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Probiotics and their application in aquaculture for improving the
growth and immunity of fish

Abstract. To increase the digestibility and digestibility of feed, stimulate the growth and
development of animals, and increase nonspecific immunity, enzyme, probiotic, prebiotic and
combined enzyme-probiotic preparations, as well as complex probiotic preparations enriched
with phytocomponents are used.

Probiotics for artificially grown fish are beneficial bacteria and live microbiological additives
that are traditionally added to agricultural aquaculture systems to maintain health,
productivity and growth. Therefore, a promising direction in aquaculture is the use of feed with
probiotic cultures. The use of probiotics is associated with solving various health problems, in
particular, with increasing the efficiency of digestion and stimulating growth and development.
Probiotics, having a positive effect on the host’s body, contribute to the restoration of digestion,
biological status, and immune response and increase the effectiveness of vaccination. The use of
probiotics significantly reduces the cost of treating diseases in animals, increases productivity
and improves product quality. In recent years, many studies have been conducted on the use
of various probiotics in fishing. This review is aimed at generalizing the topic of the possible
use of gram-positive bacteria as probiotics in a comprehensive study of the existing literature.
With the expansion of ideas about the biological effectiveness of probiotics and the proof that
the structural elements of cells and their metabolites are at least effective in some cases. As a
result, various types of bacteria, including bacilli, lactic acid bacteria, and microbes, were used
to improve the growth and immunity of various fish. However, this study conducted a review
of the scientific literature showing that probiotics in aquaculture have a positive effect on the
overall productivity of fish.
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Introduction

Fishing is one of the main sources of food for humanity. Aquaculture has undergone
significant changes in the last decades under the influence of scientific and technological
advances. This sector is growing at an unprecedented rate and supplies more than half of the
world’s fish for human consumption [1].

Recently, the role of probiotics in fish farming is growing. This is primarily due to
diseases, which represent a major challenge for fish farming and a huge problem for further
growth and expansion. Probiotics for artificially farmed fish are beneficial bacteria that are
traditionally added to aquaculture farming systems to support their health, productivity
and growth [2]. The widespread use of antibiotics for the prevention and control of bacterial
diseases in fish farms has led to problems such as drug resistance, accumulation of antibiotics
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in tissue and immunosuppression. Thus, probiotics as a prophylactic agent are progressively
used in aquaculture [3]. In this regard, currently, various probiotics are widely used as means
of maintaining and restoring the normal physiological state of animals, and the interest of
scientists and practitioners in the use of microorganisms in agricultural production is increasing
significantly. [4].

It is crucial to raise fish using environmentally friendly feed and competitive in price and
taste. Fish require natural living conditions more than any other agricultural animals because
they are sensitive even to significant fluctuations in the parameters of the aquatic environment
(availability of oxygen, pH, nutrient and microflora). Therefore, the biological role of nutrient-
balanced diets is now being supplemented by the functional importance of friendly microflora,
whose deficiency must be compensated artificially [5].

In recent years, scholars have conducted a series of studies on the use of probiotics in fish
farming. Thus, it is important to analyze these papers to provide useful information on scientific
progress. This review will thus focus on summarizing published articles until 2020 that report
gram-positive microorganisms applied as probiotics and their effect on productive performance
in different fish.

The role of probiotics in aquaculture

Recently, more importance is given to industrial methods of fish breeding with the use
of various types of feed. However, natural food contains a wider range of biologically active
components that are regulators of many metabolic processes. Consequently, in addition to the
balance of essential nutrients in the food for the rearing of physiologically full-fledged young
fish, biologically active substances are important, which include feed probiotics [6].

The term “probiotics” is used to describe a broad class of microorganisms with antagonistic
activity against pathogenic microflora. Probiotics are usually referred to as preparations based
on live microbial cultures used for the correction of microbial cenosis during the treatment and
prevention of a wide range of diseases associated with dysbiotic conditions [7]. Probiotics also
help in the post-stress adaptation by increasing the resistance of the microorganism to pathogens;
they improve the digestive system through the additional production of enzymes in the digestive
tract. Also, probiotics reduce the accumulation of organic contaminants and effectively maintain
water quality [8]. Modern probiotics can easily satisfy the desire for sustainable aquaculture
as they can enhance two key factors: growth efficiency and disease resistance. Benefits of such
supplements include improved feed value, enzymatic contribution to digestion, inhibition of
pathogens, antimutagenic and anticarcinogenic activity, and enhanced immune response [9].

