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QUANTITATIVE AND QUALITATIVE EFFECTS OF 010K —
LACTOBACILLUS PARACASEI AND THE “ECOPROBIOTIC”
PROBIOTIC PREPARATION ON THE GROWTH
AND INTESTINAL MICROFLORA OF FISH

The most important result of fish rearing in closed water systems is to achieve the highest possible
growth rate while creating optimal aqueous environment factors. The growth of fish is influenced by
many factors, including probiotics in artificial diets. In this sense, functional food supplements, includ-
ing pro-, pre- and synbiotics, are gaining increasing attention as an environmentally sound strategy to
improve fish health. The aim of this study was to investigate the effects of the 010K — Lactobacillus
paracasei strain that isolated from Kazakhstan koumiss and the “Ecoprobiotic” probiotic preparation on
the growth of intestinal microflora in Nile tilapia. The study outcomes displayed that live weight of fish
in the experimental groups (010K — Lactobacillus paracasei and probiotic preparation “Ecoprobiotic”)
was higher than in the control group. Moreover, fish fed with the “Ecoprobiotic “ probiotic and 010K —
Lactobacillus paracasei strain had a significantly higher number of yeast cells compared to the control
group. In summary, the 010K — Lactobacillus paracasei and probiotic preparation “Ecoprobiotic” may be
a promising candidate for the improving growth and intestinal microbiota of Nile tilapia.

Key words: aquaculture, tilapia (Oreochromis niloticus), Lactobacillus paracasei, probiotic, immu-
nity, microbiological indicators.
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010K - Lactobacillus paracasei »xaHe «JKONpo6UOTUK» NPOOMOTUKAABIK,
npenapaTbiHbIH, 6aAbIKTbIH, 6CYi MeH ileKk MMKpodAopacbiHa
CaHADIK YKdHe camnaAblk acepi

JKabblk cy >kyreaepiHAe 0aAblk, ©CIPYAiH €H MaHbI3Abl HOTMXKECI CYy OpTaCblHbIH, OHTAMABI
(hakTOpAApPbIH KAABINTACTbIPY KE3IHAE MYMKIH GOAATbIH €H >KOFapbl ©6CYy KapKblHbIHA KOA >KETKi3y.
BaAbIKTbIH 6CYyiHe KenTereH hakTopAap acep eTeAi, acipece xacaHAbl AMeTasarbl npobuoTmkTep. Ochbl
TYPFblAQH aAFaHAQ, (DYHKLMOHAAABI TaFaMABIK, KOCMAAAp, COHbIH, iLLIHAE MPO-, Npe- )KoHe CMHOMOTUKTEP
GaAblK AEHCAyAbIFbIH >KaKCapTyAblH 3KOAOTMSIAbIK, KayiMnci3 CTpaTerusicbl peTiHAE Hasap ayAapTbin
oTbIp. byA 3epTTeyaiH MakcaTtbl — KasakcTaH KpiMbi3biHaH 6eAiHin aabiHFad 010K — Lactobacillus pa-
racasei LWTamblHbIH >XKoHe «IKOMPOOMOTUKAABIK» MPOOMOTUKAABIK, NpenapatTbid, HiA Tiaanmuachl iwek
MMKPOAOPACBIHbIH 6CYiHE 8CepPiH 3epTTey. 3epTTey HOTUXKEAEepPi IKCNepUMeHTTIK TonTapaarbl (010K —
Lactobacillus paracasei >xoHe «IkONpoOGMOTUK» NPOBUOTHKAABIK, Mpernapathl) GaAbIKTapAbIH Tipi cCaAMarbl
GakbliAay ToObIHA KapaFaHAQ XOFapbl ekeHiH kepceTTi. CoHbIMEH KaTap «3KONPOOMOTUK» NPOOUOTUTI
xoHe 010K — Lactobacillus paracasei wrtambiMeH KopekTeHeTiH GaAbikTapaa 6OakbiAay TOObIMEH
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CaAbICTbIPFAHAQ aLLbITKbI XKaCyLIAAAPbIHbIH, CaHbl ANTAPAbIKTal >KoFapbl 60AAbl. KOPbITbIHAbIAAK KeAe,
010K - Lactobacillus paracasei »keHe «9KonpobuoTrk» NpoOMOTHKaABIK, npenapatbl HiA TiAanmnsacbiHbiH
eCyi MeH ileK MMKPOOMOTACIHbIH XKakKcapybl YLiH NepCrekT1BaAbl YMITKEP OOAYbl MYMKIH.

