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o 0 1,2 . 2 S 1,2 T;Z \ 2 2 2
KM g EEN Y = ZXE O R
3 1 \ 2
BEMS B = x &
(1. WRF AR K BB R 22 B, KvD 410128; 2. Ky AE M) 53088 TR 240, /KA SIS 55 S ORI F 44 s SRl =,
Kb 410022; 3. JFEAMER A IR 2 A, #RI1 412000)

. 206 DAY HE(99.98+0.69) g1 E f (Ctenopharyngodon idellus) N 505 %, W AR R} 2 1 2 A0 B AR
FrEE Ao B f A K B T T ARG A 1) DA S /N IR A8 AR DGR R AR 52 o R0 5% 10%8115% K&
T2 AT 20 ) AR R 100 11.8%. 23.5%135.1%, L4240 S B MR K RL, 23 5 At BRAH . Seat 140

SCHR2HAISRIG3 A . SCERAE = NIEMOK IR R G il T, BAB3ANEE, R E W02 M, R a R
2R, SIS IR SE45d, R KACFRAH R A R | REE AR KR AE AR LR E R, W14
220 B = T X BRZE.(P>0.05); 2H MAE R} R E0 0 35 72 57, SCOe 1 4 FI2 2 B AR T- X FRZH.(P>0.05) . SE3G2H %L
i R e FE A 3 TR R ZH.(P<0.05), T SEAR 2H B s IR FE /N TR R4 (P>0.05), 98 E i 5 R s IR BE R L
{E(V/C)FE S 21 th 2 2 i T R 41(P<0.05). Bl A T 25 BRAA AR ELAP) (008 0, SLIR AT 1 (Lactobacillus) Rl 2
TR B (Bacillus) 5 tL 2.3 FF(P<0.05), T KMAT B (Escherichia coli) 1S F. i & (Aderomonas) 15 5.2 T B¢ .

INFREEIB M DCIE R i, BRI EE SR RE2 (CDX2). R MEAL (SpHA/NEAFKIZEAL (PepT)FHER
mRNAFH I8 T3 Bl & R I 2 A & A L 3 m 2306 2 R JE N IRRES, B3N 1 HeHA

KA (P<0.05). ZEAHaEmREKIER.

JriE FEIE A |

FRRE S /N IR T8 A 9 3 PR 30 Ty T, 8 e v

SR P AR S B BARSEN BE A B BB S 11.8%—23.5%.

A RN, R BOAER EKER W

PESIES: S965.1 SCERFRIRAS: A

ZIRRFHR AR Z R IR PE UM 5 B9, 15228
PEFTAF IR i e ZROFA b sy AR o, A
HER S EAS%U L, P BA U R ELFHE
g, EER. BER. HERULAAER, &8
ST SRR TR SR, 2R R
B, T HIL S AR, R DB T, X
B IR T2 BHAS BCE RO E SRV B AR, JF
XTSI AN A A B AE AN RS2, AT 2 1
ZRRATE B S AUKA IR . Yamauchig!™
BRI, 1RAMEEEXS(Gallus gallus domesticus) 2k
FI, e Z0H) 2 K Mamputu25™ FIRER LR
R TE A ME 2 FRFATA RS, FLO R AL 3R A H A 1)

ks B HA: 2018-10-24; 1817 HHR: 2019-05-23

TE
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BRI, TTRMEIRSEPUE R BT, MRE S 1K
P HLR AR B R SR B AT L bR
R, X T sep sl A R SR W 5 H RN, 5
A R T W G e, AT SR s A T bk
PR, 3SR SIERA B0 o B AR B U5t B R A e o
FRRE 7 i) o

VAR, 3R E K™ i ) 77 B R IR b G
H A B (Ctenopharyngodon idellus) 7= & 5 =,
20164F, 34 H 2 fo 7= 5145.8988x10° kg' . Hifh, 5
J BRI H SRR, B AR, AR
Mo AL Y ARSIG R ST . B
RE R AN LR AT A1 DI 7] 5 1 2 JRROFA, AT 58 3 B AR
A MB AR o B A KRR . piE T A A
A B R R R JR & 2 [K]2 (Caudal-related homeo-
box 2, CDX2). it H1 (Specificity protein 1,
Sp 1) Fl/N ik #% 12 AR (Oligopeptide transporter 1,
PepT1) =/ IR 3o A < 3 B B RSN, 9 A 1 2 JjR
FAAE f1 TP o 0 N FH 3R AR S8

