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Abstract

Aquaculture plays an essential role in maintaining food security and sustainable lives for the world’s
ever-growing population. Due to the expansion, intensification, and variety of aquaculture methods,
aquatic animals confront significant challenges, including disease outbreaks, decreasing output, and
risks to the sustainability of the sector. Poor soil conditions in aquaculture cause higher mortality, a
higher prevalence of diseases, and lower yields of aquatic organisms. Overfeeding, dead animals, and
feces from cultured organisms like fish and shrimp are the main causes of soil deterioration in
aquaculture ponds. The two main compounds that cause issues are hydrogen sulfide (H.S) and ammonia
(NH3). To prevent diseases and promote growth, antimicrobial medications, insecticides, and
disinfectants have been used in aquaculture. This has resulted in the evolution of bacterial strains that
are resistant to these chemicals. Probiotic usage has been suggested as a potential remedy for various
problems. Probiotics are a live beneficial bacterium that are ingested through food or water which
helps to maintain a healthy balance of microorganisms inside the body. The growth of dangerous
pathogens is inhibited by bacteriocins, siderophores, lysozymes, proteases, and hydrogen peroxides
produced by probiotic bacteria. This review contains various ways in which probiotics can be used in
aguaculture systems. Thereby, probiotics assist the host animals by improving development and
nutritional digestibility, boosting disease resistance, and improving the quality of the culture water.
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INTRODUCTION

Agua feed and health management are extremely important for a sustainable aquaculture economy.
Agquaculture produced over half of the world’s fish
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in 2019 and is still the industry with the highest
growth rate [1]. The Food and Agricultural
Organization (FAO) of the United Nations [2]
reported that the contribution of aquaculture to
global fish production increased from 25.7% in
2000 to 46% in 2018. The average yearly increase
in fish consumption from 1961 to 2017 was 3.1%,
exceeding the 1.6% global population growth rate,
as well as increases in the consumption of all other
foods high in animal protein (meat, dairy, milk,
etc.). Fish consumption accounted for 7% of all
protein consumption and 17% of the global
population’s animal protein intake in 2017 [2]. In
the short time of the antibiotic era, roughly 60 years,
tons of antibiotics have been globally dispersed
across the biosphere. Twelve thousand tons of
eighteen thousand antibiotics are generated
annually in the United States for medicinal and
agricultural purposes, which contributes to the non-
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therapeutic treatment of cattle for growth promotion [3]. Global aquaculture production has generally
increased faster than global population expansion and is regarded as one of the most important food
production industries. Fish health is now a major concern for aquaculturists because of the increasing
commercialization and intensity of aquaculture practices [4]. Degradation of the rearing environment,
particularly water quality, is a major problem because it is crucial to the health of aquatic organisms [5,
6]. Poor feed conversion ratios and high mortality rates can lead to a decline in fish output [7]. In the
past few decades, antibiotics have been utilized as a conventional approach to manage fish illnesses and
enhance development and feed conversion efficiency. Nonetheless, there is ample evidence for the
growth and proliferation of bacteria that are resistant to antimicrobial agents [8, 9]. However, antibiotics
also cause antibiotic residues to accumulate in fish products, making them unsafe for human
consumption. Antibiotics hinder or kill beneficial microbiota in gastrointestinal (GI) ecosystems.
Excess ammonia in pond water and sediment, which is brought about by an overabundance of feed,
feces, and dead algae deposited on the bottom of the pond, is another significant issue that Indian shrimp
culture farmers must deal with. As a result, shrimp are exposed to harmful gases such as NHs, NO-, and
H>S, which further contribute to eutrophication in the culture system and cause stress in animals. This
has led to microbiological illnesses and high mortality rates [10]. In addition to the impacts of drug
residues, antimicrobial-resistant microorganisms in aquaculture pose a public health issue. For instance,
conjugation between the human-originating bacteria Escherichia coli and the bacteria causing fish
diseases Aeromonas salmonicida has resulted in the transfer of plasmid-borne resistance genes, some
of which are harmful to humans [11]. There are two methods by which antibiotic resistance develops:
chromosomal mutation and plasmid acquisition. While resistance plasmids can spread quickly to other
bacteria, chromosomal changes cannot be passed laterally, leading to a large proportion of pathogenic
bacteria that quickly acquire mediated plasmid resistance [12]. Utilizing biotechnological approaches,
concerns regarding antibiotic resistance, disease, and seafood demand have been addressed. Probiotic
utilization is one of the most successful biotechnological applications in aquaculture. Probiotics are safe
live microorganisms that improve water quality, enhance nutrition and immune response in host species,
and aid in the competitive exclusion of pathogenic bacteria by producing compounds that inhibit them
[13-16].

