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EMEmMWNEagEERK,. ML RN
TR E R

FEHY EAET K 07 E & ESE’ H-%7
ZhE? 2Ex? B B

(1. BilEksE KRR ZE YRR D B 2013065 2. HEKERERISE BRI K AR ST BT
Al A A A I AT TR FIH SFFEE S E /R T 510380)

E T4 2 A7 E (Pennisetum sinese Roxb) ¥ X # # (Ctenopharyngodon idellus)4h % % K | 47 %
o af it BE Y Bom, B 3 A4 0% (RTBR4L C). 10%F0 20% 2 47 8N (P1 F2 P2)ty 48 4.5 4
ok 45 RHE B R AT H 36%, RERE KT A 9%), 4878 ¥ A 4[(28.51£0.04) g] 56 d. 4 E BT,
M CU,PI AP A B ERG T H & 4 & oy 3 & £ Fn i 7E £ (P<0.05); P2 41 ¥ & i 7§ 7 — BE(MDA)
GENCARE S T EFIRP<0.05); Pl A P2 41 % & i if o 4 % 4 & BE(AST) 4 74 % A B8 (ALT) &
PP C 4% & 8 3 FE1R(P<0.05); P1 A P2 414 % # i % o #MA C3 1 C4 168 B 342 % (P<0.05);
FlB, 3 2 41 AT ey 3-2BEH B A L AB(HOAD) 4 fi 66 % C AMER(COX)ME b B ¥ & T C
4(P<0.05); EBMAWET, Pl R P2 ABERF T LA o HEmREHEAYTRE, &
KT HLE REP<0.05); EHFEKKEW, L C4A, PLAP2ATHET HERRANETHEIR
HF a(mfa)yfraa @iz 1BG-1pMERE kL E, LAk, AP An—EENETER
TS e A K, B AR R K E

KR Ha; ENE; EKMR; BEAE; BX

HESHES S963.7  NXEHIRAG A XERS  2095-9869(2022)03-0045-11

A (Ctenopharyngodon idellus) iy H & “PURFK Wl S IHELE ) geit, 2019 4, FREw M LS8R
" Z—, JZo A TR ERAKOKSE, BA AR 553.30 J7 t, HFRFHIROK MR 21% (TFHIRS,
TDEPAAIR . 2R RT3 S SR (T 545, 2008),  2020). BEH FRGH AL FEE Ly by i & Jig , IR H
B AR R IR E FRIE T R AR ORAIROK 2, i (2020 P DR A0 AN 24 4 45 DR 2R Y R 0 S BB AR S )
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TRE, TERHCIRAS T 2 &k — RN, AR
I . WA . REEERIIR B A, X FRE A I ™
A RZ I (PRAERESE, 2020), BT EEMPUERSZ
Py A, 3 fRDRL R AR B R A LA
3 TR AR SR 7l A S i EE 5 ]

TE AR, Bt A K BIRE G (5.5 om Z247)
Je LA Fh R ZEAE S & ) E B R R (He et al, 2015),
AR BER T, 5 RSB 2OR B A 6 R0
Fets oK HA 8 TR L@ R S kIR . SR, >4
IR FH 2 A0 JC 5 AR b L AN R 0 7 5 2 e DR
(Mot 1%, 2013), AMFFERY], LoEFRHBEA TR
FH P55 A T S OB R, Bl R i B A
FNIE /X = R N D) | BT AR & V@ e Y
(R HERAE, 2007, B4R, 2008; ARPRLLAE, 2009;
ZEDEAE, 2012), fEHABAZE T, qndaek i s in K
(Allium sativum L.)ZE¥y 142 (Origanum vulgare L.)
B e = B (Cyprinus carpio) L7 ¥ T8 B TS 14
C3 il C4 {HPEAEARYF S PR RE (TR 75 A58, 2010),
FERIFR AN 7.5% K (Eucommia ulmoides Oliver)
MRy g W IR AR A AR R VERE , TR SR
MM AMA C3 S5ERR 5 oy ik K 1 3K (V7 A 45,
2015), IXEEAEIRARIN , ARL R ES I E SEAER AL
Air TR, BB A &k a2 )
MR TR IE IRCR o I 5 B8 A 45 TR
BEAERPICUENSE, 2020), ML, 7F@mpRLI1ER
R, W R FRERL SN, S — 7T, BiE
FREE 7 A Je LA S A AR B 10 52 2 R, e 2
T RS 10 B A R 2 A DRl Y — >
Peo AR, BT H D NIRZHIZE, P BRI
LR RIAE T 2 AR 22 57, AR ME IR b 35 B 2 1)
BHA 5 TR AR IFE T admek b, Bk, KM
KA TAE R AR TIT .

