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WE  FATIEN AR R R, KPR A ERE RS K, RER AT R
= #(31.30+0.64) g t9 ¥ 3k & 8 7 38 f (Epinephelus fuscoguttatus Q X Epinephelus lanceolatus 3" %1 #F
RAL, T JE & T8 R &AM T B B8 & % % A0 i 18 (R0 %0 o e Ak R 2 5 7
0. 0.25, 0.75 #1 2.0 mL/kg J& & To(AR# % T Al & & 70 Uk, RE K 30%), B 1 /N3t B 41 (NO)
A3 AN LI 41(N250, N750 7 N2000), % 8 B 5, #HATAAMEGS mgl) 1 A, £RET, EA
A JE ,N750 F1 N2000 5255 20 7 9% 2 5 T NO 4(P<0.05), & 4 TG 41 BT JIE 43 4.1k 4 1 {4 B§ (SOD) .
i A A B (CAT) . BR 5 B B8 (ACP) . 7l PE 8k B Be (AKP)f A B B (LZM) E I B % & T NO 4
(P<0.05), 7 — B (MDA)% & T % [#{X(P<0.05)., )& £ T4 & A E R ERGELERA,
T flg B B 0E M A B AR B B 2 T E(P<0.05), 5 NO Ak, A% JE A TR AT % E %ok
R, H N2000 44 A 7 38 AL E B (P<0.05). M4k, HARF TG E TS T N A 5
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AN N e L AR L N EER A s N S 2
FROIRETE I, BESRIMAZIE T, mHLIAREFK
SE-FAE BRI i (Teame et al, 2020; Cuevas-Gonzalez
et al, 2020; Hernandez-Granados et al, 2020), Tsilingiri
25 (2012) 1 ORI e Az i B TR AR B L3 B R R
AT, 2021 4F [ PR i A R g AR JURHE PR TE 2K
WA T a4 ooy R A B, 5 R T SR XHE
TR £ 00 | AL T S5 A A I A 4 N TR AR
WAy, SRS NS A ) (Salminen et al, 2021),
JE T EA Z R DI RE RN, ARG R e s IR Y L e
BRACH . R IE L R TIRE . PrE . U .
L9 RS- fi7 18 PR BE (Moradi et al, 2021) 5 25 4E B A
o, AT ARGENER . Zathm . FEH S 2/
Dy B W 38 T A o

K et ) 5 A 038 PR (N B IR
PR WK ER (AN VR T4 . W% T8 sl E #R
SR FRTT (AN SR AN BRGT L BE E ) S s KT as AR
W, (A O B A = M A A B o (kA2 4%, 2025)
g T TR AR R 2 AR P T R A AR L, S f R
U e OV A (TR LA, 2025). J AR TT A 105
PRS- EIEAMEERE | AN A 2R M AR 5, X
IR Sl H A R0 g 3 fek B A% EE AR (Kieser et al,
2017; Graziano et al, 2016; Russo et al, 2019), % Z E
fh(Oreochromis niloticus)HF5E 3R, J5 Aol J# 1
ViR a5 RE . Y0 TEORG R NS B, R
LIRS B SRBEABLE], M 44 B 18 {5 (Dawood
et al, 2019), XN 5 (Micropterus salmoides) 5T
R, JEHETCT DS m A AR, SN iz 18
L GREAE, 2025) %RV A REf(Epinephelus coioides)
MIBFRE R, J5 A o] DABE = T AL IS M, 2 fa i
AR AR, 2018), HbAh, FEMPEHES NG A2 Jtid
A L (Pagrus major)IHTE AL BE ) PR R 26
VS AT it 05 M LA B FL T IR B 361 B8 T (Dawood et al,
2015), Fei i —IHFSE R, 78 m SRR R IS
JE TG, Rk R A B A P A AL B ) R RE SR
GPELL K T8 R AL J(Zhang et al, 2024)