1 #MR5REE

1.1 AR

A S0 5 R AR E U7 2 R N kA T £
A PR 7 3% 56 B9 1 31 RHAC 5 HEAT 07T, SR 2
JRRFEL ) S 9] i 1E RREAR VH A PR A w1, R I 2 RRR
(HE A 45.52% 7K539.36% £52.25%. =i
1.12%) 11l 2% 777 2 B 2 PICN 107183356 A K W
LRSI LAS% . 10%FI115% K B 2 BRI 114>
FRACH IR G R 11.8% 23.5%F135.1% 52 H
FA, T T PO H R (28.5%) S A8 (5%) ik .
SEIG LSO EE g IR . EARTERIEC T inge 15T
TNo A5 SIS JFURL 2R LR S, k40 H i, DL/
RSP R LR ISP, WiV LHT &, KL-105A%,
2.5 mm) il BRAAR R, H AR KT JE A7 T -4 CUKEE
%M.
1.2 FERGMFESHE

SEUOAE B AL B A BR A =] A KM S
FEHL (B, MR = NIE KR RGP AT 16
PIK A6 L/minffid B i NRFEL(AF1400 L/GL). 1E
A A R Ak IE S R A A . R T RE
YTVE MR, &K 6120 (8:00—20:00). & Kid
SRR AN KA pH, 4 W IPEER K P& R SRR
ERANERE S B IR AR N18—26°C, pHA
6.5—7.5, @&<0.1 mg/L, WAL 5<0.01 mg/L, ¥
fif45>6.5 mg/L.
1.3 W& REF

S IG5 I R A K R A T T B

Kb PR fit, 78 1E IR S0 Uk 2 1, F oS I 2H 4R

BLHYIFR R 2 o YR, &R B2k

(9:00F115:00). FRFESLIGFFAEHI 1), F 450256 16

BHEA G B f A 0@ N SR I Akl SR6

AT LAANBEAT L ME, EEURURS 3550 . AR RS (O () RE £
F 1 ERES RE AR TR

Tab. 1 Formulation and Chemical composition of experimental
diets (% dry matter)

T Xﬂ‘ﬁﬁéﬂ Sp s 4] Sp s Y] Sp ARy
A SEIOIH SKIe24H SEEG3H
Control
Item Groupl Group2  Group 3
group
J5 KlHngredient

/N Wheat grain 12.40 12.40 12.40 12.40
T #iSoybean meal  24.00 24.00 24.00 24.00

KHERice bran 10.00 9.00 8.00 7.00
TKComn 10.00 10.00 10.00 10.00
S¢HiRapeseed meal — 34.00 30.00 26.00 22.00
R RRAT

Fermented sesame 0.00 5.00 10.00 15.00
meal

W — 45

Ca(H,PO,), 2.00 2.00 2.00 2.00
£ ¥ Limestone 5.00 5.00 5.00 5.00
i Soybean oil 1.40 1.35 1.30 1.25
FALHINaCI 0.23 0.23 0.23 0.23
o

AL AERR

Choline chloride 0.15 0.15 0.15 0.15
15 R Lysine 0.10 0.15 0.20 0.25
ZYETIRY)

Vitamin premix 0.32 0.32 0.32 0.32
ZH TURY

Mineral premix 0.40 0.40 0.40 0.40
£ritTotal 100.00  100.00  100.00  100.00
A AL Bli.Chemical

composition

HEE

Crude protein 28.53 28.64 28.83 28.91
FH 6 i Crude lipid 5.07 5.36 4.92 5.25
K4y Ash 12.59 12.51 12.43 12.34
f#§Phosphorus 1.22 1.11 1.15 1.08

i TR (mg/kgikh: 454 B, 20; 4E4EEB,, 20;
YEHE FK B, 20; 44 KBy, 0.02; MR, 5; 2 ERES, 50; WLEE, 100;
MR, 100; AWK, 0.1; £F4ERK, 3522; 4EEERC, 100; 4iERA,
110; 4E4£3D, 20, 4EKE, 50, 4EAEEK, 10, S HRY
(mg/kgF Rl HALHN, 500.0; FREREE, 8155.6; R A4,
12500.0; BEER — S04, 16000.0; EEREES, 7650.6; RER LK,
2286.2; FLERAS, 1750.0; BREREE, 178.0; BRMRHR, 61.4; B
15.5; TRlERE, 34.5; UL ER, 114.8; JE#D, 4930.9