Tynin  cesaep: akBamoaeHuer, Tiaanmsa (Oreochromis niloticus), Lactobacillus
NpPoBUOTUKAABIK, UMMYHUTET, MUKPOOMOAOTMSIABIK, KepCeTKiluTep.
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KoAanuectBeHHoe u kauectBeHHoe BAusinne 010K — Lactobacillus paracasei
M Mpo6MOTHYECKOro npenapara «JKONpoOMOTUK»
Ha POCT U MUKPOIAOPY KHMLLIEYHUKA PbIO

Ba>kHemLLIVM pe3yAbTaTOM BbIpaLLMBaHMS PbI6 B 3aMKHY TbIX BOAHBIX CUCTEMAaX SIBASIETCS AOCTUXKEHME
MaKCUMaAbHO BO3MO>KHOM CKOPOCTM POCTA MNP CO3AAHUM OMTHMAAbHBIX (DaKTOPOB BOAHOM CpeAbl. Ha
POCT pbI6 BAMSIET MHOXKECTBO (DAaKTOPOB, B TOM YMCAE MPOBUOTHKM B MUCKYCCTBEHHbIX PaLMOHaX. B 3Tom
CMbICAe (DYHKLMOHAAbHbIE MuLLEBble AOGABKM, B TOM UMCAE MPO-, Mpe- U CUHOMOTUKM, MPUBAEKAIOT
BCe GOAbLIEE BHMMAHME KaK 3KOAOTMUECKM YMCTasi CTpaTerust yAyuileHus 3A0p0Bbst pbib. Lleabto
HaCTOSILLIErO0 MCCAEAOBaHMS SIBUAOCH M3ydeHue BAMsHMs wtamma 010K — Lactobacillus paracasei,
BbIAEAEHHOIO M3 Ka3axCTaHCKOro KymbICa, M MpOo6MOTUYECKOro npernaparta «JKonpobuoTHK» Ha pocT
KMLLIEYHON MUKPOMAOPbI HUABCKOM TUASIMUK. Pe3yAbTaTbl MCCAEAOBAHUIA MOKA3aAM, UTO XKMBasi Macca
pbi6 B onbITHbIX rpynnax (010K — Lactobacillus paracasei n npobuoTtnueckmii npenapar «IKonpoobroTHK»)
OblAa Bbillle, YemM B KOHTPOAbHOM rpynne. Kpome Toro, y pbl6, CKapMAMBaeMblx MPOGMOTUKOM
«9KonpobroTHk» 1 wtammom 010K — Lactobacillus paracasei, 6bIA0 3HaUMTEABHO OOAbLLIEE KOAMYECTBO
APOXKEBbIX KAETOK MO CPaBHEHMIO C KOHTPOAbHOM rpynmnoi. Takmum ob6pasom, 010K — Lactobacillus pa-
racasei 1 npobuoTMYecKmit npenapar «IKoMPoOUOTHK» MOTYT ObITb MHOrOO6ELIAIOLLIMMM KaHAMAATAMM

AAS YAYULLIEHWS POCTA M KMLIEYHON MUKPOBUOTbI HUABCKOM TUASTUM.
KaoueBble cAoBa: akBakyAbTypa, Tuasnus (Oreochromis niloticus), Lactobacillus paracasei,
NPO6GUOTHK, UMMYHUTET, MUKPOGMOAOTMYECKME MOKA3aTEeAM.

Introduction

The most important result of fish rearing in closed
water systems (CAFs) is to achieve the highest pos-
sible growth rate. The growth of fish is influenced
by many factors, including probiotics in artificial di-
ets (El-Saadony et al., 2021). The role of probiotics
is extremely important, because current understand-
ing of their role shows that microbial communities
of probiotic organisms and the host organism can
enter to a symbiotic relationship (Cristofori et al.,
2021). The host organism creates living and feed-
ing conditions for probiotic microbial societies, the
latter, in their turn, provide the host with various es-
sential substances, including those that increase the
host’s immunity, fight against pathogenic fauna, and
improve growth performance (Hai, 2015).

