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ARTICLE INFO 
 ABSTRACT  

  The present study was designed to evaluate the effects of dietary probiotics on growth, feed 
utilization, body composition, and stress resistance of the Gangetic catfish, Mystus cavasius fry. A 
commercially formulated feed for catfish (ACI Company Ltd.) was used as a basal diet. Three different 
levels (0.2, 0.4, and 0.8%) of commercial multi-strain probiotic NavioPlus was added to the basal diet 
to formulate three experimental diets (PB 0.2, PB0.4, PB0.8) and the basal diet was considered as 
control (PB0). Each diet was randomly allocated to triplicate groups of fish (mean initial weight 
0.32±0.0003 g for 56 days. In general, dietary probiotics supplementations tended to improve growth 
performances (final body weight, percentage (%) weight gain and specific growth rate, SGR), in which 
significantly highest performances were found in diet group PB-0.2 followed by diet groups PB-0.4 and 
PB-0.8. Probiotics supplementation resulting in increased feed conversion efficiency (FCE) and protein 
efficiency ratio (PER) and the highest value (P<0.05) obtained in diet group PB-0.4. The control group 
showed significantly lower growth and feed utilization performances. Except for lipid content, the 
body proximate compositions were not significantly influenced (P > 0.05) by the dietary probiotics 
supplementation.  However, the fishes fed diet PB-0.2 and PB-0 had significantly higher and lower lipid 
content, respectively. In terms of salinity stress resistance, M. cavasius fry fed probiotic supplemented 
diet showed increased LT50 compared to the supplementation free control group. Significantly higher 
LT50 observed in diet group PB-0.4 followed by PB-0.8. The quadratic regression analysis of % weight 
gain, FCE and, LT50 revealed that the optimum level of dietary multi-strain probiotics supplementation 
ranged between 0.45-0.54% for M. cavasius fry, which is also in-line with the most of the measured 
performance parameters of fish under present experimental condition. 
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Introduction 

The Gangetic catfish, Mystus cavasius (gulsha) is a 
promising species for both monoculture and polyculture 
practices by virtue of its air-breathing characteristics. It 
is widely distributed throughout the Indo-Pak 
Bangladesh sub-continent (Ali et al., 2019). In different 
regions of Bangladesh, day by day culture of this species 
is getting popular and farmers are culturing this species 
through semi-intensive/improved semi-intensive 
systems (Rahman et al., 2013). This small indigenous fish 
species have a good demand as a food fish in the fish 
markets as it has high nutritional value in terms of 
protein, micronutrients, vitaminss and minerals. This 
species also fetches a high price in the market. Due to 
high demand and price in the market recently this 

species gained promising attention for commercial 
culture by the fish farmers (Kohinoor et al., 2015). 
However, the culture of this species is facing several 
problems; low-quality diets due to insufficient 
information on the nutritional requirements and disease 
outbreaks are most important.  

The disease is one of the most important 
limiting factors in aquaculture production as well as in 
freshwater catfish aquaculture. With the expansion of 
intensive aquaculture, diseases outbreak has appeared 
as a more frequent problem in fish culture (Chen et al., 
2014). Moreover, fish grown in intensive aquaculture 
systems are often exposed to stressful conditions that 
have a negative impact on their growth and immunity 
(Wang et al., 2008). For the treatment of various 
diseases (bacterial, viral, or parasite infections) different 
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types of drugs and chemicals are often used in the 
aquaculture system, which has several drawbacks. The 
application of antibiotics and chemotherapeutics to 
control diseases has been criticized due to the spread of 
drug-resistant pathogens, suppression of aquatic 
animal’s immune system, and rising environmental 
hazards (Allameh et al., 2016; Brogden et al., 2014). In 
these circumstances, dietary supplementation of health-
promoting functional compounds (probiotics, prebiotics, 
nucleotides, etc.) has received an increasingly high level 
of interest as an effective alternative for prophylactic 
treatment against disease outbreaks in semi-intensive 
and intensive aquaculture (Dawood et al., 2015, 2016; 
Hossain et al., 2016a; Hossain et al., 2019).  

