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Abstract 
 

This study was conducted to assess the impact of yeast (Saccharomyces cerevisiae) as potential probiotic for 

improving the intestinal microbiota of GIFT Tilapia (Oreochromis mossambicus) as improved intestinal 

microbiota can enhance the resistance and improve the gut morphology. The study was carried out for 60 days to 

investigate the influence of different levels (0.15%, 0.30%, 0.45%, 0.60%, 0.75% and 1%) of S.cerevisiae (named 

as SC1, SC2, SC3, SC4, SC5 and SC6). Isolation and identification of intestinal microbiota was conducted as 

describe in methods. The results showed significantly better effects on intestinal microbiota (P<0.05) as 

compared to control. The maximum number of intestinal microbiota was observed in SC4 (5.5x108 CFU/ ml) 

treatment. In this study, various strains of intestinal bacteria were isolated and identified. A total of 384 bacterial 

strains were isolated from the fish and classified into six taxonomic groups; Acinetobacter, Bacillus, 

Enterobacteriaceae, Vibrio, Pseudomonas and Vibrionaceae (Aeromonas). The significant difference was 

observed in Vibrionaceae (P<0.05), while highly significant (P<0.01) differences were observed in Acinetobacter, 

Enterobactericeae, Pseudomonas, other gram negative and gram-positive bacteria counts in treatments fed with 

dietary probiotics as compared to control. It can be concluded that the addition of 0.60% S. cerevisiae in the diet 

can enhance the intestinal microbiota of GIFT Tilapia. 

* Corresponding Author: Riffat Yasin  riffat.yaseen@yahoo.com 

International Journal of Biosciences | IJB | 

ISSN: 2220-6655 (Print), 2222-5234 (Online) 

http://www.innspub.net 

Vol. 12, No. 4, p. 282-290, 2018 

 



 

283 Yasin et al. 
 

Int. J. Biosci. 2018 

Introduction 

Microbes exist in the aquatic environment and enter 

in the digestive tract of fish and make commensal 

intestinal microbiota inside intestine which provide a 

suitable environment for them (Mondal et al., 2008). 

The indigenous gut microbiota defends against the 

colonization of orally introduced microorganisms by 

mechanisms including competition at mucosal 

surfaces for substrates and receptors (Plant et al., 

2003; Galindo et al., 2009). The intestinal microbiota 

is very important for the host (Sugita et al., 1991; 

Sarkar and Ghosh, 2014) because it plays vital role in 

growth, digestion, disease control and can influence 

the health of host (Sivasubramanian et al., 2012). 

Various researchers have studied intestinal 

microbiota in vertebrates over the past decades 

(Ferguson et al., 2010). The addition of feed additives 

like probiotics in aqua feeds (Merrifield et al., 2010; 

Dimitroglou et al., 2011) can develop microbial 

balance and improve gut morphology (Lara-Flores et 

al., 2003; El-Haroun et al., 2006; Aly et al., 2008; 

Wang et al., 2008; Standen et al., 2013). Bacterial 

profile in the intestine is usually a replication of 

microbes existing in the environment. The bacterial 

load in the gut of fish depends upon the quantum and 

food type ingested recently (Gibson et al., 2004; 

Dimitroglou et al., 2010; Thillaimaharani et al., 

2012). Probiotics play an important role in various 

species of fish such as pollock (Gatesoupe, 2008), 

rainbow trout (Aubin et al., 2005), channel catfish 

(Shelby et al., 2007) and Nile tilapia (Shelby et al., 

2006; Merrifield et al., 2011). Different bacteria 

flourished in the gut of fish (Ringo et al., 2007) like 

rod-shaped bacteria in Labeorohita (Ghosh et al., 

2010); coccoid and rod-shaped bacteria in Salvelinus 

alpinus adherent bacteria and yeast (rod shaped 

bacilli or round shaped cocci) in Oreochromis spp. 

which was confirmed by various techniques like SEM 

and 16SrDNA sequence analysis (Saha et al., 2006; 

Ray et al., 2007; Sarkar and Ghosh, 2014). Several 

researchers used live and dead probiotic in 

aquaculture to observe benefit of their 

supplementation on intestinal microbiota (Irianto 

and Austin, 2003; Panigrahi et al., 2005; Ringo et al., 

2006ab; Taoka et al., 2006; Gatesoupe, 2008; 

Merrifield et al., 2011). 