A ¥ (Pennisetum sinese Roxb) N ZAFEH RAR}
HYy, BB E (Pennisetum purpereum)F3E IR BB &
(Pennisetum americanumxP. purpure)2<38 % & 1M AL,
JE VAR (L AEIA, 1999), BA = . suqr IR .
SR R PSRRI R E SR, )T
oA TR AR, TETAR L TV TR SR X
FER R (Y ERESE, 2019), W T EATRIM IR,
ANzt AL, FTHEZMEgE .
X RG SE) R ERE, R IR B A R R
(TR, 2013), R—FHAL R A TAEY), $E
HhOCHEEZET (FEARAE, 2006). AR, RAT
T 19 MR, Hrb, B . 7Y RmAgEA R
AR Er i, PRI R MR R R B ST R AR,

2008; kA, 2018) 4P B (2003)45 H , NS S ff w
TSR I TR A, AT AR 2 ] R 4 P
AR IR, A BAETI A I, BRalfR I AT
)R BT R RS (B AR AR AR,
2018). FEJ 7R, T4 AR SLAT R B Rk 7E £
TR N, SR, ST Ry XoF £ 14 £t R 5 M o
H iR AS B o i, ASIF 5T DA fa gl R IS 0 42
FE PR i GRDR  FRE Aty b DAl BT R R X A A K
KRR sE ), SO A AL S W AE fa B AR G R
b, R BT B R K = AR R 4R L R e
A4l R R B SR o

1 #RE5FE
1.1 g

SCE R ATEORI A AR A L S L R
B 2% Lovell (1989) " RIEHEC 7, LA & (A1
RS R 26 R, fa i AR S IR R, R 3 AR
H KR 33% . A ZKF-2h 9% 0 55 2055 RE 1A 1l
TRk, X REZH(C)ANALEE, ARBRAL BRI 10%F0
20% S AT RN (P F1 P2), FRHEHTRIN 0.1% T It
HORAVE BT EAR R (GR 1) fReHE 5 i e ikt sUp
e, of 60 Hifi, % b BIMERFREUEREEURE, iR
B DN I SR WE GO A, AR5 FKE B i I Rk
SEANRA, PEAT . KR A5 0y SR DR R LB
AL 2.0 mm RLAR A ORI, AR B A AT R TR
—20°CHi#f7 55 H

1.2 RAHFEE5EHE

SEU A 1 AR A LT R T K R B
BN, 7758 523 A v B K = B 008 5% Be Bk VLK ™= F
FEFTFRG L AT S0 A ST 4.5 mx4.5 mx1.1 m
AR e BT FE 14 d, LAXT B4 4Dkl 1 ik A7
B, BRENE, ks — . ety ff
198 F&[(28.5120.04) g]/r-AL% 9 AFRHHI(1.2 mx0.6 mx
0.5 m)H, FFAFEFEMEL 22 B, B iR AL %R
3ANFEAEEL, LW 56 d, FEK 08:30 F1 16:30
A 1R, FRAEE], fRECR M B, ARl
SRR KR . RAASETRE L, WIRIZKR pH R
6.5~7.8, EHEE(DO)N 5.7~7.6 mg/L, RAME <
0.20 mg/L, 7Kii°# 28.0°C~33.0C,

