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ABSTRACT 

 
Aquaculture is the farming of aquatic organisms (especially fish) that has acquired a special position in the 

global economic and livelihood panorama. The importance of the fishery sector grows days by day as its 

demand increases for human consumption. Therefore several types of artificial feed are applied for 

accelerating the growth and increasing the production rate. Now – a - days, probiotics (live 

microorganisms) are used in aquaculture for increasing the disease resistance power and improving the 

water quality. This review article summarizes the use of different types of probiotics in the aquaculture 

sector. 
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INTRODUCTION 

Fish is the most nutritive ingredient 

in the food chart of human beings. It is the 

best resource of animal proteins. For 

accelerating their growth within a limited 

period of time artificial feed need to be 

provided. This kind of feed is prepared by 

fish meal which is compatible with the 

protein required by the fish (Alam et al., 

1996). The quantity and quality of the 

required feed for the fish is dependent on 

their feeding habits, size and digestive 

anatomy as well as the temperature and 

natural food types present in the habitat site 

(Glencross et al., 2007). 

The artificial feed is prepared by 

mixing some ingredients to attain the goal 

of production. Among the ingredients, 

soybean meal is mostly used and others like 

milk powder, corn flour etc. are used. 

The complete artificial feed contains 

all the required nutrients like protein, 

carbohydrate, fat, ash, phosphorus, water 

and trace amounts of vitamins and minerals 

(Table 1).  

 

Table 1 Nutrient level in ideal fish feed 

Nutrients Required percentages in the feed 

Proteins 32–45 % 

Fat 4–28 % 

Carbohydrates 10–30 % 

Minerals 

(inorganic mineral elements including calcium, phosphorous, 

magnesium, iron, copper, manganese, zinc, iodine, and selenium 

1.0–2.5 % 

Vitamins 1.0–2.5 % 

 

Types of Fish feed 

Fish feed may be of natural origin or they 

may be prepared artificially considering the 

nutritional requirement of the species. 

A. Natural Feed 

This type of feed grows naturally in the 

aquatic ecosystem and sometimes from the 

terrestrial habitats. 
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 Plankton 

 Wolffia, Eichhornia, Pistia, Lemna 

 Tiny aquatic insects 

 Rotted part of animal and plants 

 Basal organic elements 

 Different types of grasses (napier, para 

etc.) 

B. Artificial Feed 

Artificial feed are mainly used for fast 

growth and increase production. Besides 

these are available in all times and can be 

made into different pellet sizes according to 

different sizes of the fishes. 

Mainly three types of feed are available in 

the market namely (i) Crumbles, (ii) 

Floating pellets and (iii) Sinking pellets. 

The pellet size should be approximately 20-

30% of the size of the fish species mouth 

gap (Figure 1).  

 

 
Figure 1: Different sizes of Fish Feed 

 

Artificial Fish Feed preparation process 

 Ingredients 
Fish meal Ground nut oil cake 

Soyabean meal Maize bran 

Rice bran Yeast and baking powder 

Rice polish Vitamin premix 

Mustard oil cake Cotton seed meal 

 

 Process 

The process of preparing floating / sinking 

fish feed consists of 5 steps. 

a) Grinding 

b) Mixing 

c) Extrusion 

d) Drying 

e) Cooling and packing 

 

 
 

All the ingredients are grinded by hammer mill machine. In that machine, materials are smashed under high speed rotation of hammers 

 

Then grounded materials are mixed thoroughly in the mixer to make high quality nutritional feed with the addition of premixes and other 

micro ingredients 

 

In case of the preparation of sinking feed pellet, fat contain should be high (8 %) and starch contain should be low (15 %)  

 

The mixture is passed through floating fish feed extruder machine to make pellets in different sizes depending upon disc size under high 

temperature 

 

The pellets are dried by dryer machine to make low moisture feed 

 

Oil spraying machine can be used to spray oil to the surface of the dried pellets 

 

The pellets are cooled for hardening and packaged in bags 

 

Uses of Probiotics 

Now a days aquaculture has become 

an economically important industry as it is 

the fastest growing food producing sector in 

the world with the greatest potential to meet 

the growing demand for aquatic food (FAO, 

2006; Subasinghe et al., 2009). Disease is 

the major threat in the fishery sector due to 

increasing trend of intensification and 

commercialization of the production 

(Bondad-Reantaso et al., 2005). Prevention 

and control of these diseases has focused on 

the use of chemical additives and medicines 

especially antibiotics which inhibit or kill 

beneficial microbiota in the gastrointestinal 

(GI) ecosystem and this antibiotic 

Schematic diagram of fish feed preparation 
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significantly poses adverse impact on public 

health by promoting selection, propagation 

and persistence of bacterial resistance 

strains (Nomoto, 2005; FAO/OIE/WHO, 

2006; WHO, 2012). Therefore a non-

antibiotic agent has developed that controls 

the disease without any harmful effect on 

fishes as well as human beings and that is 

known as probiotics (Browdy, 1998). 

