with high 

stocking density. 
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Conclusion: 

High stocking density led to oxidative stress in 

Nile tilapia liver and white muscles at different 

levels of stoking density which led to a decline 

in the activity of antioxidant enzymes. 

Probiotic acts to compensate for this reduction 

in these enzymes’ activity in high stocking 

densities. The changes in antioxidant enzymes 

activities in response to high stocking density 

may be crucial for avoiding oxidative damage 

and maintaining the quality of farmed fish. 
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