1.3 XES543E

FIHLE AT 24 h, SHITA AT RRE . SRFE
260 MS222 JRME, 3 I 4 1A 8RR
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Tab.1 Formulation and chemical composition of the experimental diets

2l 5] Groups

i H Items

C P1 P2

fi% 7 1 Casein 320 308 300
B Gelatin 80 77 75
WIAS Dextrin 280 280 280
T LT 4E & Microcrystalline cellulose 189 106 18
BEATE A Grass meal 0 100 200
i3 Fish oil 40 40 40
K23l Soybean oil 40 38 36
FR B2 2 Z 4l Carboxymethycellulose 30 30 30
Z T KK H 2 Butylated hydroxytoluene' 1 1 1
IR 4 Y 2 ICHLY Mixed vitamin inorganics? 20 20 20
Eit Total 1000 1000 1000
#4043 Conventional components

7K 43 Moisture/% 9.10 9.30 9.70

M2 H Crude protein/% (Nx6.25) 33.09 33.50 33.98

HMLUIERT Crude fat/% 9.40 9.40 9.20

LUK 5 Ash/% 1.90 2.80 3.70

HMLLT 4 Fiber/% 18.90 12.45 5.50

T 1 TR WK BHT, $UAMGN; 20 A4 RIOIY: MR 1.59 gkg, WIRES 181.01 gk, Wk
R — %45 116.01 g/kg, FALHS 0.7 g/kg, BRAREE 52.16 g/kg, BRMRHE 0.07 ghkg, AL 165.53 gk, MLHR 0.14 g/kg, Bk
MRBE 1.92 g/kg, WERR — %4 136.05 g/kg, RN 0.06 g/kg, BRERHR 0.75 g/kg, Fri&lRek 13.38 g/ke; Bk & 50 mg/kg, #
T 50 mg/kg, 44 A 25000 IU/kg, 464 % E 400 1U/kg, 44 % D5 24 000 TU/kg, F 250 40 mg/kg, SRAR ML S B 40 mg/kg,
FEE 0.1 mg/kg, HPE 6 mgkg, S 100 mg/kg, MR 15 mg/kg, MR 200 mg/kg, HLEE 2000 mg/kg

Note: 1: Dibutyl hydroxytoluene: BHT for short, antioxidant; 2: Mixed vitamin inorganics: Aluminium potassium sulfate
1.59 g/kg, calcium carbonate 181.01 g/kg, calcium dihydrogen phosphate 116.01 g/kg, cobalt chloride 0.7 g/kg, magnesium sulfate
52.16 g/kg, manganese sulfate 0.07 g/kg, potassium chloride 165.53 g/kg, potassium iodide 0.14 g/kg, zinc carbonate 1.92 g/kg,
sodium dihydrogen phosphate 136.05 g/kg, sodium selenate 0.06 g/kg, copper sulfate 0.75 g/kg, citric acid Iron 13.38 g/kg; thiamine
50 mg/kg, riboflavin 50 mg/kg, vitamin A 25 000 IU/kg, vitamin E 400 IU/kg, vitamin D; 24 000 IU/kg, menadione 40 mg/kg,
hydrochloric acid Pyridoxine 40 mg/kg, cyanocobalamin 0.1 mg/kg, biotin 6 mg/kg, calcium pantothenate 100 mg/kg, folic acid
15 mg/kg, nicotinic acid 200 mg/kg, and inositol 2000 mg/kg

MEAAEET P REVIER 6 BRM, ET/EG L, A
1 mL JC P 5 AR FE KM, 2T 1.5 mL JoR S
ODEH, 4CHFELRS 3500 r/min Z.0 10 min, W
BCETEW, 3T 1.5 mL BRE L&, JHATELE
—80°CYKAH, M T MIEFEFRINE . JIFEHLE 9 R fa
HEATARE o b, v R B TR R P R
HET 7% 3 -80°C AR IR vKAR v R ORAF , T T IEAE
AEAE RN ZE FI RNA $210, FEHLPkIE 3 BaRERKE
25 1em B, BET 4% L2 BH AR T, HTH
AR o S8 £ ) 34 8 % (weight gain rate, WGR, %) .
A 7% R (survival rate, SR, %) . il B R % (feed
conversion ratio, FCR) . $ & *(feeding ratio, FR, %/d)
HRAXT
WGR=100x(WW)/Wy;

