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Abstract

Objective

The common carp (Cyprinus carpio), the most important freshwater fish with a global
distribution, is known for its adaptability and potential in aquaculture. However, the risk of
disease in this fish is high and protective strategies are essential.

This study aimed to compare the effects of probiotic, paraprobiotic, and postbiotic supplements
obtained from Lactobacillus casei CC16 to enhance the immune response and antioxidant
capacity of common carp and improve their resistance to Aeromonas hydrophila infection after
56 days.

Materials and methods

This study used four experimental diets: a basal diet without bacteria as a control, a basal diet
with a 24-h culture of L. casei (probiotic), a basal diet with a 24-h culture and then killed L. casei
bacteria (paraprobiotic) and a basal diet with cell-free supernatant (postbiotic) from a 24-h culture
of L. casei. Fish were fed these diets in aquariums (80 liter) for 56 days. After the feeding
experiment, the fish were anesthetized, blood was obtained from the caudal vein, and serum
prepared. After dissection, intestinal tissue was sampled. After sampling, antioxidant activity,
lipid peroxidation, complement system in serum (ACHS50), total immunoglobulin concentration
(IgM), serum lysozyme activity, myeloperoxidase activity (MPO), immune gene expression (pro-
inflammatory cytokines including IL-1B, TNFa, and IL-6) and bacterial challenge test were

measured.
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Results

The results showed that paraprobiotic treatment significantly increased antioxidant defense and
immune responses compared to other groups. Moreover, it was associated with increased levels
of antioxidant enzymes (superoxide dismutase, catalase, and glutathione peroxidase), total
antioxidant capacity, and decreased lipid peroxidation (P<0.05). Additionally, increased
immunoglobulin M, lysozyme, and myeloperoxidase activities, and increased expression of pro-
inflammatory cytokines (IL-1B, TNFa, and IL-6) were observed (P<0.05) in the paraprobiotic and
postbiotic groups compared to other groups. The paraprobiotic and postbiotic groups showed

higher survival rates in the bacterial challenge test.

Conclusions

Generally, this study showed that paraprobiotics and postbiotics are effective in enhancing the
immune system of common carp and, due to their defined chemical structure, specific immune-
enhancing properties, and longer shelf life, have advantages over live probiotics, and provide a
promising avenue for disease prevention in carp farming.
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Introduction

The common carp (Cyprinus carpio) is known the most important freshwater aquaculture
species worldwide, especially in Asia and parts of Europe. This event is related to its rapid growth,
adaptability to diverse environments, and significant contribution to aquaculture production.
More than 80% of total aquaculture in several European countries is carp, indicating its economic
importance. Despite this advantage, outbreaks of bacterial and viral diseases pose a serious threat
to sustainable production, leading to considerable economic losses. Old methods for disease
management are dependent on antibiotics and chemotherapeutic agents, but these permonace
often leads to undesirable consequences, including environmental contamination, accumulation
of drug residues in fish tissues, and the emergence of antimicrobial resistance. Thus, developing
strategies related to disease management enhancing the fish’s innate immune system has become
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a priority in aquaculture. One such method is the use of beneficial microbes and their derivatives
as dietary supplements. Probiotics or live microorganisms that are benefits to the host, have been
widely studied and shown to improve growth, enhance immune responses, and increase disease
resistance in aquaculture species. However, some concerns related to the safety of live probiotics
remain, including the potential transmission of antibiotic resistance genes, systemic infections, or
disruption of the host’s natural gut microbiota. These concerns led to the interest in non-viable
microbial products such as paraprobiotics (inactivated microbial cells or cell components) and
postbiotics (soluble products or metabolites released by live or lysed bacteria). Paraprobiotics and
postbiotics were suggested as alternatives that offer the immunomodulatory and antioxidant
benefits of probiotics without the risks related to administering live organisms. These alternatives
have defined chemical structures, improved stability, and reduced safety concerns, making them
promising candidates for functional feed additives in aquaculture. Previous studies in fish have
suggested that paraprobiotics and postbiotics can modulate immune responses, enhance
antioxidant capacity, and protect fish against pathogen challenges. However, direct comparative
studies evaluating their relative effectiveness versus conventional probiotics remain limited. The
present study aimed to compare the immunomodulatory, antioxidant, and disease resistance
effects of dietary supplementation with a probiotic, a paraprobiotic, and a postbiotic preparation
derived from Lactobacillus casei CC16 in common carp (C. carpio). Over a 56-day feeding trial,
fish were fed diets supplemented with live bacteria, heat-killed bacteria, or cell-free supernatant.
Subsequent analyses evaluated serum antioxidant enzyme activity, lipid peroxidation, immune
parameters (IgM, lysozyme, myeloperoxidase, complement activity), expression of pro-
inflammatory cytokine genes (IL-1p, IL-6, TNF-a), and survival following bacterial challenge
with Aeromonas hydrophila.
Materials and methods

