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This study was carried out to evaluate the effect of PrimaLac probiotic (based on lactic 

acid bacteria; LAB) addition and frequency of application on Cyprinus carpio blood serum 
factors and growth performance (weight gain). For this purpose, 84 fish with an average 
weight of 60 ± 10 g in 4 groups with 3 replications in each group were compared for 42 
days. Control diet had not probiotic additive but treatments of 1, 2, 3 probiotic usages daily, 
every other day, on 2 successive days in every 4 days period of time, respectively. During 
the experiment period, feed intake and growth rate were recorded. At the end of 
experiment, experimental fishes were killed by dianthus powder and then were measured 
serum cortisol, albumin, and total protein. The average rates of total protein and albumin in 
group1 were increased (p < 0.05) and cortisol serum level decreased in all experimental 
groups compared to control group (p < 0.05). The average weight gain in all experimental 
groups that used probiotic, significantly increased (p < 0.05). Weight gain was increased in 
daily addition probiotic group compared to control and other experimental groups (p < 
0.05). The result of this study had shown that use of probiotic based on LAB can affect on 
cortisol, albumin, total protein serum, and growth performance and also probiotic 
frequency of application can affect on probiotic efficiency.  

© 2024 Published by Amol University of Special Modern Technologies Press. 
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Introduction 

Population increases on the one hand and 
increasing public awareness about the benefits of 
aquatic consumption on the other hand have increased 
the demand and per capita consumption of aquatics in 
Iran in recent years (Jega et al., 2018). Along with this 
growth, the aquaculture sector has always faced 
problems such as water quality changes, disease 
outbreaks, and etc. (Kalfagianni et al., 2013). The use of 
antibiotics and chemicals to solve the problems of 
aquaculture, in addition to having marginal effects and 
high cost, causes the accumulation of chemicals in the 
environment and fish (Burridge et al., 2010). Common 
carp is one of the economic species of the Caspian sea, 
which is considered an important food source 
(Biermann and Geist, 2019). Although this species 

exists natively and naturally on all the shores of the 
Caspian sea and enters the mouths of rivers for 
reproduction; but in recent years, due to overfishing 
and destruction of breeding places, its generation has 
decreased (Piri‐Gharaghie et al., 2022). To compensate 
for this problem and to restore the stocks, semi-natural 
reproduction of fish has been carried out. However, low 
survival and productivity in fish breeding and breeding 
centers is one of the biggest effective factors in 
preventing proper restoration of fish stocks (Taylor et 
al., 2017). It seems that one of the options according to 
the conditions of the country is the use of growth and 
safety incentives (Piri‐Gharaghie et al., 2022). In recent 
years, a lot of research has been done on hormones, 
antibiotics, and several other chemicals as growth 
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stimulants, antibacterial agents to increase existing 
health and feed efficiency; but due to the residual 
effects in fish and shrimp muscles and consumers' 
reluctance to use them in aquatic production, it is not 
recommended (Thornber et al., 2020; Beiranvand et al., 
2022). Recently, the studies conducted on the practical 
application of the positive effects of some probiotics in 
aquatic nutrition have been expanded (Wang et al., 
2019). Probiotics are complementary microorganisms 
such as bacteria, fungi, and yeasts that have beneficial 
effects on the host by improving the intestinal 
microbial balance (Wang et al., 2008). According to the 
definition, probiotics are auxiliary foods whose side 
enzymes can increase the digestion process (Felicilda-
Reynaldo and Kenneally, 2016). These microorganisms 
not only reduce pathogenic microbes in the 
environment and living organisms, but also by creating 
and strengthening useful microorganisms in the 
digestive system, they provide health benefits or 
increase the growth rate in living organisms (Piri-
Gharaghie et al., 2022). The positive effects of 
probiotics on farmed aquatic animals such as 
optimizing the physical and chemical parameters of the 
breeding environment, preventing and fighting 
pathogenic agents, and improving the growth 
performance of farmed aquatic animals have been 
confirmed in numerous researches by fisheries 
researchers (Meena et al., 2014). It is believed that 
many probiotic bacteria have a positive effect on the 
growth of organisms, which is important through the 
production of vitamins, increasing the ability to absorb 
minerals and trace elements, and the production of 
digestive enzymes (Ghajari et al., 2020; Ghajari et al., 
2022). Probiotics can prevent the proliferation of fish 
diseases in the digestive tract through competition for 
obtaining nutrients, changes in the metabolism of 
bacteria, or stimulation of the host's immune system 
(Ghajari et al., 2022). In general, probiotics are divided 
into three main groups: bacterial, algal, and yeast 
(fungi) (Piri Gharaghie et al., 2021; Das et al., 2022; Goh 
et al., 2022). The probiotic studied in this research was 
called PrimaLac, which has four bacterial strains with 
equal proportions, including Lactobacillus acidophilus, 
Lactobacillus casei, Enterococcus faecium and 
Bifidobacterium bifidum. The positive effects of each of 
these bacteria on different animals have been 
investigated. Therefore, the present study was designed 
and implemented to determine the effect of different 
levels of PrimaLac probiotic on growth, blood 
biochemistry, survival, and resistance to salinity stress 
in common carp. 