The efficiency of aquaculture is largely determined by the quality and quantity of used feed.
Reducing feed costs is one of the main economic factors that increase the profitability of fish
farming [10]. Probiotics that are added to the feed have a significant impact on feed consumption
per unit of fish growth because they contribute to their fuller assimilation, neutralization of
mycotoxins coming with feed, displace pathogenic microflora, strengthen the general resistance
of the fish organism [4].

In previous studies, the beneficial effects of the use of probiotics in fish feed have been
reported. According to published papers, the majority of commercial probiotics contain mostly
Lactobacillus and Bacillus sp. [11,12].

General mechanism of probiotic action

An effective probiotic for fish farming, able to populate the intestines, and has a dual
beneficial effect. Probiotics realize their positive effect on the macroorganism through a whole
arsenal of mechanisms, not all of which have yet been fully deciphered. Among the well-studied
ones are antagonistic activity against pathogenic and conditionally pathogenic microorganisms
[13]. Secondly, probiotics have an adhesive activity to intestinal epithelial cells and can
successfully compete with pathogenic and conditionally pathogenic microbes for adhesion sites
on the intestinal wall and, as a consequence, for limiting nutrients, which eventually also leads to
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inhibition of undesirable microflora growth [14]. The effects of probiotics on nutrient utilization,
digestion and growth have been studied extensively [2].

The gram-positive microorganisms applied as probiotics affect the growth performance
and immunity of fish.

Bacillus species. The search for microorganisms that can be used as probiotics represents
the basis for the development of probiotic preparations. The microbial organisms used as
probiotics or tested as potential probiotics are given in Table 1. As a result of years of targeted
screening, strains like Bacillus subtilis and B. licheniformis, B. coagulans, B. firmicutes (Paenibacillus
polymyxa), B. pumilus have been selected for the development of corrective probiotics [12,15].
Some experimental strains of these bacteria can possess distinctly expressed antagonistic activity
to a wide range of pathogenic and conditionally pathogenic microorganisms [16]. Bacilli are
saprophytes and are major participants in the decomposition of protein substrates. Owing to
their high activity, they are often antagonistic to other microorganisms. One of the important
advantages of these bacteria is their spore-forming ability, which allows them to remain viable
under unfavourable environmental conditions (including the moisture-heat treatment of raw
materials and feed in the process of pelleting and extrusion) [17]. Spore resistance can be
explained by various factors, such as the presence of thick protein layers of spores, reduced
permeability of the spore core, or reduced water content in the spore core (Mingmongkolchai
and Panbangred 2018).

Bacillus spp. are well known for their ability to produce extracellular enzymes. When used in
aquaculture feed, these enzymes can improve digestibility and reduce the feed conversion ratio.
Ultimately, improving the feed conversion ratio in aquaculture feeds is economically beneficial
because the feed can be a major cost to the producer and, also helps improve water quality by
reducing waste [19]. Studies show that they secrete biologically active substances in the intestine
and produce various digestive enzymes. As a result, digestion improves, feed assimilation
increases, average daily weight gain increases, and the growth of fish are stimulated. For instance,
Bacillus spp. isolated from the pond of common carp stimulated productive performance [20].

Bacillus subtilis bacteria, which are present and proliferate in the intestinal lumen, produce
metabolites that inhibit the growth of pathogenic and opportunistic microflora, such as
staphylococci, protozoa, shigella, escherichia, pseudomonads, Candida fungi and other organisms [21].
Bacillus subtilis bacteria are not capable of forming colonies in the intestines of fish - once the
preparation is discontinued, they are gradually eliminated from the organism, but maintenance
of their high concentration in the digestive tract increases the survival rate and productivity of
fish [22].

Numerous publications have shown that probiotics with Bacillus subtilis improve growth
and stimulate the immune system [12,15,23]. For instance, Opiyo et al. (2009) revealed that B.
subtilis led to significantly higher protein at 5 g kg—1 (P <0.05).