Probiotics are live microbes that can be used 

to improve the host intestinal microbial 

balance and growth performance. It can also 

be considered as bio-friendly agent to 

enhance the immunity of fish under stressful 

environmental conditions, by modulating 

the gut colonization of the probiotic 

bacterial strains and production of 

antibodies, acid phosphatase, lysozyme and 

anti-microbial peptides (Mohapathra et al., 

2012; Panigrahi, 2007; Taoka et al., 2006; 

Salminen et al., 1999). They do not have 

any undesirable side effects on treated 

organisms. 

According to Fuller (1989), a 

probiotic has five important characters 

which indicate the potential or efficiency of 

the probiotic in context to its use in the 

aquatic environment. 

 Effectiveness in application 

 Non-pathogenic and non-toxic 

 Existing as viable cells preferably in 

large numbers 

 Capable of surviving and metabolizing 

in the gut environment e.g. resistance to 

low pH and organic acid 

 Stable and capable of remaining viable 

for periods under storage and field 

conditions 

 

Types of probiotics 

Probiotics are of two types, 

(i) Gut probiotics – It can be blended 

with feed and orally administrated to 

increase the useful microbial flora of 

the gut. 

(ii) Water probiotics – It can proliferate 

in aquatic medium and exclude the 

pathogenic bacteria by consuming 

all available nutrients and therefore 

pathogenic bacteria are eliminated 

through starvation (Sahu et al., 

2008). 

 

Microorganisms used as probiotics 

Lactic acid bacteria (LAB) such as 

some Lactobacillus species are frequently 

used as probiotics in fish nutrition (Nayak, 

2010) because they have the most promising 

effects on disease resistance, survival, and 

growth parameters for a wide variety of fish 

species (Nayak, 2010; Esteban et al., 2014; 

Muñoz-Atienza et al., 2014; Hai, 2015; 

Sahoo et al., 2015; Dawood et al., 2016; 

Gobi et al., 2016;). Bifidobacterium and 

some yeast may have probiotic properties 

(Table 2). 

 
Table 2 Microorganisms commonly used as probiotics 

Lactobacilli Bifidobacteria Others 

L. casei Shirota B. longum Escherichia coli Nissle 

L. rhamnosus GG B. bifidum Saccharomyces boulardii 

L. johnsonii B. infantis Enterococcus faecalis 

L. acidophilus B. lactis Lactococcus lactis 

L. gasseri B. breve Propionibacteria 

L. reuteri B. animalis  

L. casei B, adolescentis  

L. fermentum   

L. crispatus   

[Source: Kaur et al., 2002; Senok et al., 2005; de Vrese and 

Schrezenmeir, 2008] 

 

Gram-positive, non-spore-forming and non-

flagellated rods shaped, aero-tolerant, 

fastidious, acid-tolerant lactobacilli ferment 

the glucose into lactic acid, CO2 and 

ethanol. On the other hand, gram-positive, 

rod-shaped, non-gas-producing, non-spore 

forming, catalase negative and anaerobic 

bifidobacteria produces acetic acid and 

lactic without CO2 generation.  

 

Beneficial effects of probiotics in 

aquaculture 

Some beneficial effects of probiotics are 

described here. 

1. Competition for binding sites 

Probiotic bacteria bind with the binding 

sites in the intestinal mucosa and form a 

physical barrier which prevents the 

connection of pathogenic bacteria. 

2. Production of inhibitory substances 

Probiotic bacteria produce a variety of 

chemicals like hydrogen peroxide, 

bacteriocins, lysozymes, proteases that are 



Prosenjit Pramanick et.al. Probiotics: A Pathway for Upgrading Aquaculture Sector 

                         International Journal of Research & Review (www.ijrrjournal.com)  97 
Vol.6; Issue: 1; January 2019 

inhibitory to both gram positive and gram 

negative bacteria through antibacterial 

properties. Besides, organic acid is also 

produced which lower the pH of the GI 

track and prevents the growth of pathogenic 

bacteria. 