Materials and Methods 

Preparation of fish and experimental design 

This research was conducted in the fall of 2014 at 
the Aquaculture Research Center of the Faculty of 
Veterinary Medicine, Islamic Azad University of Babol. 
Carps with an average weight of 60 ± 10 g were 
obtained from a farm located in Simorgh city, 
Mazandaran province. Eighty four common carp were 
placed in four experimental groups with three 
replications. In each repetition, there were seven fish 
with an average weight of 60 ± 10 g. The samples were 
transferred in groups of 7 to 12 tubs of 100 liters with a 
drainage volume of 80 liters. The tubs were randomly 
arranged and equipped with an aerator to maintain the 
temperature, pH, and oxygen levels. 

Food ration preparation 
 
According to the manufacturer's protocol, probiotics 

were added to the basic diet based on the composition 
of Table 1, with the ratio of 908 grams per ton. To 
maintain the quality, fish food was prepared every 
week for the same amount of seven days, and in order 
to control the bacterial load of the rations of the 
experimental groups, gloves and separate containers 
were used when preparing the rations. Also, this 
standard diet contained 28.17% protein, 16.6% fiber, 
14.9% fat and 3216 kcal per kg. In order to adapt the 
fish to the basic diet, the fish were fed with the basic 
diet for one week before the experiment. The fishes 
were kept for 42 days and during this period feeding 
was done twice a day (9 am and 2 pm) at the rate of 1% 
of body weight according to Table 2. 

 

Table 1. The composition of the basic ration used. 
 

Row 
 

Diet components 
 

Amount of consumption 
(% by weight) 

1 Wheat flour 55.12 
2 Fish meal 32.88 
3 Fish oil 10 
4 Vitamins and minerals 2 

 
Table 2. How to consume feed in different groups. 

 

Experimental 
group 

How to use 
probiotics 

Consumption 

Control No probiotics 
Two shifts a day (9 

am and 2 pm) 

1 Daily 
Two shifts a day (9 

am and 2 pm) 

2 Every other day 
Two shifts a day (9 

am and 2 pm) 

3 
Two days in 

between 
Two shifts a day (9 

am and 2 pm) 
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Monitoring of environmental conditions 

The tubs were continuously oxygenated, and in 
order to remove waste and food residues on the bottom 
of the tubs, one third of the water in each tub was 
slowly siphoned daily without stress, and with the 
water that had been in the tank for 24 hours before, 
300 litter had been heated, it was replaced. Aeration 
and water exchange are common ways to reduce 
ammonia in water. Also, to prevent the influence of 
environmental conditions on the experiment, the 
physical and chemical factors of water were measured 
at specific times; Thus, pH and water temperature were 
determined using a multi-portable device, oxygen 
through an oxygen meter, and water salinity using a 
relevant measuring device. The measured water factors 
of the reservoirs were recorded in Table 3. 