Inaddition, ithasbeen reported that B. coagulans, B. licheniformis and B. firmicutes (Paenibacillus
polymyxa) (P <0.05) enhanced the resistance of fish fry against bacterial challenge [24].

Lactic acid bacteria (LAB). LAB in probiotic supplements normalize the intestinal microflora
not only by suppressing pathogens, but also by increasing immunity; their activity products -
immunoglobulins and lactoglobulins have antimicrobial, antiviral, and anticancer effects [25].

Lactobacilli produce large amounts of acetic, formic, lactic acids and hydrogen peroxide,
which have high antiseptic, bactericidal and antioxidant properties (Teame et al. 2020).
One mechanism for preventing colonization by pathogens in the intestine is competition for
adhesion sites on the surface of the intestinal epithelium. Bacteria that grow slowly but attach
to the intestinal wall can colonize the intestine, while non-adherent species are compensated
by increasing their growth rate. Attachment provides the microorganism with resistance to the
leaching of intestinal contents. It follows that if a probiotic strain can occupy adhesion sites on
the intestinal wall, it takes root in the digestive tract, and vice versa [27].

The beneficial effects of Lactobacilli of normal gut microflora have led to their widespread
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use in probiotics. The following Lactobacillus species are most commonly used as probiotics
in aquaculture: L. acidophilus [28], L. helvetica [11], L. rhamnosu [29,30], L. plantarum [31 - 33], L.
delbrueckii subsp. Lactis [34, 35], L. delbrueckii subsp. Bulgaricus [36].

Abhire et al. (2019) reported that Lactobacillus helveticus showed antimicrobial activity against
fish Aeromonas spp. In addition, it increased antioxidant levels and enhanced the selective
absorption of essential trace elements in goldfish [11].

Furthermore, Soltani et al. (2019) evaluated the effects of probiotic supplementation on
immune and growth performance in fish. The authors demonstrated that supplementation with
Lactobacillus plantarum 426951 could improve the growth and some immune status of Rainbow
trout vaccinated against yersiniosis [33]. Similar results have been investigated in other studies
[31,32].

Enterococci faecium are part of the normal microflora of the gastrointestinal tract of humans
and many vertebrates and play a crucial role in providing mucosal colonization resistance. Wang
et al. (2008) isolated an E. faecium ZJ4 from the intestinal tract of a healthy piglet and investigated
its significant effect on the body weight of tilapias [37].

Micrococcus. Micrococcus is a genus of gram-positive bacteria. The role of Micrococcus luteus
in human and animal disease is minimal, subsequently, it can be used as a probiotic. In a study
with tilapia, M. luteus enhanced fish growth and health in vivo [38].

Further perspectives. Modern fish farming is based on intensive technologies, including
closed water supply plants, which feature high planting density in limited areas, which greatly
increases the risk of infection of fish with pathogens of dangerous infections. Feeding probiotic
preparations are widely used in animal breeding practice, which allows for improving the
existing systems of breeding and feeding of farm animals, and becomes an important component
of the modern rational feeding of animals.

The review of available literature revealed the promising effects of probiotics on the growth
performance of various fish. This helps to reduce feed costs and improve the economic efficiency
of horseshoe fish farming. The analysis of potential probiotics has shown that their further study
and implantation into aquaculture can contribute to the increase of fish yield. However, research
on the potential effect of probiotics lacks in fish; therefore, it still needs further exploration in
various fish species.

Table 1
Different species of microorganisms and their beneficial effects on growth performance and
immunity of fish

Ne Probiotic candidates Aquatic species Effects References
Gram-Positive Bacteria