Probiotics have been defined as live micro-
organisms that impart positive effects on a host animal 
by improving the microflora of its gastrointestinal tract 
(Fuller, 1989). Probiotics are investigated as single-strain 
and multi-strain products. In the market, however, there 
is an increasing tendency to work with multi-strain 
probiotics, in particular, products with a high number of 
different strains. There are some thoughts behind this: 
more strains imply more chances of success; it can mean 
a broader spectrum of efficacy, and there is often the 
hope that there are at least additive effects and, 
potentially, even synergistic effects (Ouwehand et al., 
2018). Although probiotics offer a promising alternative 
to the use of chemicals and antibiotics in aquatic animals 
(Bandyopadhyay et al., 2015), Recently, several studies 
have demonstrated that probiotics can improve growth 
performance, feed utilization, digestibility of dietary 
ingredients, disease resistance and immunostimulation 
of aquatic animals (Ferguson et al., 2010; Xing et al., 
2013; Dawood et al., 2015, 2016). Giannenas et al. (2015) 
reported an increased growth performance and health 
status of rainbow trout fish with the inclusion of multi-
strain probiotic containing Bacillus subtilis, Enterococcus 
faecium, Pediococcus acidilactici and, Lactobacillus into 
a commercial type diet which further modulated 
intestinal microbial communities and positively 
influenced non-specific immune response. In 
Bangladesh, although probiotics have been successfully 
used in shrimp culture (Hossain et al., 2013). However, 
very limited information is available regarding the 
probiotic’s effects on commercially cultured fish species. 
Recently, Ali et al. (2018) and Banu et al. (2020) 
evaluated single strain probiotics in the diets of Gangetic 
catfish fry and found positive effects of those individual 
probiotics on growth and feed utilization performances 
and disease resistance of Gangetic catfish fry. To the best 
of our knowledge no information is available on the 
effects of the multi-strain probiotics on the growth, feed 
utilization, and stress resistance capacity of Gangetic 
catfish fry. So, in the current study, the impact of a 
commercial multi-strain probiotic on growth, feed 

utilization, body proximate compositions, and stress 
resistance of Gangetic catfish were evaluated. 
 
Methodology 

 Test fish and experimental design 

The experiment was conducted in the post-graduate 
laboratory of Aquaculture, Faculty of Fisheries, Sylhet 
Agricultural University, Bangladesh for 56 days. Gangetic 
catfish fry was collected from a private hatchery in 
Mymensingh, Bangladesh, and transported by 
oxygenated polythene bags. Afterward, fish were 
acclimated in 500 L plastic tank with laboratory facilities 
for one week with continuous aeration and fed a 
commercial catfish diet containing 43% protein (ACI 
company Ltd., Table 1) at the rate of 15% body weight 
thrice in a day during this period. After acclimatization 
homogenous sized fry was sorted. Fifty fish, having a 
mean initial body weight of approximately 0.32±0.0003 
g, were randomly allocated into each twelve glass 
aquaria following Completely Randomized Design (CRD). 
Four treatments with three replicates for each were used 
for the experiment. The feeding trial was carried out in 
twelve glass aquaria of 150 L capacity (filled with 100 L 
of water). Underground water stored in a reservoir tank 
was used as a source of freshwater for the aquaria. Each 
aquarium was equipped with continuous aeration and 
filtration. Water quality parameters such as 
temperature, dissolved oxygen, pH, and salinity were 
measured daily. The behavior of Gangetic catfish was 
also regularly overlooked especially after feeding to 
observe their conditions such as movement, infection, 
colorations, and diseases. 
 
 Preparation of experimental diet 

Table 1 summarizes the chemical composition of a 
commercial catfish diet (ACI Company Ltd.) used as the 
basal diet in this study. The basal diet was grounded with 
an electric blender (Myako, India) to make it powder 
form. Afterward, four experimental diets were prepared 
by supplementing incremental levels of a multi-strain 
commercial dietary probiotic (Navio plus; Biovac, 
Thailand) to the basal diet at a level of 0% (P-B0, control), 
0.2% (PB-0.2), 0.4% (P-B0.4) and 0.8% (PB-0.8), 
respectively. “NavioPlus” is the mixture of the following 
probiotic bacterial and yeast strain: Bacillus subtilis, B. 
licheniformis, B. megaterium, Lactobacillus acidophilis, L. 
plantarum, Saccharomyces cerevisiae. Initially, the 
required amount of probiotics was thoroughly mixed by 
hands with the grounded basal diet. After proper mixing, 
water was added gradually (35-40%) to the dry 
ingredients. The mixture was then passed through a 
kitchen type pellet machine with an appropriate 
diameter (0.5-1.0 mm) to prepare pellets, which were 
then sun-dried for 5 to 6 hrs. Afterward, they were 
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packed in airtight polythene bags and stored in the 
refrigerator (4ºC) until fed. 
 

