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1.4 R KK/ HFRKITETHRFIART A7 LG ERRE AL P, KX 430070;
2. ek 3 E , KL 430070

WE AN REEBEIAT B (Lactobacillus rhamnosus ) 76 LA XS T (Litopenaeus vannamei ) 3758 4 1)
YEFARICR: LSS BB I SR, DA LANIEE X BRZh IR (1.6040.15) g ARt 42 , &1 7 415kt X HE 21
(CK4L, EEmfmkl) G R4 (LB1.LB2 . LB3 4, FER AR 43 7R i 12X 10°.1 X107 .1 X 10° CFU/g FRZERFLFT
FE R CKIE 4 (DB1.DB2. DB3 4, FERIRDEL 430 FIAR I 1< 10°, 12X 107, 1 X 10° CFU/ g #CK I B4 H8 FLAT
V), FRAH SRR 28 d 3R BB LT TR FLAA Ve Xo R A A M R N A SR RR (9 52 . 25 R 7 - (1)LB1.LB2,
LB3.DB2 £H 13 5 #4243 B4 CK 2H B &34 5.35% . 14.40% .9.78 % 1 6.11 %% ; (2) 4% &b ¥R 2H Ji7 38 v (1 v s T i
U7 it 35 P 24 2 T 5 (3)LB2 M DB2 4 A LI R n-3 5 n-6 2 AN RIS 5 192 1 HL A 2 5 48 7, 4304 CK 4l 42
#5419 A 11.49% , Hh DB2 41 2 A A G I IR A0 B0 2 B CK 4L B8 TH R 5 (4) BF A SRZEWE LA T Vs i 2 )
I I 975 v P ST T 3 T T A T 38 0 S i T CRAL, P 2 LA Y Xt B i 75 v i — S A R B T 1 3
05 (5)LB2.DB2 . DB3 ZH % M A JFT R fit v 1 ol 1 1l 0% 2 4 ) b 5 i i 31,5104 .28.44 % 1 22.12 %6, B DB1
ZHLAN, 24U I 2L B R TS P S 2 R 5 (6) 5 CRALA EL , 45 A B rp AT T IR 1 P /DN A5 Js S SR TR 84, 4
MLHEBRE 5 PR AR B SR Bk . DA 25 3R 0, B ZUAT 18 0 8 o S 38 02 o8 T LA T X o g A R
A LD SR B e M R A T8 T AL I 1 36 1, 03t T IR AR M {E RS, o L 12X 107 CFU/ g 76 B 20 A A K

TR R
X gEiR
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AAER R R I, WS T ARk K
WL, A =B 2 K™% B ia , (H il 3T
AR BN 2 T B 24 TR AR ) LR B, AR R A T e AR
BATEIMA N i R fh e R B Rt Sk 4
o AR AR FR AR O R AR 75 B M i R e J

WEAER , 25 A TR DR L 2e 4 BROR R AR R A, B
PAPAE 2 AR S . o, UBR B X Lt R
PESR | BEfSE A T8, IF 638 o 58 4 R A AT

Wk H . 2025-05-05

K4 H - H K H s TR H (2023YFD2400501)
T HE, E-mail : yukang-nie@webmail .hzau.edu.cn
WAEVEE : 59K, E-mail : xuezhen@mail.hzau.edu.cn

SREBEFLAT IR 5 FLANTE XTI AR PERE s 2R PR
SERFRIRES A

XEHS 1000-2421(2026)03-0272-10

P e SO AR R SR SR BILR A A AR R
FEK P IR B R B N B RO Bk
WY, S 0 L TR AT %) )R} B 6% VRS T IR 1Y) O K g &R
4e, B R R TRRE T, [ B AT AR v A 2 AR RN WA i
RO, W ITT3E N8 3580 R A A A R A K780
ZEMEFLAT T (Lactobacillus rhamnosus ) 5 H A —fp g
UL FLER TR, 21z T fd R AR 7 50 R £
TR 7 HORTAY FLAN TR SR A b, BB
FFRRTBIE S BE A 4 LA R R (L LY b
JoT A B R A T TR 52 A ISR AR B = o ARFSY
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HERAR S
1 ¥MRE5ER=E
1.1 R HR R IR B0 B

