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Abstract

This study investigated the effects of different types of compound probiotics on the growth, physio-
logical and biochemical responses, and immunity of pearl gentian grouper (Epinephelus lanceolatus
J x Epinephelus fuscoguttatus ?). Three experimental groups were established, including a control
group (basal diet), a Yijunbang (Premium) group containing Lactobacillus casei, Lactobacillus
plantarum, Bacillus licheniformis, and Bacillus subtilis, and a Yijunbang (Gut-care) group contain-
ing Lactobacillus casei, Lactobacillus plantarum, Lactococcus lactis, and Clostridium butyricum, with
a 60-day feeding trial. The results showed that supplementation with Yijunbang (Premium) signifi-
cantly improved weight gain rate (WGR) and specific growth rate (SGR), enhanced digestive and
absorptive capacity, and markedly increased the activities of acid phosphatase (ACP), alkaline phos-
phatase (AKP), and lysozyme (LZM) (P < 0.05). Moreover, Yijunbang (Premium) reduced hepatic
damage and enhanced immune capacity in the fish. In contrast, the growth performance and im-
mune-enhancing effects of Yijunbang (Gut-care) were less pronounced than those of Yijunbang
(Premium). In conclusion, compound probiotics combining Lactobacillus and Bacillus species were
more effective in promoting growth and enhancing disease resistance in pearl gentian grouper. This
study highlights the potential application of compound probiotics as functional feed additives in
grouper aquaculture and provides theoretical support for large-scale, healthy, and environmentally
friendly culture of pearl gentian grouper.
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A AE B S A R OO PR K P FRAERIE SR, IR O 2 N T 2 oK AR sh Wi 77 B S
Ho WINANFRI 28 AR W AR A 2 7 I i AL, G A I BRI FE R BT DA A A K
PERE[3] [4]o HAT, 78 a2 B I s EUEF0 0N FH s 7 0 fige ide B ok 2 B 9 2F FOMF BRI LR B o 2 AT T
JENHE 2 CRHYE . BRI R A2 70 1 19 75 S B 1t R B IR AN 4 [ 5] FLER W (Lactic acid bacteria)fe—2R N
FENYEAE FIA e Y6], £ EEFEIN B Lactobacillus) AERE JE (Lactococcus)~ XEHF B &
(Bifidobacterium)~ 3K & (Streptococcus)5s, FA W HTER LR T (RIEENRA K B 5RTE 3
1~ BRI Z Dhaett, HErc) 2 A TR 29[ 7]. T RRIRE (Clostridium butyricum), JER &
(Clostridium), TEMTENEEMWEEENRNITR . B R4EAE R . THALBGSE AR TEY BT, X85 T8 e =k
R EEA[8]-[10]. B A A VF 2 53 T & RV /A B A FLAT B 1 A B TaDRLAS D077 1 2 D RE
(R HZH AR NG 7 A B N FH B3 B B A Bt 0 R R o i i e b

AT A BRI AN R, AR . LREN T RRE ARG E S mAEw
YRR RRA IR FoR . e AR K RE . WHAERTE 70 AEBRAALIR R DUELEE A S il s
Mo NI ERICAE A B PR TRDRL S N 780 AR BI ) DA S 546 2t AR TR AE 7K (g R IR B L 1 N FH 3R A B AR

2. RIS E
2.1. SSEMHRER

ARSI A 2= B A /K B S SR = kT, K 240 BASELE] 12 N/KEFE(0.4m > 0.2m x 0.2 m)
b, BEAN KRR 20 JB 5 K A3t ) N TR R VR K TR0 2R 55 o FEHE IR K IR 28°C + 1°C , £ FE R4 4E 23%~27%,
pH 7.0~7.5 IEARE S B 5~7T mg/L, RIGWIY 60 do ASZI6 BT I FRHRREE FRE > R W% 1| .