1 Lactobacillus helveticus Carassius auratus antimicrobial activity, [11]
improved health,
reduced mortalities
2 Lactobacillus plantarum Oncorhynchus mykiss improved growth [33]
426951 performance and
immune status
3 Lactobacillus plantarum Tilapia Enhances growth [31]
CCFM639 performance, feed

utilization, and
antioxidant ability

4 Lactobacillus plantarum Siberian sturgeon improve growth [32]
(PTCC no. 1058) Acipenser baerii performance and
feed utilization,
immunological
parameters
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5 Bacillus coagulans (IMTCC | Cyprinus carpio fry improve growth, feed [24]
9872) utilization, non-specific
Bacillus immune responses and
licheniformis (MTCC 6824) disease resistance
Paenibacillus polymyxa
(MTCC 122)
6 Enteroccus faecium ZJ4 Tilapia Improved growth [37]
Oreochromis performances and the
niloticus immune responses
7 | Micrococcus luteus Nile tilapia enhanced the fish growth [38]
and health
8 Bacillus sp. Cyprinus carpio increased the growth [20]
performances and
digestive enzyme
activities
9 B. coagulans B16 Tilapia enhance immune and [39]
Oreochromis health status, growth
niloticus performance
10 Bacillus subtilis O. niloticus significant improvement [12]
in growth parameters
11 B. pumilus Tilapia enhanced growth [40]
Oreochromis niloticus
12 Lactobacillus rhamnosus clownfish larvae the higher body weight, [29]
IMC 501 earlier metamorphosis,
and lower deformity
incidence
13 Lactobacillus acidophilus Cyprinus carpio Improved growth [41]
performance and total
heterotrophic microbial
load
14 Lactobacillus spp. gilthead sea bream increase growth [42]
Sparus aurata, L. parameters and digestive
enzyme activities
15 B. subtilis Nile tilapia Improved growth, [23]
(Oreochromis survival and body
niloticus) composition
16 L. rhamnosus red sea bream improvements in growth [30]
performance, feed
utilization, immune
response and oxidative
status
17 | L. lactis ssp. lactic ST G45 | Siberian sturgeon promote growth [43]
(Acipenser baerii) performance and boost
some immune response
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18 | Lactobacillus plantarum | olive flounder enhanced the growth, [44]
Lactobacillus brevis Paralichthys olivaceus | blood biochemical
- - - constituents,
Lactobacillus acidophilus and nonspecific
Bacillus subtilis immunity
19 Lactobacillus delbrukei rainbow trout growth performance [36]
subsp. Bulgaricus Oncorhynchus mykiss | by improving digestive
- - enzyme activity, gut
L. acidophilus microflora and growth
gene expression
20 Lactobacillus acidophilus Snakehead Improved growth [28]
(Channa striata) and the expression of
immune regulatory
genes
21 L. lactis Rohu Better growth, protein [45]
B. subtilis efficiency ratio,
L. rohita nutrient retention and
digestibility
22 L. lactic L19 snakehead fish promoted growth [34]
E. faecalis W24 (Channa argus) performance, humoral
immunity, regulated
immune-related genes
expression and disease
resistance
23 | Bacillus subtilis starry flounder, growth performance, [15]
Platichthys stellatus non-specific immune
Bacillus licheniformis responses and disease
resistance
24 Le. lactis WFLU12 olive flounder, [35]
Paralichthys
olivaceus
Conclusion

Antimicrobial activities of probiotic applications reduce the mortality rate by improving
their health by supporting the immune responses and oxidative status of fish. However, it
increases the growth of fish by improving the feed conversion ratio. In conclusion, it is thought
that probiotics and their derivatives in aquaculture can be used reliably instead of antibiotics in
healthy fish rearing and organic fishers, and this situation can be supported by future studies.
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IIpoGuoTHKTEp K9HE 0AapAbl OaabIKTapABIH ©6CYyi MEH MMMYHMTETIH XKaKcapTy YIIiH
aKBaKyaAbTypada KOAJaHy

ABpaatna. ABBIKTBIH KOPBITBIAYBI MEH CiHIMAiAiriH apTThIpy, >KaHyapAapAblH ©Cyi MeH AaMybIH
BIHTaZaHABIPY, crennuKalbK eMeC MMMYHWUTETTI apTThIpy YHIiH (epMeHTTIK, HpoOMOTHUKAABIK,
peOMOTHUKAABIK, SKoHe apaaac JepMeHTTIK-TTPOOMOTUKAABIK npemnaparrap, COHpal-aK,
¢uTOoKOMIIOHEHTTepMeH OallbITHLAFAH KellleHAl IPOOMOTIKaABIK IIperiaparrap KOA4aHbLAaAbL