56 T X R Ay ] — b A fele B G 3 1 L
YEXTIER , B ) AR VT OE KK PR A BRA AR B
AEFLATE (110" CFU/g) , L&A h R 52429
TARA BRZS ml St o R i 5 P TR Y T BB
65 “CoK I M 30 min, B HUSRAET 4 “CokAi &
o BRI 5 ST BVEURE , FIJC T PBS (pH=
7.4) ¥ B 7E MRS BRIR VAl IR A, 78 37 ClH IR B
FRARIR ARG 7 48 h, WA AR h A R, =W
P LTI O3
1.2 REIZIT RIARHE &

A5 T SRR b #7K 7 (BHVI) A BRA
A PLYRIE XTI A G A R OFL B 11 =>43.0%0 , KL
5 =6.0% , HLEF 4E<<3.0%0 , HL K 3<<15.0%, B =
1.0% , #i 2 B2 =2.52) , Br %t B2 (CK, Al 1) )
HbBE i 6 AL IR ARk, b 34N 156 41 7 S Al ) et
H L 1X10° CFU/g (LB1) . 1X10" CFU/g (LB2) |
1X10° CFU/g(LB3) I 12 4% Jin B2 0% ZLAT 54 736 1A
53 41 3 A4~ 3 B 4 AE B Al A BL L 1< 10° CFU/g
(DB1),1x10" CFU/g(DB2) .1x10°* CFU/g(DB3)
[14) 2 U N 28 ot RCK G A B ) R FLAF R . il 7
2R K A RIS (4 TR RO B JC B W AT b, R Y
05 250 5 B b X6 B 4 000 FH 25 FL 9] Y i K
SR G B S K A Rk AR S IR A AR
T AT 4 COKAS & R K el 1
1.3 FEEHE

IR AE 22 40 400 cm X 400 em X 150 cm 1YL A
R 30 d, DA TR, 9F TR H 9 08: 00,
12:00 1 16: 00 1 & F5 W& FI R ML A L, 42 RV i 41
PRAFLE 5 mg/L UL b R FBIC U . B AR 4
J& L ALK 700 R AR FEXT IR (1.60+£0.15) g JHCA 28
ASIK A A 100 L SRR R # (745 mm X 540 mm X
445 mm) H  BEASKHE 25 8, B 4 AR T 9
J928 d. LEARFEWANE] , 45 4 d G 2 IR AR A T A
ARG 5 B 2, 430 m) e e X M A S R 9 590, T
H 08:00.12:00 F116: 00 73 HLH MR , If AR H £ £ 1% 1O
HEAT VR o AR SO AR A TP Al 8 s R ) R St
i, IR PPk 2 R LR ER A ), BT 85 (LA At
TR R KRB RBK(ZHG R r iR K) 4
33%0~66%0, B IR WL oK BT 28, O I R (254

3) ‘C.E#hF (3.1+0.1) g/L . pH(8.1+0.1) . ¥ it &
(5.640.3) mg/L T AEREE (0.020+0.015) mg/LL.
1.4 HEmRE

WIS W5, 258 24 h, & — X B 2R
TRA v B4 X6 MR PR JBiT 0 0 i AR, R ot SR A R AE
UKEE L HEAT o FEAE R AR AR I E 245 5, Al 3K e
7556 W CBEHATRTMAF I B, L B 1 mL T RE
SRR USCAE 6 AR B Mk B, A HOI A 1.5 mL e
BT E T 4 CUKAE T 24 h /LA 3 000 r/min &5 .0
10 min, WM , HUH E TR AP H IR . A0 HAH
B EE S BAI LA I 6 B2 X R T 4H 2 3], L JHF fi
BRANIE AL, R AL S A T —80 °C, HF
S5 52 AT A B 2% IO G P T PR S 5 F D E A
9 W 3 J MR B TR AR, £ H Bouin [8]5E  [& 2 , HF
HAEWEL
1.5 fERNERBRYF %