The bacterial strain Lactobacillus casei CC16 was originally isolated from the gut of healthy
common carp and obtained from the Iranian Genetic Resources Center. The bacteria were grown
in LB broth at 30 °C for 24 h. Probiotic bacteria were treated through incorporating into feed at 1
x 107 CFU/kg diet. Paraprobiotic treatment was prepared through heat-killing, lyophilizing, and
adding at an equivalent concentration. Postbiotic treatment was prepared after centrifugation and
collecting the cell-free supernatant (CFS) and adding to diets at equivalent levels. A basal
commercial diet (47% crude protein, 18% crude lipid, <12% moisture) was used as the control.
Therefore, four experimental diets were used: (i) basal control, (ii) probiotic, (iii) paraprobiotic,
and (iv) postbiotic. Juvenile carp (14.3 = 2.7 g) were purchased from a carp farm in northern Iran
and acclimatized for two weeks. Fish were randomly distributed into aquaria (80 L, 20 fish each)
under controlled water quality conditions (pH 7.6, temperature 16 °C, dissolved oxygen 60%).
Triplicate groups were used for each treatment, and fish were fed once daily at 1.5% body weight
for 56 days. At the end of the feeding experiment, six fish per treatment were anesthetized and
sampled. Blood sampling was carried out from the caudal vein for serum analyses, while intestinal
tissue was preserved in RNAlater for gene expression studies. Commercial kits were used to
measure serum activities of superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx). Malondialdehyde (MDA) content and total antioxidant capacity (T-AOC) were

99



o S,

Agricultural Biotechnology Journal, 2026, 18(1)

o

assessed to measure lipid peroxidation. Colorimetric or turbidimetric methods were used to
measure complement activity (ACHS50), total serum immunoglobulin (IgM), lysozyme activity,
and myeloperoxidase (MPO) activity. RNA was extracted from intestinal tissue, and qPCR was
performed to assess expression of IL-1pB, IL-6, and TNF-a. GAPDH and f-actin served as
reference genes for normalization. Intraperitoneal injection of 4. hydrophila at an approximate
dose of 3.7 x 10° CFU/mL was used to evaluate disease resistance. Mortality was monitored for
14 days, and survival curves were analyzed using Kaplan—Meier statistics. Data were analyzed
using one-way ANOVA followed by Tukey’s test, with significance set at P < 0.05. All
experimental procedures involving fish were conducted in accordance with the guidelines for the
care and use of laboratory animals established by the Institutional Animal Care and Use
Committee (IACUC). The experimental protocol was reviewed and approved by the Ethics
Committee of Amol University of Special Modern Technologies, Iran (Ir.ausmt.rec.1403.11).
Efforts were made to minimize the number of fish used and to reduce suffering during handling,

sampling, and bacterial challenge experiments.