JKacanap! ecipiaren 6aabIKka apHaAFaH IIPOOMOTUKTEP-0YA A€HCayABIKTHI, OHIMAIAIKTI >KoHe ecyai
caKTay YIIIH 49CTypai Typde akBaKyAbTypa ayblAlIapyallbLAbIK >KyliedepiHe KOCBIAAThIH IT1aliAaabl
OakTepusidap >koHe Tipi MukpoOmaagpl Kocrnadap. COHABIKTAH aKBaKyAbTypaJdarbl ITepCIeKTHBaABI
OafFbIT MPOOMOTUKAABIK JaKbladapMeH >KeMdi naitgadaHy 00abi Tabblaaabl. IIpobuoTukrepai KoasaHy
AeHCayABIKTBIH 9pTypAi MoaceaeaepiH IIellyMeH, HaKThIpakK, aiTaTblH 0oAcak ac KOPBITY TUiMAiAirin
apTTBIPYMEH, ©Cy MeH JaMyAbl BIHTadaHABIpyMeH OaliaaHbICThl. IIpoOmoTmkrep meciHiH ar3acbiHa OH
acep eTe OTBIPHIIL, ac KOPHITYAbl, OMOAOIMAABIK MapTeOeHi, MMMYHABIK, peaKIMsHbEI KaAllblHa KeATipyre
BIKITaA eTeAl >KoHe BaKIIMHALVIAHBIH THiMAiAiriH apTTeIpaasl. ITpobnoTukrepai Koa4aHy kaHyapaapAaFbl
aypyaapa4pl eMAeyTe KeTeTiH IIbIFbIHAaPAbI e49Yip asaliTagbl, O©HIMALAIKTi apTTEIpa/bl JKoHe OHIM carlachlH
>KakcapTaabl. COHFBI XXblA4apbl OaAbIK IIapyallblABIFRIHAA 9PTYPAi IPOOMOTUKTEPAL KOAJaHy OONBIHIIIA
Gipxarap seprTeyaep XKypriziagi. bya moay xoagansicrars ageOneTTepai >KaH->KaKThl 3ePTTell OTHIPHII,
IpOOMOTUKTEpP peTiHAe IpaM-TIO3UTHUBTI OakTepusaiapAbl BIKTUMaA KOAJ4aHY TaKbIPBIOBIH >KaAlbllayFa
OarpiTTaarad. IIpobuoTukrepais OMOAOTMAABIK TUIMAiAiri Typaabl TycCiHIKTepAiH KeHeloiMeH >KaHe
JKacyIaldapAblH KYPBIABIMABIK, DJAeMeHTTepi MeH 0JapAblH MeTaboANTTepi Kenbip >Kargaiidapda KeM
JAereHje THiMAi ekeHiH gaaeagey Ooawinn TaOblaaabl.Hariokecinge ap Typai OaablKTapAblH ocyi MeH
MMMYHUTETIH >KaKcapTy VIIiH OaKTepusdapAblH 9pTypAi Typaepi, COHBIH imiHge Oammaaaaap, CyT
KBIIIIKBIABL OaKkTepusaiapbl, MUKPOKOKTap KOAJaHBIAABL Aaaiiga, Oya 3epTrey aKBaKyaAbTypa/arbl
IPOOMOTUKTEPAIH KaAIbl OaAbIK ©HIMAiAiriHe OH 9cep eTeTiHiH KOpCeTeTiH FRIABIMU d4e0neTTepre 101y
>Kacaaapl.

Tyiia ces3aep: mpoOMOTUKTEep, aKBaKyAbTypa, 0aablk, OaKkTepusaAapAblH INTaMBI, IIOAY, CYT
KBIIIIKBIAABI OaKTepUsAap, a3bIK.
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ITpoOMOTHMKY M X IIPUMeHEeHNe B aKBaKyabType AAsl yAy4llIeHIsI pOCTa i MMMyHITeTa

pHIO

AnnoTtanus. /As TOBBILIEHNUS YCBOJAEMOCTH KOPMOB, CTUMYAMPOBAaHMs POCTa U PasBUTU:
SKIMBOTHBIX, TTOBBLIITIEHVLS HECITeITM(PUIeCKOTO UMMYHITETa UCTIOAB3YIOTCS (pepMeHTHEIE, IPOOMOTIIeCcKIe,
IpedMoTIYecKre 1 KOMOMHMPOBaHHbIE (pePMEHTHO-ITPOOUOTIYECKIIe ITpeTlapaThl, a TAKKe KOMILAeKCHbIe
poOMoTIdIecKue IpernapaThl, oboraleHHbIe (PUTOKOMIIOHEHTaMU.