Note: 'Vitamin premix (mg/kg diet): Vitamin B, 20; Vitamin
B,, 20; Vitamin By, 20; Vitamin Bj,, 0.02; Folic acid, 5; Calcium
pantothenate, 50; Inositol, 100; Nicotinic acid, 100; Biotin, 0.1;
Cellulose, 3522; Vitamin C, 10; Vitamin A, 110; Vitamin D, 20;
Vitamin E, 50; Vitamin K, 10; *Mineral premix (mg/kg diet):
NaCl, 500; MgSO, 7H,0, 8155.6; NaH,PO,2H,0, 12500.0;
KH,PO,, 16000.0; CaHPO,-H,0, 7650.6; FeSO, 7H,0, 2286.2;
CeH,(CaO4-5H,0, 1750.0; ZnSO, 7H,O, 178.0; MnSO, H,O0,
61.4; CuSO,4-5H,0, 15.5; CoSO, 7H,0, 34.5; KI, 114.8; Starch,
4930.9
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[¥]#(99.98+0.69) g, BEHU N 124> F= G4 FL, &AL
20, SLERSLANACTE, AR BH3E . A K SLIR R
4245d. SIS HATE], B8R E I R 28 (9:00F1
15:00).

14 MHERESERNE

A KCIE RN E TESZIG S5 I, B 15 R4
B24hJ5, 73 ARG Rt S AR E IRl R R AL, 45
Gt B DUAN R L B R AR ZH B v HS HE ZE(Weight
gain rate, WGR). i€ 4 K% (Special growth rate,
SGR)~ fi& #(Survival rate, SR). THE 2% (Feed
conversion ratio, FCR) 145 [ Jii % (Protein effi-
ciency ratio, PER). #2556 1 ) A= K AR R AR 35 LA
TARIFHE R

R (WGR, %)=100%x (2 KAk B 46 14
EEQYEIYGLUNGE

5 2 A K R (SGR, %/d)=100%x [In(2& A A4 8 )~
In(WI UG A=)/ R %L

FAE 2R (SR, %)=100%x 4 A AU/ 46 3L

TR R E(FCRy=TRN AR S 5 /(R AR E 4]
URPRE)

B AR (PER, %)=100%x (4 Kk B4
PR/ RS B R R )

EREREFRESNE SIS )R A A
A KR AR 2 1 2 2 FLAOAC(2003) 5 ifE
7% R ALK E & X (2300, Kjeltec Analyzer
Unit) il & M1 25 B IR 107 % &R IR 24X (Soxtec
System HT6, Tecator, Hoganas, Sweden)3t 17 il 2l
5T KA 341 550°C ABsE3h, SR 2K EVE I AE o

7 18 R PR 2 S W Ik 1L B HL 495 B3 2
. AR, BT UK B s &%, 0.1 mol/L
PBSIH R R MBE N B G, 4% 2 W IS
VOB R i3 43 [ %€ T+ 1.5 mLIERNase EPE 1, I
FEEHRAE T4 CUKF, T HIE I8 s B )
Fro BB BB AHE i 2 AN IR S g ) A
FIEFE R (/K. At U 5 ATH-EZ 8)
WU A, 2 BAER, OR4045 W8 4 .
Tk U1 BEALE R P B e i R E, =R E
e 5 B BT VR B ) U AR, B e 8 & FR AR 11 25 5
VR e $fE -