Results

The measurement of antioxidant enzyme showed significant treatment effects. Catalase
activity remained unchanged across treatments and fish receiving the paraprobiotic diet showed
significantly elevated SOD and GPx activities as well as higher total antioxidant capacity
compared to control and probiotic groups (P < 0.05). MDA levels were significantly decreased in
the paraprobiotic group, indicating enhanced protection against oxidative stress. Postbiotic
supplementation showed moderate antioxidant benefits, less than the paraprobiotic treatment.
Serum immunological markers revealed improvements in fish fed paraprobiotic and postbiotic
diets. Total IgM concentration was highest in the paraprobiotic group, significantly higher than
all other treatments (P < 0.05). Similarly, lysozyme and MPO activities increased in the
paraprobiotic and postbiotic groups compared to control and probiotic treatments, reflecting
stimulation of nonspecific immune defense mechanisms. However, complement activity
(ACH50), did not differ significantly among treatments. Relative expression of pro-inflammatory
cytokine genes IL-1P, IL-6, and TNF-a was significantly upregulated in all treatment groups
compared to the control (P < 0.05). The highest expression of IL-1B and IL-6 expression was
observed in the paraprobiotic and postbiotic groups, while TNF-a expression increased across all
treatments, with no significant difference between probiotic, paraprobiotic, and postbiotic diets.
These results suggest that inactivated bacterial components and metabolites have stronger
immunostimulatory effects on gut-associated immune pathways than live probiotics. After
infection with A. hydrophila, there were different survival rates between treatments. Control fish
showed early and high mortality on day 4 post-infection, while probiotic-fed fish showed no
significant improvement in survival. In contrast, fish receiving paraprobiotic and postbiotic diets
showed delayed onset of mortality and significantly higher survival rates (83% and 71%,
respectively) compared to both control and probiotic groups (P < 0.05). These results indicate that
dietary supplementation with paraprobiotic or postbiotic preparations increases resistance to

bacterial infection in common carp.
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Conclusions
This study showed that dietary supplementation with paraprobiotics and postbiotics derived

from Lactobacillus casei CC16 leads to more effective than live probiotics in enhancing immune
responses, antioxidant defense, and disease resistance in common carp. Paraprobiotics
significantly increased antioxidant enzyme activities, decreased lipid peroxidation, and increased
nonspecific immune parameters such as IgM, lysozyme, and MPO activity. Both paraprobiotic
and postbiotic treatments led to higher expression of pro-inflammatory cytokine genes and
increased survival rate against A. hiydrophila infection. These results indicated that the use of non-
viable microbial derivatives in aquaculture nutrition has some advantages, including improved
stability, defined chemical composition, and reduced biosafety concerns compared to live
probiotics. Therefore, paraprobiotics and postbiotics show promising alternatives for sustainable
disease management in carp aquaculture, with potential applications in enhancing fish health,
improving productivity, and reducing reliance on antibiotics. Future research should focus on
elucidating the molecular mechanisms underlying these beneficial effects, optimizing dosage and
formulation strategies, and exploring their applicability across different aquaculture species
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oo s 2505 385 1 (g 20> VO L (ol ol cila)sg) o) oy b 5l 93 iy lnlo e stlojl 093 Jobo o
b A 0dd S adulejl slbo s b o,y OF e 4

st (52 93 s oo +I¥) Jg] oS 515 51 oolizl b jlags o 5 omlo i ey inlogl 5] g 38 o8 Aig0d
VOl b Jitie 6yt o VO g G > (g3 B 48T 9 (03 g 5l U (e TS jledlatul L g
Py (039] Comd & sl Yoo @IS (ol 42 )0 F 53 ddBd Ve ko 4y e g 1 459 3,5 Lo 42 0 ¥ (lad 3 el
ok (S9N I g SAD (IRSS el g 425 (gl o) (8l a > A (glod )3 pps sladiged D ol il
o3 5 5 s il (sl Jlogs S5 by 035y 5 9003 g5 i e gty o ale oy Vo gl oS3 5 ol
lalsdl ¢l (L] Hilden Qiagen) RNAlater ;5 g, gub 4ol 5 15 (gyglaes 039y il jl )5 Lo Voo g aid
A5 ()RS (g

