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The aim of this study was to investigate the effects of 

dietary supplementation of a commercial probiotic 

containing Bacillus subtilis, Lactobacillus acidophilus, L. 

delbrueckii, L. rhamnosus, and L. plantarum on growth 

performance, hematological and immunological 

parameters of bester fingerlings. Two-hundred and forty 

fingerlings (10±0.9 g) were randomly distributed into 12 

fiberglass tanks. The experimental diets were formulated 

using 0 (control), 100 (T100), 200 (T200), and 300 (T300) 

mg/kg of the probiotic. The fish were fed at 3% of body 

weight for 8 weeks. The result revealed that dietary 

probiotics increased final weight, condition factor, daily 

growth rate, specific growth rate, and body weight increase 

(p>0.05). Also, we observed a significant increase in feed 

efficiency ratio and protein efficiency ratio for fish fed 

with T300 compared to T200 (p<0.05). Hematological 

parameters were not influenced by dietary probiotic levels 

(p>0.05). There were no significant differences in total 

immunoglobulin (p>0.05), while alternative complement 

activity was significantly enhanced by the inclusion of 

probiotics in diets (p<0.05). The present study showed that 

feed efficiency, protein efficiency, and immunological 

parameters of bester fingerling have been improved by 

adding the commercial probiotic at 200 mg/kg. 
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Introduction 

Today, general use of antibiotics in animal 

feed is banned and use of various additives 

is recommended. Probiotics are one of the 

best dietary supplements (Banerjee and 

Ray, 2017). Beluga (Huso huso) and 

Siberian sturgeon (Acipenser baerii) belong 

to the Acipenseridea family. This species 

has a high tolerance for unfavorable 

environmental conditions and rapid growth, 

thus being widely  raised in cement and 

fiberglass tanks in Iran (Kalbassi et al., 

2013). In recent years, Bester has been 

introduced to the sturgeon farming 

industry. However, intensive culture and 

stocking density can significantly affect 

fish welfare and cause health problems, 

poor growth and diseases (Dalsgaard et al., 

2013; Abarike et al., 2018). Probiotics are 

living organisms that are added to aqua feed 

or water to increase growth and resistance 

against adverse environmental conditions 

via improving microbial balance in the 

gastrointestinal tract of fish or rearing water 

(Merrifield et al., 2010). probiotics can 

improve digestibility, non-specific immune 

system, growth rate, and feed conversion 

ratio in fish (Gatesoupe, 2008). 

Investigation about probiotic effect on 

sturgeon welfare is negligible (Askarian et 

al., 2011; Faramarzi et al., 2011; Faramarzi 

et al., 2012; Iranshahi et al., 2012; Soltani, 

2016). Soltani et al. (2019) investigated the 

genetic diversity of autochthonous LAB 

isolated from Persian sturgeon fingerlings 

intestine (~3.2 g) and found that 

Lactococcus garvieae and Lacbacillus 

lactis constituted 42.5% and 36.1% of LAB 

population. Geraylou et al. (2012) reported 

that the gut microbiota of Siberian sturgeon 

juvenile has several bacteria including 

Candidatus Arthromitus, Plesiomonas 

shigelloides, Cetobacterium somerae, 

Clostridium ruminantium), C.sardiniense, 

B. circulans. Also, six Lactobacillus 

families have been described in the stomach 

or intestine. Although many LAB are 

harmless, some strains are beneficial for 

fish health (Gatesoupe, 2010). Literature 

has shown that Bacillus species application 

alone or in combination with other bacteria 

leads to improve growth, food 

consumption, and immune system in the 

host. Burr et al. (2005) stated that the 

production of a specific probiotic derived 

from sturgeon microflora is available 

(Hoseinifar et al., 2016). but an experiment 

conducted by Elsabagh et al. (2018) to 

evaluate a combination of Bacillus strains 

(B. subtilis, B. licheniformis, and B. 

pumilus) on Nile tilapia (Oreochromis 

niloticus) showed that the combination of 

probiotic bacteria will have a better effect 

on growth index and immune system. 

Therefore, the present study looked at the 

effect commercial aquaculture (CA) 

probiotic mixtures of Bacillus and 

Lactobacillus (B. subtilis, L. acidophilus, 

L.delbrueckii, L. rhamnosus, and L. 

plantarum) on growth performance, 

hematology, and immunological 

parameters of bester fingerling. 

 

Materials and methods 

 The commercial aquaculture multi-strain 

probiotic with a 1×1010 CFU mixture of B. 

subtilis, L. acidophilus, L. delbrueckii, L. 

rhamnosus, and L. plantarum was prepared 
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from Superzist, Varena Company, Rasht, 

Iran. 

 

Preparation of diets and probiotics 

The experimental diets were as follows: the 

control (a commercial sturgeon diet; 1.9 

mm diameter, Biomar, France), PR100, 

PR200, and PR300 diets. The proximate 

composition of the diets included 47% 

crude protein, 11% lipid, 1.16% 

phosphorus, 11% moisture, 10% ash, and 

3% fiber as provided by Abzyco Company, 

Iran. To prepare PR100-300 diets, the desired 

amount of bacterial powder (1×1010 CFU) 

was mixed with 50 ml of sterile 

physiological serum and sprayed into 1 kg 

of the control diet to obtain 1×106, 2×106 

and 3×106 CFU g of probiotic bacteria in 

diet. Then Diets were dried at room 

temperature (24±1°C) (Merrifield et al., 

2010). The fish were fed twice a day for 8 

weeks at 3% of the body weight (Mohseni 

et al., 2008). 