The term “probiotic” is mainly used in relation to
bacteria that are able to promote the health of other
organisms. The list of probiotic strains is quite limit-
ed. Lactic acid bacteria (Lactobacillus, Bifidobacte-
rium, Streptococcus, Lactococcus, Saccharomyces,

etc.) are a diverse group of microorganisms that ex-
ist both as natural inhabitants of the gastrointestinal
tract and as fermentative lactic acid bacteria in prod-
ucts (Mathur et al., 2020). Most bacteria belonging
to the genera Lactobacillus and Bifidobacterium are
recognized as safe and Bifidobacteriumbeneficial for
humans and animals. Moreover, they have a positive
influence on the formation of some enzymes and vi-
tamins that support digestion, as well as antibacte-
rial substances, contribute to the recovery of the nor-
mal intestinal microflora after disorders related to
diarrhoea, antibiotics and radiotherapy, reduce the
pH of meat and blood cholesterol levels, stimulate
immune functions, suppress bacterial infections and
enhance the absorption of fatty acids (Slattery et al.,
2019; Plaza-Diaz et al., 2019).

The various effects of Lactobacillus have been
reported in humans (Moal & Servin, 2014; Berni et
al., 2017). Moreover, it has been revealed that Lac-
tobacillus paracasei improved growth performance
and intestinal microflora in chicken (Xu et al., 2019).
Besides, previous research has investigated the pro-
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biotic effects of Lactobacillus paracasei and Bifido-
bacterium longum in shrimps (Huang et al., 2022).

In our previous work, we isolated 10K -
Lactobacillus paracasei strain from Kazakhstan
koumiss. However, there is no study on its effect
on fish gut microbiota and growth rate (live weight
etc.). Considering the importance of the lactic acid
bacteria, we hypothesized that 010K — Lactobacillus
paracasei and probiotic preparation “Ecoprobiotic”
may influence growth performance and gut
microbiota in Nile tilapia.

Materials and methods

Experimental design and samples The object
of research was juvenile Nile tilapia (Oreochromis
niloticus), grown using different feeds and technolo-
gies on the basis of TENGRY FISH LLP (Almaty
region, Kazakhstan). The selection of analytical ma-
terial was carried out every 10 days, during 30 days
of cultivation. Samples taken at the beginning of the
experiment were used as controls.

The experiment involved two pools with a vol-
ume of 100 liters with a circular water exchange with
external filtration (biofilter). Each pool was planted
with 50 pieces of tilapia weighing no more than 23 g
each — the control and experimental groups. During
the experiment, the size and weight characteristics
of tilapia were measured in the experimental and
control groups (Pyrsikov et al., 2017).

Bacteria Lactobacillus paracasei was isolated
from koumiss, represents sticks with blunt ends
measuring 2.7-3.1 x 0.9 microns, and tends to form
chains. Gram-positive, catalase-negative, asporoge-
nic, immobile. The macrocolony on agar is convex
with a solid edge, the consistency is oily, and the
surface of the colony is smooth, shiny, white in co-
lor, and opaque. Deep colonies in the form of pieces
of cotton wool, matte. On hydrolyzed milk within
pH 4.0-5.5, it grows very well giving turbidity with
sediment, as well as on milk—-whey, MRS, wort me-
dium and their agarized media. Microaerophile, fa-
cultative anaerobe. The minimum growth is at 20
°C, the optimal is 39 °C, and the maximum is 45 °C.
Milk acidifies to form a dense clot without gas with
a pleasant taste and smell. It coagulates after 16-18
hours at an optimal temperature. The active acidity
is 136T. The maximum acidity is 220T.

Pond fertilization and fish feeding The prepared
dietsweredried atroom temperature, packed inplastic
bags, and cooled at 4 °C to maintain the viability of
microorganisms before feeding experimental fish.
New diets were prepared every two weeks to ensure
that high levels of probiotics were maintained in the
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diet during the experimental period. The fish were
fed by hand 5 times a day in the amount of 5% of
the total fish biomass. Technical water change with
the removal of faeces and food residues was carried
out 2 times a week. The fish were fed by hand. For
feeding tilapia, high-protein domestic compound
feed brand ALLER PERFORMA 2 mm was used.