Table 1. Nutritional composition of basic feed (%)

= 1. ERAREFRR T R%)

Hoy Ji 534 Hor Ji 534
FEA >48.0% AR >16%
GiEbiEit >10.0% K5y <10.0%
FH2F4 <3.0% ps¥7s >1.0%~3.0%
KT <16.0%

2.2. SISt

RIGILY 3 4, FEAHWE 4 AT 5%t BALGERETRL) . RN 28 BB ORG i) Ab B 2H 3= B4 e o T 18
FURTIR S READFUAT IR SOAZF AT T A 2R AT IR VSN R (07 ) 2 EE L O TES FLAT 3 7L
PG FURRA BRI T BRI o 05 P 00 2 T R CRG ) AN 2 R (I i) i, 287 B ORI IEE AR P 5
KRB AR AFIRAE . BER LA RATF Tm 2 B AR5 R 2%~3% H SR E TSR, B amd m i
HA O Z TAESRAT /N 2R, BRI R AT IR R BR R S R, A SR AT R 4 1
i BE R BEAR IR B30T 7K . ARG A SR A A, RIS R BORE

2.3. HERE

TR S ERERNT, 72 RI A A BATARE . TR A AR, F58 24 h, FEJE AR TAT48 5
fr, AT ATV . BRNE 2 B RAKN A, AE, JHOREE, HTHRARKER. KE
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FERE SLEVBEAT R IR ML, SRR M T 22 A A A 0. RIS S, WREASFAT A B AL X
8 FeftL, 7 M A M AT IBRINE B TERE it 75 R B AN M T AL 2R, e Pl 55 T it 7 30 BB T YRR i
ko T SRU S WS 280 CREMRILUKAT R A7, )5 S A LB I MR S5 PR bl S 3 1

2.4. 1E¥RNIE

24.1. K
ARPERETRIR R AT
14 5 2 (body weight gain, BWG)% = [A AR IIKTE (g) — WIUH TR ()Y HIAE 34K H (g) x 100,
1A%l Z ¥ (feed conversion ratio, FCR) = “FIARIEFE & (g)/[ T HRIARIKE (g) — FRIVIIEIAE(g)],
JEL3i#% £ (condition factor, CF) = [4& A 5 & (g)/ 4 AR (cm)*] x 100,
H 8 A2 KK (specific growth rate, SGR%) = [In &K Jii #:(g) — In HI4H 5T & (g))/SL 56 8] (d) x 100,

24.2. MEEREN

KA TEE 10% M ERENPTEE ] 1) — IR VE ST 88 K AL, SZEPT 4 °CF EL 4000 x g 250 10 min, 7 253K
RLERES, HT R TR FRIE .

11775 =P 481 &) ¥ (Glucose, Glu). TH &R = A # B (Alanine Aminotransferase, ALT). K& &R R L
fiff(Aspartate Aminotransferase, AST)~ 1= % & i 2 [ I [ % (High-Density Lipoprotein Cholesterol, HDL-C)+
{25 B s 25 14 IH [ B% (Low-Density Lipoprotein Cholesterol, LDL-C). H il =[i§(Triglycerides, TG). & JH
fi%(T-CHO, Total Cholesterol). /2% [ (Total Protein, TP). 4% [ (Albumin, ALB) /2 3R [ (Globulin, GLB)
TR HIR A nCE B AE Y TREOE O (P, rROIRBERAAI G, LR ] A BT IE

2.4.3. FAERAEIESF R 2 TR ESE

FHF R AT sk P T FR I8 (alkaline phosphatase, AKP). & 14 i 2 i (acid phosphatase, ACP). ¥4 B i (lyso-
zymeL, ZM). s P4 AL BE 71 (total antioxidant capacity, T-AOC). i %84k S i P (catalase, CAT). HE ALY
I Kl 5 M (superoxide dismutase, SOD)JE 14 AUAI A % (Malondialdehyde, MDA )& & K F 5 5 @ il 2AE W) 1.
TR FE (R, mEROSR BRI, UL PR P BRI E

2.4.4. BETHLERTEMENE
Ji73E G 7 B (Lipase)  VE¥ B (Amylase) 1 5 25 I B (Pepsin) i P8 FH e 5 2 B A2 P TR B 7 P 1) ik
FIE &

2.5. BRGSO

RIGHE LT 51E + Fr#EiR (mean £ standard error, SEM) 7R, 1 Giit 244 SPSS 26.0 #E47 704,
FIT A B8R H LR 2R 22 73 T (one-way ANOVA)HEAT 0¥, #RJE1E4T Duncan’s 2 H HLEHT, P < 0.05
BN R 2 5