Table 1. Feed formulation and proximate composition (% dry 
matter basis) of the basal diets. 

Ingredients Composition (%) 

Fishmeal 50 

Soybean meal 10 

Full fat soybean 10 

Mustard oil cake 10 

Broken wheat 15 

Rice bran 4 

Vitamin and mineral mixture 1 

Total 100 

Proximate composition  

Moisture (max.) 11 

Protein (min) 43 

Lipid (min.) 8 

Carbohydrate (max.) 20 

Fibre (max.) 3.0 

Ash (max.) 10 

Calcium (max.) 2 

Phosphorous (min.) 1 

*According to company information (ACI Co. Ltd.) 

 
 Feeding protocol 

The experimental diets were fed to fish at 15% of body 
weight in 1st two weeks of the rearing period which was 
gradually reduced to 10%, 8%, and 5% every two 
consecutive weeks, respectively. Daily ration size was 
divided into three equal feedings (morning at 7:00 a.m., 
midday at 1:00 p.m. and evening at 7:00 p.m.). Uneaten 
feed was removed through siphoning after one hour of 
feeding and 50% water renewal was done at every two 
days interval to keep the aquatic environment suitable 
for fish.  
 
 Sampling and evaluation of performance parameters 

Sampling was performed fortnightly to determine the 
growth of Gangetic catfish and to adjust the feeding rate. 
Fish weight was measured with digital balance (CAMRY 
digital electrical balance, Model EK 3052, Bangladesh). At 
the end of the 56 days feeding trial, growth and feed 
utilization parameters of Gangetic catfish i.e.  % of 
weight gain, specific growth rate (SGR), feed conversion 
efficiency (FCE), protein efficiency ratio (PER) and 
survival (%) were calculated by following equations:  
 
Weight gain = Mean final weight – Mean initial weight. 
Percent weight gain (%) = (final weight−initial weight) 
×100/initial weight 
 
SGR (%/day) = {Ln (final body weight)-Ln (initial body 
weight) x 100}/Cultured period (days)  
 
FCE = Wet weight gain of fish (g) / Total amount of dry 
feed consumed (g)  

PER = Weight gain (g)/Protein consumed (g)  
 
Survival rate (%) = (Final number of fish / Initial number 
of fish) × 100 
 
 Saline water stress tolerance test 

At the end of the growth trial, a stress tolerance test was 
conducted to determine the lethal time of 50% mortality 
(LT50) in saline water containing commercial table salt, 
NaCl (Dawood et al., 2016). After the feeding trial, 8 fish 
from each rearing aquarium (total 24 fish per treatment) 
were randomly selected and transferred into 150 L 
rectangular glass aquarium with 30 L prepared saline 
water (35 ppt.) which was aerated for 24 hrs. The glass 
aquaria for stress test were equipped with continuous 
aeration and kept under ambient temperature during 
the stress tolerance test. The time duration for 50% 
mortality of Gangetic catfish fry was calculated according 
to Hossain et al. (2016b) as follows: time to death (min) 
of fry was converted to log10 values. Immediate after 
transferring into the saline water the survival rate was 
100% (log value was log10 100 = 2) and the calculation 
was conducted every 5 minutes. The values of log 
survival rate were plotted against every minute to 
determine the time needed for 50% mortality of fish 
fries. The equation is as follows: 
Y = aX+ b where Y = log10 (survival) and  
X = time for individual fry death (min). 
LT50 (X) was obtained when Y = 1.7 since log10 (50) = 1.7. 
Each value obtained from the equation compared 
statistically.  
 
 Proximate composition analysis 

The proximate composition as moisture, ash, crude 
protein, and lipid of fish whole-body was determined in 
the laboratory of Aquaculture, Faculty of Fisheries, 
Sylhet Agricultural University by the conventional 
method of AOAC (2000) with minor modification. The 
moisture was determined by drying the sample at 105°C 
to constant weight. The ash was analyzed by combustion 
at 550°C for 12 h. The crude protein content was 
determined by measuring the nitrogen content (N×6.25) 
using the Kjeldahl method with a VELP Scientifica System 
(DK-8 Series Kjeldahl Digestion Units, Distilling unit 
UDK139, and Titration unit; Titrette® digital bottle-top 
burette, Sigma Aldrich). A ground joint Soxhlet apparatus 
was used for the determination of lipid content. 
 