3. Competition for nutrients 

Probiotic bacteria utilize the nutrients and 

competition for nutrients can play an 

important role in the composition of the 

microbiota of the intestinal tract or ambient 

environment of the cultured aquatic 

organisms. Therefore successful application 

of the principle of competition to natural 

situation is not easy and this remains as a 

major task for microbial ecologists. 

4. Stimulation of immune system 

Some probiotic bacteria stimulate the 

immune system by increasing the 

production of antibodies, and also activation 

of macrophages, T cell proliferation and 

interferon production. 

5. Source of nutrients and enzymatic 

contribution to digestion 

Probiotic microbes have a beneficial effect 

in the digestive processes of aquatic 

animals. Sakata (1990) reported that 

Bacteroides and Clostridium sp. have 

contributed to the host’s nutrition, especially 

by supplying fatty acids and vitamins. 

Besides, some probiotics may participate in 

the digestion processes of bivalves by 

producing extracellular enzymes, such as 

proteases, lipases, as well as providing 

necessary growth factors (Prieur et al., 

1990). 

6. Influence on water quality 

Probiotics have a role to improve the water 

quality of the aquaculture ponds by turnover 

of organic nutrients in the ponds.  

 

Application of probiotics in aquaculture 

Probiotics can be administered through 

feeding, injection and directly to water. 

a) Application in feed 

Probiotics are generally used in the fish feed 

by directly mixed with the feed ingredients 

or by spraying the prepared feed (Fuller, 

1989). They have the capability of surviving 

while passing through the gut and should 

have the ability to flourish and settle in the 

gut which should be safe and effective for 

the host species. The commonly used 

probiotics in aquaculture are Lactobacillus 

sp., Bacillus sp. and Saccharomyces 

cerevisiae (Akter et al., 2016). 

b) Application through injection 

Probiotics are applied by injecting to fish 

species through intra peritoneal route to 

decrease the mortality rate (experiment had 

done by Yassir et al., 2002). 

c) Application to culture water 

According to Venkateswara (2007), direct 

application of probiotics in the water 

exhibits beneficial effect on fish health by 

changing the microbial composition of the 

water and sediment. Among the probiotic 

bacteria, Bacillus spp., Aerobacter sp., 

Nitrobacter sp. and Saccharomyces 

cerevisiae (yeast) have an important role in 

the water quality improvement (Akter et al., 

2016). 

 

CASE STUDY 

1) Researchers (Swapna et al., 2015) had 

worked with two probiotics (Bacillus 

licheniformis and Lactobacillus 

rhamnosus) on Pacific white shrimp 

Litopenaeus vannamei to observe the 

growth performance. Probiotic fed 

shrimp showed significantly higher 

growth than the control. 

2) The experiment of the Rajikkannu et al. 

(2015) suggested that Bacillus pumilus 

could be used effectively as a probiotics 

for the use in aquaculture. 

3) Munirasu et al. (2017) reported that 

probiotic mixed diet have a role to 

increase the growth performance of 

freshwater fish Labeo rohita fingerlings 

as well as changes their proximate 

composition in compared with control 

diet of the fish. 

4) A recent study (Zulfikar et al., 2018) 

have revealed that inclusion of Bactocell 

(Pediococcus acidilactici) as probiotic 

in feed at 0.05% level can improve 

growth performance, nutrient utilization 

and feed efficiency in Mystus cavasius 

fry. 
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CONCLUSION 

Probiotics (live microorganisms) are 

important ingredients in aquaculture that 

have a role in feed conversion, growth 

performance, immune response and disease 

resistance. They bring important health 

benefits such as antimicrobial effects 

inhibiting intestinal and food poisoning 

pathogens, improvement of gut functions by 

normalizing microflora balance, reducing 

constipation and improving intestinal 

mobility. They also improve nutrition 

through enhanced breakdown of vitamins, 

minerals and amino acids and their 

absorption through the intestinal walls and 

also have role in the management of 

diarrhoea. Probiotics have demonstrated the 

ability to prevent and treat some infections, 

particularly GI tract. Therefore the use of 

probiotics in fish feed should also be seen as 

an important step in aquaculture 

sustainability. 
 

REFERENCES 

 Akter, M. N., Parvez, I. & Patwary, Z. P. 

(2016). Beneficial effects of probiotics in 

aquaculture. International Journal of 

Fisheries and Aquatic Studies, 4(5), 494-499. 

 Alam, A. K., Maughan, E. & Matter, W. J. 

(1996). Growth response of indigenous and 

exotic carp species to different protein sources 

in pelleted feeds. Aquatic Research, 27(9), 

673-679. 

 Ali, M. Z., Paul, M., Jana, P., Rahman, M. K. 