Rearing conditions and growth 

performance 

Bester fingerlings were from the Caspian 

Sea International Sturgeon Research 

Institute, Rasht, Iran. All fish (~2 g) were 

acclimated in fiberglass tanks for two 

weeks and fed three times in day (Biomar, 

France). After this period, 240 fish were 

distributed in twelve fiberglass tanks (2 m3) 

(30 fish per tank) with body weight and 

total length of 10.52±0.67 g and 13.26±0.11 

cm (p>0.05), respectively. During the 

investigation, water temperature, pH (8.9), 

dissolved oxygen (6.4 mg/L), ammonia and 

photoperiod were estimated. For all 

experimental tanks, water flow was set at 2 

L/min. Fish were fed 3 % of the body with 

experimental diets for 8 weeks. The fish 

were monitored every two weeks. For this 

purpose, individual fish were anesthetized 

using clove powder (150 mg/L) (Hallajian 

et al., 2011) and their weight and total 

length were determined using a digital 

balancer (Mahak, Iran). Growth 

performance and feed utilization were 

calculated using the following formula: 

CF= (Final Body Weight÷ Total length3) × 100; WG = (Final weight − Initial weight); 

PWG=((Final weight − Initial weight (g)) / (initial weight)×100; FCR=Feed fed / Fish weight 

gain; S.G.R=(ln Final Body Weight −ln Initial Body Weight)/duration of rearing × 100; 

PER=Mean weight gain (g)/Protein intake  

Where, PI = Feed intake ×% of protein in the diet. 
 

Hematological and immune parameters 

assays 

At the end of the feeding trial, fish were 

fasted for 24 h before blood sampling. 

Anesthetized and blood samples were 

collected using a syringe from the caudal 

vein. The blood sample was divided into 

two parts. One half was transferred to 2mL 

heparinized Eppendorf tubes for 

hematological assay, and other part was 

immediately centrifuged to separate serum 

(Labfuge 200, Frankfort, Germany) at 3000 

×g for 10 min at 4°C (Anderson et al., 

1997). White blood cells (WBCs) were 

counted by a Neubauer hemocytometer 

using an isotonic solution (Turk solution). 
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leukocyte (lymphocyte, monocyte, 

neutrophil, and eosinophil) were detected 

according to Amlashi et al. (2011) with a 

light microscope. Red blood cells (RBC) 

were counted using a Neubauer chamber. 

Hematocrit (Hct) was determined by the 

standard microhematocrit method and 

expressed as a percentage. Hemoglobin 

(Hb) was determined by spectrophotometer 

(U.V./Vis-6505, Junway, England) by 

Blaxhall and Daisley (1973) method. 

Erythrocyte index (mean cell hemoglobin 

(MCH), mean cell hemoglobin 

concentration (MCHC), and mean cell 

volume (MCV) were calculated using the 

following equations (Potki et al., 2018): 
 

 

MCH (pg) = Haemoglobin (g/L) ×Red blood cell (1012/L) 

MCHC (g/L) = Haemoglobin (g/L) / Haematocrit (%) 

MCV (fl)=Haematocrit × 10/ Red blood cell (1012/L) 
 

The alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) activities 

were measured according to of Thomas 

(1998) method using Pars Azmun kits 

(Karaj, Iran) at 540 nm. Lysozyme activity 

was measured by a turbidimetric method 

according to method described by (Ellis, 

1990). Alternative complement pathway 

activity (ACH50) was measured according 

to Yano (1992) method based on rabbit 

hemolysis red blood cells. Serum 

immunoglobulin (IgM) value was 

measured by Siwicki (1993) method. 

 

Feed and intestinal bacteria  

Feed and intestinal tissues (10 g) (after 

removal of gut content) were transferred to 

sterile glass containers and 50 mL 

physiological serum (Mahban Darou., 

Tehran, Iran) was added. One-hundred µl 

of the above solution was cultured on MRS 

agar (Man Rogson Sharp). The plates were 

incubated at 30°C for 96 h in anaerobic 

conditions (Mermment, Germany) and the 

number of bacteria was recorded 

(Merrifield et al., 2010). 

 

Statistical analysis  

Statistical analyses were done by SPSS 

statistical package version 20 (SPSS Inc., 

Chicago IL, USA). One-way analysis of 

variance followed by Tukey’s post hoc test 

was used for data analysis with a 

confidence interval of 95% after checking 

for the normality of data and homogeneity 

of variance. Data were presented as mean ± 

SD of experiments performed in triplicate. 

 

Results  

Growth performance 

Bester Growth performance is shown in 

Table 1. The fish fed T300 showed the 

highest FW and CF (p>0.05) and lowest 

FCR (p<0.05). There were no differences in 

specific growth rate and weight gain in fish 

fed different experimental diets (p>0.05). 

Also, fingerlings with the best feed and 

protein efficiency ratio belonged to 300 

mg/kg probiotic group (p<0.05). In 

contrast, fingerlings fed with 200 mg/kg 

probiotics showed the lowest FE and PER 

(p<0.05). 
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Hematological parameters  

CA probiotic effects on hybrid bester 

hematological and immunological 

parameters are shown in Tables 2 to 4. 

Probiotics in the diets (200 and 300 mg/kg) 

increased hematocrit, hemoglobin, white 

blood cells, red blood cells, and monocyte 

compared to other treatments. But 

differences were not significant (p>0.05). 

An increase in probiotic level did not 

change MCV, MCH and MCHC, 

neutrophil, and lymphocytes (p>0.05). 

Probiotic supplementation has a positive 

effect on fish immune system indices 

(P>0.05). However, no significant 

differences were observed in IGM and 

lysozyme in fish fed different levels of 

probiotics. However, dietary probiotics 

significantly increased serum ACH50. The 

highest value (135±5.5 un/%) was observed 

in fish fed on T200 diet (p<0.05). 

 

 
Table 1: Growth index and feed conversion ratio of bester fed with different levels of commercial aquaculture probiotic comprising 

B. subtilis, L. acidophilus, L. delbrueckii, L.rhamnosus, and L.plantarum for 8 weeks. 

Indices T300 T200 T300 T0 

Initial weight (g) 10.54 ± 0.06 10.38 ± 0.25 10.49 ± 0.12 10.69 ± 0.24 

Final weight (g) 78.44 ± 2.14 70.37 ± 4.66 70.26 ± 8.09 72.15 ± 3.07 

Initial Length (cm) 13.48± 0.17 13.42 ± 0.08 12.57 ± 0.07 13.59 ± 0.12 

Final Length (cm) 27.85± 0.53 27.30± 0.56 27.47± 0.56 27.59± 0.75 

Initial biomass (gr) 210.80± 1.23 207.50± 4.99 209.63± 2.30 213.70± 4.75 

Final biomass (gr) 1568.73 ± 42.89 1407.40± 93.25 1405.20 ± 161.73 1443.07± 61.43 