DARKIEFRIE o W8 T hn 46 LR R B i (fi-
nal body weight, FBW) 2R f& K (final body length,
FBL) , 3 i1 8 47 i 3 (survival rate, SR) | 1 5 3¢
(weight gain rate, WGR) | ¥ % 4= £ % (specific
growth rate, SGR) i ¥} 7 %k (feed conversion ratio,
FCR) FIALH 2 (condition factor, CF)ZE 4845, T
KSR 13 317

2) WUIRLE SR A0 A2 o 5 L8 3R A AL A K
a3 JRAT KA VR AR D7, I 7 vk 2 Bk 13 ],
JI A 153 B0 2R s SR BT ST IR L AL v T AR I B
paiolos

3) WLIAI i I 2 & i o S P4 o R 7 1R & sl
FAAR IS (GC-2010 Plus, B3t o E 434 7)) #%
B[ 45 (GB 5009.168—2016) W 5 o I 72 46 b A 75
T RN G 5 R (saturated fatty acid , SFA) | B AN Al
Jfi 2 (monounsaturated fatty acid, MUFA) , Z AN Fl
fig 1 /2 (polyunsaturated fatty acid, PUFA) ,n-3 & 5|
% N4 F g W R (n-3 polyunsaturated fatty acid, n-
3PUFA) .n-6 R4 Z A FAG P2 (n-6 polyunsatu-
rated fatty acid,n-6PUFA) , 32 M SCHk [ 14 ] 1153
Jok ok 5 i A 45 %X (atherogenicity index, AT) ML #2TE
J846 %4 (thrombogenicity index, TT) .

40) L7 AR PR S it 9% e % g T A T
WSE o 4 J IR R A i 18 24 20 DA — 80 “C ok A B i, il
A 20 CURFE 2 Hffk O, BRI JEIA 9 % it /9
4 °CHve A FER K Al A AL T A0 IR &), il i 41
A1, 9K R 4 °CL3 500 r/min 0> 10 min B35,
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SRS 20, A A RAT L A 5 S AR OGS PR A I E

K FE 5t A W TR 5 BT R e LA
a5 : 212U 1 (total protein, TP) (B —% L A &
Y. (total nitric oxide synthase, T-NOS) ¥ B fif# (1y-
sozyme, LZM) | FR 1k W B8 M (acid phosphatase,
ACP) 58 P % iR i (alkaline phosphatase, AKP) | J&
Fi 1 (amylase , AMS) JIE Wi i (lipase, LPS) . K4
HERF I MR AT RN R AR Y Elisa kil i 55) £ 0
FE Wy 4 AL (phenoloxidase, PO ) i1

5) IR LU A2 M . HUH XHER A TR AR
BT 400 2 B BRI E 24~48 h, i i
K GEW A Y] R SR BRAL B B O AR B AL
(HE) %« &, th W g & A J5 7606 2% W 3 B
(DM2500, F8[E 3R 24 R NI BIRH UL T
fAMIE sk,
1.6 FitFSH

S JH SPSS 26(Chicago, United States) #1743+
2E Mo 43 3 L Shapiro-Willks test Al Levene’ s test

B AT IE A 53 A0 A 56 Rl 7 25 55 MR 36 . X IR AL
WEZS 3 A B 7 28 55 Pk 0 8Os AT B R O 25 03 B
(one-way analysis of variance, ANOVA) , [d] i DX
Duncan’s test 17 2 W . ASWF5E T ik A 86 34
o N E £ FR iR (mean &= SE) . FFA 48115
FrepBILL P<<0.05 45y 3522 St