3. 58
3.1. FRMAEETEENEHREBANESE KR

NIRRT A i A TR B BRI R A B0 A K IS a3 2 FTom . WS I0 2 TR 0 A EE 4 3 B 3R I 2
TR, W0 2 A A B A PRy AR KR R T R, TN 2R B IR ORS ) A B A R e AR KR
e TN IN & B R ) AL BRZHL(P < 0.05).

=
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Table 2. Effects of different probiotics on growth of Perca platensis
2. AMAEMEFEEFEN R LB AT E S KT

it i B R CRE ) i B FR )

WEEY% 329.02 +£21.332 42423 +24.62° 365.43 + 26.47%
TR R 2L 1.58 +0.07° 1.50 + 0.08° 1.54 +0.07°
FEEAEKERY 2.42+0.21° 3.240.12° 2.76 £ 0.08"
FIEH5 P % 03.75+0.192 3.94 +0.03% 3.995 + 0.092

VE: A HABEE EA A F AR R 2 R B (P <0.05), ERMHETEMERERLEZP>0.05), FH.

3.2. FRIFMAE S HEEM BT AZB AN & MEEEE AR

ENGELES

& A RN B EROR IR AP AR WSS 3 om0 2 B R CRS ) 2L 1 46 B AN

BASEDES T RET@ A MK AL (P <0.05). %8B IOHE M)A R RA LB EHE MR L Z R
IR FE(U/L) S K0 B A RN 25 58 R (3 ) 4H.(P < 0.05).

Table 3. Effects of different kinds of compound probiotics on physiological and biochemical characteristics of Perch

F 3. AEMEEEmERNBIR LA EEIEE LRI

X HR i B FRCHRE ) A EEli7)
71 %] B (mmol/L) 0.60 + 0.00° 0.86 + 0.06° 0.76 + 0.09*
WAL E S FE (/L) 58.25+2.87° 39.00 + 4.00° 54.75 + 6.83b
REFIRAEEHFE(U/L) 697.00 £ 12.59¢ 417.75+27.33% 648.25 + 25.93b
1R 2 B g 8 (A H [ B (mmol /L) 242 +0.15° 2.45 +0.05° 2.26+0.13¢
3% % g B 4 BE [ B (mmol/L) 1.56+0.10° 1.08 + 0.032 1.32 +0.04°
Hith =[5 (mmol/L) 2.57+0.37° 1.80 £ 0.07° 1.84 +0.07°
JIFL [ B (mmol/L) 4.95 +0.05 4.61 £0.27° 442+0.15°
SEHEL) 52.93 +3.36° 58.25+£2.21° 56.98 + 1.80°
HE A (g/L) 16.60 £ 0.80? 17.28 +1.19% 19.08 + 1.30b
FREEH(g/L) 37.70 + 0.882 39.73 +1.10° 40.10 + 1.582

3.3. TEIMAE SmE EXN LT LB A& I8 H L ERE AR

DL e

AR G i AL N B BB AT PR A K AR AN 4 Fos o 3 B R CRG ) AN 2 RS (4 ) 4L 1) Bl

JOTIE S A A 15 R M R R 2 T TR AP < 0.05).

Table 4. Effects of the same type of compound probiotics on intestinal digestive enzyme activity in Perch goby

4. FRMAE A TS EXMN PR LB ATEE 7B HCEEE IR

payict 28 S CRE ) ai B A )

JIE i B (U/ gprot) 0.85+0.14? 2.42 +0.99° 2.62 +0.38°

V€ R B (U/mgprot) 0.02+0.01° 0.06 +0.01° 0.05 + 0.022

B & H 8§ (U/mgprot) 8.65+1.012 10.28 + 0.42° 10.47 +0.59%
KPR
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34. FEMAESHmEENBUREZBAVE RRENRNE