 

Marine and freshwater fishes contain specific 

indigenous intestinal microbiota due to feeding 

habitat which may be affected due to nutritional 

status, environmental conditions and fish age 

(Olafsen, 2001; Vine et al., 2006; Dimitroglou et al., 

2014). Previously, Spanggaard et al. (2000) detected 

the intestinal microbiota of 48 rainbow trout by 

comparing direct microscopic counts with plate 

counts (tryptone soya agar, TSA). Sivasubramanian et 

al. (2012) isolated communal Gram-positive and 

Gram-negative bacteria Aeromonas, Vibrio, 

Pseudomonas, Lactobacillus, Bacillus, Acinetobacter, 

Enterobacter and Flavobacterium from the gut of 

three estuarine fishes. This intestinal microbiota with 

antibacterial abilities was helpful to prevent the 

growth of attacking bacteria in intestines of 

freshwater and marine fishes as one strain of Bacillus 

was used successfully to eliminate pathogenic Vibrio 

from Centropomus undecimalis. 

 

Tilapia (Oreochromis mossambicus) is most 

important cultivated fish species after salmonids and 

carps (Fessehaye, 2006). The intestinal microbiota is 

commercially important in fishes due to control of 

fish diseases and proper handling and preparation of 

fish feed. Tilapia is an omnivorous fish and can be 

cultured in freshwater as well as seawater. Its 

digestive tract is 5-7 times longer as its body length 

and the impact of microbes on host mucosa is also 

poorly understood (Standen et al., 2013) due to which 

this species was selected for studying the intestinal 

microbiota (Thillaimaharani et al., 2012). Probiotic 

applications have established a range of benefits in 

fish including tilapia (Lara-Flores et al. 2003; El-

Haroun et al., 2006; Pirarat et al., 2006; Shelby et al., 

2006; Taoka et al., 2006; Aly et al., 2008; Wang et 

al., 2008). Most of these studies are limited to 

growth, immunity, digestive enzymes activity and 

haematology but fewer studies have been conducted 

about the gut microbiota to understand the 

mechanisms on endogenous microbiota (Ferguson et 

al., 2010). The intestinal microbiota of freshwater fish 
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has been investigated (Austin, 2002; Ghosh et 

al.,2010; Ray et al., 2012) and can be divided into 

autochthonous or allochthonous on the basis of 

ability to adhere and colonize in the gut (Ringo et al., 

2003). Several researchers described probiotics as the 

major microbial colonizers in the gut of fish (Pond et 

al., 2006) including yeast Gatesoupe, 2007; Mandal 

and Ghosh, 2013; Banerjee and Ghosh, 2014; Sarkar 

and Ghosh, 2014). Therefore, the current study was 

designed to investigate the role of yeast (S. cerevisiae) 

on gut microbiota in GIFT tilapia (O. mossambicus). 

 

Materials and methods 

In this study, the influence of different levels of 

dietary supplementation of probiotic bacteria 

Saccharomyces cerevisiaeon intestinal microbiota of 

GIFT Tilapia (Oreochromis mossambicus) was 

carried out at the Fish Research Laboratory, 

Department of Zoology, Government College 

University Faisalabad, Pakistan. 

 

Experimental design  

The experimental fish specimens were fed daily with 

basal fish feed (5% of their body weight at 9.00 am 

and 4.00 pm) before the start of the trials. The study 

involved control and treatment groups with three 

replicates for each group, and their culture period was 

60 days. Saccharomyces cerevisiae was selected for 

this investigation. This 60 days trial was divided into 

6 treatments, i.e., SC1 to SC6 and was fed with basal 

fish feed plus probiotic (S.cerevisiae) @ 0.15% or 

0.30% or 0.45% or 0.60% or 0.75% or 1.0 %, 

respectively and one control (C) group, fed with only 

basal diet. This trial was also conducted in triplicate. 

S. cerevisiae was purchased from Sigma-Aldrich.  

 

Feed preparation 

The basal fish feed was prepared by common 

ingredients which were purchased from the local 

market and its proximate chemical analysis was 

carried out according to AOAC (2000). All these 

ingredients were mixed with boiled water and 

converted into paste or into semi moist dough, which 

was passed through electrical mincer to make pellets 

and Kenwood Multi-processor was used for this 

purpose. These pellets were dried for a few days at the 

room temperature, then crushed to make fine 

particles. The proposed doses of Probiotic were added 

freshly with these fine particles at the time of feeding. 

Feed was given twice a day (9.00 am and 4.00 pm 

each day) @ 5% of body weight for the entire period 

of experiment. 