 
Table 3. Measured factors of reservoir water. 

 

Row Parameters Amount  

1 Temperature (centigrade) 23 ± 2 

2 
dissolved oxygen (mg per 

liter) 
7 ± 0.5 

3 pH 7 

4 Salinity (mg per liter) 1.25 ± 0.05 

After the weight measurement, blood was taken 
from the anesthetized fish. Blood sampling was done 
from the caudal stem of unconscious fish. The blood of 
each fish was entered into a sterile test tube to evaluate 
serum blood factors. After the end of the blood 
collection operation, the blood samples were 
transferred to the laboratory at a temperature of 4oC 
inside the container and in the vicinity of the ice. 

Blood tests 

Blood serum factors including cholesterol, 
triglyceride, glucose, alanine aminotransferase (SGPT), 
aspartate aminotransferase (SGOT), amylase, and 
cortisol were measured. 

Statistical analysis 

This research was planned and executed in the form 
of a completely random design. Before analysing the 
data related to different factors, the Shapiro-Wilk 
normality test was performed, and if it was normal, the 
ANOWA test was used to determine the existence of 
significant differences among the groups. The Deccan 
test was used to determine the existence of significant 

differences among the factors of different groups under 
SPSS version 18 software. 

Results  

Environmental conditions 

The environmental conditions of fish keeping were 
regularly monitored. According to the results of Table 3, 
during the storage period, the temperature was 23 ± 
2°C, dissolved oxygen 0 ± 7.5 mg/liter, salinity 25.05 ± 
1 mg/liter, and pH equal to 7. 
 
Weight gain 

The rate of weight gain, weight gain percentage, and 
protein efficiency ratio increased significantly in fish 
treated with PrimaLac compared to the control group 
(p < 0.05). This showed a significant decrease in the 
food conversion ratio of fish treated with PrimaLac 
compared to the control group. There was no 
significant difference in specific growth rate, condition 
factor, daily food intake, and survival in the 
experimental treatments compared to the control 
group. 

Investigation of fish growth indicators 

    Growth indicators were shown in Table 4. In this 
study, the growth factors in fish fed with PrimaLac food 
supplement improved compared to the control group.  
 
Table 4. Blood serum factors and weight index of common 
carp fed with PrimaLac probiotic at different times (mean ± 
standard deviation). 

 
Experimental groups 

Parameters Two days 
in between 
(group 3) 

Every 
other day 
(group 2) 

Daily 
(group 1) 

Control 
group 

150.00±21.
00 

157.00±1
1.00 

160.00±7.0
0 

148.66±
19.50 

Cholesterol 
(mg/dL) 

220.00±28.
00 

223.00±1
3.00 

223.00±28.
00 

216.00±
32.00 

Tri glyceride 
(mg/dL) 

147.00±19.
00 

141.00±1
2.00 

140.00±8.0
0 

152.00±
7.00 

SGOT (U/L) 

32.00±1.00 
32.00±3.0

0 
31/00±4/0

0 
32.66±2.

51 
SGPT (U/L) 

259.00±10.
00 

260.00 ± 
7.00 

264.00±7.0
0 

249.00 ± 
9.00 

Amylase (U/L) 
97.66±25.0

0 
100.00±1

3.52 
103.33±14.

01 
94/33±7

/02 
Glucose (mg/dL) 

 
- The presence of non-identical letters in each row on the 

numbers indicated a significant difference. 

 
Comparison of blood factors 
 

The study of the biochemical indices of common 
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carp blood showed that the amount of total protein 
increased in groups 1, 2, and 3 compared to the control 
group, and this increase was significant in group 1 (p < 

0.05) and not significant in groups 2 and 3. Also, the 
amount of albumin in group 1 has increased compared 
to other groups (p < 0.05). It showed a constant value. 
On the other hand, cholesterol and triglyceride levels in 
all three groups (1, 2, and 3) increased compared to 
the control group (p < 0.05) (Fig. 1). 
 

 
Fig. 1. Diagram of changes in blood biochemical indices in 
carp fish. 
 

