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(1. H EK = B2 R B K =B A BT, b G 4302235
2 A6 SHRAEDEARF R AR, dbx 101399)

FEEE: O TP F B R E K A A JLAT B R LR 5 4 (LPM) xt 3 A4 K R 3 4 R % v
LI E | 4 44 A A 0 (B 41). 300, 600 Fn 900 mg/kg 48 4 AT K A4 4 (LPM) 8y
FRAFRE, AREALYE [ BRI E 8047£1.0H) gl 6 A, £REF~, HAKEFfr
18 %} 2% % A8 LPM 7 fim & 25 300 mg/kg B4 7 3 3t BB 41 8 % 2 & 19.09% F2 8.57%. LPM &
TR E B EART A R4, HAmE R 900 mg/kg B, R A A IR AT 3 K 18.84%.
cEHMEARAE. ARNEAREERE GRIURE Y ERmE N 300 mgkg & 3| & AfH,
AR B EHRE 4.40%. 11.97% Fo 7.64%., LPM 75 fin 41 A JiE i 0 i 1 25 & B 0 M 2%
MHERAREFE. LPM A mE N 600 mgkg bf, o AERE. AEKEFMKER
FREGTHRA. AT AMIPM A E @ EHHENSERLLEFH. LPM A E
H300mgkg bt , AMHEBEFRRFTRBHN AT FERNBLALEAT. FRAEME. EF
KHE. BlAELEINE Y LPM R Z G R, mE S EEE. gXEREaEEE. KEE/k
EOREEENSEME LPM A mEN Y @ v, IPMARLANELEA. AEASE
Fom MBI E RN BA L EAE. L, R 5 r 300~600 mg/kg LPM & 4 11 4| A
EHWME, RERESE, AT EEAE, REFBEENEY S, REAEERA
A, HREES A KM,

KHIA: E @, KEMWAAFERER S, BaEE;, £K; FaRFAA

FEDES: S963.7

Bt T [ K = R B TR R R, R R A
A4 FRFEAR 2R SR IR K IR A 1 S 1) B SR
B2 —. 2020 FFRE K= FRFE G 5 5224 7 ¢,
KPR PR 2y 2 200 J7 M, {H R 3R M2k
TR BEE SR AN AR SRR AS X 8 R RN 3R R K
IBEEACAR AN, R4 0 20 ) BLE FR P
mhps . MIBZEEIESE, SEUAEKMERE. PliiGe
Ji. WUA S A TR . SR S Y 18 SRR AR
PEAT AR RN T 100, DA s et ) I 0 ke L 3K
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CRAFRERS: A

MIRIVER, K8 95 5 DRk 2 m A5 ik o 1Y)
TR FIHOR [

¥ FLFT W (Lactobacillus plantarum, LP) J&
THIRE R AL Z IR L TS, NEFFE, A7
AT, EY S ANKBIERNREER, INemiE
WA R Z — o LP MR A, il 2k K
JETE 30~37 °C, fuili pH{HZ) 6.5, LP it &
PRAEFLIR . FIEERRIDIIR . DU IR S P ) B T A
FESCHA i, I HA G A i AR A B o
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WHUAR S M SRR RS AR . LP K
HACH =W B RAF RN TEVE R, X85 2= [C R
LRI 2% TP T 4 S BRSPS A
TERG A S angg™ . xgH 0 Rge S rh B RS B
PO . PUR . W g T (g R A AR R H 1,
1K S WE 5T & B, ARDRE R S i LP(1x10°
CFU/g 1] A} ) B8 i 1 $2 = 40 % & (Brachymystax
lenok) Jiz 18 FLIR T (1) LL 9], WA 1 TR 1Y 2 4
PR, TR A A AR M AR R S 6x10°
CFU/g W& R FLAF 18 (L. acidophilus) 7] $2 & 81 | fa
(Xiphophorus helleri) F¢ ik B e 22 g, BT A
HEAE A s R A T R R S LP(1x107
CFU/g Tl #}) fetgim it W5y I B U E M i, 25
Wil SR & i, SEdE IR PR A G, RN 22
it = AR NS 5 80 e B B AR L (Oreochromis niloti-
cus) I A D5 BORR R S8 AR R s 4R, BT
AR N L R AEAE A I [ Y iR A, 0%
PAAE K ek e 8 4 FH A2 B RR ) U SRRk S
A TR 5 EZK = AR B O, e AR T 2T
T A PR 280 AL B S Y g 2R AR P o SRR
A48 AR S A P anAE AR IR 100~400
mg/kg KIGAEYI LA (210" CFU/g) Al i F 4
AR (Acanthopagrus schlegelii) WA K PERE . $T
SEACTERE M i SE B, AEAREL R ER I 200~500
mg/kg MR R BE K AR RE A5 1 I Je A2 B Ak (0.
niloticus @ % O. aureus 3) MiETELER 15 B A= ,
REARW A H R AR, e AR s e fk
KMER™, XEWE A IO DA R AE 28 H
JTE RO A AR AR G, R s AR
A1 (Ctenopharyngodon idella) &% [E 3£ 5H 1
IRk, HAEEY R 550 1 Y, FE
Bl R L 700 42, HAE b B M0 2 A
AW 2 T E SR A RIEGE . SR L 4 7w
PEM A . IR LR G AR 55 ] AR AT L™, 5% )
TR A PR R AR A R o U, ASSCE DA
FAR TS G, W IR A FLAT o S A
(LPM) DIAS [R] o B2 s i B bkt e, PEA HAE i f
FE RO, AR SR S R S5