 

Intestinal microbiota 

At the end of 60 days trials, five fish were taken from 

each experimental treatment for estimating intestinal 

microbiota. The GIT tract was removed aseptically 

from its entirety. Now the microbial populations from 

this GIT tract were identified by adopting the method 

of Merrifield et al., 2011. Subsequently, inter-fish 

differences have been stated already by Spanggaard et 

al., 2000 and Liu et al., 2008. So, 2 fishes from each 

tank were sacrificed to get faecal material yielding 

three samples per treatment. Spread plate method 

was used for determination of total aerobic 

heterotrophic bacterial populations and MRS for 

Lactic acid bacteria. For this purpose, serial dilution 

of samples was carried out by using PBS and its 100 

ml was spread onto duplicate TSA plates (Oxoid, 

Basingstoke, UK). Incubation of MRS and TSA plates 

was conducted at 30 0C (comparable to tilapia culture 

conditions) for 48 h and then bacterial colonies were 

counted from statistically feasible plates for 

calaulation of colony forming units (CFU g-1) 

(Standen et al., 2013). Microbiota was isolated by 

using the method described by Sivasubramanian et 

al., 2012 with some alterations.  

 

Isolation and identification of bacteria 

Gut homogenate (01 ml) was spread aseptically and 

was mixed with sterile double strength PBS (9ml) 

against Nutrient agar. Incubation at TSA plates for 

24-48 hrs at 37 0C was carried out. Colonies of 

bacteria on the TSA plates were counted and 

described as cfu/g. Agar slants were used to purify the 

isolates and bacterial strains were detected up to the 

species (Buchanan and Gibbons, 1974). In early steps, 

isolates were identified by observing following 

activities: Motility, catalase activity, oxidation/ 

fermentation, glucose gas, glucose acid, gram stain, 
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citrate utilization, oxidase activity and pigment 

production. Bacterial isolates were passed through 

Secondary tests to identify them at the genus level 

which include production of amylase, lipase activity, 

developing ability on sodium chloride media (0%), 

production of protease, and gelatinase activity.  

 

Statistical analysis 

The data was analyzed by using two-way ANOVA 

(analysis of variance). The data was presented as 

treatment mean ± Standard deviation and the 

variation of means among different groups. P values < 

0.05 was considered to be significant; using Duncan’s 

multiple range test. Software package (SPSS, version 

17) was used for statistical analysis. 

 

Results  

After 60 days trail, total counts were conducted by 

either DAPI staining or culturing which showed 

higher similarity in most of the intestinal samples. It 

indicated that cultured microorganisms were 

dominant in the intestine of tilapia fish and both 

direct and plate counts varied between individual fish 

with 3-5 log units and was effectively identified.

 

Table 1.Analysis of variance (Mean squares) for Bacterial counts and physiologic identification of strains isolated 

from TSA plates sampled from GIFT Tilapia (O. mossambicus) intestine fed with different doses of probiotic (S. 

cerevisiae)after 60 days. 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Acinetobacter Enterobactericeae Vibrionaceae Pseudomonas 

spp 

Other Gram-negative Gram-positive Total number 

Treatment 

Error  

Total 

6 

14 

20 

3.7143** 

 0.4286 

17.429** 

  2.143 

5.429* 

 1.429 

19.714** 

  1.857 

8.8571** 

 0.8571 

10.714** 

  0.857 

83.429** 

  7.007 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01). 

Qualitative studies on gut microbiota 

Results of qualitative analysis of gut microbiota 

possessing the bacterial loads with different 

treatments ranged was from 3.9x108 to 5.5x108 CFU/ 

ml. The maximum number of microbiota was 5.5x108 

CFU/ ml in SC4 group and minimum (3.9x108 CFU/ 

ml) in SC1 in treatments while it was observed 

4.6x108 CFU/ ml in control (C) group. Total count in 

SC2, SC3, SC5 and SC6 were 4.8x108 CFU/ ml; 

4.9x108 CFU/ ml; 4.1x108 CFU/ ml; 4.4x108 CFU/ ml, 

respectively.  

 

Quantitative studies on gut microbiota 

The intestinal microbiota of O. mossambicus was 

analyzed in fishes which were fed with different doses 

of S. cerevisiae. Several strains of bacteria were 

isolated which were six and identified as Bacillus 

cereus, Bacillus licheniformis, Enterococcus faecalis, 

Vibrio sp., Virgibacillus pantothenticus and 

Virgibacillus alginolyticus. As per observations after 

60 days trial 80% of the isolated bacteria were Gram 

positive in the gut of O. mossambicus which were 

identified as B. cereus, B. licheniformis, V. 

pantothenticus, E. faecalis and Gram negative were 

Vibrio sp. and V. alginolyticus present in gut 

contents. The identification of isolates was carried out 

by various biochemical tests and it was observed that 

Pseudomonas, Vibrio and Bacilli were also common 

bacteria found in all fishes. Vibrio, Aeromonas and 

Pseudomonas were predominant bacterial genera in 

tilapia intestine. Bacillus and Corynebacterium were 

predominant groups to tolerate the adverse effects of 

digestive enzymes. Composition of the intestinal 

microbiota determined by physiological 

identification, contain Acinetobacter, 

Enterobactericeae (Citrobacter, Proteus) 