 Statistical analyses  

Statistical analysis was performed using a one-way 
analysis of variance (ANOVA) and Duncan’s Multiple 
Range Test to determine differences between 
treatments means at significance rate of P<0.05. The 
standard deviation of treatment means was also 
estimated. Other statistical analyses were carried out 
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using Statistical Package for Social Science (SPSS) version 
23. Percentage (%) of WG, FCE, and LT50 was subjected 
to quadratic regression analysis with dietary probiotic 
supplementation level. 
 
Results 

 Water quality parameters 

The results of different water quality parameters such as 
temperature, dissolved oxygen, pH, and salinity are 
summarized in Table 2. Although there were slight 
variations among different water quality parameters, no 
significant difference was found among the treatments. 
The ranges of water quality parameters were 
temperature 22-24 °C, dissolve oxygen level 5.0-5.5, and 
pH 6.7 - 7.2.   
 

Table 2: Water quality parameters for 56 days experiment* 

Water Quality Parameters Measurement with SD 

Temperature (OC) 19.33±2.52 

Dissolved oxygen (mg L-1) 5.37±0.21 

pH 6.97±0.23 

Salinity (ppt.) 0 
*Values are means ± SD of triplicate groups. 

 
 Growth performance and feed utilization  

The growth performance and feed utilization of fish in 
terms of final weight, % weight gain, SGR (% day-1), feed 
intake, FCE, PER, and survival are shown in Table 3. 
Significantly higher final weight and % weight gain 
observed in the PB-0.2 diet group and it was not 
significantly different from the PB-0.4 diet group 
followed by the PB-0.8 diet group. The control group (PB-
0.0) showed significantly lower final weight and % weight 
gain. SGR was not significantly influenced by dietary 
probiotic supplementations. Feed intake was 
significantly higher in the control diet group but was not 
significantly different from the PB-0.2 diet group. PB-0.4 
and PB-0.8 groups showed significantly lower feed 
intake. Probiotics supplementation significantly 
increases the survival rate of fish and it was significantly 
higher in the PB-0.4 diet group followed by PB-0.8 and 
PB-0.2 diet groups. The control group showed a 
significantly lower survival rate. FCE and PER were 
significantly influenced by probiotics supplementation 
and significantly higher FCE and PER values obtained in 
PB-04 supplemented group which is not significantly 
different from other supplemented groups. The control 
group showed significantly lower FCE and PER. 
 
 Body proximate compositions 

The whole-body proximate composition (% fresh matter 
basis) of Gangetic catfish at the start and end of the 
experiment is presented in Table 4. The final carcass 
moisture content ranged between 79.73 and 80.62% 
with higher and lower moisture contents was in diet 

group PB-0.0 and PB-0.2, respectively. There was no 
significant difference between the whole-body protein 
content of fish in different treatments which ranged 
between 13.21 and 13.36%. Body lipid significantly 
influenced by probiotics supplementation and 
significantly higher whole-body lipid observed in the PB-
0.2 diet group (3.87%). The control group (PB-0.0) 
showed significantly lower whole-body lipid content 
(3.13%). The ash content varied from 2.33 to 2.57% with 
treatments PB-0.2 and PB-0.4 showing the highest and 
lowest values respectively. However, ash content was 
not significantly influenced by probiotics 
supplementation. 
 
 Saline water stress tolerance test  

The results of the lethal stress test of LT50 against saline 
water shock were obtained by regression analysis is 
presented in Figure 1. Supplementation of probiotics 
improved the saline water stress tolerance of Gangetic 
catfish. Significantly highest LT50 (46.55 min) obtained in 
the PB-0.4 diet group followed by the PB-0.8 diet group 
(41.4 min). The control group showed significantly lower 
LT50 value (32.5 min.) and it was not significantly 
different from the PB-0.2 diet group (36.0 min).  
 
 Optimum supplementation of multi-strain probiotics 

The optimum supplementation level of multi-strain 
probiotics for % weight gain, FCE, and LT50 estimated by 
quadratic regression analysis (Fig. 2a,b,c). Based on % 
weight gain, the optimal supplementation level of multi-
strain probiotics was estimated to be 0.45% in the diet. 
On the other hand, 0.54% level in the diet was estimated 
as optimal based on FCE and LT50

.  
 