1 MRS ITE

1.1 SEISIARAYECHI

ARS8 BIr FH B K A W FLAT B SR
(HEW-A911, It SZ100) Hydb 5t b sz ik A= e A
FIRAFRAE, HA M T AaEEMEL . 3
. OREE, LAKOS LPM #7946, BJn R i
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W 1] K35 1 AR ARAS K 3% LPM., =B 0 g 40
WE . IR, KOG FEECH 1.2x10" 4>/g,
MRS HiA N 6.5%, 1 H pH L F A
4.2~9.0, ZAEF AR M, ARSI T
f)LPM HELIR . R . IR . RN ERBEIR |
EER ., o B3R RN AR ERm, 2%
Mo e M BN IR E TR . RER . &R .
wEf . HAR., HEm, WRE RN NE
PHE

SCIHEC ] 4 FpERE, HAh s E AN 6% fa
W, PR AR S5%HEAERT 10%. TSGR 20%. 3%
K1 25%), LA EEARNIE R 1o k&R

x1 ARERREXERES (TE)

Tab.1 Ingredients and proximate composition of

experimental diets (dry mass basis) %
AFEKF/(mgkg) LPM

T H LPM supplementation levels

tems gi{fﬁ 300 600 900
J5HL  ingredients
fiky  fishmeal 6.00 6.00 600  6.00
16441 peanut meal 10.00  10.00 10.00  10.00
TH1  soybean meal 20.00 20.00 20.00 20.00
M rapeseed meal 25.00 25.00 25.00 25.00
M4 wheat flour 27.00 27.00 27.00 27.00
Tl soybean oil 3.00  3.00 3.00 3.00
R — 545 Ca(HyPO,), 120 120 120 120
Ytk ZTUREL  vitamin premix 1.00 100 100 1.00
W EETEREE  mineral premix 100 100 100 1.00

SALIBHE(50%)  choline chloride 025 025 025 025

A C(33.5%) vitamin C 030 030 030 030
%%  wheat bran 315 3.2 309 3.06
fiid 1. bentonite 200 200 200 200
R EEE R  crystal methionine 0.10 0.10 0.10 0.10
KIGEAANT BRI LPM 000 003 0.06  0.09
it total 100.00 100.00 100.00 100.00
HEAEFRMRS nutrients composition

T dry matter 93.92 9138 91.71 89.95
HEE  crude protein 3498 3506 3509 35.04
HARWT  crude fat 552 584 565 571
#4)  ash 9.00 9.03 9.0 9.42
B8/ (KI/g?)  gross energy 19.59  19.61 19.59 19.54

e L B AHERNE AT WAL 2 18 Tian %00 5256 2. 1AkL A
fit F AU O 52 (SDC3 1T, TR AR A B A 7))

Notes: 1. the vitamin and mineral premix followed a previous study by
Tian., et al”™; 2. the gross energy was determined by direct combustion
in an adiabatic bomb calorimeter (SDC311, Hunan Sundy Science and
Technology Development Co., Ltd, Changsha, Hunan Province, China)
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1982 KopE OE R 46 45