PROBIOTICS

The word probiotic is a Greek term in which “pro” and “bios,” in the name “probiotic” signifies “for
life” [17]. Parker was the first to coin the term “probiotic” (1974). Probiotics are defined as “organisms
and substances which contribute to intestinal microbial balance” in his original definition [18].
According to a recent proposal [19], probiotics in the context of aquaculture can be defined as “live or
dead, or even a component of the microorganisms that act under different modes of action in conferring
beneficial effects to the host or its environment.” The term “live microbial food product which benefits
its host (human or animals) by enhancing the microbial balance in the body” was added by Fuller [20],
who also stated that it would work under a variety of extreme salinity and temperature fluctuations.

Probiotics are defined by the World Health Organization [21] as living organisms that boost the health
of the host when administered in appropriate amounts. The notion of probiotics in aquaculture was
suggested to include microbial “water additives” [22]. According to Anjana and Tiwari [23], probiotics
can be administered orally, intravenously, or immediately submerged in water. They can be used either
separately or in combination [24]. Probiotics have been the subject of an increasing number of studies,
and it is now possible to review the status of the science surrounding them, from their empirical
application to their scientific methodology [25, 26].

SELECTION OF PROBIOTICS

The safety and production of the desired effects should be the main criteria for choosing probiotics.
Prior to reaching the consumer, they must also maintain their abilities during production, manufacture,
distribution, and storage [27]. Probiotics must be carefully chosen because incorrect strains may
negatively affect their hosts [28, 29]. The following sequence is involved in the selection of probiotics
[30]. The sequence of probiotic selection is shown in Figure 1.
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e Itis necessary to choose a microorganism source.

e By applying selective culture, the microbes that will be used for the task can be isolated and
identified.

e A new culture with just the colony of interest is made to perform an in vitro analysis (pathogen
inhibition, pathogenicity-targeting species, host resistance conditions, etc.).

e Research on a small- and large-scale exploration of in vivo supplementation is conducted to
determine whether the host species benefits from it, provided that there are no restrictions on the
application of the target species. Probiotics with favorable results may eventually be produced
and marketed.

A source —> Strain Isolation —> In Vitro Assessement

Government authority

In Vivo Assessment —> Probiotic marketing —> licensing or Approval

Figure 1. Sequence of probiotics selection.
Source: Adapted from modified [31].

ROLE OF PROBIOTICS IN AQUACULTURE

Aquaculture uses probiotics as part of a practice known as bioprophylaxis, which is the use of living
microscopic organisms to prevent illnesses in aquatic animals. The production of bacteriocins by
beneficial microorganisms prevents pathogenic organisms from infecting the host or causing diseases
is how bioprophylaxis is accomplished [32] (Figure 2).

Growth
promoter

Antibcterial Enfh_ancement
activity orimmune
response
Role of Probiotics
in Aquaculture
Antiviral Improve water
activity quality

Improves the
process of
digestion

Figure 2. Schematic representation of the role of probiotics in aquaculture.
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Growth promoter: The direct impact of probiotics on fish development performance, whether through
increased nutrition intake or by supplying nutrients, is one of the most anticipated effects of utilizing
bacterial probiotics [33]. Unlike the risk factors linked to commonly used commercially available
growth enhancers [34, 35], the growth-promoting action of probiotics on fish is not associated with
detrimental health effects [36, 37]. As probiotics are continually added to fish cultures, they adhere to
the intestinal mucosa of the fish and develop and exercise their multiple benefits. The author [31]
observed that probiotic microorganisms have a more substantial multiplication rate than the rate of
expulsion, which allows them to colonize the intestinal tract when administered over an extended period
of time. Additionally, probiotics are considered an eco-friendly form of treatment. Probiotics can be
added to food in the form of living microbes in the gastrointestinal system to establish a balanced native
microfloral population [38]. The probiotic Streptococcus strain added to the diet of Nile tilapia
(Oreochromis niloticus) resulted in a considerable increase in the fish’s crude protein and crude fat
content, and just nine weeks of culture, the weight of the fish increased from 0.154 g to 6.164 g [39].
To employ probiotics as a tilapia (Oreochromis niloticus) growth promoter, Yassir et al. [40] found that
Micrococcus luteus produced the greatest growth output when used as a probiotic, and the best feed
conversion ratio when the same organism was used. The application of Bacillus sp. as a probiotic has
been shown to increase fish survival by allowing bacteria to colonize the fish's digestive system and
culture water [41-43]. Probiotics exhibit varying degrees of efficacy. For instance, Saccharomyces
cerevisiae and Bacillus subtilis showed higher final weights (255.31 g) and specific rates of growth
(SGR) (0.77%) at various concentrations [44]. The effectiveness of probiotic applications varies
depending on a number of characteristics, including species composition, treatment level, frequency of
administration, and environmental circumstances [45, 43], making it challenging to directly evaluate
different probiotic studies.