Figure 1 — Lactic acid bacteria were grown
in culture media and the process of counting

010K — Lactobacillus paracasei strain and
probiotic preparation “Ecoprobiotic” quantitative
and study ofthe impact on the dynamics of qualitative
changes: 1st control group; 2nd 010K — group treated
with a strain of Lactobacillus paracasei; 3rd group
was given the probiotic preparation “Ecoprobiotic”.

Table 1 — Experimental design

Experience . Amount
No variant Features of feeding of fish
Control 100% basic diet 50
Experience 1 95% basic diet + 5% 50
I 010K — Lactobacillus paracasei
Experience 2 | 95% basic diet + 5% probiotic 50
«Ecoprobioticy

Analysis and identification of gut microbiota At
the end of the feeding period, the fish were starved
for 24 hours to ensure bowel movements, and a
random sample of 3 fish was selected after each
treatment. The fish was sacrificed, dissected and
opened longitudinally. The entire intestine of the fish
was aseptically removed. The finished suspension
was coarsely sieved using a sterile nylon mesh (100
um). The homogenates were serially diluted to 10-4
in volumes of 9 ml of sterile 0.85% saline. A total
plate count was performed by spreading 0.1 ml of
each homogenate onto Tryptone Soy Agar (TSA)
and incubating at 37°C for 16 hours.
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Yeast cell counts were performed by applying
0.1 ml of the homogenate to Sabouraud agar. The
plates were incubated at 25 °C. for 5 days and
yeast cells were counted using a colony counter.
Dominant colonies were purified and identified
based on morphological characteristics and growth
parameters using biochemical tests and standard
Lactobac isolation methods. The number of bacteria
and yeast cells was expressed as CFU g—1 of the
intestine.

Figure 2 — Dissected Nile talapia

Statistical Analysis All data were expressed as
mean =+ standard error of the mean (SEM). Bacterial
and yeast cell counts in the gut were logarithmically
transformed before analysis. A one-way ANOVA
test was used to test for significant differences
between groups at P <0.05. When overall differences
were found, Tukey’s HSD test was used for pairwise
comparisons between groups at P < 0.05. All
analyses were performed using Statistical Products
and Service Solutions (SPSS version 20) software (
Mary et al., 2019).

Results and Discussion

At the end of the experiment, to assess
the effectiveness of the effect of strain 0/0K
— Lactobacillus paracasei and the probiotic
“Ecoprobiotic” on the body of the tilapia in artificial
conditions, the fish breeding results were obtained,
as shown in Table 1.

The total increase in live weight of fish 2nd
(010K — Lactobacillus paracasei) and 3rd (probiotic
preparation “Ecoprobiotic”) in the experimental
groups was higher than in the 1st (control) group.
Among them, the 3rd group gained the largest live
weight, that is, the group that used the probiotic
preparation “Ecoprobiotic” (P<0.05).

Table 2 — Effect of 10-K Lactobacillus paracasei and probiotic preparation “Ecoprobiotic” on live weight size of fish (M+m)

Experimental groups
Indicators Control Experience 1 Experience2
100% basic diet 95% basic d}et +5% . 95% basic diet + 5% probiotic
010K — Lactobacillus paracasei «Ecoprobiotic»
Planting density pcs/100 1 50 50 50
The initial individual weight of fish, g 23 23 23
Final individual weight of fish, g 45+0,2 55+0,2 64+0,2
Individual weight gain of fish, g 22+0,2 33+0,2 41+0,2
Survival, % 90.0 98,0 100

*Differences are significant at p < 0.05

An increase in the mass accumulation coefficient
indicates an improvement in the digestibility of food
by fish. The positive effect of probiotics on the vi-
ability of fish, their growth rate and fish productivity
is shown in Table 2. The outcomes displayed that
the growth rate of fish treated with “Ecoprobiotic”
and the 010K — Lactobacillus paracasei strain is
higher than in the control group.

Intestinal microbiota At the end of the ex-
periment, the highest level of total bacteria in all
Petri dishes was recorded in the second experi-

ment, i.e. fish fed with the probiotic “Ecoprobi-
otic” (2.05 x 10-4 log Coe G-1), and the lowest
indicator was in the control group. In addition, it
was significantly higher for all fish fed with the
010K-Lactobacillus paracasei strain in the intes-
tine compared to control. The average values of
lactic acid bacteria from the intestinal microflora
of fish were higher in fish belonged to the 2nd
experimental group.