[TpoOMOTUKM A4 MCKYCCTBEHHO BBIPAIIEHHOI PBIOBI - HTO IIOAe3HBIe OaKTepuu U >KUBBIE
MUKpOOMoAorndeckue 400aBKy, KOTOpPBIE TPAAUIIMOHHO 400aBASIOTCSA B CeABCKOXO3MCTBeHHBIE CCTeMBI
aKBaKyAbTYPBl AAsl TOAJAEpP>KaHUsA 3A0POBbs, MPOAYKTUBHOCTM M pocTa. I[losToMy mepcreKTUBHBIM
HaIlpaBJAeHIeM B aKBaKyAbType sBASETCs JCIOAb30BaHUE KOPMOB C IPOOMOTHYECKMMY KyABTYpaMIu.
Vcnoap3oBanue MpoOMOTUKOB CBA3aHO C pellleHneM pa3AMdHBIX ITpo04eM cO 3J0pOBbeM, B YacTHOCTH,
¢ mosbiieHneM »(PpQeKTUBHOCTY THUINeBapeHNs, CTUMYyAAIuell pocta u passutusa. IIpobmotmkwm,
IIOA0XKUTEABHO BO3JEICTBYSI Ha OpPraHM3M XO35MHA, CIIOCOOCTBYIOT BOCCTAHOBAEHMUIO IIMITIEBapeHMs,
611010TMIECKOTO CTaTyCa, MMMYHHOTO OTBeTa ¥ IIOBBIIIAIOT 9(PpPeKTUBHOCTD BaKIIMHAINN. Vcrmoas3osaHne
IpoOMOTUKOB 3HAUMTEABHO CHIDKaeT 3aTpaThl Ha JeueHNe 3a00AeBaHmil y >KMBOTHBIX, IIOBBIIIAeT
MIPOAYKTUBHOCTH U yAy4ITlaeT KauecTBO MpoAyKIuu. B mocaeaHme roast 6611 MpoBeAeH psij Mccae0BaHmIi
10 MCIIOAb30BaHMIO Pa3AUUHBIX TPOOMOTUKOB B PeI00AOBCTBE. DTOT 0030p HallpaBAeH Ha 0DOOIeHMe
TeMBI BO3MOKHOTO MCIIOAB30BaHUA TPAMIIOAOXKWUTEABHBIX OaKkTepuili B KauecTBe ITPOOMOTUKOB
IIpM BCECTOPOHHEM W3YYeHMM CyIIecTBylomneir autepaTypbl. C pacimimpeHueM IpeACTaBACHUI O
6moaormyeckoit 5QpPeKTUBHOCTU MPOOMOTUKOB U J0Ka3aTeAbCTBOM TOTO, YTO CTPYKTYPHBIE 51e€MeHTEI
KAETOK M X MeTabOAUTHI B HEKOTOPBIX CAyJasx 0 KpariHeit Mepe s peKTusHbI. B pesyabTarte pasanmynsle
BUABI OaKTepuii, B TOM 4rcAe OaruAAabl, MOAOYHOKUCABIe DaKTepuu, MUKPOKKY, VMCIIOAb30BAAUCH A
yAy4IIeHUs: pocTa U UMMYHHUTeTa pa3ANdHbIX pp0. OgHaKo B 9TOM UccAeA0BaHUM ObLA IIpOBeAeH 0030p
Hay4JHOI AWTepaTyphl, MTOKa3BIBAIOIINI, ITO MPOOMOTUKN B aKBaKyAbType ITOAOXKUTEABRHO BAVIIOT Ha
0OIITyIO IPOAYKTUBHOCTD PHIO.

Karouesble caoBa: npoOMOTUKY, aKBaKyAbTypa, pbiOa, mTaMmM DaxTepuii, 0030p, MOAOYHOKUCABIE
GaxTepuu, KOpM.
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