SR=100%N,/Ny;
FCR=F/(W~W,);
FR=100xF/(Wy/2+W,2)/t;
Kef, W IR (g): W, WAKRIKTE (2); N WA
KRHG Ny MRS FOBEAR SR () ¢ N
Tl 35 RE(d)

1.4 IniESRFREE XIS AR FIERE R E

Il 3 " 4 TN % % ¥ (alanine aminotransferase,
ALT). 4 %%; 5 fifi (aspartate aminotransferase, AST) .
N % (malondialdehyde, MAD) . #MA& 3(complement 3,
C3). #MA& 4(complement 4, C4)%5F8FrI & {6 FHIA 5]
SR (R B AE R R FD, AR BRI
HRGRGR & U6 k1 7

JHFIE %) £ 32 MEA it A I S (fish 3-hydroxyacyl-
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CoA dehydrogenase, HOAD)fIfaiifi (4 & C HAiLE
(fish cytochrome c oxidase, COX)H % i F ik 5 &
#AT, JFS U] B 3 T B A#RE, HOAD # COX
A& T E I AR A PR A F

1.5 ARYK

4 131 0 1) i 1B A AR AL AE R K TR e 12 h, 2R
JEAE— RPN E CBEP HEAT K (30% . 50%., 70%.
80%. 90%. 95%FN 100%FIIK). HHE S il i i dr
HAUERAR, B W RO s e A B
(Yuetal,2017), FIBER: YT HLGE K RM2235, 1E[H)
YIEI R S wm Y1 R IR AR AR AL
(hematoxylin- eosin staining, H&E)4e {1 . fi FH 37 20 {2 i
% (Leica biosystems, Wetzlar, 78 [E )W %4 2412~ 4E i

BAE S
16 BEHARGEEBEXEERREIENE

1.6.1 ¥ RNA #3# A IEH 25 RNA R
FH TRIZOL &7 & (TaKaRa, HA)FEE, FFH 1%3
S P SR ) A RN A B BB e Ao B, o
£ B RNA H1#) DNA Ji, FIH PrimeScript™ Ji2 %% 5%
X & (TaKaRa, HZ), L 1 ug & RNA B, 37°C
15 min, 85CRN 5s, 4CLEH, [hk 48 cDNA,
cDNA {RFFFE-20°C HI T Z A

162 SBEFPCR  SLATZEOGAE i PCR(QRT-PCR)
Sl it LightCycler®96—TimePCR Detection System
(Roche, %)M, PR qRT-PCR K7 /&
Power SYBR™Green PCR Master Mix (Thermo
Scientific, 3%[), qRT-PCR I A BTN 20 uL,

45 E RS54 0.6 uL, 1.0 uL FiBenys—aE
cDNA 7249, 10 uL 2xPower SYBR™Green PCR
Master Mix Fl 7.8 uL K BRI K . THEASEANT .
50°C 2 min, 95C 2 min, 5 95C 15 s, 60°C
1 min, 40 MEH, PCR hife, #fEHIZEN 72°C~95°C
B3 Bl HEAT A0 (L 1°C/20 s 895 K LA BN 7=
¥ o QRT-PCR H RGN () 56 R A 51 9 il ik B2 48 ke 3R i
it B-HLshHE F (B-actin) IR IRFEIE T o (tnfa) F 41
M2 1B Gl-14)FFF IRl EBEHAY, A T A T

R2 IHRAEE

(T8 A R A LR 2) o A I EE PR AR B 7K
JELL B-actin FEKAYRIE NS, B CT Jrik
(2 MY L K 3A M8 (Livaka et al, 2001)., FTA
RNA FE SR 8 3 AN TR