As for liver SGOT and SGPT enzymes, according to 
Fig. 2, the amount of these enzymes decreased in all 
three groups (1, 2, and 3) compared to the control 
group (p < 0.05) and the highest decrease was observed 
in group 1. The level of amylase enzyme and blood 
glucose showed a significant increase in all three 
groups compared to the control group, and the highest 
increase in both factors was observed in group 1. 
 

 
Fig. 2. Diagram of body enzymes changes in carp fish. 

 

Discussion 

In the present study, PrimaLac probiotic played a 
very positive role in promoting the growth of carp fish 
in all experimental treatments compared to the control 
group. All diets supplemented with probiotics led to 
better growth efficiency and food consumption 
compared to the basic diet in the group. Similar results 
were observed by a research group on Indian carp 
(Swain et al., 1996; Hatlen et al., 2005). It seems that 

the increase in growth is due to the increase in appetite 
and enzyme secretion or the improvement of fish 
health because of controlling infection and increasing 
the digestibility of food. In this study, the specific 
growth factor and weight gain in the treatments 
receiving PrimaLac compared to the control treatment 
showed a significant increase. Since bacteria can 
promote digestion activity by producing vitamins and 
cofactors or by improving enzyme activities (Pham et 
al., 2021), therefore, the presence of PrimaLac 
supplement in the diet can be considered as the reason 
for this positive performance of fish in this feature. 
Similar results were obtained in other studies for 
probiotics based on Streptococcus faecium in carp, and 
groups fed with probiotics had the highest weight and 
specific growth factor (Frizzo et al., 2008). In the 
present study, the treatments receiving the probiotic 
PrimaLac showed a higher food conversion ratio and 
higher protein consumption efficiency than the control 
group. Fish feed supplemented with probiotics 
improves diet and protein digestion, which justifies 
higher growth and better feed conversion ratio (Ramos 
et al., 2017). Growth is directly related to nutrition (Piri 
Gharaghie et al., 2020). The use of high-quality food 
rations causes the fish to reach the market weight by 
consuming less food in a shorter period, and in this 
way, the production costs are significantly reduced 
(Bernal et al., 2015). Therefore, to improve the growth 
indicators in a certain period, the survival rate and the 
efficiency of the consumed ration, the use of growth 
stimulants and nutritional supplements can be 
beneficial (Bernal et al., 2015). Probiotic bacteria are 
live microbial food supplements that have beneficial 
effects on the host animal by creating microbial 
changes in the intestine (Hernández-Mendoza et al., 
2022). A study has been conducted on Nile tilapia fish, 
in which a decrease in food conversion factor was 
observed in the group that consumed food 
supplemented with probiotics. Therefore, it was 
suggested that the utilization of food even under stress 
conditions is increased by probiotics (Samson, 2022). 
The results obtained in Japan regarding the status index 
of probiotics showed that probiotics cause an increase 
in the status index (Shimizu et al., 2105), but they 
obtained different results in rainbow salmon and 
salmon that did not have such an effect on their status 
index (Nimalan et al., 2022). This difference can be the 
way of feeding fish with probiotics. The present study, 
in line with the previous studies, showed that the way 
of feeding has a significant effect on the change of 
physical indicators, so that the fish that received the 
daily probiotic diet showed better physical indicators. 
Research has shown that some aerobic bacteria such as 
Bacillus circulants and B. subtilis isolated from the 
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microbial population of the digestive system of farmed 
fish such as Katla 1, Roho 2, common carp, silver carp 
3, grass-eating carp 4, marigal 5, and tilapia 6 have 
extracellular enzymes such as lipase and protease 
(Nimalan et al., 2022). It has also been reported that 
probiotic bacilli in relation to Indian white shrimp 
caused a significant increase in digestive enzymes 
including protease and lipase in control treatments 
(Gómez et al., 2008). Also, increasing the exploitation of 
carbon hydrates has basically provided part of the 
maintenance energy in these fishes, and finally, due to 
less consumption of protein in providing the energy 
needed by the body; we have an increase in protein 
(Gómez et al., 2008). Cholesterol and triglyceride levels 
increased in all three groups receiving probiotics 
compared to the control group (p < 0.05). In relation to 
both fat factors, the highest increase was observed in 
the group that received the probiotic daily and the 
lowest increase in the group that received the probiotic 
every other day. In research conducted by Hosseini et 
al. (2013) to determine the effect of probiotics based 
on Pediococcus lactic 1 on the growth and blood and 
serum factors of Caspian salmon, cholesterol and 
triglyceride levels were the highest in the probiotic 
treatment. The addition of photosynthetic bacteria and 
bacillus sp. as probiotics to the diet of cultured carp 
showed that the number of digestive enzymes 
increased in the experimental treatments compared to 
the control group (Hosseini et al., 2013). Probiotics 
have increased the specific activity of this enzyme in 
the digestive tract of fish by secreting more and more 
lipase enzyme. Serum enzymes are mainly influenced 
by physiological and environmental factors. For 
example, the type of diet, ambient temperature, fish 
age, and salinity are effective in the level of serum 
enzymes and their activity (Assan et al., 2022). The 
amount of SGOT and SGPT enzymes in the liver 
decreased in the three groups that received probiotics 
compared to the control group (p < 0.05). Rahmani 
Asgarabadi (2013) showed a positive effect on the level 
of liver enzymes. The amount of amylase enzyme and 
glucose increased in all three probiotic groups 
compared to the control group (p < 0.05). For both 
factors, the highest amount was observed in the group 
that received daily probiotics. An increase in amylase 
can be justified by an increase in glucose. In fact, with 
the increase of carbohydrate, its decomposing enzyme 
(amylase) also increases (Peyrot et al., 2016). 