ZelIBio GmbH) J 5,5 o lacas 51 5o openslipnsSl g hsins 9 (g 1 ol
CAT) ;YuI5 (ZB-SOD-96A SOD, Germany) jbgeuw> euSlpgw zobw obj) ly (oW Veltinerweg)
MDA) 1531 (o> o9lle (ZB-GPX-96A GPx, Germany) jlu.sly 45695 (ZB-CAT-96A, Germany
pyw Sdiges > (ZB-TAC-96A T-AOC, Germany) S Jlaws! sl e bs g (ZB-MDA-96A, Germany
1 $ogb ¥V zge Jsbo 3 (58T g (5900 ATy & b yg (9] (i S5y a5 L SOD el s ool
ol 15 s, UL /0 b b ctisds Sy 13 02 g ol 4 H202 Jgog Sun ) i b CAT colld .0
oo A5 O py Godiged sl 3 e 53 9515 0 Gl L ool VAY g0 Jobo 53 (500 )1 )50 4 GPX
A slalos 5 (TBA) dool Soy50sb55 s MDA iy STy j1 Juols MDA-TBA Ll S 5 (6,5 ol L MDA
) IS Glast (8 bl gl A (i (1Y 909)S0 /) sl (gl Lo S5 )3 2056 OYD 13 (gils (o5
4 S psSsl ool s gl 13 5200l ¥R+ )5 (pgrasli Stls s (655 ol (i S5, o 32k | (T AOC -
(Adineh et al., 2021) 15 sdlitl oo sl (2 5 JgosySe Vo o) Yo o o/ casmsbs b 3kl lsic

2 OlolieS g b byl Sig {ACHS0) 05w )3 (ylolyeS plumpunr (plimians— o (51 liorian
Sy L (RaRBC) 5555 30,8 slaJols obj)l ol ,» (Nayak et al., 2018) 54 Nayak et al. adlas olul
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JBgy9 350 53l ydidee N 099381 b STy 0ogislisSSl Gl 51 g 3 5SSl oyl & B> Ae oo 4y 01,5 b 42>
Lo el ¥ (y5m0bsSSl 090 SOl . 5045 5uty yilo 3,8 Bl a0 F 10 ddB0 0 o 4y Z Voo v 10 ladigel 5 aBgis
Py 3l oo olyis & ACHso jlade a3 (55:S0jlul yiagll VY e Job )3 Jols Jslone ©la g 08 Sud il (25T
9 Py 07 pln 53 sged dopd (Sodie oy b e (pl 298 o0 o8 o gl Aoyd B (i 5 el o5 Ab iy
233)5 ol (UML) gy 2 o )3 35y 90 4 gl Caled )3 48 Gl jilgen 720+ L Jblite dabs dlre

(ELISA) 5l 4 Juato iy pguagigan] b5 | o3litl b p s ISM. IS oo {IEM) (oI 929IS gigonl JS il
1Y Clis (Sun et al., 2010) as (5 Sojlil onis ) JSSs, JUis 4 (e Hubei «Cusabio) g)bs cus G L
ad owgm (6oL (51 286 (cladiges 5l edlatwl b ate S .50 okilgn led aio ) odliiel b yiegil YO+ zge Job 4
A oS fagls F00 53 (s IS Sl Ao (sl (i sl IS o (Slin 5

(Mohammadian et al., 2020) .5 b, (o 988 (g, 5l okl b o950 Collad 10 puw o 59340 CuJln
Yo oo Vo) modes Sland ,8L )3 (o)) (S5 B3 40 id lee 3 p)5 e +/Y) Micrococcus lysodeikticus
W ol Jlis 4y b g8 O Sang Se domio S (slacSaly 1> (San (gl Sl 25,500 WO 5 5 ko (pHA /A
Oles 4 gl b pbol @By £ ae > Ul glod ;0 4B Y o jlegil FO o o cdl)B i Lol p iy diged g e
FOu ) e sl /o) (il ot oS T ke b bgrpe majgid Culled aoly S L aad ()15 51 e a0 0
A ARSD )3 yiegil