TR 35%, HEWIKF-R 6%, YRei 2 ks
A A KRR RE T B . LPM ORI IR 0,
300, 600, 900 mg/kg fAKE, LUK ECFE . HTEE
S e KSR FLFT B S R 5300 0. 3.60%10°,
6.90x10°, 1.08x10" /~/g falket, 4 Bt A [ A4 ) fek
B 0.3 mm A0 BB BRI, AR G 7 HER FR A
HAZERY KIEFTMREG, SRIEIMA T
5], FEINA 25% [7KIRS) . BT F-26 BURFFHF 4%
BL O N TOCHL R A BRA ] £ BN
3mm AR, 7 DW AL G N 95 1E 48
WA RRAF) F 60 °C THE 3 h, KGN
CRIN B AT LML) B AR B o 2~3 mm 19 [ A
WOkL, & T-20 °C vKAEMEEA

1.2 FESEEIE

S AR R 1 IE KOK S () AR
SC 2 RGN B S, PR OKIRIE R G
B2 F, BARMIE LT A A i, B SCHR
B ST, faiRYLEk 24 h, B S R ST fa F LA
E AL E SR s T ANk RN AT
fdtRE . ATl (80.47+1.04) g (B4 360 B, B
L3 12 A FEBEAm T (12 AR EE [R]— B8 3R K 5
FERGE), BEAM 30 B AR RDRLREALEE R 3 S5
BEA, BRI 3 ¥ (08:30~09:00, 12:30~
13: 00, 17:00~17:30), AR & £t A= & R 2R 0
Kt VRS, B R R ORI, A
R 3%, B HICREEITARIET RS E, BX
ek 13, FEYIEI =R (12~22) °C, KiREEE
(27+1) °C. ¥ it A VR E R T 5 mg/L, pH K
6.8~7.3, FAREWEE/NT 0.05 mg/L. L4 2
JEARE 1k, g5 6 .

1.3 X#

FIHSLI R, 25 24 h, iR IRM
A B 0 AR S T, THEAEIE R (SR). W
K (WGR)., Tk &L (FE), F# & 4 K % (SGR).
BRI M 6 B, & T FMME)S, W&
KRR R . B kdbim, mE#HE 4h, &
3200xg BB ML AR . BORFIBENE . PN EITFR
Fiat AT RO AR TS bR . 53 20 BIH 1 em s & F
ZRHPBE T, USEERBEHSY R, W
2% LPM X H i UL SR . BUNZ: L i
LI A E TR & i

BT e, B 2h
&, & THEMREE, B4 Balpiangy,

https://www.china-fishery.cn

D22 o TE T A= D R R 254 o B AV IR 3 ) 0 fi 1 R
JHF R P00 e 9 A TG 1 o B S B AR 3 R A I LA
T At AR E TN S i

14 EFRNES S

AR RPN FRbr A AR

HAH K (weight gain rate, WGR, %)=(W~W,)/
W,x100%

TE3 R (survival rate, SR, %)=N/Nyx100%

FEEA KR (specific growth rate, SGR, %/d)=
(In W—In W)/tx100%

B H (feeding rate, FR, %)=Wx2/(Wi+W,)/
1x100%

TR (feed efficiency, FE)=(W,N~WyNy+
Wyl We

JF 1A Lt (hepatosomatic index, HSI, %)=W;/
W x100%

AE 1A LG (viscerosomatic index, VSI, %)=W.,/
W x100%

NEI#5E (condition factor, CF, %)=W,/L’x100%

FEH TSR (protein efficiency ratio, PER, %)=
(W W) (W< W)x100%

T H R PTFL R (protein deposition rate, PDR,

%)=, X CP~Wox CPo)/(W< W) <100%
b, W AR IRBUR (2); Wy NIRRT (2);
L RAKRIEK (em); N WAKEE; Ny WwIth e
B RS REL (d); W R EEHE AR (2); Wy
NICT G (2); Wy MR E (g); W, AN
T (g); W, WKL A& (%); CP, WK
R A& (%); CPy AIGG Ak 8 A s
&7 (%)