Product (gr) 1357.93± 43.16 1199.90± 92.35 1195.57± 161.60 1229.37± 56.92 

FI (gr) 1234.53± 57.24 1197.32± 63.15 1131.52± 66.23 1206.30± 28.82 

CF 0.36 ± 0.01 0.35 ± 0.01 0.34 ± 0.03 0.34 ± 0.02 

FCR 0.91± 0.02 b 1.00± 0.03a 0.95± 0.07ab 0.98± 0.03ab 

DGR (gr/ day) 1.21 ± 0.04 1.07± 0.09 1.07± 0.14 1.10 ± 0.05 

SGR (% /day) 3.58± 0.06 3.42± 0.12 3.39± 0.20 3.41± 0.04 

BWI (% / total experiment) 643.98± 21.74 578.36 ± 44.85 570.33 ± 76.96 575.09± 15.08 

FE 110.05 ± 1.71a 100.14 ± 2.93 b 105.35 ± 7.88ab 101.87 ± 2.31ab 

PER 2.45 ± 0.04a 2.22 ± 0.06b 2.34± 0.17ab 2.27± 0.05ab 

Data are given as mean ± SD. The mean values in the same row with different letters are significantly different (p<0.05). FI: Food intake; CF: 

Condition factor; FCR: feed conversion ratio; DGR: daily growth rate; SGR: specific growth rate; BWI: Body weight increase; FE: Feed 
efficiency; PER: Protein efficiency ratio  

 

Table 2: Hematological parameters of bester fed with different levels of commercial aquaculture (CA) probiotic comprising B. subtilis, 

L. acidophilus, Lactobacillus delbrueckii, Lactobacillus rhamnosus, and Lactobacillus plantarum for 8 weeks. 

Indices T0 T100 T200 T300 

Hematocrit (%) 29.7± 1.5 28.0± 1.0 30.0± 6.0 30.3± 5.1 

Hemoglobin (g/dl) 6.1± 0.4 5.8± 0.2 6.1± 1.0 6.1± 1.0 

RBC (µl  ×106) 0.768± 0.047 0.726± 0.022 0.78± 0.14 0.79± 0.16 

WBC (µl ×103) 9.96±0.568 11.0± 0.5 10.9± 2.1 11.6± 2.30 

MCV (fl) 386.3± 5.5 385.0± 1.7 379.7± 10.1 381.3± 12.9 

MCH (pg) 79.0± 1.7 80.3± 0.6 77.7± 4.0 76.3± 4.0 

MCHC (gr/dl) 20.7± 0.6 20.7± 0.6 20.3± 1.2 19.7± 0.6 

Neutrophil (%) 22.3± 1.5 23.7± 1.5 22.3± 1.5 23.7± 2.1 

Lymphocytes (%) 73.0± 3.0 71.7± 2.5 72.7± 2.3 69.7± 2.5 

Monocyte (%) 4.0± 1.0 4.0± 1.0 5.0± 1.0 5.7± 1.5 

Eosinophil (%) 0.7± 0.6 0.7± 0.6 0.0± 0.0 1.0± 1.0 

Data are presented as mean ± SD. Data in the same row with different superscripts are significantly different (p>0.05). hematocrit (Hct), 
hemoglobin (Hb), red blood cell (RBC), mean erythrocyte cell volume (MCV), mean erythrocyte cell hemoglobin content (MCH), mean 

erythrocyte cell hemoglobin concentration (MCHC), monocytes, neutrophil, white blood cell (WBC), lymphocyte, and eosinophils and 

biochemical parameters: Cholesterol, Total Lipid, Albumin, and Total Protein. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

                             5 / 14

http://jifro.ir/article-1-5223-en.html


298 Hosseinpour et al., Effect of a commercial probiotic (Supersets® and Varna®) on growth performance, ... 

Table 3: Immune system index of bester fed with different levels of commercial aquaculture (CA) probiotic 

comprising B. subtilis, L.acidophilus, Lactobacillus delbrueckii, Lactobacillus rhamnosus, and 

Lactobacillus plantarum for 8 weeks. 

Indices T0 T100 T200 T300 

IGM (mg/dl) 60.7± 3.1 54.7±6.5 74.0±11.0 66.0± 9.0 

Lysozyme (un/mL/min) 33.5±0.5ab 33.0±2.0b 34.0±1.0a 33.0±1.0ab 

ACH50 (un/%) 118.0±5.0b 133.0±5.0a 135.0±5.0a 130.0±5.0a 

Data presented as mean ± SD. Data in the same row with different superscripts are significantly different (p<0.05). 

Total immunoglobulin (IgM), lysozyme activity, and alternative complement activity (ACH50).  

 

Table 4: Total count of commercial aquaculture probiotic comprising B. subtilis, L. acidophilus, 

Lactobacillus delbrueckii, Lactobacillus rhamnosus, and Lactobacillus plantarum on intestine 

bacterial total count of bester fingerling for 8 weeks. 

Indices 
Diet 1 

T0 

Diet 2 

T100 

Diet 3 

T200 

Diet 4 

T300 

bacterial total count (log CFU/g) 3.38±0.1b 3.48±0.15b 3.81±0.1ab 4.6±0.1a 

 Data presented as mean ± SD. Data in the same row with different superscripts are significantly different (p<0.05). 
 

Discussion 

The isolation and characterization of 

cultivated allochthones lactobacilli were 

carried out on beluga (Askarian et al., 

2011) and Acipenser persicus (Ghanbari et 

al., 2009). The stabilized bacteria in the 

intestine resulted in growth indices 

improvement in this species (Hoseinifar et 

al., 2016). In the present study, we showed 

that fish fed by a non-isolated native protein 

had more food consumption than control. 