B 2k JE A f1 BT £ (Epinephelus fuscoguttatus 9 x
Epinephelus lanceolatus 3)NFRIpRICHB IR,
H A BTN . AT . bris s, © R RIE 2
MaprthRz—, MR EORBLLS, 2025),
SR, Bt o 25 B AR AL FR B 1) VA R 8, FRAE %
B . BRI RN S AE R T A i UK R A K= R
N, SEUK ISR, 5o el v, Bk
WGBS FIERERE, FEAH LRSS (Xu et al,
2024; Liu et al, 2023), AWF5E B 788 22 0 E B 2R e

AL IATEbR . S ) | il 2 AR A K T
74, PRAS R R AR IR A2 oo A0 B f 470 28 U
JERE ST RIRENR , Ry A0 IRE £ £ R S R G T B R A e
B 77 B LA S R I S 4

1 HRET®

1.1 SKIEE#

AW T FHE NG Lumensa™ (AAFC036.11/36.12)
&—F i Cytozyme Laboratories Inc.(EhiH¥, 3€[H)
AL RERRFLAT I (Lactobacillus acidophilus) & EF= i,
AR IE R 30%. 2= il 2R LT 24,
BRIGEAE, REEF-Y2 RIS, P85 TR AR R M
=%, fi4 ISAPP X EJnieE X, DL TFGMk
KJEETT s AJEETTE AR A PLER . KREE . M
HNZHE | WRRERR . B RRAREEAE Y, LKk 3
BEART%ME ). 767 A B AR =AY
TARRHEYT A RA R, FE R R E =48%,
NG =10%, M4 <2%, KIr<17%, BiE k=
2.5, BB 1.5%~3.0%]A93ER L, 4 B0En 0, 0.25,
0.75 Fl 2 mL/kg MY J5 A= 00, TERL 4 Fhac g imkl, 4391
00 NO.N250 . N750 F1 N2000 , 25 fl b 30 FH 3 5,
B 4 (3 RT SRR 1 k) B4 T AT B
0. 0.25. 0.75 Fl 2 mL J5 4= 707 & 40 5 F 4l oK 7 B
% 50 mL J5 , JHWEZ5 25 24 50 W0 22 1 1 R o AR R
T, 5 A TV W R 7e A IS, 50 °CEAR
HEZIK AN 10%, BHIEER G R AR,

12 ZWigH5EE

A B A RS IR K BRI & A BRA ml L
PEHE 480 RARAKMEH: | MUK YIS S BR R IR A4 B £
WG R T A (31.30+0.64) g, BEMLAEL THR/KIFE RS
1 12 DFRFEAF(300 Ly, &4 40 . B4R L
TN 3 ASFRGEAR, RERAEME 2 ¥R (09:00 F117:00), H
PR N IRTE N 2%, FrgelasE 8 FJa, B HikamL
W25 RRAUE B 24 h FRE m MoK FRE R G0 12
AFRFHAE(300 Ly, #EATRI 7 d A SE
LA 5 mg/L (WSLI0AF 1 LBk, FHE
EARFIBCH]), JERFRAWE R 1.9 mg/L, A ST
USR], AR 2 Wk, H R ECHIRER 1%, P
SCE AR K, RN FEHETS B BFE . AR R 5
30 min Ji, {8 FH B o 7 AR A RN 20, UGG
Tl A E R 5 mg/L IR SRR K #hFE 2
280 L, FMKJEME AW . SCORIn], AKARERE R
31.040.4 , I J& M (26.50+0.05) C , ¥ %A N (5.3+
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0.2) mg/L, pH & 8.8+0.1, 2% N 5.1~5.2 mg/L.
1.3 HMmRE

AW LR EERE , YUK 12 h, XA
AT ECFRE . SR, BEARRENLI 9 BT Ik Ek
EAGERRE], R RATE, b, 2 Bk
o [ 2 F AR R Sdk, 5 Ry g R IE T
=20 CLRAFH TG IR b, 2 Bl RN
Y180 CL-AFH T Wil AT o