Enhancement of immune response: Probiotics can improve the immunological characteristics of
aquaculture species probiotics can prevent the spread of pathogens by boosting the host immune system
and stimulating both cellular and nonspecific immunity [46]. According to Taoka et al. [47], tilapia
(Oreochromis niloticus) treated with viable probiotics exhibited enhanced nonspecific immune
responses, as measured by lysozyme activity, neutrophil migration, and bactericidal activity. Lysozyme,
a protein present in many vertebrates, including fish, serves as the primary defense against the invasion
of Gram-positive and some gram-negative bacteria; it cleaves the -1, 4 glycosidic bonds between N-
acetyl glucosamine and N-acetylmuramic acid in the peptidoglycan layer of bacterial cell walls [48,
49]. Lysozyme levels can rise as a result of feeding diets supplemented with probiotics. It has been
shown that giving Clostridium butyricum bacteria to rainbow trout increases their ability to fend off
vibriosis by boosting leukocyte phagocytic activity [50]. Studies have also shown that providing high
doses of probiotics through diet for an extended period of time influences the respiratory burst activity
of O. niloticus [51], R. canadum [52], and L. rohita [53, 54]. Probiotic bacteria also compete with one
another for resources under aquatic conditions and locations for attachment to the gut. They alter the
enzymatic activity in infections. They have demonstrated immunostimulatory properties [55].
Probiotics have a major positive effect on the development of the immune system in juvenile
aquaculture species. Because the immune systems of fish larvae, shrimp, and other invertebrates are not
as developed as those of adults, their immunity to infection is mostly derived from nonspecific
immunological responses [56].

Improved water quality: According to Zhou et al. [57], probiotics have a lot of potential, and it is
crucial to provide fish with a healthy habitat. Water quality was monitored in several experiments when
probiotic strains, particularly those belonging to the gram-positive species Bacillus, were added. This
is most likely because this type of bacterium converts organic substances into CO, more effectively
than gram-negative bacteria do. It has been proposed that fish farmers can reduce the build-up of soluble
and insoluble carbon from organic matter during the growing season by maintaining high probiotic
levels in their production ponds. Furthermore, this may maintain a balance in phytoplankton production
[58]. Ammonia compounds, which are extremely harmful to fish, quickly accumulate when fish excrete
nitrogen waste in the form of NHs; or NH,* [59]. Nimrat et al. [60] examined the water quality in
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treatment and control ponds and demonstrated how the introduction of blended probiotics (Bacillus sp.)
impacts the development of advantageous bacteria. Because the levels of ammonia, pH, and nitrite in
the water were notably lower, they serve as enhancers to improve the quality of the water. Through the
nitrification process, ammonia-oxidizing bacteria convert ammonia to nitrite NO2™ whereas nitrite-
oxidizing bacteria convert nitrite to nitrate NOs". Thus, hazardous ammonia build-up in fish-rearing
facilities is avoided. In aguaculture plants, aerobic denitrifiers are thought to be ideal choices for
reducing nitrate to nitrogen gas (N2) [61]. Probiotics derived from plant sources, such as yucca extract,
potassium ricinoleate, tannic acid, and citrus seed extract, as well as beneficial bacterial species from
the genera Nitrobacter, Pseudomonas, Enterobacter, Cellulomonas, and Rhodopseudomonas, have also
been reported to have been used in culture systems noted to have a significant improvement in water
quality [62, 63]. Other factors, including pH, temperature, dissolved oxygen, ammonia, and hydrogen
sulfide in culturing water, were shown to be of better quality after the application of probiotics. Thus,
probiotics maintain the shrimp and prawn larval culture of aquatic systems in a good and healthy
environment [64, 65].