Vibrionaceae (Aeromonas, Plesiomonas); 

Pseudomonas spp (Pseudomonas) and other Gram-

negative (Beta-proteobacteria) and Gram-positive 

(Streptococcus, Carnobacterium and Bacillus). A 

total of 384 bacterial strains were isolated from the 

fish and classified into six taxonomic groups; 

Acinetobacter, Bacillus, Enterobacteriaceae, Vibrio, 

Pseudomonas and  Vibrionaceae (Aeromonas). All 
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the isolates from the fish gut were tested for their 

biochemical characters. The result of biochemical test 

in this study indicated that Acinetobacter were 6 %, 

Enterobactericeae 36%, Vibrionaceae 15%, Vibrio 

12%, Pseudomonas 21% and Bacillus were 10 %. 

About 70 % of the strains utilized citrate and 30% of 

strains showed positive in indole, 10% of strains 

showed positive Haemolysis and H2S production test. 

Methyl red test showed positive on 15 % of the 

isolates. Analysis of variance for intestinal microbiota 

after 60 days exposed that significant difference 

(P<0.05) in Vibrionaceae. Highly significant (P<0.01) 

differences were observed in Acinetobacter, 

Enterobactericeae, Pseudomonas, other Gram 

negative and Gram positive bacteria (Table1 and 2).

 

Table 2.Comparison of means (±SE) for Bacterial counts and physiologic identification of strains isolated from 

TSA plates sampled from GIFT Tilapia (O. mossambicus) intestine fed with different doses of probiotic (S. 

cerevisiae) after 60 days. 

Treatment Acinetobacter Enterobactericeae Vibrionaceae Pseudomonas spp. Other Gram-

negative 

Gram-positive Total number 

C 2.00±0.00C 21.00±1.00AB 7.00±1.00AB 17.00±1.00A 5.00±0.58CD 6.00±0.58AB 58.00±1.25AB 

SC1 4.00±0.58AB 22.00±1.00A 7.00±0.58AB 9.00±0.58B 4.00±0.00D 7.00±0.00AB 53.00±1.49BC 

SC2 3.00±0.00BC 21.00±0.58AB 9.00±0.58AB 11.00±0.00B 6.00±0.00BCD 5.00±0.00B 55.00±1.39B 

SC3 2.00±0.00C 16.00±0.58C 8.00±0.00AB 12.00±1.00B 8.00±0.58AB 6.00±0.58AB 52.00±1.85BC 

SC4 5.00±0.00A 17.00±0.00BC 6.00±0.00B 11.00±0.58B 6.00±0.00BCD 2.00±0.00C 47.00±0.84C 

SC5 3.00±0.58BC 22.00±1.15A 10.00±1.15A 12.00±1.15B 9.00±1.00A 8.00±1.00A 64.00±2.35A 

SC6 4.00±0.58AB 20.00±1.00ABC 8.00±0.58AB 10.00±0.58B 7.00±0.58ABC 6.00±0.58AB 55.00±1.00B 

Means sharing similar letter in a column are statistically non-significant (P>0.05).  

Discussion 

In the present study, Enterobactericeae (Citrobacter, 

Proteus) Vibrionaceae (Aeromonas, Plesiomonas); 

Pseudomonas spp. (Pseudomonas) other Gram-

negative (Beta-proteobacteria) and Gram-positive 

(Streptococcus, Carnobacterium and Bacillus) were 

observed. A total of 384 bacterial strains were isolated 

from the fish and classified into six taxonomic groups; 

Acinetobacter, Bacillus, Enterobacteriaceae, Vibrio, 

Pseudomonas and Aeromonas. All the isolates from 

the fish gut were tested for their biochemical 

characters. The result of biochemical test in this study 

indicated that Acinetobacter6%, Enterobactericeae 

36%, Vibrionaceae 15%, Aeromonas 12%, 

Pseudomonas 21%, and Bacillus were 10 %. About 

70% of the strains utilize citrate and 30 % of strains 

showed positive in indole, 10% of strains showed 

positive Haemolysis and H2S production test. Methyl 

red test showed positive on 15 % of the isolates. The 

study displayed that intestinal microbiota had 

protective effect against pathogenic bacteria and 

retard pathogens to colonize in the intestine of 

targeted fish. In the present study, bacterial counts 

were higher as compared to the control (C) groups fed 

with basal feed and similar observations were 

recorded by Bagheri et al. (2008) after feeding yeast, 

Saccahromyces cerevisiae. Previous studies 

confirmed the presence of bacilli (Bacillus subtilis) 

and cocci (Staphylococcus sp.) in different fish 

species Mugilcaphalus (Nagvenkar et al., 2006); 

Salmosalar (Ringo et al., 2008); Labiorohita (Ghosh 

et al., 2010); Labeobata (Mondal et al., 2010); 

freshwater teleosts (Ray et al.,2012) and O. 

mossambicus (Sarkar and Ghosh, 2014). Therefore, 

the current study agreed with previous studies and 

confirmed the improvement in intestinal microbiota 

after addition of 0.60% S. cerevisiae in the diet of 

GIFT Tilapia. 