FETE # (SR, %)=(No—N,)/Nyx100% (1)
Kb, No AN, 23 B3R A P8 S U AR A
T AR

1.4 @RI

141 FFRERBAE LA REEN .  MERFREL 0.1 g
BEGN, A 9 R FRIG A BRER /K, VOK IS S50 T HLAK
A1, R BUAR TR BN 10% RS0, RI5, #
AR 0 10 min (2 500 t/min, 4 °C), HCE WM
SE MR (TP). TH B (MDA) S i A A Ak il
(SOD) . it AL A (CAT) ., MR M: SRR B (ACP) . il
PEWEIR B (AKP)IE M. 74h, B 0.1 g IF4LZL, A
19 FEARFRABER K, vOKIE & TSI, il
AT ECR 5% 513K . 4 *C 8 000 r/min 5
> 10 min J5, B V00 2 1 B S P (LZM) . DL E
WA &I A s Y TR BRA ], T 4% IR
R & AR BRI T I A
1.4.2  Jpid b AuEsm 2 HERRMPREL 0.1 g FE&, N
A O HRFR B A= FEER 7K, VKOK IR S50 LA 3,
AR 10% 2R w . 2%
2500 r/min 4 “CE.0> 10 min, B WS . A E
R R A ) TR B F) R R A A A R
= FE Wi (Lipase) . 1€ 43 (Amylase) TGP, Wif
F1 il (Protease) i T AU B 4K s Natalia 55(2004) )7
AT, EEMNZE W pH R 7.5,
143 MHEARHFAM—FLHE) L ENR ikt
A TERE SR ARSI P E 12 h, BRI 80 A7 A 1
Y1 F 0 e A 5 I A HE I35 W G £ 1 M e 25
i 625 S (Nikon Ni-U, H 4% Iz U] H i#:47
AR, ok A FREPLZEE 10 FEEERE 4%, W Hw
JEFIGEIE . LAZERIBE R E 10 A A L2 R, AR
% Ferreira S£(2016)) 7%, T Wi B E )
Wk FL(ASA).

ASA = (HEFEHEBTEE)/GNETRER)Y (2
1.4.4 WmiE A% 16S A K CTAB
(175 ke 3 = B 3L 3Rk B , hexadecyl trimethyl

ammonium bromide) ik $& B IE PN 25 WAL AR (1 3L K 41
DNA, FIJH 1%B 5 W EE I L PR AT DNA F 26 5 I
W . KRG BERE T 2 1 ng/ul 5, 405
16S rDNA V3~V4 X [i]§555 [#)(341F : CCTAYGGGRBG
CASCAG:; 806R : GGACTACNNGGG TATCTAAT) ., New
England Biolabs /%] Phusion™ High-Fidelity PCR
Master Mix with GC Buffer Fli2% i ff H 17 PCR
Y1, fdiff] New England Biolabs /A fJ NEB Next”
Ultra™ DNA Library Prep Kit for Illumina f4 # 3¢
JE, 238 Qubit & A1 SCE R I G 4% 5, 751 FEL
IR~ w8 HiSeq “F 6 ¥ . J7 4f 208 25 Bk Barcode
el FsE, WKk H FLASH (Version 1.2.11,
http://ccb.jhu.edu/software/FLASH/)Fll fastp #{4:(Version
0.23.1)%} reads #E 17 PF 42 A3 815 21 /& 2 1 Tags
B (clean tags). #RJE, 5 9% E BB E (Silva
database https://www.arb-silva.de/for 16S/18S, Unite
database https://unite.ut.ee/for ITS)HEAT HLXTF, i If:
LR G IRFA , 153 3 e 2 B A OB (effective tags)o
] QUIME2 414 1) DADA2 A% 45 350404 e e
JER IR /NT 5 TS, R 1 P8 A R
(amplicon sequence variants, ASVs). f#iH QIIME2 &
Py classify-sklearn #LHUEF ASVs 5 Silval38.1 4¢
PEEELLXT, MR EA ASV WPRMER.. fE a6
(https://magic.novogene.com/customer/main#/loginNew) 5
B A W W) B 41 (R Version 3.5.3) . o £
(qiime2-2020.6) . LEfSe £ 2% F 5| (LEfSe #{f, Version
1.0) . PICRUSt Zfj g i Il F1 5 B 855 P+ A% AH OC 7%
(Spearman 7%, R Version 2.15.3)%38 54347 .