BA&E W 4 E AT Pt AL 957 B2 R £
Hole, B T oK LE 572 ¥ miE, H10.1 mol/L
PBS R R b, WAk B BE, FH 3 D B IF TN
WA H T HIEM A . MTEE YR Sk
FIDNA$E B A S (b R AR AR A
F R A TG T BEFDNA. SR K DNAKE i i%
2 NFARKRAE R BR AR (T, Kib)idE1r16S

tDNAMF 4 HT . 16S rDNAM 560 45 4 1 JE P 20
DNAFZHL. 16S IDNAKEF 5IWPCRY 1. 347~
Y4, DNAWT . JEHILERT S0 IR, ARSLin i T
[llumina Miseqil] /3~ & % ¥4 22 111 /N B B SC 3304 T
R i 7 o

INBKERIE M X B ERIE KN E (e
MR fm. AR, BT UK LEE 2B i,
AT i FHBY T80 AE N 1.5 mLIGRNase EP4 1, it
BN A G R 2-80°CUKAA IR AT, A T3
Tk oM. BURAF I E B SR B 5,
RNAFZHRA 7)(TaKaRa, RNAiso Plus, Cat. 9109)#2
HUSRNA, BART7 5400 B Bk AT 84, 2 5% A
1% Bt Hi Bl 8 1 H 9Kk R 42 3 K 132 504 (Beijing Free
More bioscience) i JIIRNA [ 78 B4 N4l fF . 25X
500 ng M RNAME J I i s i, F I s sl vl &
(TaKaRa, Cat. RRO36A)IAT 5 —HEcDNAG . %
TG E B 5 M GenBank Hh 218 I N 4 5 A 1)
CDX2. Spl M PepT1 1K {R: 5 7 41, FPrimer
Premier 5.0 4 5 11 ST ¢ )% 7€ 2 PCR (Real-time
PCR)FF 5 51, 255 8 5| AR ¥ B £ 7 SR L TR -
actin®1H(F 2). KA (TaKaRa, Cat.RR104A)
FIBIO-RAD CFX96TM Real-time PCR{X 1T Real-
time PCRY . PCRJZNAK % N: SYBR Premix Ex
Tag™ (2510 uL, I3 4(10 pmol/L) 0.5 uL, J% [
514910 pmol/L) 0.5 pL, #i4R0.5 pL, X #7K8.5 uL,
SARFN20 uL, AR EE 3. Real-time
PCR % ¥ 7 Eppendorf Master cycler gradient (Ep-
pendorf, German) " 1T, [ BiFE/F: 95°C 30s, 95°C
3s. 55°C 25s. 72°C 11s3L40ME3F, 95°C 1min,
55°C 30s+ 95°C 30s2 1k, 4°C{#4f. Real-time PCR
iR, G Hh 445 CrffL
1.5 HIELE

SE56 PlImage-pro plus 6.0%K 4443 ¥l iE vl A

2 ORAEEBSNSIME R
Tab. 2 Primers used for real-time quantitative PCR

5|49) 4 FKPrimer name 5% %Sequence (5'—3")

PepTI-F TGCTCTTGTTGTGTTCATCG
PepTI-R CTCTCTCTTGGGGTATTGCTT
CDX2-F TTTGTAACCGCACCTCC

CDX2-R AGTTCCTGGCCCATAAGT

Spl-F AGTGACCCCAGTAAGAAGAAGCA
Spl-R CAAGTGTGCCCGCAGATG
p-actin-F GAACACTGTGCTGTCTGGAGGTA
f-actin-R CTTGGGTTGGTCGTTTGAATC

PR IER 314, “RAE 514
Note: “F” stands for forward primer and “R” stands for
reverse primer
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K, S R E = SRR S R EL{E . Real-time
PCREMEE 1 A :RQ=2""" [AACt=(Ct H 11 5= F -
CHE F IR -ACHERE T AT B B 25 R R AE XS
Zik &', FExcel 2007317 504 4 it, LLSPSS
19.0FAFEAT LK 25 77 22 73 HT(One-way ANOVA),
BT i DI E PR ME R (Means+SE) K 7R . K H
Duncan/ 6 3847 2 5 ELIE, f 36 A [R] 28 8] 1Y) 25 57 A2
T35, LLP<0.05 4 0 3 1 A Wb v