ANFIFR A & 2 A BN 2 BRI A B T BRS PE RO AN 5 PR 2l BSOS il R 8L
RESRE TR, N RE(MDA) & B EE LT X RA(P < 0.05). FInas i H A BEAH 8 A AL bt
Ml 14037 PR AT S A S BS PEANAF AR 535 22 57 (P > 0.05)

Table 5. Effects of different types of composite probiotics on immune enzyme activities in liver and pancreas of Perch dacty-
lomelanae

5. FNEMESEmERXN BT RE AT E TR R ZEEEHFIT

i HR i P FBCRG i) i WA )

B AN B AL BGIE 1 (U/mgprot) 7.11+1.59° 7.30 = 1.07° 7.25+.012
I A RS A4 (U/mgprot) 3.00 + 0.68* 3.11 +0.442 2.99 +0.412
TN % 7 2 (nmoL/mgprot) 1.05+£0.27° 1.97 +0.45° 1.63 + 0.24%
BB REJ1(mM) 4.95 +4.020 5.83 + 1.60° 5.58 +2.38®

A H M (ug/mgprot) 0.04 +0.02° 0.03 +0.01° 0.03 £ 0.00°

% P B3 % 1 (U/mgprot) 30.80 + 1.67° 42.67+9.67° 38.39 +2.79®

B PE B FR % (U/mgprot) 0.74 +0.02° 224 +1.26° 0.90 £ 0.20?

AR5 il AR BN IS BRI E A TR 0 G P S PR ) R B 2 2 P e it B S CORG ot ) R 2 BT R (3 1)
ZH AR TR TR TR T PR P 402 25 i T T SRR 2L, 2 A1 S CRS ) Ay i Tt P T AR 5 T il 0 3 M 82 2 v T R AP <

0.05).
4. g
KT LE BRI, 507 HALKE L 2% B 0 L0 B2 e 0 B S R o 2R KR I B B, RN R &2

R AR TR 2 BRI A B A0 ) 2R B TR AL RE 7 2 T ARG . R B AL B RN A E, L
HEEAM. Ohi. VRS, MBI R AR A S U OV, 3K 58 AR A T AL
WG R . 5 o A 1 AT e SO il pH (Lt B B i, AT 9 8 1 S AL PR o AR ORI T
R MILE LRI FURT B8 AT 2 AT 1 2 5 2 A2 1 St 4 N Y AL PR (1] [12]. SUAT B R ™ A2 3L
MM Z R LR, FERIIE pH R, AR T8 AR SRR i aiia 1, 25 FAT 1 DL R AT s R A g 73
WREST, WTAEE AN, BRNIMEAEREESE, HIES SRR TE RN . —H R FE R
A BE AR B B R CRE i) Sa 2 4R T AL BT PR AR S B B PRI [13]-[16] 0 R WI A LR A AT LASR i /K™= S (1078 44
ARISCEE 3+ B R T R B S A K o ASHIT T8 oI N 2 T ) 7)) 22 BR O NE A DR 42 A Y
T AR 1 2 2 v T BRI BRI A = 2 B RE R, M. EARSEEE A,
AW TCRYT, om0 G AT AN ER 5T (0 5325 T v B 1 Dt b s SR o FD e 2T A S R [ 13]
(7] I fr AR R A R 2 R S R AR A e R, DASCREILA AN A K [14] IR R & 23 E B s
A DA Rt B PR AR, AR EE A B B AR OR WS RE EORS ) 5 2 B R (37 ) AH EE
B ER AR A B 0 (R 5 A R T v, (R B RE A H i = 5 R A, R S A AT
P AE % S 0 (e k0 AR A A R B I e R R SRR FE B A HoAh 8 2 p A5 3 T IR TIE . InAEAR
M5 PR AR AN IR S 2 AT B R SLAT B AT BRAR T RO BE T b A B, A B 2 ST R R I A (R AR
ROR S BN HRAE 1 BEAERE B e AR TR [15]0 72 5 8 A A TR RL s AN — € B AR D FUAT B PT LR 25 R
TP LRI WER RPEAERKRE, AR T AR AKERK16]. dFUFT A ZE AT B2 AL
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MR G A, AT LUE L PR A 0 D0 RE ELAME (2 BEE2 B E AT B0 AR A RS IR AR B Hh 2 25 1 i ) 2K
JS2,  HRCRAET FUAT B 5 FLER A BRI AT T BRI 1 4L I = A o A T