Also, we showed that the final biomass, FI, 

CF, DGR, SGR, and BWI had increased 

trends while this progress was not 

significant. Similarly, some other studies 

that worked on Siberian sturgeon (Hassani 

et al., 2020), Persian sturgeon (Askarian et 

al., 2011; Soltani, 2013), Nile tilapia 

(Shelby et al., 2006), and channel catfish 

(Ictalurus punctatus) (Shelby et al., 2007) 

reported the same results. The results of 

SGR and FCR in fish fed T300 are approved 

by the studies that worked on beneficial 

microbiota in feed and reported improved 

growth parameters, intestinal microflora, 

digestion enzymes, and increased appetite 

in Zebrafish (Danio rerio) (Rawles et al., 

2004) and Cyprinus carpio (Ran et al., 

2018). Also, the higher total numbers of 

colonies in the intestine of fishes fed T100, 

T200, and T300 compared to T0 indicated that 

our current probiotic comprising B. subtilis, 

L. acidophilus, L. delbrueckii, L. 

rhamnosus and L.plantarum similar to 

sturgeon native probiotic bacteria (L.lactis 

and weissella cibaria) (unpublished data) 

can substitute in bester intestine as 

microflora, that lead to protease, lipase and 

amino acids secretion, high digestion 

ability, growth improvement, and low food 

conversion ratio (Askarian et al., 

2011).Unfortunately, in this study, 

intestinal microflora and gastrointestinal 

enzymes were not measured, but the 

increased growth rate and decreased FCR 

can confirm the above issues. Furthermore, 

in the present study, the hybrid sturgeon 

fingerlings fed with non-isolated native 

probiotics had faster swimming behavior, 

high final biomass, FI, CF, DGR, SGR, and 

BWI indices, that were consistent with 

previous studies on Siberian sturgeon 

(Hassani et al., 2020), Persian sturgeon 

(Askarian et al., 2011; Soltani, 2016), Nile 

tilapia (Shelby et al., 2006) and channel 

catfish (Shelby et al., 2007) fed probiotic 
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supplemented diets. A wide range of exo-

enzymes secretion by Lactobacillus has 

been reported (Suzer et al., 2008). In 

addition to bester fingerlings' improved 

SGR and FCR indices that represented in 

this study, microbiota replacement in the 

intestine can lead to gut microflora 

enhancement, more efficient digestion 

enzymes activity, and more appetite that 

was noticed in Zebrafish (Rawles et al., 

2004) and Common carp (Ran et al., 2018). 

In this study, we observed Higher counts of 

B. subtilis, L.acidophilus, L. delbrueckii, L. 

rhamnosus, and L. plantarum in the 

intestine of fish fed T100, T200 and T300 

compared to T0. This indicated that CA 

probiotics successfully settled in bester 

intestine, which led to higher enzyme 

secretion (protease and lipase) for food 

digestion and improved growth and FCR 

(Askarian et al., 2011). Although, in this 

study, enzyme digestion was not measured 

in hybrid bester sturgeon, the probable 

produced intestinal microflora by 

probiotics may contributed to better 

digestibility and a higher growth 

performance. Hematological parameters 

are special indicators of fish health status 

and they are affected by environmental 

stress (Schütt et al., 1997). In this study, 

there were no significant differences in 

hematological indices between treatments 

but hematocrit, RBC, WBC, neutrophil, 

monocyte, and eosinophil values of the fish 

in T300 treatment were higher than other 

groups. Hemoglobin and erythrocyte 

numbers are good indicators of the oxygen 

transportation capacity of fish (Lamas et 

al., 1994). On the other hand, an increase in 

hemoglobin and hematocrit plays an 

important role in improving fish health, 

enhancing fish immunity and growth 

(Talpur et al., 2012). On the other hand, 

rising in the number of RBCs can intensify 

the concentration of hemoglobin and 

eventually leads to a high oxygen-carrying 

capacity in fish fed probiotic. Our daily 

observations showed that fish fed T300 had 

more freshness and vitality compared to 

other treatments. Also, in agreement with 

Hassani et al. (2020) and Soltani et al. 

(2016) that asserted the supplementation of 

feed with probiotics (lactic acid bacteria) 

leads to RBC, hemoglobin, and WBC 

increase in fingerlings Siberian sturgeon 

and Persian sturgeon. Some scientists 

believe that higher counts (%) of 

phagocytic cells (neutrophils and 

monocytes) and lymphocytes are infection 

occurrence indices (Mohapatra et al., 

2012), and many studies showed that 

probiotics have stimulation effect on 

phagocytic cell proliferation in 

Oncorhynchus mykiss (Panigrahi et al., 

2004), Labeo rohita (Nayak et al., 2007), 

Nile tilapia (Pirarat et al., 2011), and 

Persian sturgeon (Soltani, 2016). Also, 

probiotics have a multiplier factor in 

leukocytes (neutrophils) and NK cells in 

Rainbow trout and Rohu that leads to innate 

immune responses improvement 

(Nikoskelainen et al., 2001; Irianto and 

Austin, 2002; Kumar et al., 2008).In the 

present study, we also found an increase in 

neutrophils and monocytes number in T300 

group, which may be due to phagocytic 

activity stimulant of our probiotic in bester, 

but the number of lymphocytes in T300 

treatment decreased compared to other 

treatments, respectively and, the reason is 

not clear.  
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In fish like other vertebrates, intrinsic 

defense mechanisms include epithelial 

barriers such as skin, gills, intestines, and 

mucosa, lectin, lysozyme, C-reactive 

protein, interferon, complement system, 

and inflammatory reactions that have 

prophylactic effects on disease outbreaks in 

fish. Many studies have shown that 

probiotic bacteria are known to have 

immunestimulant effects (Gatesoupe, 

1999; Verschuere et al., 2000). In the 

present study, probiotics caused a non-

significant increase in lysozyme and IgM 

and a significant increase in complement in 

fish fed T300. Lysozyme may act on the 

peptidoglycan layer of the bacterial cell 

walls resulting in the lysis of the bacterium. 

Lysozyme was found in mucus and ova 

(Kiron, 2012), and the serum lysozyme was 

used as a non-specific immune response 

indicator. Some studies indicated lysozyme 

enhancement level in Siberian sturgeon fed 

(3×106 CFU g B. subtilis, L. acidophilus, L. 

delbrueckii, L. rhamnosus, and L. 

plantarum) (Hassani et al., 2020), Persian 

sturgeon fed (108 CFU/g LAB) (Soltani et 

al., 2016) and Russian sturgeon (Acipenser 

gueldenstaedtii) fed (symbiotic Biomin 

IMBO,1.5-5 g/kg diet) (Jafarzadeh et al., 

2015). Despite the fact that leukocytes are 

the source of lysozyme production, WBC 

increase (Soltani et al., 2016) or stimulation 

of innate immune system triggers lysozyme 

secretion and leads to lysozyme increase 

(Ibrahim, 2015; Jafarzadeh et al., 2015). 