2 4R

21 HEKMHEE

W PR, AR E R, FrE KR
A AR AR TC B 2= 5, SEU6 12 Fn22H W vy
T IR AH, S50 3 2H MR AR -5 R 4H.(P>0.05); %4 1H]
TERE R Bt TE 535 1 25 5, S 1 2L RN 2 ZEL AR T %o
HELZH ) SIoe 3ZH W = T % R 4L.(P>0.05); fEAF &7
11, PY4H35°9100% .
22 BRERES

FAAS TR B AP f A T 25 SRR B AR S K1 11 DY 4
41T B IR A TE 6 2 AU R I W 82 B B i v
W 1. 3R 4RI TR EEZ ROF B AR X 5 )l
BRI LA AR TR EYEER
T xR (P<0.05) . Fifi 25 e} o 2 e 2 RORA B3 AR L
Bl 3, A i ok 6 FE B 2 36, 7Ese 56240
(B ARELA9 23.5%) A Bl e K AE, BE G &% B %
(P<0.05); S0 20 £ i B g VR BE /N T R4, H G 2
HEFP>0.05); LEHA AR ESE SR EIRE
(AR (V/C) 35 5 2 vy T %0 B 4H.(P<0.05), FHo AR 1k
B 50 E AR AR AL
23 BREWMEY

K SER T REZRMEBRER M EA
J&i, KB (Escherichia coli) FLERAT & (Lactoba-
cillus)~ ZFHOFF B (Bacillus) 1S 5.} B8 (deromonas)
T B i3 A R BT B AR B L. S

HRALAHEL, SEEG2H R AT 1 o5 B 235 T [(P<0.05),
S 2 [A) O W 3 22 5 SO0 20 LR AT B R 2E AT B
5 e B v TR IR 4L(P<0.05), SLERFT 1 (5 LBt
R R B AR LA (R 3G n v T v, 2 B o L
7E 256 20 18] T6 S8 25 25 T (P>0.05); S22 41 FI32H 1)
AR 7 B R T R 2H(P<0.05).
24 MREEEHEXEEMRNARIEZE

Bl 23 7 TRDRE H AN [F] 7T S I 2 JBRORE R 2
T/ NIKFEZ AR IERICDX2 . Spl AlPepT1 mRNAAH
X RIB R IFEM o 3X 3P Kl mRNA [ AH S K95 &
ITE ST VAL A B e vy, 235 = T 0 HEZH (P<0.05)
W PR, LK 14 CDX2 mRNAR LK T2 E 5
ToxF HEZH.(P<0.05), HoAth Sz 5 20 iy T B2 (HG
B2 (P>0.05). Spl mRNAKIA B 7E 525 1410
B E T HAh =41(P<0.05), KA =4 8% %=
F. S 14HPepTl mRNAF A B 52w T 04
A HAh B2 56 20 (P<0.05), 5230220 PepTl mRNAKIA
R T R AL R 525634 (P<0.05).
3 Tig
3.1 ABZHEERIHEANESEKMEER
=AU

H AT, 5% R 2 BRI & SRR = shi A&
PERESEH AT AL AR 2 . Wuss! R B 2 R
B AREE A HOAR P SRR TR AR 75 AR, 45 R R
5 b3 PR IS 35) H 3 RDRHE L R R AR
2, T LhA%—8% K I 2 AN B AR el o RTTB, H
Fa R B SR B & TR 4. OluwagbengaZs”
W FL R, £ HE 1 (Oreochromis mossambicus)
TR S IN164.3 g/kg K 1 2 FRAHIN, 0 B4 5 52
Gt 2 M AE KRR ENZE S . AL
RRA, R RS TR SR A AR KA
—E MR R o R 2 AR B T k) SRR B
F111.8%F123.5%, B3 fi R | 45 Ak KR FI R

®3 ABZHRATKERPIAEENESE KRNI

Tab.3 Effects of fermented sesame meal replacing dietary rapeseed meal on growth performance of grass carp