TR M At LLIRK 73R R
VR T H 15 (CHRIST BUYA ¥R THEHL) M 5 IRDELK
51 K H 105 °C {8 i 4 25 75 (GB/T 5009.3—
2016) W E 5 HLEE & R T ELIRE Ak (GB/T
5009.5—2016) W 72 ; FHLAG M & & ok H &R K42
7 (GB/T 5009.6—2016) MM5E ; Ko R S i
#1550 °C #yBEik (GB/T 5009.4—2016) M5 .

d i AFEAT ML MIEHE A (GLU).
SHEEE (T-CHO) . H il =K (TG). B H (TP)
M H (ALB) % & 43 il R FH O OB R .
CHOD-PAP % . GK-GPO-POD % . — % JIg 1%
BCG &M 5E . 43 % ] LDH-UV i . MDH-UV
12 HI NPP-AMP 3% I & K I7] & & B % 2§ (AST).
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PN R e W (ALT) G P W R 1§ (ALP) 1% 14
M A=A de bk A 3h A 1653 Fr X (BX-3010, Sys-
mex Corporation, H A #EATIE o BT H I 5 34 1
Fl Sysmex /A,

P 38 e BT PR K AL B E GG 2 R
PR ESUHT ff S Je 0 A3 (29 0.6 g), LA 10 mL %)
g, A 9B LBk, AR
AT VKR 219K, B0 (3 000xg, 10 min, 4 °C),
W VE RN SR A AR 150 0 L 1 il T
P, TR B R I 1 D A 0 Tl O e, AL
PE VE R RIS M, B s I I TR
B TR & 0 B g A o TR
WA FRA

PR R HEALRARE )R, %
WK, EW . AN, ELYI R R, SRR
£0 (H.E) 4o, SUH T & Mg i, s HE
1443 ¥7 2 8t (Image Pro Plus 5.1) X} H. E 42 {45 11
BT 53HT

M AR S AN R ARG 4
AFES AT I IE TR ZRE Y . 2y 0.5 g iE
WY SRR GRS, SR 16S rRNA RN 7
ot i RE . T TAETE L e B2y
B A BRA R #E4T, 1t llumina Miseq PE300 ~F-
A AT i T . R S 6] UPARSE 4% (V
7.1 http://drive5.com/uparse/), AR HE 97% Y AH L] B
Xf R A AT A oy 2 Ho0 (OTU) 2k i
UCHIME # {1 5 5 i 5 4K . F] J1 RDP classifier
(http://rdp.cme.msu.edw/) X} 5 5% J5 51 #4740 Fb 432
TR Xt Silva Bd 4 (SSU123), B8 HOX Y
(R 70% HARDE J7 35 R o3 7 1 5 AR S0 g
FEURERILE,

FEEE CRABURY HIE (B K-B %) i
TP SES: . A2 LPM XK 7= sh# s L B0 1w g
KM (deromonas hydrophila, 1.31x10° CFU/
mL, CICC 10868). ¥ K& (Nocardia seriolae,
1.07x10° CFU/mL, F VTR = BF 53 BT 0 iF 92 &
MR R b Ay B 4R L) | BIA LRI (Vibrio
parahaemolyticus,  1.25x10° CFU/mL, CICC
21617) BANTEBCR , LUK sy Wil 5 Rk
U RMBARIEFZ WA NS IR, 163 FhaiwE 1Y
XF R R I A LPM (100 pg). BV E (10
ng) FIS A JE % (30 pg), 7 28 °C HE IR ff b 4 57
36 h, SRJE 4 AT bR R RO & R VD A L UK
JEZE N LPM X1z ()30 TR B RIS, B Al i 3 1
HE o MREZE L[ 7 VR T TR U M R A T

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

A 20 mm<HMEE EHA, AREHE; 15 mm<
PR B B AR <20 mm, R BERRURE; 10 mm<{l A
B EAA<15 mm, S EERUR; PRI ER<10 mm,
A R

1.5 BB

SIS HE R SPSS 20.0 G814 1 kAT 20 [
)7 2T (One-Way ANOVA), H Tukey [CHJ{H
ZH IEOL T2 5 B EER L, 45RO
{H bR 2 (mean=SD) I/~ , 4 P<0.05 B Fm