2 FHR5HMH

FLATESTERAG 2 K B2

T AN [ B AN [l ok B2 BR R FLAT I 28 d )
AR LR IR U A AR R PR AR AN 3R 1 s o T 1A
4 FBW Ml WGR ¥ 1 3 i T CK 41 (P<<0.05) ,
LB2 21 FBW 1 WGR .3 & T LB1 41(P<<0.05) ,
H  LB241/ FBW 4 6.24 g, WGR 4 290.64 % , 43
I CK 47 10.44 % F114.40% . AT CK 4, 3%
HZHA LB2 M LB3 40 SGR A7 B 4/ . Kis
DB2 41 /) FBW . WGR {2 % = T CK 41 (P<<0.05) .
HAEIRAS A B 3 0 3 25 7 (P=>0.05) .

2.1

®1 (ARBREERAE 28 dENAEIIRE £ KR ER
Table 1 Growth performance of L. vannamei fed with L. rhamnosus for 28 days

Al WIRETR /g ZORIRTTE/g WER/ % FrE B K/ % N/ (g/ (GEEE FEIE 2/ %
Group IBW FBW WGR SGR cm?’) CF FCR SR

CK 1.60£0.15 5.65+0.10d 254.05+£11.91d 4.1140.12¢ 1.56£0.02 1.90£0.30 80.00£10.00
LB1 1.60£0.15 5.87£0.07bc 267.64+4.87bc 4.274+0.12bc 1.48+0.02 1.83£0.06 82.50£7.50
LB2 1.60£0.15 6.24+0.21a 290.64+19.16a 4.547+0.04a 1.4840.03 1.894-0.40 83.75+11.25
LB3 1.60+0.15 6.05+0.05ab 278.90+3.34ab 4.36+0.44ab 1.53+0.04 1.76+£0.23 85.00£15.00
DB1 1.60+0.15 5.79+0.13cd 262.83+10.58cd 4.2140.14bc 1.49+0.04 1.954+0.24 82.50+7.50
DB2 1.60+0.15 5.90£0.14bc 269.57+8.74bc 4.22+0.13bc 1.46+0.03 1.79+0.45 88.75+13.75
DB3 1.60+0.15 5.8540.10bed 266.09+6.75bed 4.2140.03bc 1.48+0.04 1.98+0.23 82.50£2.50

T - RSBl P A A R R 2R A 3 28 5 (P<<0.05) , JL 7 REAR i sl A AR R) R 9 3R T 8.3 22 53 (P>0.05), R [Al. Note: Dif-

ferent letters in the same column of data indicate significant differences (P<C0.05), and there is no significant difference in the data without let-

ters or with the same letters (P>>0.05).The same below.
2.2 NyiEXTHRA AL P 4B B A 5

Wk 2 fros (R B2 LA IR 28 d 5 L 45 UL
YN UR LA AR F ORLIG 7 R 43 FK 43 0 25
HIFRA A RS (P>0.05),
2.3 FLYAEXTERE BFIE IE L BEE 1

WE 1R, B R 4 B9 AMS 36 PE#R I 5
T CK4 (P<<0.05), KiG 2, DB2 i) AMS 3 P iz
i, e CK 415 73.30% , 9F H 5 DB AH b, Hd
BFERTH(P<<0.05) . B LB1AIDB1 ik, HiAth 4520
LPS i /¥ 2%/ F CK41(P<<0.05),, H DB2.DB3
H B FET DB (P<0.05).
2.4 FLYAEXTERE) AL A RS B BR 4B AR

N 3R, LY X AL AR AR kG 0+ 17

F2 NAEITEREI AP H R R 5

Table 2 Muscle composition of L. vannamei %,

215 HAEA HLE Kay . Tix
Group  Crude protein  Crude lipid Moisture Ash
CK 20.64+0.44  1.43+0.46  77.06+0.46  1.34+0.25
LBl 21.04+0.55  1.30£0.15  75.80+0.66  1.24+0.11
LB2 20.43+1.14  1.23+£0.24  77.00+1.17  1.14+0.13
LB3 20.43+1.59  1.72+£0.54  76.94+1.46  1.05+0.15
DB1 20.28+1.41  1.31+£0.01  77.53+0.84  1.24+0.07
DB2  20.96+1.02 1.514+0.54  75.81+£0.74  1.18£0.11
DB3  20.59+1.01 1.73+0.40  75.61£1.06  1.24+0.28