Complement roles in sturgeons are not 

known clearly as teleost fish. The 

complement system in teleost fish serum is 

one of the most potent non-effector cell 

responses of the immune system and may 

be activated by antigen-specific antibodies, 

a microbial cell surface, or a lectin (Hellio 

et al., 2007). Probiotics can enhance the 

natural complement activity of teleost fish 

(Ellis, 1999; Panigrahi et al., 2007). Similar 

results were reported in Siberian sturgeon 

(Hassani et al., 2020), Persian sturgeon, 

(Soltani et al., 2016), Orange-spotted 

grouper (Epinephelus coioides) (Son et al., 

2009), Striped beakfish (Oplegnathus 

fasciatus) (Harikrishnan et al., 2010), 

Cobia (Rachycentron canadum) (Geng et 

al., 2011), and Persian sturgeon (Soltani et 

al., 2016). It seems that commercial 

probiotics have been able to significantly 

stimulate complement secretion in the 

blood serum of fish, although more studies 

are needed to understand their mechanism 

of action. 

Immunoglobulins are natural antibodies 

that are fully regulated in the absence of 

foreign antigens and have extensive 

protection against pathogens. This feature 

makes them a vital part of the non-specific 

fish immune system (Magnadottir, 2006). 

In this study, there was no significant 

difference in the ranges of immunoglobulin 

in different treatments, but the highest level 

of immunoglobulin was observed in fish at 

T200 treatment. Ghiasi et al. (2018) 

confirmed that the total serum 

immunoglobulin (Ig) was elevated in 

Beluga (248.32±10.21 g) fed probiotic 

Pediococcus acidilactici for eight weeks. 

Similarly, Hassani et al. (2020) observed a 

steadily augmented trend of IgM activities 

by elevating lactic acid bacteria 

(Superzist® and Varena®) up to 3×106 

CFU/g in Siberian sturgeon fingerlings 

during 56 days. 

Although, our result was inconsistent 

with previous findings, which showed no 
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significant differences in the IgM levels. It 

is necessary to note that the feeding 

duration of probiotics is another important 

factor to affects the establishment, 

persistence, and subsequent induction of 

immune responses in the host. In fish, the 

most beneficial effects like high weight 

gain, improved immunity, and disease 

resistance have been recorded through a 

dietary probiotic feeding regime in 1-10 

weeks (Nayak, 2010). However, the 

duration of our study was only 8 weeks and 

the stimulating innate immunity effects of 

different probiotic strains and their feeding 

duration can vary in the same family 

(Hoseinifar et al., 2016). 

    Finally, we concluded that adding the 

commercial probiotic at 200 mg/kg had 

beneficial effects on growth rate and some 

hematological and immunological indices 

in hybrid bester sturgeon. Based on the 

present results, it is recommended to use 

this product at high levels, due to the 

improvement of growth indices especially 

in T200. 

 

Acknowledgments 

The authors express their special thanks for 

the support from the Caspian Sea 

International Sturgeon Research Institute 

and Saajad Ghasemian and Hooshang 

Yeganeh for rearing and feeding fish. 

 

Conflicts of interest 

The authors have no conflicts of interest to 

disclose. 

 

References 

Abarike, E.D., Jian, J., Tang, J., Cai, J., 

Yu, H., Lihua, C. and Jun, L., 2018. 

Influence of traditional Chinese 

medicine and bacillus species (TCMBS) 

on growth, immune response and 

disease resistance in Nile tilapia, 

Oreochromis niloticus. Aquaculture 

Research, 49, 2366-2375. 

DOI:10.1111/are.13691 

Amlashi, A.S., Falahatkar, B, and Sharif, 

S.D., 2011. Dietary vitamin E 

requirements and growth performance 

of young-of-the-year beluga, Huso huso 

(L.) (Chondrostei: Acipenseridae). 

Fisheries & Aquatic Life, 20, 299-306. 

DOI:10.2478/v10086-012-0034-y 

Anderson, W.G., Mckinley, R.S, and 

Colavecchia, M., 1997. The use of clove 

oil as an anesthetic for rainbow trout and 

its effects on swimming performance. 

North American Journal of Fisheries 

Management, 17, 301-307. 

DOI:10.1577/1548-

8675(1997)017<0301: TUOCOA2. 

3.CO;2 

 Askarian, F., Kousha, A., Salma, W. and 

Ringa, E., 2011. The effect of lactic acid 

bacteria administration on growth, 

digestive enzyme activity and gut 

microbiota in Persian sturgeon 

(Acipenser persicus) and beluga (Huso 

huso) fry. Aquaculture Nutrition, 17, 

488-497. DOI:10.1111/j.1365-

2095.2010.00826.x 

 Banerjee, G. and Ray, A.K., 2017. The 

advancement of probiotics research and 

its application in fish farming industries. 

Research in veterinary science, 115, 66-

77. DOI:10.1016/j.rvsc.2017. 01.016 

 Blaxhall, P. and Daisley, K., 1973. 

Routine haematological methods for use 

with fish blood. Journal of Fish Biology, 

5, 771-781.  

      DOI:10.1016/j.rvsc.2017.01.016 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

                             9 / 14

http://jifro.ir/article-1-5223-en.html


302 Hosseinpour et al., Effect of a commercial probiotic (Supersets® and Varna®) on growth performance, ... 

 Burr, G., Gatlin III, D. and Ricke, S., 

2005. Microbial ecology of the 

gastrointestinal tract of fish and the 

potential application of prebiotics and 

probiotics in finfish aquaculture. 

Journal of the World Aquaculture 

Society, 36, 425-436. 

DOI:10.1111/j.1749-

7345.2005.tb00390.x 

Dalsgaard, J., Lund, I., Thorarinsdottir, 

R., Drengstig, A., Arvonen, K. and 

Pederson, P.B., 2013. Farming different 

species in RAS in Nordic countries: 

Current status and future perspectives. 

Aquacultural Engineering, 53, 2-13. 

DOI:10.1016/j.aquaeng.2012.11.008 

Ellis, A. E., 1990. Lysozyme assays. 

Techniques in Fish Immunology, 1, 101-

103. 