SR,
2 4R

2.1 AEKELPM W E & & KM R K
A

K S2 U H B LA WGR R SGR Z 1 5 Bl e 18
TG AR R A fbi#a sy, H WGR 7 LPM @3 iy
300 mg/kg Ik B e RAH, IR0 B 35 42
19.09% (P<0.05). FE S finf5kefk, 78 LPM &
JinsE A 300 mg/kg B A R A, FHENT IR 3%
FE 1 13.43% (P<0.05), LPM #hN4l CF W ZK T
XTREZH , H LPM i il 4 900 mg/kg B, VSI %
X BE 2H i 2RI 18.84% (P<0.05), PER #l PDR
SRR, HAER A 300 mg/kg AT R E,
A3 T HR 4 R B 11.97% 1 7.64%(P<0.05).
#4HE] SR, FR., HSI BITCiENEES: (P>0.05)(# 2),

22 ARIKELPMNE&EEENAIRERRK
vaN: oAl

e fa AL PR ER (5 7 2 4 B LPM S i
Bl 300 Fil 600 mg/kg B ik B i KAE, B X FR 4
B R 4.40% F1 5.48% (P<0.05), LPM ¥ &
900 mg/kg B, 4R I RN K 43 Fr B IR
B ERAL, MALA K> & 2 B THE (P<0.05).
25 21 (8] 1 L AR AR D5 2 5 6 B 35 25 % (P>0.05),
T BEAS [ 7K S LPM i B0 4 40 2 JULIRA A8 7K 7 f
JC B F R (P>0.05) (£ 3),

2.3 A[EIZKFE LPM STE & I7ESE (L5 irfI 5200

LPM RINZHIMTHS TP, ALB &4ty ME4H i 2%
FHim (P<0.05). 7E LPM &k 600 F1 900 mg/kg
ff, ML ALP i% 14 #1 T-CHO, HDL-C Al LDL-C
Bt MR 4H W TH S (P<0.05), IfL%E GLU 1 TG &
i, LA GOT I GPT )3 M 45 4l [R) 34 6 i 3 2
5 (P>0.05)(# 4).

https://www.china-fishery.cn
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1984 KoE %R

46 &

F2 AEKELPM MES S K EENFIT
Tab.2 Effects of dietary LPM supplementation levels on growth performance of C. idella

WiH  items CON

LPM-300 LPM-600 LPM-900

Ytk Fis/g 1BM
KIEFis/g FBM

80.48+0.91
157.82+43.42°

1P %/% SR 95.56+1.92
WEK/% WGR 96.13+6.12°
e EKH/(%/d) SGR 1.60+0.07°
EIE  FE 0.67+0.03"
BER/% FR 3.14+0.04
WEAARE/% VST 14.59+0.27
FFAEL/%  HSI 1.73+0.05
fEWEE CF 1.92+0.09"

B RE/% PER
EAERUIR#/% PDR 29.32+2.42°

191.33+3.07°

80.58+0.68 80.64+0.60 80.70+0.50

172.87+8.68" 159.00+2.81% 160.86+4.40"

100.00:£0.00 97.78+3.85 95.56+3.85
114.49+8.95 97.19+3.82 99.35+6.00™
1.82+0.10° 1.620.04" 0.70£0.07"
0.76+0.02° 0.70+0.04" 0.70+0.02"

3.18+0.19 3.18+0.11 3.10+0.02
13.08+0.22% 13.47£0.16 11.84+0.23"

1.79+0.06 1.81+0.06 1.710.05
1.81+0.08" 1.83+0.07" 1.80+0.10°
214.23+6.50 205.26+6.58™ 198.42+6.58"
31.56+1.89° 29.66+1.81" 29.10+3.29"

W AT EAE D EAR R E R R 2 5 B (P<0.05); FIF

Note: The values with different superscript letters within the same line are significantly different (P<0.05); the same below

®3 TREXELPMMESEEMAAEKRE TR (EE)