As a result of the experiment, fish from in the
both groups using the strain 010K-Lactobacillus
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paracasei and the probiotic drug “Ecoprobiotic”
showed good general clinical condition.

Modern fish farming is based on intensive tech-
nologies, including in closed water supply installa-
tions, the peculiarity of which is the high density
of planting in limited areas, which significantly in-
creases the risk of infection of fish with pathogens
of dangerous infections (Blandford et al., 2018).

Antibiotics of various functional groups are used
as preventive and therapeutic agents for infecti-
ous diseases (Schmidt et al., 2017). As a result, the
virulence of microorganisms increases, fish weights
drop significantly and there is a strong decline in
fish-breeding indicators (Kibenge et al., 2012). One
of the ways to solve this problem is the use of mod-
ern probiotic drugs.

Table 3 — Quantitative and qualitative indicators of the intestinal microflora of fish after the application of 010K — Lactobacillus
paracasei and the probiotic drug “Ecoprobiotic”, Ig CTB / g. (M+m; n=50)

— Totalg[il?;e( ngZ; 1E/II(I){gSCFU Yeast (log CFU g-1) (10-4) Lacto.paracz(llsgi_ %)g CFU g-1
Mean=£S.E. Mean=+S.E. Mean=S.E.
1 2 3 4
Control 1.69 +0.06 1.38+0.02 1.35+0.02
Experience 1 1.75+0.02 1.94 +0.02 1.79 £ 0.03
Experience 2 2.05 £0.07 2.07+0.12 2.33 £0.05

MRS- de Man, Rogossa and Sharpe; CFU- colony-forming unit.

In this study, we observed an increase of yeast
cells and in the intestines of fish fed by 0/0K —
Lactobacillus paracasei. This indicates that the
respective probiotic has caused bacteria to multi-
ply in the intestines of the fish. There were fewer
pathogenic bacteria in the intestines of fish fed
with lactic acid bacteria, which is a sign of in-
creased immunity. The intestinal microbiota often
plays an important role in preventing intestinal
colonization by pathogens. Based on the results
of the study, it confirms the outcomes of our pre-
vious studies that showed the antagonistic effect
of 010K — Lactobacillus paracasei that may act
against pathogenic bacteria and lead to the stim-
ulation of the immune system and the improve-
ment of the microbial balance of the intestine.
Biwas et al., (2013) studied the improvement of
cytokine-mediated immunity in Japanese fish by
use of the Lactobacillus paracasei strain. Lactic
acid bacteria isolated from koumiss diminished
the harm caused by E. coli and increased the ex-
pression levels of tight junction proteins in mice
(Ren et al., 2022). In addition, Lactobacillus casei
Zhang affected immune responses in humans (Ya
et al., 2008).

Furthermore, the weight and growth rates of
the Nile tilapia were greater in both experimental
groups than the control group. The efficiency of
aquaculture is largely determined by the quality and
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quantity of feed used. Reducing feed costs is one of
the main economic factors that increase the profit-
ability of fish farming (Ringo et al., 2020). Probiot-
ics added to the feed have a significant impact on
feed consumption per unit of fish growth because
they contribute to their fuller assimilation, neutral-
ization of mycotoxins coming with feed, displace
pathogenic microflora and strengthen the general
resistance of the fish organism (Aguilar-Toala et
al.,, 2021). Based on the results obtained during
the experiment, we can assume the economic ef-
ficiency of probiotics application in fish farming.
Previously, Ljubobratovic et al., (2017) reported
positive effects of Lactobacilli growth, microbiota
balance and skeletal development in fish. L. plan-
tarum significantly stimulated the growth and pro-
tection against infections in fish (Van Doan et al.,
2014).

Meanwhile, there are few studies on potential ef-
fects of the Lactobacillus paracasei on body weight
and growth rate in fish, and therefore, this study was
conducted to partially fill that gap.