Ellis, A., 1999. Immunity to bacteria in 

fish. Fish & shellfish immunology, 9, 

291-308. DOI:10.1006/fsim.1998.0192 

Elsabagh, M., Mohamed, R., Moustafa, 

E.M., Hamza, A., Farragh, F., 

Decamp, O., Dawood, M.A. and 

Eltholth, M., 2018. Assessing the 

impact of Bacillus strains mixture 

probiotic on water quality, growth 

performance, blood profile and intestinal 

morphology of Nile tilapia, 

Oreochromis niloticus. Aquaculture 

Nutrition, 24, 1613-1622. 

DOI:10.1111/anu.12797 

Faramarzi, M., Jafaryan, H., Patimar, 

R., Iranshahi, F., Boloki, M.L., 

Farahi, A., Kiaalvandi, S., Ghamsary, 

M. and Makhtoumi, N.M., 2011. The 

effects of different concentrations of 

probiotic Bacillus spp. and different 

bioencapsulation times on growth 

performance and survival rate of Persian 

sturgeon (Acipencer persicus) larvae. 

World Journal of Fish and Marine 

Sciences, 3, 145-

150.DOI:20.1001.1.15622916.2017.16.

1.12.3  

Faramarzi, M., Jafaryan, H., 

Roozbehfar, R., Jafari, M. and Biria, 

M., 2012. Influences of probiotic Bacilli 

on ammonia and urea excretion in two 

conditions of starvation and satiation in 

Persian sturgeon (Acipenser persicus) 

larvae. Global Veterinaria, 8, 185-189. 

Gatesoupe, F.J., 1999. The use of 

probiotics in aquaculture. Aquaculture, 

180, 147-165. DOI:10.1016/S0044-

8486(99)00187-8 

 Gatesoupe, F.J., 2008. Updating the 

importance of lactic acid bacteria in fish 

farming: natural occurrence and 

probiotic treatments. Microbial 

Physiology, 14, 107-114. 

DOI:10.1159/0001 06089. 

Gatesoupe, F.J., 2010. Probiotics and 

other microbial manipulations in fish 

feeds: prospective health benefits. 

Bioactive foods in promoting health. 

Elsevier. Bioactive Foods in Promoting 

Health, 28, 541-552. 

DOI:10.1016/B978-0-12-374938-

3.00032-3 

Geng, X., Dong, X.H., Tan, B.P., Yang, 

Q.H., Chi, S.Y., Liu, H.Y. and Liu, 

X.Q., 2011. Effects of dietary chitosan 

and Bacillus subtilis on the growth 

performance, non-specific immunity 

and disease resistance of cobia, 

Rachycentron canadum. Fish & 

Shellfish Immunology, 31, 400-406. 

DOI:10.1016/j.fsi.2011.06.006 

Geraylou, Z., Souffreau, C., Rurangwa, 

E., Dhondt, S., Callewaert, L., 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

                            10 / 14

http://dorl.net/dor/20.1001.1.15622916.2017.16.1.12.3
http://dorl.net/dor/20.1001.1.15622916.2017.16.1.12.3
http://jifro.ir/article-1-5223-en.html


Iranian Journal of Fisheries Sciences 23(2) 2024                                       303 

Courtin, C. M., Delcour, J.A., Buyse, 

J. and Ollevier, F., 2012. Effects of 

arabinoxylan-oligosaccharides (AXOS) 

on juvenile Siberian sturgeon (Acipenser 

baerii) performance, immune responses 

and gastrointestinal microbial 

community. Fish & Shellfish 

Immunology, 33, 718-724. 

DOI:10.1016/j.fsi.2012.06.010 

Ghanbari, M., Rezaei, M., Jami, M. and 

Nazari, R., 2009. Isolation and 

characterization of Lactobacillus species 

from intestinal contents of beluga (Huso 

huso) and Persian sturgeon (Acipenser 

persicus). Iranian Journal of Veterinary 

Research, Shiraz University, 10, 152-

157. DOI:10.22099/ijvr.2009.1668 

Ghiasi, M., Binaii, M., Naghavi, A., 

Rostami, H. K., Nori, H. and 

Amerizadeh, A., 2018. Inclusion of 

Pediococcus acidilactici as probiotic 

candidate in diets for beluga (Huso huso) 

modifies biochemical parameters and 

improves immune functions. Fish 

physiology and biochemistry, 44, 1099-

1107. DOI:10.1007/s10695-018-0497-x 

 Hallajian , A., Kazemi, R. and Yousefi, 

J.A., 2011. Effect of clove 

(Caryophillium Aromaticus) powder on 

Antesthesia and recvery time on farmed 

4 years old beluga (Huso huso). Journal 

of Fisheries, Islamic Azad University, 

Azadshahr Branch, 5, 133-140. 

DOI:10.13140/RG.2.1 .3156.4963 

 Harikrishnan, R., Balasundaram, C. 

and Heo, M.S., 2010. Lactobacillus 

sakei BK19 enriched diet enhances the 

immunity status and disease resistance 

to streptococcosis infection in kelp 

grouper, Epinephelus bruneus. Fish & 

Shellfish Immunology, 29, 1037-1043. 

DOI:10.1016/j.fsi.2010.08.017 

Hassani, M.H.S., Jourdehi, A.Y., Zelti, 

A.H., Masouleh, A.S. and Lakani, 

F.B., 2020. Effects of commercial 

superzist probiotic on growth 

performance and hematological and 

immune indices in fingerlings Acipenser 

baerii. Aquaculture International, 28, 

377-387. DOI:10.1007/s10 499-019-

00468-1 

 Hellio, C., Bado-Nilles, A., Gagnaire, 

B.A., Renault, T. and Thomas-Guyon, 

H.L., 2007. Demonstration of a true 

phenoloxidase activity and activation of 

a ProPO cascade in Pacific oyster, 

Crassostrea gigas (Thunberg) in vitro. 

Fish & Shellfish Immunology, 22, 433-

440. DOI:10.1016/j.fsi.2006.06.014 

 Hoseinifar, S.H., Mirvaghefi, A., Mojazi 

Amiri, B., Rostami, H.K. and 

Merrifield, D., 2016. The effects of 

oligofructose on growth performance, 

survival and autochthonous intestinal 

microbiota of beluga (Huso huso) 

juveniles. Aquaculture Nutrition, 17, 

498-504. DOI:10.1111/j.1365-

2095.2010.00828.x 

Ibrahim, M.D., 2015. Evolution of 

probiotics in aquatic world: Potential 

effects, the current status in Egypt and 

recent prospectives. Journal of 

advanced research, 6, 765-791. 