& Mahmud, Y. (2018). Evaluation of Selected 

Dietary Probiotics on Growth Performance, 

Nutrient Utilization and Body Carcass 

Composition of Mystus Cavasius (Hamilton, 

1822) Fry. International Journal of Current 

Microbiology and Applied Sciences, 7 (8), 

3328-3339. 

 Bondad-Reantaso, M. G., Subasinghe, R. P., 

Arthur, J. R., Ogawa, K., Chinabut, S. et.al. 

(2005). Disease and health management in 

Asian aquaculture. Veterinary Parasitol, 132, 

249-272. 

 Browdy, C. (1998). Recent developments in 

penaeid brood stock and seed production 

technologies: improving the outlook for 

superior captive stocks. Aquaculture, 164, 3-

21. 

 Dawood, M. A. O., Koshio, S., Ishikawa, M., 

Yokoyama, S., El Basuini, M. F., Hossain, M. 

S., Nhu, T. H., Dossou, S. & Moss, A. S. 

(2016). Effects of dietary supplementation of 

Lactobacillus rhamnosus or/and Lactococcus 

lactis on the growth, gutmicrobiota and 

immune responses of red sea bream, Pagrus 

major. Fish and Shellfish Immunology, 49, 

275–285. 

 de Vrese M and Schrezenmeir, J. (2008). 

Probiotics, prebiotics, and synbiotics. 

Advanced in Biochemical Engineering/ 
Biotechnology, 111, 1-66. 

 Esteban, M. Á., Cordero, H., Martínez-Tomé, 

M., Jiménez-Monreal, A. M., Bakhrouf, A. & 

Mahdhi, A. (2014). Effect of dietary 

supplementation of probiotics and palm fruits 

extracts on the antioxidant enzyme gene 

expression in the mucosae of gilthead 

seabream (Sparus aurata L.). Fish and 

Shellfish Immunology, 39, 532–540. 

 FAO./OIE/WHO. (2006). Antimicrobial use in 

aquaculture and antimicrobial resistance, 

Report of a Joint. Expert Consultation on 

Antimicrobial Use in Aquaculture And 

Antimicrobial Resistance. 

 FAO. (2006). The State of Food Insecurity in 

the world. Food and Agriculture Organization 

of the United Nations, Rome, Italy, 235-240. 

 Fuller, R. (1989). Probiotics in man and 

animals. Journal of Applied Bacteriology, 66, 

365-378.  

 Glencross, B. D., Booth, M. & Allan, G.L. 

(2007). A feed is only as good as its 

ingredients: a review of ingredient evaluation 

strategies for aquaculture feeds. Aquaculture 
Nutrition, 13, 17-34. 

 Gobi, N., Malaikozhundan, B., Sekar, V., 

Shanthi, S., Vaseeharan, B., Jayakumar, R. & 

Nazar, A. K. (2016). GFP tagged Vibrio 

parahaemolyticus Dahv2 infection and the 

protective effects of probiotic Bacillus 

licheniformis Dahb1 on the growth, immune 

and antioxidant responses in Pangasius 

hypophthalmus. Fish and Shellfish 
Immunology, 52, 230–238. 

 Hai, N. V. (2015). The use of probiotics in 

aquaculture. Journal of Applied 
Microbiiology, 2015, 119, 917–935. 

 Kaur, P.I., Chopra, K. & Saini, A. (2002). 

Probiotics: potential pharmaceutical 

applications. European Journal of 
Pharmaceutical Sciences, 15, 1-9. 

 Mohapatra, S., Chakraborty, T., Prusty, A.K., 

Das, P., Pani Prasad, K. & Mohanta, K. N. 

(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 



Prosenjit Pramanick et.al. Probiotics: A Pathway for Upgrading Aquaculture Sector 

                         International Journal of Research & Review (www.ijrrjournal.com)  99 
Vol.6; Issue: 1; January 2019 

intestinal microflora. Aquaculture Nutrition, 
18 (1), 1-11. 

 Munirasu, S., Ramasubramanian, V. & 

Arunkumar, P. (2017). Effect of Probiotics 

diet on growth and biochemical performance 

of freshwater fish Labeo rohita fingerlings. 

Journal of Entomology and Zoology Studies, 5 

(3), 1374-1379. 

 Muñoz-Atienza, E., Araújo, C.;Magadán, S., 

Hernández, P. E., Herranz, C., Santos, Y. and 

Cintas, L. M. (2014). In vitro and in vivo 

evaluation of lactic acid bacteria of aquatic 

origin as probiotics for turbot 

(Scophthalmusmaximus L.) farming. Fish and 

Shellfish Immunology, 41, 570–580. 