ARG WTIR , 45 4 Ff SFA 3 MUFA .3 n-6PUFA
A7 Fhin-3PUFA . AR 2 HIAS [R) v BE B B 2=
FLAT B A0 26 LA AR By 12 20 hl 7™ A 22 5%, DB2 Al
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TIPS TIPS
215 Group 23] Group
AR A AR PR R R A B 22 5 (P<<0.05) ; FIEIE ., Different letters on the column indicate significant differences (P<<0.05). The
same below.

Bl FLanExdiRizE P iE e R A T
Fig. 1 Digestive enzyme activities in intestine of L. vannamei

®3  FLAEXTERE AL RS AR ER 4 AL

Table 3 Muscle fatty acid composition of L. vannamei %
415 . . . . . . .
G C14:0 C16:0 C18:0 €20:0 SSFA C16:1 C18:1n €20:1n-11 SMUFA
sTOUp
CK 0.25+0.02 19.7941.03 13214120  0.04+0.01 33.304-0.88  1.69+0.12  19.41+0.17a  0.58+0.05 21.67+0.13a

LB1 0.26220.01 20.76£0.48  12.0240.30 0.060.03 33.10£0.49 1.81£0.12 19.44+0.74a  0.56£0.05  21.8140.81a
LB2 0.28+0.02 20.744+0.43  12.2740.53 0.060.02 33.36£0.41 1.93+0.07 19.11+0.43a  0.58£0.02  21.62+0.49a
LB3 0.2620.03 20.774£0.29  12.8940.52 0.04+0.01 33.97£0.37 1.67£0.16 18.96+0.43a  0.60£0.01  21.23£0.52a
DB1 0.28+0.03 20.8740.17  12.7440.04 0.0540.01 33.94£0.55 1.84+0.08 19.04+1.00a  0.62£0.06  21.51£0.97a
DB2 0.2510.02 21.044+0.16  12.0240.11 0.040.00 33.36£0.56 1.60£0.22 17.6540.63b  0.56+£0.03  19.8120.84b
DB3 0.2310.04 20.4540.57  13.8141.59 0.04+0.01 34.53+1.02 1.65+0.24 17.4440.60b  0.61£0.02  19.70=0.41b

43 C18:2n-6(1.A) C20:2n-6 C20:4n°6 >n-6PUFA C18:3n-3 C18:4n-3 C20:3n-3 20:5n-3 C20:4n-3
Group (ARA) (EPA)
CK 13.45+0.0.16ab  1.134-0.06 3.5740.12 18.154.11ab 0.85+0.01 0.18-0.06 0.1940.02 9.1740.50b 0.20£0.02
LB1 13.934-0.32a 1.1140.05 3.424+0.13 18.4640.17a 0.900.02 0.13£0.02 0.20+0.02 9.30+0.72ab  0.2240.04
LB2 13.034-0.08bc 1.05+0.03 3.5440.32 17.62+0.34b 0.85-0.02 0.10=£0.04 0.16+0.01 10.06+.28ab  0.17-£0.01
LB3 13.87+0.16a 1.2040.03 3.5040.03 18.564-0.20a 0.91+0.06 0.15+0.03 0.234+0.05  9.6940.34ab  0.2540.07
DB1 13.39+0.33ab 1.1740.10 3.6840.24 18.25+ .46ab 0.88+0.03 0.14+0.05 0.21+0.04 9.66+0.56ab  0.224-0.04
DB2 12.60=0.59¢ 1.1940.10 3.884+0.11 17.68+0.42b 0.7940.08 0.12+0.00 0.17+0.00 10.48+0.67a  0.17£0.02