1.5 EiESIT

A AR 4R HE S4B AR 1fE 25 (Mean+SD) KR o
KH] SPSS 25 FAFXF S IR B AT BN 3R Oy 25 4 b
(one-way ANOVA), FH] Duncan ik BEf T4 W 2 & 1L
B, WEMEAKTEA P<0.05,

2 #R

21 EETEFELMEEME TaRAFERNRN

WE 1R, fEMNAT, ARG R R
TRk JE Az oo B I R R, N750 FT N2000
ZH T NO ZH(P<0.05), MigHZ a1 &S A mE,

22 EAETERBUNEEME FEBELEE
EGEA
I 1 RS, AL T %
(P>0.05). It 8 1 AFI B G A4 0 A e
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100 - a (P<0.05); H:rfr, N2000 4 W i imi A2 2 T N250
< 80} ) b { HIN750 4H(P<0.05).
8 C
Eol i ! 24 FATEFBEAEEMIE TAIE TR
- 1 LTS S S B R R T
@ 40
ﬁ Wi 3 s, N250. N750 F1 N2000 ZH () 1T i
¥ 20 SOD FiIl CAT & #3421 T NO 4 (P<0.05), Ifif MDA
o , , , , BRI LT NO 41(P<0.05), M, N750 41/
NO N252§5“G N750 N2000 SOD Jf i & T N250 447 N2000 4H(P<0.05),
o N2000 41 MDA LT N250 411 N750 41
B fepbogh 78 05 A vt 2 UM A TN A BE 077 TG 3200 7 R (P<0.05). Ith4h, ACP Hl AKP i VEREIARNG 4758
Fig.1 Effect of dietary supplementation with postbiotics on

the survival rate of grouper under ammonia-nitrogen stress

E rhhrfa AR RS R AR B 125 57 (P<0.05).
Different letters above the bars indicate significant
differences between groups (P<0.05).

3 TR (P<0.05), 1 3 A I i i Bl iR R A T
B AN 2 REAK(P<0.05) .

23 EERTEFBEAMNEEMETAREREAR
epalsakeA )

& 2 A 2 I, N2000 26 i) i L2 B JE B
8T NO 4H(P<0.05), N250 F1 N2000 41 (/1% 18 946
R T NO ZH(P<0.05), i 406 58 1 bt ARkt
Ja T & BRI 2 S B TR R R A (P<0.05),
N250 2H 2 2 =5 T NO £H(P<0.05), 1fii N750 F1 N2000
ZH I B FAK T NO 4H(P<0.05), 5 NO ZHAHLE, falklahse
J& 42 76 (250~2 000 mL/t) b 2 £ F+ T M 18 W T AR

AN 235 T 5 (P<0.05), AHLEY, LZM I5 PR
B A2 T & BN TR, N750 2HF1 N2000 £H 5 7
T NO 4H(P<0.05).

25 FETEFRBUNEEBETARER B

kA

251 o FHMSA WER4 PR, FIANTFHA
(V-3 78 55 BE YR 3] 99% LA I, & B Fir R 1A= W 4 %
it BAT 785 TR EFIARRAE | REAS HERA S 2 2k e 0
A1 BEt 7 1 NP TE DS R IR . & 41 OTU
it . Chaol 8%k, HRIGHMFE L RIEHER A
#(P>0.05),

2.5.2 AP AT WK 3A BRI OTU
1 66 A, IRTFAALREA R OTU 0 H o 71 TKF L
(Bl 3B), Wi HE F 2 A2 JETE ] (Proteobacteria) |
JEBER | ](Firmicutes) . #LFT [ ] (Bacteroidetes) & #2 T
I [ J(Fusobacteriota) 4l i% . Bl % 17 Bk 5 £ T & &

F1 ARMTEEELIERE T AL &N FE R LEFR N0
Tab.1 Effects of dietary postbiotics on intestinal digestive enzyme activities of grouper under ammonia-nitrogen stress
F5F7 Indexes NO N250 N750 N2000
TEFY A Amylase/(U/mg prot) 4.70+0.11 5.2940.37 5.44+1.41 4.48+0.04
g Wi Lipase/(U/g prot) 1.28+0.02° 1.17+0.04° 0.98+0.02° 0.86+0.08¢