Improve the process of Digestion: It is said that through the processes of both aerobic and anaerobic
decomposition, microbial metabolism contributes significantly to biogeochemical processes and cycles
in the aquatic environment. Probiotics are crucial for recycling organic materials. They also aid in the
regeneration of nutrients and the dissolution of insoluble inorganic salts [66]. According to El-Haroun
et al. [67] and Mohapatra et al. [68], the majority of probiotics colonize the host and influence digestive
processes by increasing the number and generation of microbial enzymes. This improves the
gastrointestinal microbial balance and, as a result, the digestibility, absorption, and utilization of feed.
Exogenous enzymes are defined as enzymes released by probiotic bacteria. According to Mohapatra et
al. [69], these exogenous enzymes can aid in the induction of endogenous enzymes that can withstand
a wider pH range than indigenous enzymes, thereby delaying the digesting phase [70]. Proteases are
enzymes that secrete and break peptide bonds to release free amino acids that the host can absorb [71].
Because Bacillus secretes a variety of exoenzymes, including lipases, carbohydrases, and proteases,
which enhance enzymatic digestion and complement the actions of fish, they can help with digestion
[72]. Thus, adding probiotics to a meal improves the efficiency of nutrient absorption [73].

LIMITATIONS OF USING PROBIOTICS

Probiotics in aquaculture are limited by the inability of strains to be produced commercially and
subsequently demonstrated on a large scale, the challenge of demonstrating efficacy at the farm level,
and the inability of companies to undertake comprehensive research on how to make products
specifically for aquaculture [74]. Probiotics can be developed in either static or low water exchange
environments (circulatory system); they can be used as proactive preventive measures in advance,
preventing the disease rather than treating it. They work best when applied as soon as the water medium
is sterilized before being contaminated with other microbes [75]. The risk that pathogenic bacteria used
as probiotics will mutate and contaminate aquaculture products, probiotic overuse, and the high
production costs that will be a burden for small-scale aquaculture farms are all mentioned in an article
published in the International Magazine for Animal Feed and Additives Industry (2023). These factors
could lead to the introduction of non-native microbes into the aquatic environment, which could alter
ecology and impact native species [76].

CONCLUSIONS

Probiotics have potential applications in aquaculture; however, some studies are yet essential as to
how we can use some selected probiotics in aquaculture that do not have any negative effects on the
health of an organism. It is a viable substitute for chemotherapy and antibiotics, which are harmful and
have unfavorable long-term effects. It is well known that 60-80% of operating costs in intensive
aquaculture operations are related to feeding; therefore, probiotic usage can reduce feeding costs by
improving feed consumption and, consequently, improving growth performance. Probiotics assist host
animals by improving development and nutritional digestibility, boosting disease resistance, and
improving the quality of culture water. Selecting the appropriate strain based on favorable traits is the
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most important stage for boosting the effectiveness of probiotics. Nonetheless, further investigation
should be conducted to estimate the right amounts and doses added to meals, in a group of bacteria, and
in a variety of physical and chemical elements that influence probiotics need to be researched. Probiotics
have potential applications in aquaculture; however, further studies are required. They may have
beneficial or detrimental effects on the surrounding environment as well as aquaculture animals.
Although there are metal removal methods that use physiochemical approaches, they are costly and
have a negative environmental impact. Understanding these mechanisms is necessary to ensure long-
term commercial use, despite a slightly less rigorous approach. This is because it helps to determine
any potential environmental side effects, such as whether adding probiotics permanently alters the
community of microbial species and how this will affect the turnover of inorganic and organic
molecules in a specific environment. Numerous studies have demonstrated that the addition of
organisms more frequently, and not relying solely on a single probiotic culture treatment, is necessary.
However, the strength of the systems, such as the necessary concentration of probiotics, frequency of
additions, and impact of temperature changes, have not been measured; therefore, some aspects in detail
are yet to be studied for further development.

REFERENCES

1. Wei LS, Goh KW, Abdul Hamid NK, Abdul Kari Z, Wee W, Van Doan H. A mini-review on co-
supplementation of probiotics and medicinal herbs: Application in aquaculture. Front Vet Sci.
2022;9:869564. doi: 10.3389/fvets.2022.869564. PMID: 36406063.

2. FAO of the United Nations. The State of World Fisheries and Aquaculture. Sustainability in Action.
Rome: Food and Agriculture Organization of the United Nations; 2020. p. 21.

3. SCAN. Opinion of Scientific Committee on Animal Nutrition on the criteria for assessing the safety
of microorganism resistant to antibiotics of human clinical and veterinary importance. European
Commission Health and Consumer Protection Directorate-General; 2003.

4. Bondad-Reantaso MG, Subasinghe RP, Arthur JR, Ogawa K, Chinabut S, Adlard R, Tan Z, Shariff

M. Disease and health management in Asian aquaculture. Vet Parasitol. 2005;132:249-72. doi:

10.1016/j.vetpar.2005.07.005. PubMed PMID: 16099592.

Bronmark C, Hansson LA. The Biology of Lakes and Ponds. Oxford University Press; 2017.