Discussion 

Growth rate, feed efficiency and feed consumption of 
fish normally governed by a few environmental factors 
(Fry, 1971; Brett, 1979). Environmental parameter exerts 
an immense influence on the maintenance of a healthy 
aquatic environment and production of food organisms.  
The water quality parameters such as temperature, pH, 
and dissolved oxygen were recorded daily during the 
experimental period (Table 2). The water quality 
parameters measured in the different aquaria in the 
present study were found to be more or less similar and 
were within the acceptable range for catfish culture (Giri 
et al., 2010; Paul et al., 2012). No negative effects on 
water quality parameters such as dissolve oxygen, 
temperature, and pH in the current study observed due 
to probiotics supplementation in aquafeed which also 
resembled with the findings of Wang & Zirong (2006); 
they reported that no important effects in water quality 
parameters were observed when common carp was fed 
with probiotic photosynthetic bacteria and Bacillus sp. 
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Table 3: Growth performance and feed utilization of Gangetic catfih fry fed with experimental diets for 56 days*. 

Parameters 
Diet groups 

PB-0 PB-0.2 PB-0.4 PB-0.8 

Initial weight 0.32±0.0003 0.32±0.0001 0.32±0.001 0.32±0.0002 

Final weight 1.53±0.04a 1.82±0.05b 1.81±0.11b 1.67±0.03ab 

Weight gain (%) 369.67±11.19a 461.34±15.11b 455.58±33.27b 414.29±9.68ab 

SGR 2.76±0.04 3.08±0.05 3.06±0.11 2.92±0.03 

Survival 65.0±2.29a 81.66±4.41ab 95.0±0.00b 91.67±6.01b 

Feed intake 6.15±0.13b 5.30±0.15ab 4.58±0.17a 4.56±0.32a 

FCE 0.20±0.008a 0.28±0.01b 0.32±0.01b 0.30±0.03b 

PER 0.55±0.02a 0.81±0.04b 0.91±0.03b 0.84±0.07b 

*Values are means ± SD of triplicate groups. Values in the same row having same superscripts are not significantly different (P>0.05). Specific 
growth rate, SGR; Feed conversion efficiency, FCE; Protein efficiency ratio, PER. 

 

Table 4. Carcass composition of Gangetic catfish fry fed with different levels of probiotics for 56 days 

Parameters Initial 
Diet groups 

PB0 PB0.2 PB0.4 PB0.8 

Moisture (%) 81.12 80.62*±0.31 79.73±0.20 80.05±.23 80.22±.25 

Protein (%) 12.77 13.25±0.10 13.36±0.14 13.31±0.14 13.21±0.12 

Lipid (%) 1.58 3.13b±0.32 3.87a±0.14 3.52b±0.18 3.50b±0.18 

Ash (%) 2.24 2.44±0.10 2.57±0.17 2.33±0.20 2.43±0.23 

** Values are mean ± standard deviation. Values in the same row having same superscripts are not significantly different (P>0.05). 

 
  

 
Figure 1. LT50 (min) calculated from the lethal time of Gangetic catfish exposed to saline water. Data are expressed as mean ± 

standard deviation from triplicate groups. Bars having same letters are not significantly different at 5% level of significance. 

 
 
 

2(a) 
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2(b) 

 
2(c) 

 
Figure 2. Quadratic regression analyses of (a) weight gain, (b) feed conversion efficiency, and (c) LT50 for Gangetic catfish fry fed 

diet supplemented with graded level of multi-strain probiotics 

 
The obtained performance data showed that 
supplementation of multi-strain probiotics at 0.2, 0.4, 
and 0.8% in the diets improved the growth, and feed 
utilization performance of Gangetic catfish fry. Similar 
findings were reported in previous studies (Hoseinifar et 
al., 2011; Xing et al. 2013; Dawood et al., 2015, 2016; 
Banu et al., 2020). This increased growth and feed 
utilization performances of Gangetic catfish might be 
due to the increased digestive enzyme activity, elevated 
health status, and stimulation of gastric development 
and /or enzymatic secretion (Suzer et al., 2008; 
Khonyoung and Yamauchi, 2012) in probiotics 
supplemented groups. Although in the current study 
digestibility as well as the amount of enzyme secretion 
was not determined. However, studies on several fish 
species reported that dietary supplementation of 
probiotic form yeasts and bacteria could increase 
digestive enzyme activity in sea bass (Dicentrarchus 
labrax) (Tovar et al., 2002), rainbow trout (Oncorhynchus 
mykiss) (Adel et al., 2017), abalone (Haliotis midae) 
(Macey and Coyne, 2005), sea cucumber (Yang et al., 
2014; Wang et al., 2015) and red sea bream (Dawood et 
al., 2015). In the current study growth and feed 
utilization performances showed a dose-response 
relationship and after administrating a certain dose 