[ Protease/(U/mg prot) 344.75+3.75¢

472.24+2.82° 1 013.88+8.06" 2 024.35+8.30°

TE e AT bR A AN R 7 B 25 2 4 TR 351 22 57(P<0.05) . R I

Note: Different superscript letters in the same row indicate significant differences between groups (P<0.05).

same below.

xR2

AR EEETHERAME TAREREAARTS

The

% i

Tab.2 Effects of dietary supplementation with postbiotics on intestinal histomorphology of grouper under ammonia-nitrogen stress

F84% Indexes NO

N250 N750 N2000

WLZJE EE MLT/pm 140.71+25.78°
HEHE VLH/um 519.00+£38.98°

256 TE VLW/um 75.8246.59°
W% s T A ASA/mm? 25.61+5.06°

121.10+26.63°
662.49+65.72%

159.00+19.65°

568.15+44.18"
56.61+8.28¢
40.92+6.27°

154.23+36.70%

519.01450.83¢
68.87+9.43°
30.91+6.37°

83.39+£10.94
32.14+4.19°
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B2 mebabh 58 e AR oo 2 ZUMHA T 1 B A i U 2SR R
Fig.2 Effects of dietary supplementation with postbiotics on intestinal histomorphology of grouper under ammonia-nitrogen stress
TN TR E(VLH), BL5E S (VLW), SR0 025 B (MLT),

The red line represents villus height (VLH), the orange line represents villus width (VLW),
and the green line represents muscular layer thickness (MLT).

x3 AMMERETHNERMETARERENREXENIESREREETENZN
Tab.3 Effects of dietary supplementation with postbiotics on the activity of antioxidant enzymes and
non-specific immune enzymes in the liver of grouper under ammonia-nitrogen stress

$54% Indexes NO N250 N750 N2000
ALY E AL SOD/(U/mg prot) 31.43+0.46° 38.51+0.25° 56.06+1.39° 38.46+0.61°

%% MDA/(nmol/mg prot .61+0. .94+0. 5.01+0. .97+0.05
7§ % MDA/(nmol/mg prot) 9.61+0.40° 4.94+0.21° 01+0.12° 1.97+0.05°
i3 SA AL S CAT/(U/mg prot) 13.57+0.22° 29.99+5.37° 25.93+2.41° 25.74+1.44°
FRYEBERR W ACP/(4: [GEA(37 /g prot) 12.58+2.29¢ 31.49+1.57¢ 53.55+2.83° 70.05+6.77°
TR AKP/(4: [G 307 /g prot) 6.68+1.68¢ 19.19+1.07° 34.47+2.80° 48.00+4.97°
R B LZM/(U/mg prot) 0.50+0.18¢ 0.8440.12% 1.53+0.41° 2.96+0.25"

x4 AR ERETHNERMETAREHERH o SHEEHTN
Tab.4 Effect of dietary supplementation with postbiotics on the alpha diversity of the
intestinal flora of grouper under ammonia-nitrogen stress

547 Indexes NO N250 N750 N2000
OTU %(H Observed OTUs 689.00+137.00 643.67+110.00 613.33£98.00 478.67+124.00
Chaol #5%k Chaol 727.69+208.89 661.24+188.30 622.12+145.85 483.40+124.30
F 445 %% Shannon 5.92+0.33 5.93+0.64 6.23+1.91 6.33+0.99
¥ FRAE B Simpson 0.92+0.01 0.93+0.02 0.81+0.02 0.94+0.03

715 % Coverage 0.99+0.01 0.99+0.01 0.99+0.01 0.99+0.01
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Fig.3 Effect of dietary supplementation with postbiotic on the gut microbial composition of grouper under ammonia-nitrogen stress

A: FEHAE; B:

FIKCF AR 2 AR s C: B AR F BRI s D: LEfSe 24 04T A

A: Venn diagram; B: Phylum-level relative abundance bar plot; C: Genus-level relative abundance bar plot; D: LEfSe cladogram.