6. Hura MUD, Zafar T, Borana K, Prasad JR, Igbal J. Effect of commercial probiotic Bacillus
megaterium on water quality in composite culture of major carps. Int J Agric Sci. 2018;8:268-73.

7. Ghori I, Tubassam M, Ahmad T, Zuberi A, Imran M. Gut microbiome modulation mediated by
probiotics: Positive impact on growth and health status of Labeo rohita. Front Physiol.
2022;13:949559. doi: 10.3389/fphys.2022.949559. PubMed PMID: 36160848.

8. Cabello FC. Heavy use of prophylactic antibiotics in aquaculture: A growing problem for human
and animal health and for the environment. Environ Microbiol. 2006:;8:1137-44. doi:
10.1111/j.1462-2920.2006.01054.x. PubMed PMID: 16817922.

9. Sorum H. Antimicrobial drug resistance in fish pathogens. In: Aarestrup FM, editor. Antimicrobial
Resistance in Bacteria of Animal Origin. Washington, DC: ASM Press; 2006. p. 213.e238.

10. Buruiand T, Buruiana CT, Georgiana PA, Vizireanu C. Effects of probiotic Bacillus species in
aquaculture — An overview. AUDJG Food Technol. 2014;38:9-17.

11. Romero J, Feijo6 CG, Navarrete P. Antibiotics in aquaculture — use, abuse and alternatives. Health
Environ Aquac. 2012;159(1):159-98.

12. Lewin CS. Mechanisms of resistance development in aquatic microorganisms. In: Michel C,
Alderman D, editors. Chemotherapy in Aquaculture: From Theory to Reality. Paris: Office
International des Epizooties; 1992. p. 288-301.

13. Thompson FL, Abreu PC, Cavalli R. The use of microorganisms as food source for Penaeus
paulensis larvae. Aquaculture. 1999;174:139-53. doi: 10.1016/S0044-8486(98)00511-0.

14. Verschuere L, Rombaut G, Sorgeloos P, Verstraete W. Probiotic bacteria as biological control
agents in aquaculture. Microbiol Mol Biol Rev. 2000;64:655—-71. doi: 10.1128/ MMBR.64.4.655-
671.2000. PubMed: 11104813.

15. Gupta A, Dhawan A. Effect of supplementing probiotics (Prosol) on the Performance of Giant
Freshwater Prawn (Macrobrachium rosenbergii) Juveniles. Indian J Anim Nutr. 2011;28:457-63.

o

© STM Journals 2024. All Rights Reserved 28



Research & Reviews: A Journal of Life Sciences
Volume 14, Issue 1
ISSN: 2249-8656 (Online), ISSN: 2348-9545 (Print)

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.
30.
31.

32.
33.

34.

35.

36.

37.

38.

39.

Gupta A, Dhawan A. Effect of dietary probiotic improval (Lactobacillus sporogenes and
Saccharomyces cerevisiae) on growth and feed utilization of (Macrobrachium rosenbergii) post
larvae. Anim Nutr Feed Technol. 2012;12:209-17.

Gismondo MR, Drago L, Lombardi A. Review of probiotics available to modify gastrointestinal
flora. Int J Antimicrob Agents. 1999;12:287-92. doi: 10.1016/s0924-8579(99)00050-3. PubMed
PMID: 10493604.

Parker RB. Probiotics, the other half of the antibiotics story. Anim Nutr Health. 1974;29:4-8.
Lazado CC, Caipang CMA. Mucosal immunity and probiotics in fish. Fish Shellfish Immunol.
2014;39:78-89. doi: 10.1016/j.si.2014.04.015. PMID: 24795079.

Fuller R. Probiotics in man and animals. J Appl Bacteriol. 1989;66:365-78. doi: 10.1111/j.1365-
2672.1989.th05105.x. PubMed PMID: 2666378.

WHO. Health and nutritional properties of probiotics in food including powder milk with lactic
acid bacteria. Med Rep. 2001;12:328-30.

Moriarty DJW. Control of luminous Vibrio species in penaeid agquaculture ponds. Aquaculture.
1998;164:351-8. doi: 10.1016/S0044-8486(98)00199-9.

Anjana, Tiwari SK. Bacteriocin-producing probiotic lactic acid bacteria in controlling dysbiosis of
the gut microbiota. Front Cell Infect Microbiol. 2022;12:851140. doi: 10.3389/fcimb.2022.851140.
PubMed PMID: 35651753.

Hai NV. The use of probiotics in aquaculture. J Appl Microbiol. 2015;119:917-35. doi:
10.1111/jam.12886. PMID: 26119489.