29SO 33 oy 29,80 VD (MPO) jlaaSlpslio clled b)) (sl (MPO) jlagnsST psgbuo Cudlad
1 sty Se Y0 Lt b 35, Lle A5 domis Sy 5 (HME2 5 +CA2 91 01 2ol HBSS) uSin il Jobo
0 H202) 0us 3:3) (orien Sl dsySee YO 5 (ol ¢ LS V50 (o Yo TMB) 5oy e 1500 Sy
35 S pgilgns ol 525 Sn YO (39380 b 48B3 Y 51y 1> 25Ty o bl Sals o & (Lo« LS (Vo Lo
Mohapatra ) 15 (¢, Sojlul gl Y0+ 1 olgd cubgSuo 3l o3linl b g9 JEo 5 dly acsls (olodl ¢ L¥wH2SOs, )
(etal., 2014

EX6101)RNA gjlulis oS il ooliswl b 0dg, cdly 51 (<l jo 55 0,8 Lo YO) JS RNA 1 gos! g5 ol
Ly 6,5 )5 S 0aS3d Bl 035, Bl o s & 1 5l ol Jaalgios b (ol <0l8 oSl
ladiges opy89,IS 9 (2 algS = Jgd Bpmn (19938 Jl g 0d CEIES 938 (S (gt b (SlSe )b gen I ool
e s & RNA (gl JgSlga b 135,5 Jiio 550 (655 (o 3 5 039381 Jgi1 &3 RNA (g5l (1] 63003 oy sl
RNA colgs 3. 0558 Bls abilesdl sl pSgp g DNA dacSas b 54 ditund gt 130 b )b dis gt . K9 Juato
5 odlazul b o Lalls RNA s (gyglaen oyl CaigpSae 13 g s g 51 RNase-freec] ;I ooliwnl b alls

oSyl YA+/YS+ ,> (Thermo Fisher Scientific, Waltham, MA, USA) NanoDrop™ Lite yte g8 xSl
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3,5 Blo a3 —As glod j3 g ab by ViV e b ol CDNA (cowl osds Bls w3l L RNA i 1p] olojen job 4
LightCycler 480 yiuuw jl oolitwl b () Jgio) L1 B TINF-a JL-6  Jols Can slayi ol pdaw i (5,05
0 PCR as 3 b ol jidg S ¥ Jols (6yidg,Sun Ve ST ST yo 0 L)l (s ;b Roche Diagnostics)
ol 38, CDNA LB Jy,See ¥ LightCycler 480 SYBR Green I Master (Roche Diagnostics) yug,See
Wb 485 a3 53 oSl (g ST Kges S STy p2 sl g el (Vgegli 0 ol clale) sy Se /0 5 (Vi)
s 2 > & ©o2e 2, 3,5 5l 42590 (5lad 3 5] 4y (53l b 9 (sl o o 12],5 S, Jols GPCR S5
5 il Vo Cdo 4y pouly ol @ulal glod o Sl b Ve e oS ol a0 A0 lod yd (yamwlygilis ad o ¥ OT
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5 09> sovie WUl cou peuly cis a5l PCR &V guame «ugii (S sl cly .ol s (g5lwesly Diagnostics)
Vo b sy b ) Gilefl ya sly PCR(E) (assly oS i85 )15 (spar dub sl 58T J5 5598950
551 (GAPDH) 555305 Slin¥ 25 yunls” ol g2 o (55 - s o2 pledl 350 15 4 DNA (5,
oy Nd &5 pobailan «(sl 465 e iy 5 (CV) Ll Sl s g b ol 0 0l s 4, 1 (B ACT)
Jby Jole S ol 4 B ACT (GAPDH wiia (Ske oLy (Kortner et al., 2011) ai a3 a5 5 s ool
ol (oo (il (505 (glabg, jlosliial b pls Cq palie jl Ban slagj oad Jlog plo ke A5 (o0 Jos sl
1 plool Wlord LS5 5 4S5 d 51 A 4 4 ¢ Su3glsm )55 dw b RT- qPCR (laiomis plos .05
S Lame 53 3,5 il 433 YV (clad )3 el YE e & A. hydrophila sy i b ySU (ills a0
A. hydrophila |, 55, V¥ e 4 S5 jo 5l (ale can o islojl (L 5 w15 03l cuiS (TSB) wyp (sow S 5
35ly 53 0s (6Soal clie e cdn 53 1y kSl o sbe o J515 31)5 laale lany S iad il
Jolore o8 Cudls 392 35 J S 09)5 o 3y cdlyd (ple o lil 4 sy ySin B0+ 590 b il e 3 (CFU) (ol als
i g 45 ol 3,5 ol da )3 YV B YD slod 0dgdxe ) jg) Hlaa e 4 linalie 3,8 cél,> Ao pH L NaCl 7y
odiiSaas 393 SPSS Jlidle s )3 gy 3T i cud Joo g 0S5 6L damme (il g (lan @e (ymo 9 S o
A. hydrophila ¢y, LDso .03 plsl (S jcum; Oladss Jaol b @lae Sloo Jolye plos 23,8 o 1y (LDso)
S basre 50 05 Sl 453 YO glod jd sl FA Site 4 g pSL bl dslre yid Juo 3 CFU V/¥XV-2 Lyl
Oppmilpuges 325,50 Vv (Blio 310 305 ¢ stalof] (IS 025y ooy, )3 salo o i 0ol CutS By gg St
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Table 1. Primer’s sequence used in the present study