Tji H Item % f§ 2H Control group SEE12H Group 1 SE422H Group 2 SEE34H Group 3
WIIRIREIBW (g) 99.97+0.64 99.83+0.68 100.12+0.85 100.03+0.59
LARIREFBW (g) 148.80+3.29 152.49+2.49 151.71+3.49 147.93+2.42
W R WGR (%) 48.90+1.12 52.75+1.23 51.53+2.25 47.89+1.66
B A K FESGR (%/d) 0.98+0.01 1.04+0.01 1.02+0.04 0.97+0.02
I 2SR (%) 1000.00 100+0.00 1000.00 1000.00
THELREFCR 1.77+0.06 1.65+0.03 1.69+0.03 1.80+0.07
HABEPER (%) 1.98+0.19 2.10+0.07 2.05+0.22 1.93+0.11

T R BN N T AR AR, RISV EUEA A _EAR 3 7R ROR 22 57 8. #5(P<0.05); R[]

Note: Data presented are Means+SE. Values in the same row with different superscript letters are significantly different (P<0.05); The

same applies below
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R T IR, TR R T X IR 4, (5
ZRALRE . LR, Ao FiiE R, kb
A8 FH ORI 2 IBROR (S M Vi) e (1 2 e AR 1 2 I M R
Mukhopadhyay 5™ % B, ULFLER B & % 25 BRRS , fE
A R B 2 ok T ) 3 EEE 7R D R A R
T [FIRY, F& ISR 6% (Labeo rohita)(ER B & H
40%1% K2 ok HiRe0dfa, HAEK . Tkl ik
KAEAFREEEREY . R, Roy &M
A 5 1 85 B 6% Jigy i A 43 5 MR D A SF FRAT B
LF1MILHIA B Z BRA, I LA30% K % 2 R 1l
MEE i At e R S R AR KR TR
M A%,
32 ABEZHABKMERNE&FERSH
Al

¥ 38 2 A AR I A0 TR WSO 770 53 1) =
7, REm T B s IR BE DA A PR 3 1 B AL B it/

¢!

1 AN[RIR B 22 JhROR 25 A QA 5 T R R 2506 58 1 LA
(x100)
Fig. 1 The foregut mucosa morphology of grass carp in different

groups under optical microscope (x100)

R AR D i i T AR AR e R LA KR
P2, 28 e R e WU fi T X SR A0 o (1 P A
RUBRR, VA AR i T RE B 55 e 158 TR R ) e 1 e ok
T T b R AR R A R T TE B B 1 241 A T R
PRBAE AL, T A 78 Bl v B 15 O SR B4l i, B
AL A R T PR R B IR L AR T, R
AR B TY, N e TR T RENE 5 i 2K
e FEE 5 B 8 TR FEE T LA (V/C) T B B A WL I s
NI CRE 71, SRR R 5 R S TR P A LU AR
T AR 22/ T A e s T AR s
25 RN, B0 A DR i B B A I 2 R B AR
EE B PR3 I 2 5 T R e T R, 4 TR I 2 R A
B E AR P23 5% K50 B A, w4 E
1o P 2 v o AL, TR v I S R R R R B
HV/O Wik iR KA . K2R A A RO S T
ZRRFAFHUE IR A TS, A IR R A
FARISERA ROAEAE, NIRRT AR PUE TR T &
R T Tl R, T SRR A A
JHAC T 2 RROR AR, A RLIR D T4 R E IR
T, 30 Tt fpiE g A A
3.3 AEBEZHRHABAFMHEENELRENEY
A

) B R MR RS S 5 1 I i
REIRIL L AR A RE 3 VIR O, Fo i e A= 0 e ) A2
AT B BRSPS E X R oMt
VAN PR SR KRR R M it i e ™
AN S T R IR 2 R R R AR B B I I T A i
T8RP PL R TR AN ZF A R B0 B, DR T I E AR
R R A K AT R G . X5 E RS A K
WA A PR B AR MR R AT X, 3 BUIE K AT
R RO T BRI S5 R E—EFE R L AT Bk
W, AT 22 RR AR RES (e i3 T8 Hh AT ok 1 O G 410

*4 ABZRAZNIENPIAEENE&RB SN

Tab. 4 Effects of fermented sesame meal replacing dietary rapeseed meal on foregut morphology of grass carp

T H Item

Xt H8 41 Control group 524 12HGroup 1 556240 Group 2 52563 2H Group 3

2% B 1 ¥ Villus height (um)

635.65+38.72"

844.03+£60.59™  980.12+68.15°  758.97+40.54"