1.7 HIEBTESHH

BT B E R DL 24 {47 1 22 (Mean+SD) % i
SCIG P R AS 45 B E R SPSS 22.0 B4 T BRI &
77 2 (one-way ANOVA)Zr#r, 25 B EK, RXH
Duncan’s #1172 H b, P<0.05 BREREE,

2 HR

21 AREMEMERNESY S ERIEERAR
I B9 =2 i

2556 d MYFRFHILE, DRL S I S AT RO R
f A KAERE BRI L 3. 450 s, 5 (C 4)
Fos, 10% ST Bk 2H(P1 2H) 5 20% 547 50y 4 (P2
)Y R B R T 10.85%A1 17.18% (P<0.05),
BUERAR T 19.50%F1 23.69% (P<0.05), fil k25045
HFEAK 10.69%H1 12.07% , 8 B F 42 7 6.25%H1 4.86%,
B4 70 B 22 5 (P>0.05),

22 EMFMEMEMHEGaHENFTEL. R
L Fn % 16 K AE FR Y B M
I 1a, B 1b alH, R a2 AT S B
AR AR 5 Th AST Al ALT B3% 7 (P<0.05), P2 4
) MDA & KT C 41(P<0.05)(& 1c), P1 44H
P2 HAMAE C3 FI C4 S EEBESET C 4(P<0.05)
(Bl 1d. H 1e),
2.3 ARRMENER X E & 4h & BT A0 iE 4R
KIBFRHI R NE
wE 2a, K 2b s, 5 C4AIEL, P1AITP2 4%
ZHn T BEAAATFIE HOAD Fl COX #Y1% 7 (P<0.05).
24 FARSRMEMNEMIESLEFERALFNE
MIAIE RIS (E 3) R AT LIE H, AL IR,
TR I B AT R SRS T B B A T,
PCR HERE K54

Tab.2 Primers used in quantitative real-time PCR

AL LN Target genes %% 5“5 Accession No.

1EM 514 Forward (5'~3")

JZ 751 %) Reverse (5'~3")

Tumour necrosis

factora (tnfa) JQ670915
Interleukin-1f (il-18) I1X014320
B-actin DQ211096

AACCAGGACCAGGCTTTCT

GCCAAGTAGCCGAATCACAGA
TCCACCTTCCAGCAGATGTGGATT AGTTTGAGTCGGCGTGAAGTGGTA

GCATAACTGCGTGGCTCATA
AAGCCCAAGATATGCAGGAGTC
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Tab.3 Effects of diets supplemented with P. sinese Roxb meal on growth
performance and feed utilization of juvenile grass carp (n=3)
i H 2 1) Groups
Items C P1 P2
FIIIEED IBW/g 28.50+0.11 28.52+0.14 28.47+0.60
K FBW/g 38.46+0.14° 39.57+0.25 40.12+0.48"
HE R WGR/% 34.93+0.38° 38.72+1.39° 40.93+1.38°
BT SR/ Y% 72.27+4.55° 86.36+4.55° 89.39+2.63°
A kL R % FCR 2.72+0.16 2.59+0.20 2.55+0.04
FHER FR/% 1.44+0.07 1.53+0.07 1.51£0.04

e FSURIRA RN TR RN 22 5

B3 (P<0.05), brftHFAF s BB Rn 22 5 A8 B3 (P>0.05), TR

Note: In the same column, values with different small letter superscripts are significantly different (P<0.05), while with
same small letter or no superscripts mean no significant difference (P>0.05), the same as below

3100‘ a mCOPlOP2 o7 B C OP1OP2 327 ECOpPlOP2
#H 80F 2401 =220+ @
) b p &S b b mE E
2360t & »30r a15p
2 B2 #g
ﬁg40- %320— Eglo—
= = o
&2 20f &2 10} é 5t
0 Pl P2 0 Pl P2 0 Pl P2
(a) 445 Group (b) 425 Group (c) 4.5 Group
0.7r 2 020 a
50,6 ECOPIOP2 § mcoriOPR2
g osf a g 0.15r a
8 04l 8
Fonl
mﬂ 0.2} b Eﬂ 0.05
n 0.1
g5 0L e . - i . . .
£ C Pl P2 * C Pl P2
(d) 451 Group (e) 445 Group
B sk e s n A R Xof o 4 £ i 3 A AR AR BR AR A (n=3)