Annealing Genl.Sank (5,_3,) Sequence Gene
tem. accession no. name
589 AGCAGCGGGTGGAGGATGTA

: AY102632 CCTCAGAAATGGCGGTGGAC IL-6
50 GGTGATGGTGTCGAGGAGGAA TNF-o
AJ311800 TGGAAAGACACCTGGCTGTA
sg.s ACCAGCTGGATTTGTCAGAAG IL1p
: AB010701.1 ACATACTGAATTGAACTTTG
GAGCACCGTTCATGCTATC
373 AJ870982.1 GACCATCCCTCCACAGTTTT ~ CJAPDH
58 AGGGTGGCAATGATCTCTGT B ACT

M24113.1 GTCTCAAACATGATCTGTGTCAT

JUss 4 (ANOVA) 4L s (ibyly 5JUT .0 3JUT YV a5eus SPSSjl58le 5 51 enlil b laosls £ g ,lo] 5L

ol cli &y b 43,5 IS 4 b, Sike (gauslio ¢lp (Tukey's multiple range tests) Sy (clawslio > y90)!
25 53 o120 5l 28 P galisl )3 (5l sne el 33,5 (e SRPLOT (M1 15 5l oolizaol b (il (sloygesl 51 g
o) il a5) ogeil Sl edlazul b (29)S clacglds g a5 ploml plem WIS g Sl edlisl b iy Lo b aib S

8558 ki)l 090 (S

o s alof] (sloog)S 53 YIS ol Colladt (Gt (ygumlinunsST s (i 5 (ST (5T Cudlad
o Oizen 5 bl GaslS g SUgamnd dSTigu w3l Cllad &SIl )3 (Y J5u2)(P>0.05) ol ol 1) 6>
S 6 ae b 4 ilejl Glaog Sple @ Cons Ssmgphl b ooadiles 098 S Slauwst
4 Cand Samg bl b ok Jloi 09)5 15 6y sie yob & aall (63 lle pobaw (] BYS o (Y J5a2)(P<0.05)55,
(Y J922)(P<0.05 ) 592 5208 sibslojl (slog S ol
(¥ Jg22)(P>0.05) sl ()L 1y (6> (gine yuuss (otilojl (slinog,S 53 lakieS it clled 2 o] (G i
Oizpen (1 Jg12)(P<0.05 )ag; toloj] (sloeg )5 s Sl G (6315 sinajsbo & Sgmg il 09,5 5 M (grglS gigenl Jlai

Oy o> Gl G5l aald 09,8 & Cud )b (reygl 4 (otilef] slrog)S 53 jlanSTishe 5 puisesd coled e

(Y J52)(P<0.05 ) 39 Ssuag il 09,5 ) 00 oamliie 38!
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Table 2. Oxidative stress indices in serum of common carp after feeding with probiotic,
paraprobiotic and postbiotic diets for 56 days (Mean + standard deviation), different letters
in each row indicate significant differences