Yanbo W, Zirong X. Effect of probiotics for common carp (Cyprinus carpio) based on growth
performance and digestive enzyme activities. Anim Feed Sci Technol. 2006;127:283-92. doi:
10.1016/j.anifeedsci.2005.09.003.

Vine NG, Leukes WD, Kaiser H. Probiotics in marine larviculture. FEMS Microbiol Rev.
2006;30:404-27. doi: 10.1111/j.1574-6976.2006.00017.x. PMID: 16594964.

Shewale RN. Selection criteria for probiotics: A review. Int J Probiotics Prebiotics. 2014;9:17-22.
Lingoh AD, Leong SS, Sarbini SR. Detection of lactic acid bacteria (LAB) from local breed chicken
gut as probiotic agent in livestock. Pak J Nutr. 2020;19:197-203. doi: 10.3923/pjn.2020.197.203.
Schuurman AR, Kullberg RFJ, Wiersinga WJ. Probiotics in the intensive care unit. Antibiotics.
2022;11:217. doi: 10.3390/antibiotics11020217. PMID: 35203819.

Azevedo RV, Braga LT. Use of probiotics in aquaculture. In: Intech. 2012.

Balcéazar JL, de Blas I, Ruiz-Zarzuela I, Cunningham D, Vendrell D, Mizquiz JL. The role of
probiotics in aquaculture. Vet Microbiol. 2006;114:173-86. doi: 10.1016/j.vetmic.2006.01.009.
PubMed PMID: 16490324.

Angahar LT. Application of probiotics in aquaculture. Am J Curr Microbiol. 2016;4.

Sayed SH, Zakaria A, Mohamed GA, Mohamed KK. Use of probiotics as growth promoter,
antibacterial and their effects on the physiological parameters and immune response of
Oreochromis niloticus Lin. fingerlings. J Arabian Aquac Soc. 2011;6:201-22.

Holtz S. Reducing and phasing out the use of antibiotics and growth promoters in Canadian
agriculture. Canada: Canadian Institute for Environmental Law and Policy; 2009. p. 43.

Gustafson RH, Bowen RE. Antibiotic use in animal agriculture. J Appl Microbiol. 1997;83:531-41.
doi: 10.1046/].1365-2672.1997.00280.x. PubMed PMID: 9418018.

Bondad-Reantaso MG, MacKinnon B, Karunasagar I, Fridman S, Alday-Sanz V, Brun E, et al.
Review of alternatives to antibiotic use in aquaculture. Rev Aquac. 2023;15(4):1421-51. doi:
10.1111/raq.12786.

WHO/FAO. Guidelines for the evaluation of probiotics in food. Ontario, Canada: World Health
Organization/Food and Agriculture Organization; 2002.

Rengpipat S. Biocontrol of bacteria pathogens in aquaculture with emphasis on change therapy. In:
Walker P, Lester R, Bondad-Reantaso MG, editors. Diseases in Asian Aquaculture V. Manila: Fish
Health Section, Asian Fisheries Society; 2005. p. 543-52.

Lara F, Olvera N, Guzman M, Lopez M. Use of the bacteria Streptococcus faecium and
Lactobacillus acidophilus, and the yeast Saccharomyces cerevisiae as growth promoters in Nile
tilapia (Oreochromis niloticus). Aquaculture. 2003;216:193-201.

© STM Journals 2024. All Rights Reserved 29



Application of Some Essential Bacterial Probiotics in Aquaculture Khan et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

54.

55.

56.

S7.

Irianto A, Austin B. Probiotics in aquaculture. J Fish Dis. 2002;25:633-42. doi: 10.1046/j.1365-
2761.2002.00422.x.

Rengpipat S, Phianphak W, Piyatiratitivorakul S, Menasveta P. Effects of a probiotic bacterium on
black tiger shrimp Penaeus monodon survival and growth. Aquaculture. 1998;167:301-13.

Zhou XX, Wang YB, Li WF. Effect of probiolaratic on larvae shrimp (Penaeus vannamei) based
on water quality, survival rate and digestive enzyme activities. Aquaculture. 2009a;287:349-53.
Gupta A, Gupta P, Dhawan A. Dietary supplementation of probiotics affects growth, immune
response and disease resistance of Cyprinus carpio fry. Fish Shellfish Immunol. 2014;41:113-9.
doi: 10.1016/j.fsi.2014.08.023. PubMed PMID: 25160796.

Opiyo MA, Jumbe J, Ngugi CC, Charo-Karisa H. Different levels of probiotics affect growth,
survival and body composition of Nile tilapia (Oreochromis niloticus) cultured in low input ponds.
Sci Afr. 2019;4. doi: 10.1016/j.sciaf.2019.e00103.