Tab.3 Effects of dietary LPM supplementation levels on the whole body and muscle composition of C. idella (wet mass)

glkg

fabr  items CON LPM-300 LPM-600 LPM-900
4 whole body
/K% moisture 732.11£9.93 725.77£9.11 742.57+9.50 743.31+6.70
FE A crude protein 145.23+2.40° 151.62+5.60° 150.15+5.07® 143.68+1.79"
HMEWT crude fat 67.20+1.13° 67.28+1.92° 66.94+2.25° 63.84+2.14°
K4y ash 37.10+1.48° 38.01%1.93° 35.49+1.9%® 34.8+0.58"
WA muscle
/K4 moisture 795.17+5.50 792.53+7.60 788.78+2.22 789.06+5.36
HEA  crude protein 174.42+4.96" 175.74+4.54° 183.97+1.09" 180.38+8.08™
FARWG  crude fat 11.14+1.44 11.801.69 10.92+1.29 10.23+0.83
K4y ash 12.79+0.11° 12.87+0.10° 12.8240.27° 13.79+0.27°

2.4 A[EI7KF LPM ¥t & & B7 18 F BT B A H ¢
BE M RS20

LPM 75 H1E: 4 600 A1 900 mg/kg B, f7 il Al
VPt O o it T 0% 1k 0 A B e K, HLM 3
BTN HRZH (P<0.05); LPM %S 12 7 6 U 0 g i
B T S T B (P<0.05); AT NR
U T 9 A R B2 T I 3 25 5 (P>0.05); LPM %
Tk 300 mg/kg, A g B G PR B AH B
FHE, {H 900 mg/kg 440} HA 21 i A% (P<0.05)
(£ 5).

https://www.china-fishery.cn

25 AEKXKFELPMME&FiEER
A

LPM 7R 14 A 300 1 900 me/kg, A i
9% B B 90 B B8 1 3 T BR AL (P<0.05),
S B RN A T 3 2% 5 (P>0.05); LPM iR
TR 600 mg/kg, FAGIEAGERE . HELK
JEE RN 56 B I 3 e T R4 (P<0.05) (3% 6).

2.6 A[EI7KFE LPM T E & 7 iE B4R Ak B9 520
W & X BEZHL RN LPM ¥ i 4 g 3t ke

HpE K R 2 E

S H

N

sponsored by China Society of Fisheries
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F= 4 FEPKFE LPM M E & MEE IR0

Tab. 4 Effects of dietary LPM supplementation levels on serum biochemical indices of C. idella

fatr  items CON LPM-300 LPM-600 LPM-900
MEA(gL) TP 27.4242.02° 31.46+1.70° 30.6342.18" 32.2343.12°
HEHA/(gL) ALB 11.51+1.03° 13.12+0.71° 13.11+0.81° 13.97+1.37°
BEEEM/(UL) GOT 38.89+3.37 41.00+3.74 37.67+4.35 37.67+3.42
BHREER/(U/L) GPT 12.33+1.93 12.78+2.33 12.67£2.12 11.22+1.85
T IMERERREE/(U/L) ALP 158.89+5.80° 178.89+8.08"™ 186.44+5.92° 176.33+8.28"
Hil =Es/(mmol/L) TG 436+0.41 4.40+0.26 4.29+0.29 431+0.26
S H E B /(mmol/L)  T-CHO 5.77£0.27° 6.14+0.45" 6.34+0.41° 6.50+0.51°
%% B B A% (4 AELRE §%/(mmol/L)  LDL-C 2.42+0.23" 2.81+0.25" 3.18+0.27° 3.02+0.31°
o 2 5 i B A BE B B/ (mmol/L) - HDL-C 1.45+0.08" 2.46+0.24° 2.68+0.19° 2.55+0.09°
I B/ (mmol/L) - GLU 6.10£0.51 5.96+0.48 5.81+0.87 5.95+0.37

F5 AEIKF LPM X5 & B8 F AT BR AR H (L BE VB 1 B 220
Tab.S Effects of dietary LPM supplementation levels on activities of digestive enzymes in

intestine and hepatopancreas of C. idella

F8br  items CON LPM-300 LPM-600 LPM-900

JIFIEAE  hepatopancreas

NG Wifi/(U/g prot)  lipase 15.48+1.33% 16.11+1.90® 17.49+1.16° 13.85+1.23"
YENIEF/(U/mg prot)  amylase 21.9242.65" 23.43+2.88" 23.42+1.60° 30.62+1.42°
EHME/(Ulg) protease 163.98+2.52° 176.04+2.96° 172.89+4.50° 176.92+3.23°
i intestine