& 5% IR & Crypt depth (um) 65.75+5.42 60.93+8.42 55.49+5.49 59.7143.79
98 i/ 53 1 Villus height/Crypt depth (V/C) 9.55+1.58" 13.90+2.66™ 17.4542.23° 12.69+1.81°

®5 AP REBZREERIHERNEEBEME RN

Tab. 5 Effects of fermented sesame meal replacing dietary rapeseed meal on intestinal microflora of grass carp (%o)

Tji H Item % i 2H Control group 5256 140 Group 1 SEE22H Group 2 5256320 Group 3
KIGHFF B Escherichia coli 18.54+1.61° 12.67+2.43" 11.45+1.29° 12.14+3.02°
FLERFF B Lactobacillus 1.08+0.68" 5.32+1.74° 7.59+2.28"% 8.24+1.85°
AT Bacillus 2.36+0.87° 8.33+2.42° 9.1542.94° 8.56+1.88"
S Aeromonas 12.47+1.43° 10.51+0.82% 8.63+1.24° 7.12£1.06"
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W,

1’5215 ¢ [1CDX2 RX]Spl 4 PepTl
% @’ — 5 -

=N

OO 5 9

Sco54

o o e b

£2 83| <l§ b

362

S B | ) h

e ° Q a aa ab a aba
aTEQ

e o :

8 T HAZH Control 5244 14H Trial *@AZQE Trial 7&@"32ﬂ Trial

group group 1 group 2 group 3

Bl 2 KEZMMEGEAEMEONEARIECDX2, SplHl
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EFFECTS OF DIETARY RAPESEED MEAL ON THE GROWTH PERFORMANCE,
INTESTINAL MORPHOLOGY AND MICROFLORA OF GRASS CARP
(CTENOPHARYNGODON IDELLUS)

SONG Pengl’z, CAO Shen-Pingz, TANG Jian-Zhou" 2, PENG LiangZ, LUO Wen-JieZ,
XIONG Ding’, DENG Yue-Song’, HE Xi' and LIU Zhen’
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Provincial Key

Laboratory of Nutrition and Quality Control of Aquatic Animals, Department of Biological and Environmental Engineering,
Changsha University, Changsha 410022, China; 3. TRS Group Co., Ltd., Zhuzhou 412000, China)

Abstract: To investigate effects of dietary rapeseed meal on the growth performance, intestinal morphology, micro-
flora, and the expression of small peptide transport related genes of grass carp (Ctenopharyngodon idellus), four
isonitrogenous and isolipidic diets were formulated by adding 0, 5%, 10% and 15% fermented sesame meal to replace
0, 11.8%, 23.5% and 35.1% of rapeseed meal protein respectively, which were named as control group, trial group 1,
trial group 2 and trial group 3. The experiment was carried out in an indoor recirculating system with three replicates in
each group. Triplicates of 20 fish [initial body weight of (99.98+0.69) g] were fed to apparent satiation with four exper-
iment diets twice a day for 45 days. The results showed no significant difference in weight gain rate (WGR), specific
growth rate (SGR) and protein efficiency rate (PER) among all the groups, and WGR, SGR and PER of trial group 1
and 2 were slightly higher than those of the control group (P>0.05). Feed conversion ratio (FCR) of trial group 1 and 2
was slightly lower than that of the control group (£>0.05). The heights of intestinal villi in the trial groups were signi-
ficantly higher than those of the control group (P<0.05), while the depth of crypt in the trial groups was significantly
lower than that of the control group (P>0.05). The ratio of villi height to crypt depth (V/C) in the trial groups were sig-
nificantly higher than that of the control group (P<0.05). Dietary fermented sesame meal significantly induced Lactoba-
cillus and Bacillus (P<0.05) and significantly decreased Escherichia coli and Aeromonas (P<0.05). The expressions of
CDX2, Spl and PepT1 genes increased significantly at first and then decreased with the increasing fermented sesame
meal inclusion (P<0.05). These results suggest that the optimum proportion of fermented sesame meal replacement di-
etary rapeseed meal was 11.8%—23.5%.

Key words: Fermented sesame meal; Grass carp; Protein substitution; Growth performance; Intestinal absorption
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