External factors such as diet, age, time of the last 
meal, season, and temperature can affect glycogen 
reserves and increase or decrease blood sugar in fish. 
In fact, the change in blood glucose level is not only 
dependent on the action of cortisol and various factors 
are effective in it (Peyrot et al., 2016). According to the 

results obtained from this research, the amount of 
cortisol hormone was the highest in the group that was 
not fed with probiotics, and it was lower in the groups 
that received probiotics. This difference is significant in 
all three probiotic groups compared to the control 
group (p < 0.05). The lowest amount of cortisol was 
observed in the group that received probiotics daily. In 
a study, it was observed that Lactobacillus delbrueckii 
on sea jasmine reduced cortisol levels from 6.3 ng/g to 
1.5 ng/g (Alverson et al., 1994). One of the many effects 
of the cortisol hormone is to increase the body's 
resistance during stress by reducing the absorption of 
glucose and intensifying the need for sodium and water 
in the body (Stachowicz et al., 2016). Blood sugar is one 
of the important factors that is usually influenced by 
hormones and hormonal control, and increasing the 
amount of stress and secretion of cortisol hormone can 
affect fish plasma glucose (Hafez et al., 2013). As for the 
weight gain index, it was higher in the groups that 
received probiotics than the control group (p < 0.05). 
Among the groups receiving probiotics, the group that 
received it daily showed a higher amount than the 
other two groups that received it one day in between 
and two days in between (p < 0.05). In line with the 
results of the present study, in a study that was 
conducted to investigate the effects of PrimaLac 
probiotic on the growth and survival factors of Iranian 
fish, the groups that received probiotics had a higher 
weight gain (Salaghi et al., 2013).  

Based on the findings of this research, PrimaLac 
probiotic can be considered as a useful substance that 
affects the serum factors of fish blood, and the amounts 
of total protein and albumin. The daily consumption of 
probiotics has increased compared to the control 
group, which shows the positive effect of PrimaLac 
probiotic on these two factors effective in growth. 
Cortisol factor has decreased in all three groups 
compared to the control group, and this decrease in 
serum cortisol level improves the function of the 
immune system. Therefore, it seems that the presence 
of probiotics can stimulate the production of digestive 
enzymes and thereby improve the digestion of protein, 
starch, fat and cellulose, which ultimately causes better 
growth. 
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