NG Wifi/(U/g prot)  lipase 12.67+0.59° 14.15+0.90° 12.84+0.62° 10.84+1.03"
YENIEH/(U/mg prot)  amylase 137.59+4.99° 136.56+3.21° 169.09+1.88° 127.39+8.16"
FAEM/(U/g) protease 143.43+6.84 180.16+7.22° 166.01+4.07° 170.02+6.69™

R 6 ANEIKF LPM X & & BB FIRE MR R0

Tab. 6 Effects of dietary LPM supplementation levels on intestinal mucosal structure of C. idella

8% items CON LPM-300 LPM-600 LPM-900
SEHE/AR  villi no. 31.33+2.08" 36.67+1.15° 45.00+1.00° 35.00+3.61°
HEKE /um  villi length 614.12420.54° 670.67+11.93° 669.51£16.56° 560.57+13.12°
BB % /um  villi width 97.45+4.14° 104.82+4.73" 149.05+5.60" 121.8442.65°

400

7 16S rDNA W7 43 BT L4815 1 213 047 55751,
EEANREAI 2 5 50 000 45, K EA N
418 bp; XN P B HEA TR o0 A, A 2H A
WA R 2ol T 22, BLEAIN 3 Bl &=
TG & 2 B A v 4 R 2 B0 S A W 2 R R

— CON
—— LPM-300

Sobs &%
Sobs index at OTU level
[y}
S
[}

100 —— LPM-600
(K 1D,
Alpha 3 A2 X450 [ 3 (4 ) Alpha 0 10000 20000 30000 40000 50000
ZREMEFEAT 0T, A HEAR SCE 7 75 R (coverage) SRR B 2%
¥t 99.9%, Alpha ZHE 5 504 4L A 3400 B number of reads
PEZ 5 (P>0.05) (K] 2). 1 BB nE iR

9 18 Bk A A BE AR 38K L, Fig.1 Sequencing dilution curve of C. idella gut microbes
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1. Ace 8%, 2.Chao 1 8%, 3. Shannon 8%, 4. Simpson #8%L,
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Fig. 2 Effects of dietary LPM supplementation levels on
o diversity index

1. Ace index, 2. Chao 1 index, 3. Shannon index, 4. Simpson index, 5.

Coverage index
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Fig.3 Community compositions of intestinal microorganisms at phylum level (a, b) and genus level (¢, d) in C. idella

1. CON, 2. LPM-300, 3. LPM-600
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Fig. 4 Analysis of the difference of C. idella intestinal microorganisms at phylum (a) and genus (b) levels

1. Cyanobacteria, 2. Bacteroidota, 3. Lactobacillus, 4. Clostridium
3 e

31 LPMBENEBERRREHAEGEKMN
ERFIA

AR R GG, R TR 300 mg/kg K
i LPM RBfEdF Fifa b K, @ikl f A, R
7£ SGR il FE % X} #& 41 43 1) & 3% 32 7 19.09% .,
13.43%, X5 LP 72 e ¥ W29 M i g1

(@

AOLE 2500, 3 nl B LPM ] Lk 38 il f e Ay
Ko AEAR I P ER AN 300~600 mg/kg LPM i 42
mE A E N AT . REREMYRERE,
BRI T B iE e A, MR T IR A
Jo T 1 45 B s TRD RIS AR IR I3 . AR SIE5G LPM W 0
Y12 T G PR R R S v, UAEA LPM AT 4R
T R A DR BT A, X N LPM-300 4 4>
A RLEE 7 i . PER Al PDR 43 il 0t R 4H 3

RO R ZOT (10 pg) MR 29.3~31.2 mm
AR HE LT (30 pg) IR 29.4~31.2 mm
LPM (100 pg) T4 P 33.4~36.1 mm

enrofloxacin (10 pg) inhibition zone 29.3-31.2 mm
florfenicol (30 pg)  inhibition zone 29.4-31.2 mm
LPM (100 pg) inhibition zone 33.4-36.1 mm

BBV BT (10 pe) IR 26.1~28.2 mm
TAREH LT (30 pg) I 28.1~30.2 mm
LPM (100 pg) P 32.4~33.4 mm

enrofloxacin (10 pg) inhibition zone 26.1-28.2 mm
florfenicol (30 ug)  inhibition zone 28.1-30.2 mm
LPM (100 pg) inhibition zone 32.4-33.4 mm