 Nayak, S. K. (2010). Probiotics and immunity: 

A fish perspective. Fish and Shellfish 

Immunology, 29, 2–14. 

 Nayak, S. K. (2010). Role of gastrointestinal 

microbiota in fish. Aquaculture Research, 41, 

1553–1573. 

 Nomoto, K. (2005). Prevention of infections 

by probiotics. Journal of Bioscience and 

Bioengineering, 100 (6), 583–592. 

 Panigrahi, A. & Azad, I. S. (2007). Microbial 

intervention for better fish health in 

aquaculture: the Indian scenario. Fish 
Physiology and Biochemistry, 33, 429-440. 

 Prieur, G., Nicolas, J. L., Plusquellec, A. & 

Vigneulle, M. (1990). Interactions between 

bivalves molluscs and bacteria in the marine 

environment. Oceanography and Marine 
Biology, An Annual Review, 28, 227–352. 

 Rajikkannu, M., Natarajan, N., Santhanam, P., 

Deivasigamani, B., Ilamathi, J. & Janani, S. 

(2015). Effect of probiotics on the 

haematological parameters of Indian major 

carp (Labeo rohita). International Journal of 
Fisheries and Aquatic Studies, 2 (5), 105-109. 

 Sahoo, T. K., Jena, P. K., Nagar, N., Patel, A. 

K. & Seshadri, S. (2015). In vitro evaluation 

of probiotic properties of lactic acid bacteria 

from the gut of Labeo rohita and Catla catla. 

Probiotics and Antimicrobial Proteins, 7, 

126–136. 

 Sahu, M. K., Swanakumar, N. S., Sivakumar, 

K., Thangaradjou, T. & Kannan, L. (2008). 

Probiotics in aquaculture importance and 

future respective. Indina Journal of 

Microbiology, 48; 299-308. 

 Sakata, T. (1990). Microfl ora in the digestive 

tract of fi sh and shell-fish. In: Microbiology 

in Poecilotherms (Lesel R ed.), Elsevier, 

Amsterdam, pp 171–176. 

 Salminen, S., Ouwehand, A. C., Benno, Y. & 

Lee, Y. K. (1999). Probiotics how should they 

be defined. Trends in Food Science and 
Technology, 10, 107-110. 

 Senok, C. A., Ismaeel, Y. A. & Botta, G. A. 

(2005). Probiotics: facts and myths. Clinical 

Microbiology and Infection, 11, 958-966. 

 Subasinghe, R., Soto, D. & Jia, J. (2009). 

Global aquaculture and its role in sustainable 

development. Reviews in Aquaculture, 1, 2-9. 

 Swapna, B., Venkatrayulu, Ch & Swathi, A. 

V. (2015). Effect of probiotic bacteria Bacillus 

licheniformis and Lactobacillus rhamnosus on 

growth of the Pacific white shrimp 

Litopenaeus vannamei (Boone, 1931). 

European Journal of Experimental Biology, 5 

(11), 31-36. 

 Taoka, Y., Maeda, H., Jo, J.Y., Jeon, M. N., 

Bai, S. C., Lee, W. J., Yuge, K. & Koshio, S. 

(2006). Growth, stress tolerance and non-

specific immune response of Japanese 

flounder, Paralichthys olivaceus to probiotics 

in a closed recirculating system. Fisheries 
Science, 72, 310-321. 

 Venkateswara, A. R. (2007). Bioremediation 

to restore the health of aquaculture. Pond 
Ecosystem, Hyderabad, 500 (82), 1-12.  

 WHO. (2006). Report of a joint 

FAO/OIE/WHO expert consultation on 

antimicrobial use in aquaculture and 

antimicrobial resistance: Seoul, Republic of 

Korea. 

 WHO. (2012). Antimicrobial resistance. Fact 

sheet N◦ 194, 

http://www.who.int/mediacentre/factsheets/fs1

94/es/index.html. 

 Yassir, A. L., Adel, M. E. & Azze, A. (2002). 

Use of probiotic bacteria as growth promoters 

antibacterial and the effect on physiological 

parameters of Oreochromis niloticus. Journal 
of fish diseases, 25, 633-642. 

 

 

 

 

****** 

How to cite this article: Pramanick
 
P, Biswas

 
P, Zaman

 
S et.al. Probiotics: A pathway for 

upgrading aquaculture sector. International Journal of Research and Review. 2019; 6(1):95-99. 

 