DOI:10.1016 /j.jare.2013.12.004 

Iranshahi, F., Jafarian, H., Faramarzi, 

M., Kiaalvandi, S. and Boloki, M.L., 

2012. The enhancement of growth and 

feeding performance of Persian sturgeon 

(Acipenser persicus) larvae by Artemia 

urmiana nauplii bioencapsulated via 

bakers yeast (Saccharomyces 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

                            11 / 14

https://doi.org/10.1016/j
https://doi.org/10.1007/s10
http://jifro.ir/article-1-5223-en.html


304 Hosseinpour et al., Effect of a commercial probiotic (Supersets® and Varna®) on growth performance, ... 

cerevisiae). Journal of Animal and 

Veterinary Advances, 10, 2730-2735. 

 Irianto, A. and Austin, B., 2002. Use of 

probiotics to control furunculosis in 

rainbow trout, Oncorhynchus mykiss 

(Walbaum). Journal of fish diseases, 25, 

333-342. DOI:10.1046/j.1365-

2761.2002. 00375.x 

Jafarzadeh, E., Khara, H. and 

Ahmadnezhad, M., 2015. Effects of 

synbiotic (Biomin IMBO) on 

haematological and immunological 

components of Russian sturgeon, 

Acipenser guldenstadti. Comparative 

Clinical Pathology, 24, 1317-1323. 

DOI:10.1007/s00580-015-2071-6 

 Kalbassi, M.R., Abdollahzadeh, E. and 

Salari-Joo, H., 2013. A review on 

aquaculture development in Iran. 

Ecopersia, 1, 159-178. 

DOI:10.4172/2150-3508.1000192  

Kiron , V., 2012. Fish immune system and 

its nutritional modulation for preventive 

health care. Animal Feed Science and 

Technology, 173, 111-133. DOI: 

10.1016/j.anifeedsci.2011.12.015 

Kumar, R., Mukherjee, S., Ranjan, R. 

and Nayak, S., 2008. Enhanced innate 

immune parameters in Labeo rohita 

(Ham.) following oral administration of 

Bacillus subtilis. Fish & Shellfish 

Immunology, 24, 168-172. 

DOI:10.1016/j.fsi.2007.10.008 

Lamas, J., Santos, Y., Bruno, D., 

Toranzo, A. E. and Anadon, R., 1994. 

A comparison of pathological changes 

caused by Vibrio anguillarum and its 

extracellular products in rainbow trout 

(Oncorhynchus mykiss). Fish Pathology, 

29, 79-89. DOI:10.3147/JSFP.29.79 

Magnadottir, B., 2006. mmunological 

control of fish diseases. Marine 

biotechnology, 12, 361-379. 

DOI:10.1016/j.fsi.2004.09.006 

Merrifield, D.L., Dimitroglou, A., Foey, 

A., Davies, S.J., Baker, R.T., Bagwald, 

J., Castex, M. and Ringa, E., 2010. The 

current status and future focus of 

probiotic and prebiotic applications for 

salmonids. Aquaculture, 302, 1-18. 

DOI:10.1016/j.aquaculture.2010.02.007 

Mohapatra, S., Chakraborty, T., Prusty, 

A., Das, P., Paniprasad, K. and 

Mohanta, K., 2012. Use of different 

microbial probiotics in the diet of rohu, 

Labeo rohita fingerlings: effects on 

growth, nutrient digestibility and 

retention, digestive enzyme activities 

and intestinal microflora. Aquaculture 

Nutrition, 18, 1-11. 

DOI:10.1111/j.1365-

2095.2011.00866.x 

 Mohseni, M., Ozorio, R., Pourkazemi, 

M. Bai, S., 2008. Effects of dietary l‐

carnitine supplements on growth and 

body composition in beluga sturgeon 

(Huso huso) juveniles. Journal of 

Applied Ichthyology, 24, 646-649. 

DOI:10.1111/j.1439-

0426.2008.01121.x 

Nayak, S., Swain, P. and Mukhergee, S., 

2007. Effect of dietary supplementation 

of probiotic and vitamin C on the 

immune response of Indian major carp, 

Labeo rohita (Ham.). Fish & Shellfish 

Immunology, 23, 892-896. 

DOI:10.1016/j.fsi.2007.02.008 

Nayak, S.K., 2010. Probiotics and 

immunity: a fish perspective. Fish & 

Shellfish Immunology, 29, 2-14. 

DOI:10.1016/j.fsi.2010.02.017 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

                            12 / 14

https://doi.org/10.1016/j%20.anifeedsci.2011.12.015
https://doi.org/10.1016/j%20.anifeedsci.2011.12.015
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/j
https://doi.org/10.1111/j.1365-2095.2011
https://doi.org/10.1111/j.1365-2095.2011
http://jifro.ir/article-1-5223-en.html


Iranian Journal of Fisheries Sciences 23(2) 2024                                       305 

Nikoskelainen, S., Ouwehand, A., 

Salminen, S. and Bylund, G.R., 2001. 

Protection of rainbow trout 

(Oncorhynchus mykiss) from 

furunculosis by Lactobacillus 

rhamnosus. Aquaculture, 198, 229-236. 

DOI:10.1016/S0044-8486(01)00593-2 

Panigrahi, A., Kiron, V., Kobayashi, T., 

Puangkaew, J., Satoh, S. and Sugita, 

H., 2004. Immune responses in rainbow 

trout Oncorhynchus mykiss induced by a 

potential probiotic bacteria 

Lactobacillus rhamnosus JCM 1136. 

Veterinary immunology and 

immunopathology, 102, 379-388. 

DOI:10.1016/j.vetimm.2004.08.006 

 Panigrahi, A., Kiron, V., Satoh, S., 

Hirono, I., Kobayashi, T., Sugita, H., 

Paungkaew, J. and Aoki, T., 2007. 

Immune modulation and expression of 

cytokine genes in rainbow trout 

Oncorhynchus mykiss upon probiotic 

feeding. Developmental & Comparative 

Immunology, 31, 372-382. 

DOI:10.1016/j.dci.2006.07.004 

Pirarat, N., Pinpimai, K., Endo, M., 

Katagiri, T., Ponpornpisit, A., 

Chansue, N. and Maita, M., 2011. 