 

Conclusion 

Qualitative analysis of gut microbiota possessing the 

bacterial loads with different treatments ranged from 

2.8×106to 4.5×106 CFU/g ml-1. The maximum 

number of microbiota was 4.5×106 CFU/g ml-1 in SC4 
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group. Significant difference were observed in 

Vibrionaceae (P<0.05), while highly significant 

differences were observed in Acinetobacter, 

Enterobactericeae, Pseudomonas, and gram-positive 

bacteria. The biochemical test in this study indicated 

that Acinetobacter6 %, Enterobactericeae 36 %, 

Vibrionaceae 15 %, Aeromonas 12 %, Pseudomonas 

21 % and Bacillus were 10%.  

 

In this study, bacterial counts were higher in 

treatment groups as compared to the control (C) 

groups fed with basal feed only which indicate 

beneficial effects of yeast on intestinal microbiota. 

 

Acknowledgements 

We are grateful to the staff of the Department of 

Zoology, GC, University, Faisalabad, who helped to 

maintain daily managements of trial.  

 

The work is endorsed to Higher Education 

Commission of Pakistan (HEC) for providing grant to 

first author to work as IRSIP Scholar in the 

Department of Biology, Indiana-Purdue University, 

2101 East Coliseum Boulevard, Fort Wayne, IN 

46805, USA. 

 

References 

Aly SM, Mohamed MF, John G. 2008.Effect of 

probiotics on the survival, growth and challenge 

infection in Tilapia (Oreochromis niloticus). 

Aquaculture Research 39, 647-656. 

http://dx.doi.org/10.1111/j.1365-2109.2008.01932 

 

AOAC, 2005.18th ed., Association of Official 

Analytical Chemists, Washington, DC, USA. 

 

Aubin J, Gatesoupe F, Labbe L, Lebrun L. 

2005. Trial of probiotics to prevent the vertebral 

column compression syndrome in rainbow trout 

(Oncorhynchus mykiss Walbaum). Aquaculture 

Research 36, 758-767.  

http://dx.doi.org/10.1111/j.1365-2109.2005.01280x 
 

Austin B. 2002. The bacterial microflora of fish. The 

Scientific World Journal 2, 558-572. 

http://dx.doi.org/10.1100/tsw.2002.137 

 

Bagheri T, Hedayati SA, Yavari V, Alizade M, 

Farzanfar A. 2008. Growth, survival and gut 

microbial load of rainbow trout (Onchorhynchus 

mykiss) fry given diet supplemented with Probiotic 

during the two months of first feeding. 

Turkish Journal of Fisheries and Aquatic Science 8, 

43-48. 

 

Banerjee S, Ghosh K. 2014. Enumeration of gut 

associated extracellular enzyme producing yeasts in 

some freshwater fishes. Journal of Applied 

Ichthyology 30, 986-993. 

http://dx.doi.org/10.1111/jai.12457 

 

Buchanan RE, Gibbons NE. 1974. Bergey's 

manual of determinative bacteriology, 8th edition. 

Williams & Wilkins Co. Baltimore, MD 1974. 

 

Dimitroglou A, Davies SJ, Sweetman J, 

Divanach P,  Chatzifotis S. 2010. Dietary 

supplementation of mannan oligosaccharide on white 

sea bream (Diplodussargus L.) larvae, effects on 

development, gut morphology and salinity tolerance. 

Aquaculture Research 41, 245-51. 

http://dx.doi.org/10.1111/j.1365-2109.2010.02513.x 

 

Dimitroglou A, Merrifield DL, Carnevali O, 

Picchietti  S, Avella M, Daniels C. 2011. 

Microbial manipulations to improve fish health and 

production a Mediterranean perspective. Fish 

Shellfish Immunology 30, 1-16.  

https://doi.org/10.1016/j.fsi.2010.08.009 

 

Dimitroglou A, Merrifield DL, Moate R, 

Davies SJ, Spring P, Sweetman J,  Bradley G. 