=, ARIE TR ARN B R R AIUS THs R, 7R
N750 413K 5 e AIRE (40%) 5 T FUFF P& 1T Ay = B I EL AT
M AR LS, 6 N750 k5 (H(18%). J5RE
DAY AR RN 3 B2 Bl 2 ek e A DT 3 i o v R |
TF, 7E N2000 A5 (34%) . HAL, WWITHEI1E
P AR Lt e N REAE , AR 3= BEAE N250 b FRA 3K
I E(10%) . TEBAKT (18 3C), A ERA
JLZE S BR o NO 4] 32l IR (Vibrio) . 5 ML A
(Pseudomonas) 15 K i (Ralstonia) L i, , N250 21+
B ZE AT B (Bacillus) . BT # )& (Fusobacterium)
M A L, N750 4 FZ BRSO
(Bacteroides)FIZEFT 1 (Faecalibacterium) 21 %, , N2000

AL IR AT I . A R R A IR R A
ity R R X = B i R I A T R ARG 0 258 TR R
G BT RS, E N750 Ak EE/MEGH 2 1%F
3%)o N250 ZH 1 N2000 41 2F F AT i AH X == B 488 = (24
13%~17%), T NO AHXF 4= EEHAK(ZY 4%). LEfSe £
N 43 Hr ZIH(E 3D), NO ZHAFE RG]
(Thermotogae) . & HL/fU % H (Xanthomonadales) 5 % HLJifd I
b (Xanthomonadaceae) ; N250 #H & %% fﬁ WA
(Streptococcaceae) . i BK I J& (Streptococcus) . ZE M ERH
(Enterococcus faecalis) X JiyER # #}F(Enterococcaceae) ;
N750 2 & ZF 48 7 & 4 (Bacill) F1 3 [T # )&
UCG_004(Prevotella UCG-004); N2000 £ f40kf 1 H
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(Micrococcales) FIZE i < [ £ (Nocardioidaceae)

253 FaFalaAr il PICRUS X441 HE
HATDIRETUNS , 3T KEGG level 2 ) Heatmap %
253 HT R (] 4A), NO, N250 Fl N2000 - Hh—37,
1M N750 3R Ry — 32, AHECFHALAS 4, NO 4 1H
ST RGO . BRI IR AT
HNIG A HE D R i 5 A | At S B R A S 2 5 2R
LR AW =S T 3 S f = /R AW N =R I RET
SRR R BRI S S E N R N250 4
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Fig.4 Functional prediction and correlation analysis of gut microbiota in grouper after ammonia-nitrogen stress

A: JT KEGG 2 Zuii 1 PICRUS DIREF I RISHNIE; B Wpid i fF-5 TF DT A AL AN S B A DG EHT EFY) Spearman AR M .
*]n P<0.05, **FR P<0.01, ***3K/R P<0.001,
A: Clustered heatmap of PICRUSt-predicted functional abundance based on KEGG level 2 pathways;

B: Spearman correlation analysis between gut microbiota and hepatic antioxidant/immune-related enzyme activities.
*: P <0.05, **: P <0.01, ***: P<0.001.
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MO 7 dJ5E, NO AIBIFER RN 49.3%. R
FE 750 mL/t F1 2 000 mL/t J5 40T, i F 42T T A B
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2.0 mL/kg JEAIuE SRy A BEf, HimENZEE
FE T HANA A, R, FEhH &5 g a0
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WA R, DR RD FE IS AR TR T I AT 1 A A
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BTSN I RE S o B, eI ARRE AN 7% AR T AT
DA 28 30 BRI B4 A BRE A 1) 7 3 R 2SR g A AL
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BH, Tk rp B 0 S A o0 v i R B B A A RE h A
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A S G D % i 1 R R 8 I 2 £ S i Y
BRI AR AR E . AT, RS A o K
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FTLZM 936 P, H N2000 5256 41 45 G 5 i G M e = o
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SRR, 5 AR ORI REE I B PR L R 45
PETHA B A E N RE T . 5 AR TT Rl DRt F B
2 43 B s REAC T W B A S R R AR T AR
FBRE I N33 ) o ASWESE BT G A T 7™ i A i — Lk
FRRL T o WEFE R, X BB TR 4 X 7K A 3
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et al, 2024), JERER 117 TG L 4E LA L &
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FEA T B85 AL A oI pe i A S M P 45 0 AE B0
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Effects of Dietary Supplementation with Postbiotics on Antioxidative Ability,
Immune Response, Gut Morphology, and Microbiota of Hybrid Grouper
(Epinephelus fuscoguttatus Q% Epinephelus lanceolatus 3) Under
Ammonia-Nitrogen Stress