Modulation of intestinal morphology 

and immunity in nile tilapia 

(Oreochromis niloticus) by 

Lactobacillus rhamnosus GG. Research 

in Veterinary Science, 91, e92-e97. 

DOI:10.1016/j.rvsc.2011.02.014 

Potki, N., Falahatkar, B. and Alizadeh, 

A., 2018. Growth, hematological and 

biochemical indices of common carp 

Cyprinus carpio fed diets containing 

corn gluten meal. Aquaculture 

International, 26, 1573-1586. 

DOI:10.1007/s10499-018-0304-9 

Ran, T., Shen., Y., Uche, A., Danica, B., 

Alexander, T. and Yang., W., 2018. 

PSVII-23 Evaluation of Immune 

Modulation Effects of Probiotic Bacteria 

on Bovine Kidney Epithelia Cells In 

Vitro. Journal of Animal Science, 96, 

355-356. DOI:10.1093/jas/sky404.782 

 Rawles, J.F., Samuel, B.S. and Gordon, 

J.I., 2004. Gnotobiotic zebrafish reveal 

evolutionarily conserved responses to 

the gut microbiota. Proceedings of the 

National Academy of Sciences, 101, 

4596-4601. 

DOI:10.1073/pnas.0400706101. 

 Schütt, D.A., Lehmann, J., Goerlich, R. 

and Hamers, R., 1997. Hematology of 

swordtail, Xiphophorus helleri. I: blood 

parameters and light microscopy of 

blood cells. Journal of Applied 

Ichthyology, 13, 83-89. 

DOI:10.1111/j.1439-

0426.1997.tb00106.x 

 Shelby, R.A., Lim, C., Yildirmi-Aksoy, 

M. and Delaney, M.A., 2006. Effects of 

probiotic diet supplements on disease 

resistance and immune response of 

young Nile tilapia, Oreochromis 

niloticus. Journal of Applied 

Aquaculture, 18, 23-34. 

DOI:10.1300/J028v18n02_02 

Shelby, R.A., Lim, C., Yildirmi-Aksoy, 

M. and Delaney, M.A., 2007. Effects of 

probiotic bacteria as dietary 

supplements on growth and disease 

resistance in young channel catfish, 

Ictalurus punctatus (Rafinesque). 

Journal of Applied Aquaculture, 19, 81-

91. DOI:10.1300/ J028v19n01_a 

Siwicki, A.I., 1993. Nonspecific defense 

mechanisms assay in fish. II. Potential 

killing activity of neutrophils and 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

                            13 / 14

https://doi.org/
https://doi.org/10.1300/
http://jifro.ir/article-1-5223-en.html


306 Hosseinpour et al., Effect of a commercial probiotic (Supersets® and Varna®) on growth performance, ... 

macrophages, lysozyme activity in 

serum and organs and total 

immunoglobulin (Ig) level in serum. 

Fish diseases diagnosis and preventions 

methods. Wydawnictwo Instytutu 

Rybactwa Strodladowego, Olsztyn, 

Poland, pp. 105-111. 

Soltani, M., Shenavar Masoolehh, A., 

Ahmadi, M., Pourkazemi, M. and 

Taherimirghaed, A., 2016. 

Antibacterial activity, antibiotic 

susceptibility and probiotic use of lactic 

acid bacteria (LAB) in Persian sturgeon 

(Acipenser persicus). Iranian Journal of 

Aquatic Animal Health, 2, 54-65. 

DOI:10.18869/acadpub.ijaah.2.1.54. 

Soltani, M., Ghosh, K., Hoseinifar, S. H., 

Kumar, V., Lymbery, A. J., Roy, S., 

and Ringø, E., 2019. Genus Bacillus, 

promising probiotics in aquaculture: 

aquatic animal origin, bio-active 

components, bioremediation and 

efficacy in fish and shellfish. Reviews in 

Fisheries Science  and Aquaculture, 

27(3), 331-

379.DOI:10.1080/23308249.2019.1597

010 

Son, V.M., Chang., C.C., Wu, M.C., Guu, 

Y.K., Chiu, C.H., Cheng, W., 2009. 

Dietary administration of the probiotic, 

Lactobacillus plantarum, enhanced the 

growth, innate immune responses, and 

disease resistance of the grouper 

Epinephelus coioides. Fish & Shellfish 

Immunology, 26, 691-698. 

DOI:10.1016/j.fsi.2009.02.018 

Suzer, C., Aoben, D., Kamaci, H.O., 

Saka, A., Firat, K., Otgucuoaylu, A.Z. 

and Kaasaksari, H., 2008. 

Lactobacillus spp. bacteria as probiotics 

in gilthead sea bream (Sparus aurata, 

L.) larvae: effects on growth 

performance and digestive enzyme 

activities. Aquaculture, 280, 140-145. 

DOI:10.1016/j.aquaculture.2008.04.020

. 

Talpur, A.D., Memon, A.J., Khan, M.I., 

Ikhwanuddin, M., Daniel, M.D. and 

Abol-Munafi, A.B., 2012. Isolation and 

screening of lactic acid bacteria from the 

gut of blue swimming crab, P. pelagicus, 

an in vitro inhibition assay and small 

scale in vivo model for validation of 

isolates as probiotics. Journal of 

Fisheries and Aquatic Science, 7(1), 1. 

DOI:10.3923/ jfas.2012.1.28 

Thomas, L.1998. Alanine 

aminotransferase (ALT), Aspartate 

aminotransferase (AST). Clinical 

Laboratory Diagnostics. 1st ed. 

Frankfurt: TH-Books 

Verlagsgesellschaft, 2, 55-65. 

Verschuere, L., Rombaut, G., Sorgloos, 

P. and Versraete, W., 2000. Probiotic 

bacteria as biological control agents in 

aquaculture. Microbiology and 

Molecular Biology Reviews, 64, 655-

661. DOI:10.1128/mmbr.64.4.655-

671.2000 

Yano, T., 1992. Assays of hemolytic 

complement activity. Techniques in fish 

immunology, 4, 131-141. 

DOI:10.1016/0022-1759(84)90432-0

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
14

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://jifro.ir/article-1-5223-en.html
http://www.tcpdf.org