2014. Dietary Mannan Oligosaccharide 

supplementation modulates intestinal microbial 

ecology and improves gut morphology of rainbow 

trout, Oncorhynchus mykiss (Walbaum). Journal of 

Animal Science 87, 3226-3234. 

http://dx.doi.org/10.2527/jas.2008-1428 

 



 

288 Yasin et al. 
 

Int. J. Biosci. 2018 

El-Haroun ER, Goda AMAS, Kabir Chowdhury 

MA. 2006. Effect of dietary probiotic Biogen 

supplementation as a growth promoter on growth 

performance and feed utilization of Nile tilapia 

Oreochromis niloticus (L.). Aquaculture Research 37, 

1473-1480.  

http://dx.doi.org/10.1111/j.1365-2109.2006.01584.x 

 

Ferguson RMW, Merrifield DL, Harper GM, 

Rawling MD, Mustafa S, Picchietti S, Balcazar 

JL,  Davies SJ. 2010. The effect of Pediococcus 

acidilactici on the gut microbiota and immune status 

of on-growing red tilapia (Oreochromis niloticus). 

Journal of Applied Microbiology 109, 851-862.  

http://dx.doi.org/10.1111/j.1365-2672.2010.04713.x 

 

Fessehaye Y. 2006. Natural mating in Nile tilapia 

(Oreochromis niloticus L) Implications for 

reproductive success, inbreeding, and 

cannibalism.Wageningen UR, P. 150. 

Galindo A, Bucio R, Hartemink JW, Schrama 

J, Verreth L, Bucio G,  Zwietering MH. 2009. 

Kinetics of Lactobacillus plantarum 44a in the faeces 

of tilapia (Oreochromis niloticus) after its intake in 

feed. Journal of Animal Science 87, 3226-3234. 

http://dx.doi.org/10.1111/j.1365-2672.2009.04382.x 

 

Gatesoupe FJ. 2007. Live yeasts in the gut: Natural 

occurrence, dietary introduction, and their effects on 

fish health and development. Aquaculture 267, 20-

30. 

http://dx.doi.org/10.1016/j.aquaculture.2007.01.005 

 

Gatesoupe FJ. 2008. Updating the importance of 

lactic acid bacteria in fish farming, Natural 

occurrence and probiotic treatments. Journal of 

Molecular Microbiology and Biotechnology 14, 107-

114.   

http://dx.doi.org/10.1159/000106089 

 

Ghosh K, Roy M, Kar N, Ringo E. 2010. 

Gastrointestinal bacteria in rohu, Labeorohita 

(Actinopterygii, Cypriniformes, Cyprinidae), 

Scanning electron microscopy and bacteriological 

study. Acta Ichthyologica Piscatoria, 40, 129-135.  

http://dx.doi.org/10.3750/AIP2010.40.2.05 

 

Irianto A, Austin B. 2003. Use of dead probiotic 

cells to control furunculosis in rainbow trout, 

Oncorhynchus mykiss (Walbaum). Journal of Fish 

Diseases 26, 59-62.  

http://dx.doi.org/10.1046/j.1365-2761.2003.00414.x 

 

Lara-Flores M, Olvera-Novoa MA, Guzmán-

Méndez BE, López-Madrid W. 2003. Use of the 

bacteria Streptococcus faecium and Lactobacillus 

acidophilus, and the yeast Saccharomyces cerevisiae 

as growth promoters in Nile tilapia (Oreochromis 

niloticus). Aquaculture 216, 193-201.  

http://dx.doi.org/10.1016/S0044-8486(02)00277-6 

 

Lategan MJ, Torpy FR., Gibson LF. 2004. 

Control of Saprolegniosisin the eel Anguilla australis 

Richardson, by Aeromonas media strain A199. 

Aquaculture, 240, 19-27.  

http://dx.doi.org/10.1016/j.aquaculture.2004.04.009 

 

Liu Y, Zhou Z, Yao B, Shi P, He S, Holvold LB, 

Ringo E. 2008. Effect of intraperitoneal injection of 

immunostimulatory substances on allochthonous gut 

microbiota of Atlantic salmon (Salmosalar L.) 

determined using denaturing gradient gel 

electrophoresis. Aquaculture Research 39, 635-646.  

http://dx.doi.org/10.1111/j.1365-2109.2008.01934.x 

 

Mandal S, Ghosh K. 2013.Isolation of tannase-

producing microbiota from the gastrointestinal tracts 

of some freshwater fish. Journal of Applied 

Ichthyology 29, 145-153.  

http://dx.doi.org/10.1111/j.1439-0426.2012.02054.x 

 