Ry BAOT (10 pg) 401 20.3~21.2 mm
TAJEH AT (30 pg) M 25.3~26.2 mm
LPM (100 pg) H0I# 8 23.4~24.2 mm

enrofloxacin (10 pg) inhibition zone 20.3-21.2 mm
florfenicol (30 pug)  inhibition zone 25.3-26.2 mm
LPM (100 pg) inhibition zone 23.4-24.2 mm

Bl5 LPM X7k~ shi 5 DL Bm s A I E R
(a) KRR, (b) R IE, (o) RV MR

Fig. 5 Bacteriostatic effects of LPM on common pathogenic bacteria in aquatic animals

(a) A. hydrophila, (b) N. seriolae, (c) V. parahaemolyticus
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Effects of inactivated Lactobacillus plantarum and its metabolites on growth
performance and intestinal health of grass carp (Ctenopharyngodon idella)

TIAN Juan ?,  XIE Ningning ', XIAO Wenfu', YU Lijuan', TANGLi?
DENG Guifang >, WENHua ", LI Xueping >

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. Beijing Heswof Biotechnology Co., Ltd, Beijing 101399, China)

Abstract: Lactobacillus plantarum is defined as beneficial bacteria for produceing lactic acid, short-chain fatty
acids, antimicrobial peptides, and other active substances through fermentation, and has probiotic effects such as
alleviating oxidative damage to cells, regulating immunity, and promoting growth. However, due to the prolonged
high-temperature environment during the processing of aquatic feed, the use of viable bacteria is limited in the
field. To investigate the optimal supplementation level of dietary inactivated L. plantarum and its metabolites
(LPM) for grass carp (Ctenopharyngodon idella), fish with initial mean weight of (80.47+1.04) g were fed four
isonitrogenous and isoenergetic diets which were formulated to contain graded LPM levels (0, 300, 600, 900
mg/kg LPM, respectively) for 6 weeks. The results showed that weight gain rate (WGR) and specific growth rate
(SGR) showed a trend of first increasing and then decreasing, and the WGR and feed efficiency reached the max-
imum value when LPM supplemental level was at 300 mg/kg, increasing by 19.09% and 8.57% compared with the
control group (P < 0.05), respectively. Condition factor in LPM supplemental groups was significantly lower than
that in the control group, and the viscerosomatic index was significantly reduced by 18.84% in LPM-900 group
compared with that of the control group (P <0.05). The crude protein content in the whole body, protein effi-
ciency rate, and protein deposition rate reached the maximum in LPM-300 group, which were significantly higher
compared with those in the control group by 4.40%, 11.97%, and 7.64% , respectively(P < 0.05). The activities of
protease in the liver and intestine of LPM supplemental groups were significantly increased compared with those
of the control group (P < 0.05). When LPM supplemental level was 600 mg/kg, the number, length, and width of
intestinal villi of C. idella were significantly higher, and the thickness of the intestinal wall muscle layer was signi-
ficantly lower than those of the control group (P< 0.05). Dietary LPM had no significant effect on the diversity of
intestinal flora of C. idella (P<0.05). When LPM supplemental level was 300 mg/kg, the abundance of Cyanobac-
teria, Lactobacillus and Clostridium increased significantly (P<0.05). LPM inhibited the proliferation of 4eromo-
nas hydrophila, Vibrio parahaemolyticus, and Nocardia. Dietary LPM had no significant effects on activities of
glutamic-pyruvate transaminase and glutamic-oxalacetic transaminase, and the contents of triglyceride and gluc-
ose in serum (P>0.05). The contents of total cholesterol, high-density lipoprotein cholesterol, and low-density lipo-
protein cholesterol in serum increased with the increase of LPM supplementation level. The contents of total pro-
tein, albumin, and alkaline phosphatase activity in serum in the LPM supplemented group were significantly higher
than those in the control group (P<0.05). In conclusion, adding LPM at 300-600 mg/kg to the diet improved the
growth performance of C. idella via inhibition of the breeding of harmful bacteria, improving intestinal function,

and maintaining the normal function of the liver.
Key words: Ctenopharyngodon idella; inactivated Lactobacillus plantarum and its metabolites; intestinal health;
growth; protein utilization
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