Gomez-Gil B, Roque A, Turnbull JF. The use and selection of probiotic bacteria for use in the
culture of larval aquatic organisms. Adquaculture. 2000;191:259-70. doi: 10.1016/S0044-
8486(00)00431-2.

Hamka MS, Meryandini A, Widanarni W. Growth performance and immune response of catfish
Clarias sp. given probiotics Bacillus megaterium PTB 1.4 and Pediococcus pentosaceus E2211.
Jurnal Akuakultur Indones. 2020;19:50—60. doi: 10.19027/jai.19.1.50-60.

Taoka Y, Maeda H, Jo JY, Jeon MJ, Bai SC, Lee WJ, Yuge K, Koshio S. Growth, stress tolerance
and non-specific immune response of Japanese flounder Paralichthys olivaceus to probiotics in a
closed recirculating system. Fish Sci. 2006;72:310-21. doi: 10.1111/j.1444-2906.2006.01152.x.
Alexander JB, Ingram GA. Noncellular nonspecific defence mechanisms of fish. Annu Rev Fish
Dis. 1992;2:249-79. doi: 10.1016/0959-8030(92)90066-7.

Balcazar JL, de Blas I, Ruiz-Zarzuela I, Vendrell D, Gironés O, Muzquiz JL. Enhancement of the
immune response and protection induced by probiotic lactic acid bacteria against furunculosis in
rainbow trout (Oncorhynchus mykiss). FEMS Immunol Med Microbiol. 2007;51:185-93. doi:
10.1111/j.1574-695X.2007.00294.x. PubMed PMID: 17645738.

Sakai M, Yoshida T, Atsuta S, Kobayashi M. Enhancement of resistance to vibriosis in rainbow
trout, Oncorhynchus mykiss (Walbaum), by oral administration of Clostridium butyricum bacterin.
J Fish Dis. 1995;18:187-90. doi: 10.1111/j.1365-2761.1995.tb00276.x.

Aly SM, Abdel-Galil Ahmed Y, Abdel-Aziz Ghareeb A, Mohamed MF. Studies on Bacillus subtilis
and Lactobacillus acidophilus, as potential probiotics, on the immune response and resistance of
Tilapia nilotica (Oreochromis niloticus) to challenge infections. Fish Shellfish Immunol.
2008;25:128-36. doi: 10.1016/j.fsi.2008.03.013. PubMed PMID: 18450477.

Geng X, Dong XH, Tan BP, Yang QH, Chi SY, Liu HY, Liu XQ. Effects of dietary chitosan and
Bacillus subtilis on the growth performance, non-specific immunity and disease resistance of cobia,
Rachycentron canadum. Fish Shellfish Immunol. 2011;31:400-6. doi: 10.1016/j.fsi.2011.06.006.
PubMed PMID: 21693191.

Kumar R, Mukherjee SC, Prasad KP, Pal AK. Evaluation of Bacillus subtilis as a probiotic to Indian
major carp Labeo rohita (Ham.). Aquac Res. 2006;37:1215-21. doi: 10.1111/j.1365-
2109.2006.01551.x.

Giri SS, Sen SS, Sukumaran V. Effects of dietary supplementation of potential probiotic
Pseudomonas aeruginosa VSG-2 on the innate immunity and disease resistance of tropical
freshwater  fish, Labeo rohita. Fish  Shellfish Immunol. 2012;32:1135-40. doi:
10.1016/j.fsi.2012.03.019. PubMed PMID: 22465361.

Balcazar JL, Decamp O, Vendrell D, de Blas I, Ruiz-Zarzuela I. Health and nutritional properties
of probiotics in fish and shellfish. Microb Ecol Health Dis. 2006;18:65-70.

Zorriehzahra MJ, Delshad ST, Adel M, Tiwari R, Karthik K, Dhama K, Lazado CC. Probiotics as
beneficial microbes in aquaculture: An update on their multiple modes of action: A review. Vet Q.
2016;36(4):228-41. doi: 10.1080/01652176.2016.1172132. PMID: 27075688.

Wang YB. Effect of probiotics on growth performance and digestive enzyme activity of the shrimp
Penaeus vannamei. Aquaculture. 2007;269(1-4):259-64. doi: 10.1016/j.aquaculture.2007.05.035.

© STM Journals 2024. All Rights Reserved 30



Research & Reviews: A Journal of Life Sciences
Volume 14, Issue 1
ISSN: 2249-8656 (Online), ISSN: 2348-9545 (Print)

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

Pérez-Sanchez T, Ruiz-Zarzuela |, de Blas |, Balcazar JL. Probiotics in aquaculture: A current
assessment. Rev Aquac. 2014;6(3):133-46. doi: 10.1111/rag.12033.