a2 R A 7K™ IR N A T AN B TR TE A A A, I el T 4 5 R AN R PR L K
FAAE PTG AR 1 B RN, TS R K S A R KT S UM REI[17] [18]. BRYVEWETR MG
(ACP) A 5 R B (AKP) 2 T B IR O BR 5B, 2 590 SR AR B AL RIOR K, RIS K 7 s i RRER
Bl B FARUTRIBUR JJ I SR FR[19] [20]. W T RB(LZM) REOS BRI 40 IEE (Y B-1, 4-BEFFEE, MK
FERTIER, W VEIAS K B e BERAS BUFRBR[2 1] AT by FLAT B RN 2F FAT B AL B & i A2
PR AE 05 TS B B IH A B (1) ACP. AKP. LZM V&1, 76385847 B0 e 5 v G 2 The Oy ThT R A% T
BIRAE . [, LZM s PR 2 3R it — IR 1 B & i WA SR B b R E AR .
RIRAIL AL B ALT) MR X R IR I H A HE(AST) I P ARt m] e K P S P 2 45 D RE S, I 1
o2 W T HIE 52450 (R R L s [22] [23 ] T AEASHIE TT s e LT RN 2 FAT B AR 0 R A 2 2 R —— 2 R T
CRS f) PT LA 35 BRI ALT A1 AST 31 o T (MDA VA £ A S0 Ak R0 T R0 4T RS 1 45 7 B 1 B
N BRI A bR EW[24] . TR0 2 B FBCHE )5 78 0 2 B4 3 (G o) Ao SR ZEL AR BE T DA 25 BRARES B M
B B MDA &5, B35 sk S T8 L EE J1(T-AOC), J /DB i 5T i S A AT 5245 £ 2
FE, SemfUAGBERE o A ARDRE b 20 S5 ERATRRL A FUAT: BR1 RIS 5 20 S AT T T DA v Ay B 0 1) G 38 Pl A 97
SANBEREE[25] [26]0 FIFUAT B LR BRERNT T RRAR B 2 R 1A 28 T R (1P ) FE A B 2 1R R (B 2 4R
T ACP &1, X HoAh S B AN ST A AL TR AR R A B3, SRWIILAE I RIS B AR A B £ S BE A
RE 077 THIFI BCRAR N A R, B ECRAS B b FLAF AN 2 AP R B 4w AR B O ) . KPP ZE R RE 5 A
[F] BRPRAE Tl Y R E R RE 7T AR 0SRR R L S A B TAR T A A 5. AW 7 3 2 T AR
BE~ AR PR AL bR AT G B AR S B PR I AR LR & 2 AL R R FILIR, 5 SR A W8 e B 4544 2
Hr a4 2355 T BUR U2 & ot AR WO 2 ER e IE A B B AR AL, AR S S5 AL U] 252 2 Tt
— B IAIEAN R 2 A2 1 2H 5 6 22 BRI A B i TE T RE AN i BRI

5. &g

BRI DR I &t R R e IE A B g AR KV BE . T3] S B GRS PEAI AR
WARE A AR o A5 PR 2 A R 75 e LA o A0 2 AT 1 o AL R P 2 B S OF il FE SR R B A K
o THABEEYE . R PTACH BLR LA S B AN A A SR8 Hn 7 I B 2 B SR B SE M B ROR . IR L84S
RLW], FURF A AT R RS S R RE SR DI RE T AME, A B T IR mRIE A B A R A R, Beg
PR o AW TN R & 2 A AR D REVE PRSI R R 35 SR R A D A R AE P R O TV AR N

EHEUmHE

[ 5% 5 SR 1E R (2022YFD2401204) ;A 17 B 11 %1151 H (25YFKFYS00040; 25KPXNRC00050;
24YDTPJC00930): KT #Z B0 iH R BT H (2022Z2D004) ;K I s 20k [ Al 8 & & B0t H
(23YFZXYC00017).
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