DB3 14.06+0.46a 1.1540.08 3.5640.20 18.76+0.38a 0.9040.02 0.1640.03 0.23+0.00  9.29£1.03ab  0.22£0.01

éi‘i’ Jp C2255n-3  C22:6n-3(DHA)  ¥n-3PUFA SPUFA E;ISJ;:/ Egjé)g&/ Kﬂﬂf;ifﬁlm miﬁiﬁfﬁ
CK 1014004  15.23£0.7lab  26.84:£1.04b  44.9940.96b 1352006  148£0.07b  0.31£0.018  0.33:£0.019
LBl 104005  14.84082b  26.64=1.09b  45.09£0.96ab  1.3640.04  1.4420.07b  0.3340.009  0.3320.012
LB2 1014005  15.04£0.76b  27.40+0.50ab  45.02£0.39b  1.3540.02  1.560.05a  0.3340.006  0.32-0.008
LB3 1014000  13.990.64b  26.24%047b  44.80+£0.61b  1.3240.03  1.4140.02b  0.3340.003  0.34-0.007
DBl 1.0140.05  14.194041b  26.3140.79b 44554048 131001  1440.08b  0.33:£0.007  0.34£0.001
DB2  1.0240.04  1643+0.53a  29.18+£1.03a  46.86+0.63a  140+0.01  1.65=0.10a  0.33£0.004  0.31:£0.005

DB3 1.0940.02 15.12+0.27b 27.014+1.30b 45.774+1.43ab 1.3340.08 1.4440.07b 0.33£0.004 0.3440.022
DB34H A MUFA & 2% T HAth4H (P<<0.05), 73915 FASEZ429.18%, & T CK4H .LB14H . 1LLB3
[619.81% F119.70% . #En-6PUFA &7, LB2H 41 .DB14HFf DB34H (P<<0.05), LB2F1DB2 4 M n-
DB2 4 B E KT LB1.LB3 M1 DB3 41 (P<<0.05), kbl  3PUFA 5n-6PUFA FU{E W35 T HAthzH (P<<0.05) .,
SRR 17.62% F117.68% . LA, DB241n-3PU-  {H ATFI TIZEA& 4L A I 6 B 2% 7 (P>0.05) .
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2.5 JFLANEXTHR A 5 Rz B 1

N 2 e, e AR R I A 1) B A
FUATF B 28 dJi , AL B A PO TR ME B 5 T CK
ZH(P<<0.05) , F# 5 & DB2 4 il i M iy, HE CK 4H 7y

77.94% . TERIGH 3L, T-NOS 1) & 5 1
BT CK4 (P<<0.05) . Ak, Br A 4k #4111
LZM i PEHR 2/ T CK 240 (P<<0.05) , i DB2 4
R, CK 415 96.25% .

Z 100 = g a Z 3

2 5 2 a g ab ab g 2k b a 0

2 80} ki S = be

o A .. be =

Sl bpak I A EEIE

3 B3 7 o 20F

= iFs = A = T

= 40} oo 15k

& ®Z 6 2

sy NE AN A 10

= ;A ;oS5

= L RIRINIRININGE

e e 2 M e ed e B o e

BN AN AEN NP NN TFIFIFLE P BOTIITSF S
A1) Group 415 Group 21 5] Group

B2 FLghiES U i B e X B 1
Fig.2 Related enzyme activities in serum of L. vannamei

2.6 FLYAIE T HR A BT R AR 62 BR AT

WE 3R, LB2.DB2.DB3 A ACP 1% i & 75
T CK41(P<<0.05) , 1% B 40 /0] LB2 & 3 & T LB1 Al
LB3 2 (P<<0.05) , 1M K {if 41 W] JC & 2 1 22 =% (P>
0.05). BRDBL4IAN, 2L HZ Y AKP 36 P34 1 3
i T CK 4L (P<<0.05) , Horb i i 21 B 2 8 T K
41 (P<<0.05) . LB24H ACP Fll AKP i ¥ 34 5 5