Conclusion

In the course of experimental feeding and rearing
of the Tilapia experimental group, a pronounced
positive effect of the industrial probiotic preparation
“Ecoprobiotic” and 0!0K-Lactobacillus paracasei
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was established. The live weights of experimental  biotic preparation “Ecoprobiotic” may be a promis-
groups were increased compared to control group.  ing candidate for the improving growth and intesti-
Thus, the 010K — Lactobacillus paracasei and pro-  nal microbiota of Nile tilapia.

References

1. Aguilar-Toala, J. E., Arioli, S., Behare, P., Belzer, C., Berni Canani, R., Chatel, J. M., D’Auria, E., de Freitas, M. Q.,
Elinav, E., Esmerino, E. A., Garcia, H. S., da Cruz, A. G., Gonzalez-Cérdova, A. F., Guglielmetti, S., de Toledo Guimardes, J.,
Hernandez-Mendoza, A., Langella, P., Liceaga, A. M., Magnani, M., Martin, R., ... Zhou, Z. (2021). Postbiotics - when simplifica-
tion fails to clarify. Nature reviews. Gastroenterology & hepatology, 18(11), 825-826. https://doi.org/10.1038/s41575-021-00521-6

2. Berni Canani, R., De Filippis, F., Nocerino, R., Laiola, M., Paparo, L., Calignano, A., De Caro, C., Coretti, L., Chiariotti,
L., Gilbert, J. A., & Ercolini, D. (2017). Specific Signatures of the Gut Microbiota and Increased Levels of Butyrate in Children
Treated with Fermented Cow’s Milk Containing Heat-Killed Lactobacillus paracasei CBA L74. Applied and environmental micro-
biology, 83(19), e01206-17. https://doi.org/10.1128/AEM.01206-17

3. Biswas, G., Korenaga, H., Nagamine, R., Kawahara, S., Takeda, S., Kikuchi, Y., Dashnyam, B., Yoshida, T., Kono, T., &
Sakai, M. (2013). Cytokine mediated immune responses in the Japanese pufferfish (Takifugu rubripes) administered with heat-killed
Lactobacillus paracasei spp. paracasei (06TCa22) isolated from the Mongolian dairy product. International immunopharmacology,
17(2), 358-365. https://doi.org/10.1016/j.intimp.2013.06.030

4. Blandford, M. L., Taylor-Brown, A., Schlacher, T. A., Nowak, B., & Polkinghorne, A. (2018). Epitheliocystis in fish:
An emerging aquaculture disease with a global impact. Transboundary and emerging diseases, 65(6), 1436—1446. https://doi.
org/10.1111/tbed.12908

5. Cristofori, F., Dargenio, V. N., Dargenio, C., Miniello, V. L., Barone, M., & Francavilla, R. (2021). Anti-Inflammatory and
Immunomodulatory Effects of Probiotics in Gut Inflammation: A Door to the Body. Frontiers in immunology, 12, 578386. https://
doi.org/10.3389/fimmu.2021.578386

6. El-Saadony, M. T., Alagawany, M., Patra, A. K., Kar, 1., Tiwari, R., Dawood, M., Dhama, K., & Abdel-Latif, H. (2021).
The functionality of probiotics in aquaculture: An overview. Fish & shellfish immunology, 117, 36-52. https://doi.org/10.1016/;.
f51.2021.07.007

7.  Hai N. V. (2015). The use of probiotics in aquaculture. Journal of applied microbiology, 119(4), 917-935. https://doi.
org/10.1111/jam.12886

8. Huang, H. T., Hu, Y. F., Lee, B. H., Huang, C. Y., Lin, Y. R., Huang, S. N., Chen, Y. Y., Chang, J. J., & Nan, F. H.
(2022). Dietary of Lactobacillus paracasei and Bifidobacterium longum improve nonspecific immune responses, growth perfor-
mance, and resistance against Vibrio parahaemolyticus in Penaeus vannamei. Fish & shellfish immunology, 128, 307-315. https://
doi.org/10.1016/j.£s1.2022.07.062

9. Kibenge, F. S., Godoy, M. G., Fast, M., Workenhe, S., & Kibenge, M. J. (2012). Countermeasures against viral diseases
of farmed fish. Antiviral research, 95(3), 257-281. https://doi.org/10.1016/j.antiviral.2012.06.003