Merrifield DL, Bradley G, Harper GM, Baker 

RTM, Munn CB, Davies SJ. 2011. Assessment of 

the effects of vegetative and lyophilized Pediococcus 

acidilactici on growth, feed utilization, intestinal 

colonization and health parameters of rainbow trout 

(Oncorhynchus mykiss Walbaum). Aquaculture 

Nutrition 17, 3-9.  

http://dx.doi.org/10.1111/j.1365-2095.2009.00712.x 

 



 

289 Yasin et al. 
 

Int. J. Biosci. 2018 

Merrifield DL, Dimitroglou A, Foey A, Davies 

SJ, Baker RTM, Bøgwald J. 2010.The current 

status and future focus of probiotic and prebiotic  

applications for salmonids. Aquaculture 302, 1-18. 

http://dx.doi.org/10.1016/j.aquaculture.2010.02.007 

 

Mondal S, Roy T, Ray AK. 2010. Characterization 

and identification of enzyme-producing bacteria 

isolated from the digestive tract of bata, Labeobata.  

Journal of World Aquaculture Society, 41, 369-376.  

http://dx.doi.org/10.1111/j.1749-7345.2010.00378.x 

 

Mondal S, Roy T, Sen SK, Ray AK. 2008. 

Distribution of enzyme producing bacteria in the 

digestive tracts of some freshwater fish. Acta 

Ichthyologica Piscatoria 38, 1-8.  

http://dx.doi.org/10.3750/AIP2008.38.1.01 

 

Nagvenkar GS, Nagvenkar SS, Rivonker CU, 

Sangodkar UM. 2006. Microbial diversity and 

enzyme production in mullet Mugilcephalus L. 

(Pisces) along Goa, west coast of India. Indian 

Journal of Marine Sciences 35, 36-42.  

 

Olafsen JA. 2001. Interactions between fish larvae 

and bacteria in marine aquaculture. Aquaculture 

200, 223-247.   

http://dx.doi.org/10.1016/S0044-8486(01)00702-5 

 

Panigrahi A, Kiron V, Puangkaew J, 

Kobayashi T, Satoh S, Sugita H. 2005. The 

viability of probiotic bacteria as a factor influencing 

the immune response in rainbow trout Oncorhynchus 

mykiss. Aquaculture 243, 241-254. 

http://dx.doi.org/10.1016/j.aquaculture.2004.09.032 

 

Plant L, Lamy C, Conway, PL, Koriordan K. 

2003. Gastrointestinal microbial community shifts 

observed following oral administration of a 

Lactobacillus fermentum strain to mice. Microbiology 

Ecology 43, 133-140. 

http://dx.doi.org/10.1111/j.15746941.2003.tb01052.x 

 

Pond MJ, Stone DM, Alderman DJ. 2006 

Comparison of conventional and molecular 

techniques to investigate the intestinal microflora of 

rainbow trout (Oncorhynchus mykiss). Aquaculture 

261, 194-203.  

http://dx.doi.org/10.1016/j.aquaculture.2006.06.037 

 

Ray AK, Bairagi A, Sarkar-Ghosh K, Sen SK. 

2007. Optimization of fermentation conditions for 

cellulose production by Bacillus subtilisCY5 and 

Bacillus circulansTP3 isolated from fish gut. 

ActaIchthyologicaPiscatoria37, 47-53.  

http://dx.doi.org/10.3750/AIP2007.37.1.07 

 

Ray AK, Ghosh K, Ringo E. 2012. Enzyme-

producing bacteria isolated from fish gut, a review. 

Aquaculture Nutrition, 18, 465-492. 

http://dx.doi.org/10.1111/j.1365-2095.2012.00943.x 

 

Ringo E, Myklebust R, Mayhew TM, Olsen RE. 

2007. Bacterial translocation and pathogenesis in the 

digestive tract of larvae and fry. Aquaculture 268, 

251-264. 

http://dx.doi.org/10.1016/j.aquaculture.2007.04.047 

 

Ringo E, Olsen RE, Mayhew TM, Myklebust R. 

2003. Electron microscopy of the intestinal 

microflora of fish. Aquaculture 227, 395-415. 

http://dx.doi.org/10.1016/j.aquaculture.2003.05.001 

 

Ringo E, Sperstad S, Kraugerud OF, Krogahl 

A. 2008. Use of 16 SrRNA gene sequencing analysis 

to characterize culturable intestinal bacteria in 

Atlantic salmon (Salmosalar) fed diets with non-

starch polysaccharides from soy and cellulose. 