0.3r
a
® ab abc
2 bed
J/z 02 od Ped -1L
632
&3
%D-‘
&)
i‘é“ﬁ 0.1f
0o
TIIF Y
?ﬂ%”@roup
1.0r
a
= 0.8} a ‘} .
jun)
#:E & gy b
.z 0.6 B
42
NP :
22
H
= 0.2t
W S T D> D
TIFFTFF®

% Group
B3 FLYAiEX HRAT IR PR A 18 R B TR 1%
Fig.3 Related enzyme activities in hepatopancreas
of L. vannamei

3 E CK 415 31.51 %4 F1193.38 %«

NP4 BT , 25 b R PLANTE T IR R S R 1E
T 2 AR A 5 A i B B a0 R R R T
B /I A I MR B B A b, L RE R AN L Bz 4
Jif0 i e X AR HE ) 5 B 5, A 0 A T
o A CKEAL R, BT /INVE 2540 52 B0 I F e, H
JEG DX PR RS 45 ) 1 BIUGE BB , 23 A 40 O 32 34 5, )
IR i 7 200 . 2T 4 200 LA B B o 3 1) 80 2 ok
D A% 2 3 0 200 2R A Bl A, R 5 ) i AT
{ER H BB o B AR AR AIE

3 3 i
3.1 (AR R I ME AT B X L 40 T o R A K1 B
=410

A KM BE SR VA FRDRH S I 0 FH AR 1 B 4R
PR Swapna % AT R B, 5 REALAR L, LYK

TR R AR B FLAT TR 4RI IR 120 d )5, AR
AR E A ORI B F . RIRER R IEAE I,
JUZA 5 X B W 22 2o A T Ak B i A T, LA
RAG AR AR R A RORAERAT 2 1 2 35 i
FHY L 5 RIREE RIS, AT RS RR ] e R
HOIA B2 W LT B BE Y 3 i o LA T T B ) A
Ko, BARRCR 5 ZUAT 3 04 A 7 XA AS 0 e 2
IR o 2 H i rb 21 v ok B2 A 358 1 L B S5k B2 Y
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B4y WA (B 4AE) s R AFARAHNL (R A0AE) s F - 2T 4R 20 s BML: R LA s TV #5383, B Secretory cell (B cell) 5 R: Storage cell
(R cell) ; BM: Basement membrane; F: Fibrocyte; L.: Lumen; TV: Transferred vacuole.
B4 FLaEXTERATIRBR A R FREY F (H&E)
Fig. 4 Histopathological sections of the hepatopancreas of L. vannamei (H&E)
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T ARREVR AT TR YED s 5 — T T T BB K K T
B ER AL T R B RE IR R K SROME A A L R A B T
& 98 4 B DX 1 RN Toll BEAZ AR 2238, W0E T8 K e
FERG . B2 AR TR R AT R i E
Tk v ] 2 i LR T X R AR R S e R RE T,
FERH ARG 254 TR IV K = SR B TR
3.4 (AR EEILATE X N E ST ERAT R AR B BR
EpA!

ACP 5 AKP J2& A] ULy fi A DL A 19 O B 1R
it , 78 7K A AR 0 A e S S e b S A R AR Y
AWFFE 25 R 7R, LB2 . DB2 . DB3 4 f)3X 2 Fl 1T fik
i B 2 Tl %) T P 48 0 3 TN B AL, HRE Y
AKP {4 25 5 AR K AL, AN T s K
TE TR, TRk A S ) B LA TR A e ke T L
YR TR I B AR P A BRER S o DL EE SR 5 F 8T (Para-



% 33

SETHE A R A E LT TR PLAA TS B A P BRI A TR B 1) 2 )