Hagopian DS, Riley JG. A closer look at the bacteriology of nitrification. Aquacult Eng.
1998;18:223-44. doi: 10.1016/S0144-8609(98)00032-6.

Nimrat S, Suksawat S, Boonthai T, Vuthiphandchai V. Potential Bacillus probiotics enhance
bacterial numbers, water quality and growth during early development of white shrimp
(Litopenaeus vannamei). Vet Microbiol. 2012;159:443-50. doi: 10.1016/j.vetmic.2012.04.029.
PMID: 22595137.

Qi Z, Zhang X, Boon N, Bossier P. Probiotics in aquaculture of China - Current state, problems and
prospect. Aquaculture. 2009;290:15-21.

Boyd CE, Gross A. Use of probiotics for improving soil and water quality in aguaculture ponds. In:
Advances in Shrimp Biotechnology. Bangkok: National Center for Genetic Engineering and
Biotechnology; 1998.

Sayes C, Leyton Y, Riquelme C. Probiotic bacteria as a healthy alternative for fish aquaculture.
Antibiotic Use Anim. 2018;115-32.

Aguirre-Guzman G, Lara Flores M, Sanchez-Martinez JG, Campa-Cordova Al, Luna Gonzalez A.
The use of probiotics in aquatic organisms: A review. Afr J Microbiol Res. 2012;6:4845-57.
Banerjee S, Khatoon H, Shariff M, Yusoff FM. Enhancement of Penaeus monodon shrimp
postlarvae growth and survival without water exchange using marine Bacillus pumilus and
periphytic microalgae. Fish Sci. 2010;76:481-7. doi: 10.1007/s12562-010-0230-x.

Das S, Ward LR, Burke C. Prospects of using marine Actinobacteria as probiotics in aquaculture.
Appl Microbiol Biotechnol. 2008;81:419-29. doi: 10.1007/s00253-008-1731-8. PubMed PMID:
18841358.

El-Haroun ER, Goda AMAS, Kabir Chowdhury MAK. Effect of dietary probiotic Biogen®
supplementation as a growth promoter on growth performance and feed utilization of Nile tilapia
Oreochromis niloticus (L.). Aquac Res. 2006;37:1473-80. doi: 10.1111/j.1365-2109.2006.01584 .x.
Mohapatra S, Chakraborty T, Prusty AK, Das P, Paniprasad K, Mohanta KN. 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. Aquac Nutr.
2012;18:1-11. doi: 10.1111/j.1365-2095.2011.00866.x.

Amenyogbe E. Application of probiotics for sustainable and environment-friendly aquaculture
management-A review. Cogent Food Agric. 2023;9(1):2226425. doi: 10.1080/23311932.2023.
2226425.

Essa MA, El-Serafy SS, El-Ezabi MM, Daboor SM, Esmael NA, Lall SP. Effect of different dietary
probiotics on growth, feed utilization and digestive enzymes activities of Nile tilapia, Oreochromis
niloticus. J Arab Aquac Soc. 2010;5:143-62.

Jamal MT, Abdulrahman IA, Al Harbi M, Chithambaran S. Probiotics as alternative control
measures in shrimp aquaculture: A review. J Appl Biol Biotechnol. 2019;7(3):69-77. doi:
10.7324/JABB.2019.70313.

Moriarty DJ. Probiotics and bioremediation in aquaculture. Asian Shrimp News. 1996;26:14-7.
EL-Haroun ER, Goda AMAS, Kabir Chowdhury MA. Effect of dietary probiotic Biogen
supplementation as a growth promoter on growth performance and feed utilization of Nile tilapia
Oreochromis niloticus (L.). Aquaculture Res. 2006;37:1473-80. doi: 10.1111/j.1365-
2109.2006.01584.x.

Michael ET, Amos SO, Hussaini LT. A review on probiotics application in aquaculture. Fish
Agquacult J. 2014;4:5.

Vine NG, Leukes WD, Kaiser H, Daya S, Baxter J, Hecht T. Competition for attachment of
aquaculture candidate probiotic and pathogenic bacteria on fish intestinal mucus. J Fish Dis.
2004;27:319-26. doi: 10.1111/j.1365-2761.2004.00542.x. PubMed: 15189372.

Eroldogan OT, Glencross B, Novoveska L, Gaudéncio SP, Rinkevich B, Varese GC, et al. From
the sea to aquafeed: A perspective overview. Rev Aquac. 2023;15(3):1028-57. doi:
10.1111/raq.12740.

© STM Journals 2024. All Rights Reserved 31