S gar Comny Segmg plyb Sigmg Control sals Indicator s Wi
Postbiotic Paraprobiotic Probiotic
118.2+21.11* 115.1£ 10.45>  111.1+£15.32° 101.1£ 10.12* (U/mL) Catalase ;YGIS
90+ 21.61°* 105+ 12.28" 91+ 10.73® 90+ 13.65° Superoxide ;bgousd fouS o
(U/mL) dismutase
411.1£16.9¢ 4282+12.32°  390.4+23.11% 390.3+ 15.18*  Glutathione jluusly, oeslbisls
(U/mL) peroxidase

1127.2+ 14.17*

1231.2+ 13.15°¢

1110.1+£13.172

1125.3£ 10.15 Total JS laes] 51 zolaus

pmol ) antioxidant levels
(/mL
sl (65 oglle gl
Malondialdehyde levels
(nmol /mL)

95.714+4" 71.1£2.0¢ 13.66 £5.0° 10.31£6.02

ol calisee (gla o cp aSli o (gl b e glay Sly cardy ya yd Cglate By

Seigmg sl «Sgntg S0y b 44 5l s (Jgoro j9u5 (o 0w 53 (Soul oS L Y Jgua

Table 3. Immune indices in serum of common carp after feeding with probiotic,
paraprobiotic and postbiotic diets for 56 days. (Mean + standard deviation), different letters

in each row indicate significant differences

S gar S Syigwgmlyt  Probiotic Sgmgy, Control sals Safety _gwsl yol b

Postbiotic Paraprobiotic parameter
118.2421.11*  115.1£10.45° 111.1+15.322 112.1+10.22 (U/mL) ACH50

90+21.61* 105 12.28" 91+10.73? 91+21.66* M 39585 gigesl

(mg/dl) Immunoglobulin M
411.1£16.9° 428.2+ 12.32¢ 390.4+23.11° 2702+ 11.42*  U/mL ) Lysozyme s}
(min
1127.2+ 14.17°  1231.2+13.15¢ 1125.3£ 10.15" 1031+ 15.12 S g psleo
0O.D. ) Myeloperoxidase
(450 nm

ol il gloylog o el jo sl > (ime gl 1Sl cind, oy glisie By o
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Figure 1. Relative expression of immune cytokine genes in the intestinal tissue of common
carp after feeding with probiotic, paraprobiotic and postbiotic diets for 56 days. (Mean +

SD), different letters in each row indicate significant differences

111



RN,

(V€20 4l Y o lowi YA 2,95) (6559WiS (659! 9 g dAlmo

wamsml,

Syo sl > azg BB lacglis « A. hydrophilal o39, VF cigic 09 Job 3 32l 8L iy g0

595 5 Log)S ol b auglio )3 1y o 9 Syo 5355 £9yd Sals 09,5 (¥ JS2) ab omlito calosl (sloog)S it 53 e 9
Sl e 9 S po by o 4435 Sg Cuny 9 Sgmg bl b olyod ooy b &5 (ola oalo ( Jlio 1355 £9)5 p)lex
Jb ol b (Y JS8)(P>0.05) s odmlie Sgmgp g 3als slajlos o By oliee 0 (5l dme ©glds 65,5 4505 |,

d9: alojl sloog S plo it (es BB b & (AV)) S Cumy 5 (AVZ) Sdigmanlly sloog)S sl oo

(¥ JS3)(P<0.05)
doli | SWamgy | Sdgugplil | Sge Cund o
Vose —ep—t——+—
/Y-
D /A
3
+/Y4-
0/0- I I
. 4 Yo 14

ale)

@38 5l gw A hydrophila i b oss Sghe Jgore ;505 (Ao yalo— W Gz Jolod g 300 .Y S

o[ &= S B- i 59, 0T 5l ey Sigm Cony 9 SHgmg pl)l Sigmg JoSo L (2148 se i b
Figure 2. Kaplan-Meier survival analysis of common carp infected with A. hydrophila after
feeding probiotic, paraprobiotic and postbiotic supplemented diets after 56 days. Mantel-
Cox =0.04
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