(>.0.4%) of probiotics growth and feed utilization tended 
to decrease. Like the current study similar dose-response 
relationships were also observed for other fish species 
fed with different levels of probiotic supplemented diets. 
Dawood et al. (2015) reported reduced growth 
performance when red sea bream was fed heat-killed 
Lactobacillus plantarum at a high dose (2000ppm). The 
report of Ghosh et al. (2008) also showed that the use of 
higher concentration of probiotic did not always lead to 
better growth performances of ornamental fish growth 
which strongly substantiate with the current findings. 
Banu et al. (2020) also reported reduced growth and 
feed utilization performance in Gangetic catfish when 
fed with a high level of yeast probiotics (0.15%) which 
suggested these adverse effects might arose due to the 
adverse effects on metabolism and other physiological 
functions in fish under a higher dose. Therefore, it is 
suggested that optimum supplementation is very 
important for the better functioning of probiotics in 
aquafeed. 

Endogenous factors such as fish size, sex as well 
as exogenous factors such as diet composition and 
culture environment influence the proximate 
composition of fish (Shearer, 1994). In this experiment 
carcass composition was influenced by different 
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probiotics levels in feeds. There was a marked increase 
in the lipid content of fish fed probiotics compared to the 
initial lipid content of fish (Table 4). Mohapatra et 
al. (2012) reported high lipase secretion by most 
probiotics which influences the assimilation of fatty acids 
that influences immunity in fish. The carcass lipid 
content was directly influenced by the dietary moisture 
content. An inverse relationship of carcass moisture and 
lipid content was observed as reported earlier in fish 
(Andrews and Stickney, 1972; Garling and Wilson, 1976; 
Jauncey, 1982). However, there was no significant 
variation in carcass protein content of fish due to 
different levels of probiotics feeding. 
Stress is one of the emerging factors in aquaculture 
activities, which may affect hormonal secretion rates, 
intermediary metabolism, immunity, and nutrient 
utilization (Hossain et al., 2016a,b). Dietary 
administration of different nutritional or 
immunostimulant elements such as probiotics, 
prebiotics, nucleotides, and other functional 
supplements have significant effects on stress tolerance 
capacity and immune response of fish (Nayak et al., 
2007; Beck et al., 2015; Dawood et al., 2015; Hossain et 
al., 2016a, 2017, 2018). Unfortunately, there were no 
similar studies available on the effects of dietary 
probiotics on salinity stress responses of Gangetic catfish 
fry to compare the result of the present study. In the 
present study, Gangetic catfish fed probiotic 
supplemented diets showed increased salinity stress 
resistance after exposure to a high salinity stress test. In 
the present study, the highest LT50 value obtained in diet 
group PB-0.4 (46.5 min) followed by PB-0.8 diet group. 
On the other hand, supplementation free control group, 
and the lower dose of probiotics supplemented diet 
group (PB-0.2) showed the significantly lower values of 
LT50 indicated a lower saline water stress tolerance of the 
Gangetic catfish. Many authors reported high salinity 
stress resistance after feeding on probiotics 
supplemented diet (Hoseinifar et al., 2013b, Soleimani et 
al., 2012). However, overall increased LT50 values under 
probiotic supplemented diets indicate the healthy status 
of Gangetic catfish (Hossain et al., 2016b; Yokoyama et 
al., 2005). 

The significantly influenced % weight gain, FCE, 
and LT50 were used for regression analysis to estimate 
the optimum supplementation level of multi-strain 
probiotics in the present study. Based on the quadratic 
regression analysis of % weight gain the optimum level 
of dietary multi-strain probiotics might be 0.45% and 
considering FCE and LT50, the optimum level might be 
0.54%. Results of the present study indicated that 
optimum supplementation of multi-strain probiotics in 
Gangetic catfish fry for enhanced feed utilization and 
stress tolerance were a little bit higher than for growth 
performance. 
 

Conclusion 

Based on the present experimental condition, it can be 
concluded that the optimum level of multi-strain 
probiotics supplementation ranged between 0.45 to 
0.54 % in the diets to positively influence the growth 
response, feed utilization and salinity stress tolerance of 
Gangetic catfish fry. 
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