279

lichthys olivaceus) 35 B & A7 K AE £ 28 w1 16k} 25
SRS TREARL . LA X AR 4 JEF A A 0% 400 T A
Tl AE 3% , IR B A B A AR S 23 I A i 3=
B BT W IR BT AT 5 T A 20 i I 2
FIR R WSS A, oAb ETERREE 1 B R A
WA S TR AR TS R R, AN R
LA T A R BB 0% A1 1 L A Ve Xk W R R ) gt
J5RE , X 0 2L S 7 T P A P A Jma 25 B, %7 TS 110
REARAF S 4, EL o3 W AL A7 ik 240 B LA R 2T 48 4 L 1Y
K WG 22, 50 R W1 X b iRl 78 o0 42 T Y
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gk bk EARFR AT, 110" CFU/g 3k
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Effects of dietary Lactobacillus rhamnosus on growth performance
and physical health of Litopenaeus vannamei

NIE Yukang', ZHANG Jiening', LI Shaoyun', ZHANG Xuezhen'*

1.College of Fisheries, Huazhong Agricultural University/ Engineering Research Center of Green
Development for Conventional Aquatic Biological Industry in the Yangtze River Economic Belt,
Ministry of Education, Wuhan 430070, China;
2.Hubei Hongshan Laboratory, Wuhan 430070, China

Abstract To comprehensively evaluate the effects of Lactobacillus rhamnosus on the culture of Lito-
penaeus vannamei , as well as to determine the optimal form and dosage of its supplementation, seven ex-
perimental diets were formulated for juvenile L. vannamei [ (1.60+0.15) g]. These included control
group (group CK, basal diet) , three live bacteria groups (LB1, LB2, 1.LB3, with the diet supplemented
with 1>X10°, 1X107, 1X10° CFU/g of L. rhamnosus, respectively) , and three heat-inactivated bacteria
groups (DB1, DB2, DB3, with the diet supplemented with 1>X10°, 110", 1X10° CFU/g of heat-inac-
tivated L. rhammosus, respectively). A 28-day culture trial was conducted to investigate the effects of L.
rhamnosus on the growth performance and physiological health of L. vannamei. The results revealed the fol-
lowing: (1) Compared to the CK group, the weight gain rates of the LB1, LLB2, 1LB3, and DB2 groups
increased by 5.35% , 14.40%, 9.78% , and 6.11%, respectively (P<<0.05). (2) Intestinal amylase and li-
pase activities were significantly enhanced in all treatment groups (P<C0.05). (3) The ratio of n-3 to n-6
polyunsaturated fatty acids (PUFAs) in the muscles of the LB2 and DB2 groups increased significantly by
5.41% and 11.49%, respectively, compared with the CK group (P<C0.05). Furthermore, the total PU-
FA content in the DB2 group demonstrated a significant increase compared with the CK group (P<<0.05).
(4) All L. rhamnosus supplemented groups exhibited enhanced serum phenoloxidase and lysozyme activi-
ties relative to the control (P<C0.05). Notably, the heat-inactivated groups exhibited a significant increase
in total nitric oxide synthase activity (P<Z0.05). (5) Acid phosphatase activity in the hepatopancreas of
shrimp in the LB2, DB2, and DB3 groups increased significantly by 31.51%, 28.44% , and 22.12%, re-
spectively (P<C0.05) , while alkaline phosphatase activity increased in all groups except DB1 (P<<0.05).
(6) Histological analysis revealed improved hepatopancreatic health in treatment groups, characterized by
organized cellular arrangements and distinctive stellate luminal structures in hepatic tubules. In conclusion,
dietary supplementation with L. rhamnosus significantly enhances growth performance, muscle quality, im-
mune responses, and digestive enzyme activity in L. vannamei, while also improving hepatopancreatic his-
tomorphology. Optimal effects were achieved at a concentration of 1>X10” CFU/g for both viable and heat-
inactivated formulations.

Keywords Lactobacillus rhamnosus ; Litopenaeus vannamet ; growth performance ; physical health
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