Aquaculture Research 39, 1087-1100.  

http://dx.doi.org/10.1111/j.1365-2109.2008.01972.x 

 

Ringo E, Sperstad S, Myklebust R, Mayhew 

TM, Olsen RE. 2006a. The effect of dietary insulin 

on aerobic bacteria associated with hindgut of Arctic 

charr (Salvelinus alpines L.). Aquaculture Research 

37, 891-897.  

http://dx.doi.org/10.1111/anu.12346 

 

Ringo E, Sperstad S, Myklebust R, Refstie S, 

Krogdahl A. 2006b. Characterisation of the 



 

290 Yasin et al. 
 

Int. J. Biosci. 2018 

microbiota as-sociated with intestine of Atlantic cod 

(Gadusmorhua L.) The effect of fish meal, standard 

soybean meal and a biopro-cessed soybean meal. 

Aquaculture 261, 829-841. 

http://dx.doi.org/10.1016/j.aquaculture.2006.06.030 

 

Saha S, Roy RN, Sen SK, Ray AK. 2006. 

Characterization of cellulase- producing bacteria from 

the digestive tract of tilapia, Oreochromis 

mossambicus (Peters) and grass carp, 

Ctenopharyngodon idella (Valenciennes). 

Aquaculture Research 37, 380-388. 

http://dx.doi.org/10.1111/j.1365-2109.2006.01442.x 

 

Sarkar B, Ghosh K. 2014. Gastrointestinal 

microbiota in Oreochromis mossambicus (Peters) and 

Oreochromis niloticus (Linnaeus), scanning electron 

microscopy and microbiological study. International 

Journal of Fisheries and Aquatic Studies, 2(2), 78-

88. 

 

Shelby R, Lim C, Yildirm-Aksoy M, Delaney, 

M. 2006. Effects of probiotic diet supplements on 

disease resistance and immune response of young 

Nile Tilapia (Oreochromis niloticus). Journal of 

Applied Aquaculture 18, 22-34. 

http://dx.doi.org/10.1300/J028v18n02_02 

 

Shelby RA, Lim C, Yildirim-Aksoy M, Klesius 

PH. 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. 

http://dx.doi.org/10.1300/J028v19n01_a 

 

Sivasubramanian K, Samuthira pandian R, 

Kavitha R. 2012. Isolation and Characterization of 

Gut Micro Biota from Some Estuarine Fishes. Marine 

Science 2(2), 1-6.  

http://dx.doi.org/10.5923/j.ms.20120202.01 

 

Spanggaard B, Huber I, Nielsen J, Nielsen T, 

Appel KF, Gram L. 2000. The microflora of 

rainbow trout intestine, a comparison of traditional  

and molecular identification. Aquaculture 182, 1-15. 

http://dx.doi.org/10.1016/S0044-8486(99)00250-1 

Standen BT, Rawlinga MD, Daviesa SJ, 

Castexb M, Foeya A, Gioacchinic G, Carnevalic 

O, Merrifield DL. 2013. Probiotic Pediococcus 

acidilactici modulates both localized intestinal and 

peripheral-immunity in tilapia (Oreochromis 

niloticus). Fish and Shellfish Immunology 35, 1097-

1104. 

http://dx.doi.org/10.1016/j.fsi.2013.07.018 

 

Sugita H, Miyajima C, Deguchi Y. 1991. The 

vitamin B12-producing ability of the intestinal 

microflora of freshwater fish. Aquaculture 92, 267-

276. 

http://dx.doi.org/10.1016/0044-8486(91)90028-6 

 

Taoka Y, Maeda H, Jo JY, Jeon MJ, Bai SC, 

Lee WJ, Yuge K,  Koshio S. 2006. Growth, stress 

tolerance and nonspecific immune response of 

Japanese flounder Paralichthys olivaceus to 

probiotics in a closed recirculating system. 

Fisheries Science 72, 310-321.  

http://dx.doi.org/10.1111/j.1444-2906.2006.01152.x 

 

Thillaimaharani KA, Logesh AR, Sharmila K, 

Kaja Magdoom B, Kalaiselvam M. 2012. Studies 

on the intestinal bacterial flora of tilapia Oreochromis 

mossambicus (Peters, 1852) and optimization of 

alkaline protease by Virgibacillus pantothenticus. 

Journal of Microbiology and Antimicrobials 4(5), 79-

87. 

http://dx.doi.org/10.5897/JMA11.112 

 

Vine NG, Leukes WD, Kaiser H. 2006. Probiotics 

in marine larvi culture. FEMS Microbiology Reviews 

30, 404-427.  

http://dx.doi.org/10.1111/j.1574-6976.2006.00017.x 

 

Wang YB, Tian ZQ, Yao JT, Li WF. 2008. Effect 

of probiotics, Enteroccus faecium, on tilapia 

(Oreochromis niloticus) growth performance and 

immune response. Aquaculture 277, 203-207.  

http://dx.doi.org/10.1016/j.aquaculture.2008.03.007 