WANG Qingbin', LEI Keke', SHANG Tan?, CUI Pei', SUN Jinhui', WANG Qingkui', CHENG Zhenyan'"

(1. Tianjin Key Laboratory of Aquatic Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural University, Tianjin
300392, China; 2. Cytozyme (Beijing) Agricultural Technology Co., Ltd., Beijing 100027, China)

Abstract The rapid development of high-density intensive aquaculture, driven by increased
stocking densities and accelerated accumulation of residual feed and fecal matter from cultured
organisms, has resulted in excessive ammonia-nitrogen accumulation in aquatic systems. This
environmental stressor induces hepatic damage, suppresses immune enzyme activity, disrupts
intestinal morphology and microbiota balance, and reduces digestive enzyme activity in aquatic
species. Postbiotics—defined as inactivated microorganisms and/or microbial components with
well-characterized genetic backgrounds that confer health benefits to their hosts, with or without their
metabolites—have emerged as a novel feed additive in aquaculture. Studies have demonstrated their
multifunctional properties, including immunomodulation, metabolic enhancement, intestinal
epithelial barrier reinforcement, antioxidant activity, anticancer effects, anti-inflammatory responses,
and gut microbiota regulation. However, the efficacy of dietary postbiotics in enhancing
ammonia-nitrogen stress resistance in hybrid tiger grouper (Epinephelus fuscoguttatus @ xEpinephelus
lanceolatus &' initial body weight: 31.30+0.64 g) remains underexplored. This study evaluated the
effects of postbiotic supplementation on antioxidant capacity, immune response, intestinal
morphology, and gut microbiota of hybrid grouper under ammonia-nitrogen stress. Four experimental
diets were formulated by supplementing a basal diet with 0 (NO, control), 0.25 (N250), 0.75 (N750), and
2.0 mL/kg (N2000) of liquid postbiotics (30% concentration). A total of 480 fish were randomly
allocated to 12 flow-through culture tanks (300 L each; 40 fish/tank), with three tanks per dietary
group. Fish were fed twice daily (09:00 and 17:00) at 2% body weight for 8 weeks, followed by a
1-week ammonia-nitrogen challenge (5 mg/L) in aerated static systems (25 fish/tank). Post-challenge
survival rates in the N750 and N2000 groups were significantly higher than those in the NO group
(P<0.05). Postbiotic supplementation significantly enhanced hepatic activities of superoxide
dismutase (SOD), catalase (CAT), acid phosphatase (ACP), alkaline phosphatase (AKP), and
lysozyme (LZM), while reducing malondialdehyde (MDA) levels (P<0.05). Intestinal protease
activity exhibited dose-dependent increases in postbiotic groups, whereas lipase activity decreased
proportionally with dosage (P<0.05). Histological improvements included expanded intestinal villus
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absorption areas across all postbiotic groups, with the N2000 group displaying significantly thickened
muscular layers (P<0.05). Postbiotics modulated gut microbiota by increasing the relative
abundances of Firmicutes and Bacteroidetes while suppressing that of Proteobacteria. At the genus
level, pathogenic Vibrio and Ralstonia abundances followed a biphasic trend—decreasing initially,
then increasing with higher postbiotic doses—reaching minimal levels in the N750 group
(approximately 1% and 3%, respectively). PICRUSt functional predictions revealed upregulated
pathways related to amino acid metabolism, cofactor synthesis, and secondary metabolite production
in the N750 group, alongside enhanced environmental adaptation pathways in the N2000 group.
These findings demonstrate that postbiotic supplementation improves gut microbiota structure,
antioxidant capacity, and non-specific immunity in grouper under ammonia-nitrogen stress, while
enhancing survival rates. The 0.75 mL/kg postbiotic dosage optimized gut microbiota structure
(enriched Bacteroides and Prevotella) and metabolic functions (activated amino acid/cofactor
metabolism), while maximizing antioxidant capacity.

Key words Postbiotics; Hybrid grouper; Ammonia-nitrogen stress; Non-specific immunity; Gut
health