10. Liévin-Le Moal, V., & Servin, A. L. (2014). Anti-infective activities of lactobacillus strains in the human intestinal mi-
crobiota: from probiotics to gastrointestinal anti-infectious biotherapeutic agents. Clinical microbiology reviews, 27(2), 167-199.
https://doi.org/10.1128/CMR.00080-13

11. Ljubobratovic, U., Kosanovic, D., Vukotic, G., Molnar, Z., Stanisavljevic, N., Ristovic, T., Peter, G., Lukic, J., & Jeney,
G. (2017). Supplementation of lactobacilli improves growth, regulates microbiota composition and suppresses skeletal anomalies
in juvenile pike-perch (Sander lucioperca) reared in recirculating aquaculture system (RAS): A pilot study. Research in veterinary
science, 115, 451-462. https://doi.org/10.1016/j.rvsc.2017.07.018

12. Mary A., Opiyo., James Jumbe., Charles C., Ngugi & Harrison Charo-Karisa. (2019). Dietary administration of probiotics
modulates non-specific immunity and gut microbiota of Nile tilapia (Oreochromis niloticus) cultured in low input ponds. Interna-
tional Journal of Veterinary Science and Medicine, 7:1, 1-9, https://doi.org/10.1080/23144599.2019.1624299

13. Mathur, H., Beresford, T. P., & Cotter, P. D. (2020). Health Benefits of Lactic Acid Bacteria (LAB) Fermentates. Nutri-
ents, 12(6), 1679. https://doi.org/10.3390/nu12061679

14. Plaza-Diaz, J., Ruiz-Ojeda, F. J., Gil-Campos, M., & Gil, A. (2019). Mechanisms of Action of Probiotics. Advances in
nutrition (Bethesda, Md.), 10(suppl 1), S49-S66. https://doi.org/10.1093/advances/nmy063

15. Pyrsikov A.S., Revyakin A.O., Vlasov V.A. (2017). Growing of nile tilapia (0. Niloticus) on the combined feed with the
additive «metabolit plus». Prirodoobustrojstvo, theoretical-practical journal, 1” 2017, 127-136.

16. Slattery, C., Cotter, P. D., & O’Toole, P. W. (2019). Analysis of Health Benefits Conferred by Lactobacillus Species from
Kefir. Nutrients, 11(6), 1252. https://doi.org/10.3390/nul 1061252

17. Ringe, E., Van Doan, H., Lee, S. H., Soltani, M., Hoseinifar, S. H., Harikrishnan, R., & Song, S. K. (2020). Probiotics, lac-
tic acid bacteria and bacilli: interesting supplementation for aquaculture. Journal of applied microbiology, 129(1), 116-136. https://
doi.org/10.1111/jam.14628

71



Quantitative and qualitative effects of 010K — lactobaclllus paracasel and the “Ecoproblotlc” problotlc...

18. Schmidt, V., Gomez-Chiarri, M., Roy, C., Smith, K., & Amaral-Zettler, L. (2017). Subtle Microbiome Manipulation
Using Probiotics Reduces Antibiotic-Associated Mortality in Fish. mSystems, 2(6), e00133-17. https://doi.org/10.1128/mSys-
tems.00133-17

19. Van Doan, H., Doolgindachbaporn, S., & Suksri, A. (2014). Effects of low molecular weight agar and Lactobacillus plan-
tarum on growth performance, immunity, and disease resistance of basa fish (Pangasius bocourti, Sauvage 1880). Fish & shellfish
immunology, 41(2), 340-345. https://doi.org/10.1016/.£51.2014.09.015

20. Xu, Y., Tian, Y., Cao, Y., Li, J., Guo, H., Su, Y., Tian, Y., Wang, C., Wang, T., & Zhang, L. (2019). Probiotic Properties
of Lactobacillus paracasei subsp. paracasei L1 and Its Growth Performance-Promotion in Chicken by Improving the Intestinal Mi-
croflora. Frontiers in physiology, 10, 937. https://doi.org/10.3389/fphys.2019.00937

21. Ya, T., Zhang, Q., Chu, F., Merritt, J., Bilige, M., Sun, T., Du, R., & Zhang, H. (2008). Immunological evaluation of
Lactobacillus casei Zhang: a newly isolated strain from koumiss in Inner Mongolia, China. BMC immunology, 9, 68. https://doi.
org/10.1186/1471-2172-9-68

72