Fig.1 Effects of the diets supplemented with P. sinese Roxb meal on serum physiological and

biochemical indexes of juvenile grass carp (n=3)

RIFNE FEEFom Bl (6 5 0 GE 1222 5 (P<0.05); C: XTHE4L; Pl: 10%2ATHAL; P2: 20% 254, TR
Different lowercase letters indicate statistically significant differences between the data (P<0.05); C: Control group;
P1: 10% grass meal group; P2: 20% grass meal group, the same as below

W SRR A T, (BAVZREA TR
2 4 Won, TRk B AT RO i E R R A g b
18 9% 6 = BE R AR TR, RRAR T B B L2 R
(P<0.05).

25 EEREEEHH
Tl S I AT R o Ao v g 4 A O 3 A
REWEmWMWLAE 4, 5 CAMEL, P14 P2 4 H{E

RHTF fo N il-15 B FE P B FINT Rk K B FEAR
(P<0.05).,

3 i

31 ARRMETEH X E L& & KRR

AHIESE H DR I ST RO R v T R A AR K
PERE, W] REFL O AR ) P DR EORHE SRR R BiF
G IR, T WA W) PE VR P (Lemna minor L)) H.£f
A R R W I T i I S M R i 4y
(Chironomid)) ¥ (AT I 45, 2012), H KAF(2008)
rosta i, =Ml {edtmiEkE , FAUmIE pH (A,



50 A 43 %
504 mC@EpPIOP2 90lr mcmpiOr2 a
5.03 - 9.00 -
) #3 [
@ w5020 a a 2 & 899 a
Be b S0
2 501 ® > 898 b

2500 8 897
£2 £x
2 499 FO gost

4.98 C = = 8.95 e o >

(a) 415 Group (b) 415!] Group
P 2 Akl H S A RO X g ) U A B A AR AR Y 2 (n=3)

Fig.2 Effects of the diets supplemented with P. sinese Roxb meal on liver physiological and
biochemical indexes of juvenile grass carp (n=3)

& b s 5 "w % i, . 250 ym
(a) X F&4 Control group (b) 10% 2 EHH (c) 20% 2 AT F kY
10% grass meal group 20% grass meal group

& 3

TRLRL SN S AT RO I £ ) £ TE 2 AU RS 8 (< 100)

Fig.3 Microstructure of the intestinal tissue of grass carp juveniles after adding P. sinese Roxb meal to the diets(x100)

MN: ZEHE; MF: SRR, MC: NUZERE
MN: Villus height; MF: Folds depth; MC: Muscle thickness

x4 AMRPENEMNEELDERERSERLMEN=3)

Tab.4 Effects of diets supplemented with P. sinese Roxb meal on intestinal morphology of juvenile grass carp (n=3)

2H 5] Groups

i H Items c

P1 P2

378.00+18.52°
258.67+11.85°
155.00+13.89*

94 E =¥ MN/um
SRR IR MF/pum
WUZJEEE MC/um

772.33+£58.23°
701.00£13.53°
46.80+4.78¢

638.33+41.50°
558.33+41.74°
86.33+4.71°

PEIEA 35 BRI BH , X A 2R M AR Ak — R 25 T
AR TR IE R IR IR, . TR T IR,
He S5(2015)0F 58 k8L, RfafE M2 5 (N R &
SRR E), Wi 2 RE . MR %
HEERZEA 3 S 5HREHY R b 5
M, WFFERIT, T AR R N IRBE Y ek

AR T AR R TR . AT, A
A TE S B AN AT ROB B ARDRL R AR R R B TR
T FRVBCR, RV AN Hp i B e £ £ i B~ 0 o £
R AR RO NG, AT X AT RO R AR
SR A e JUY R I [ ) PR S 96 w2 A 52 P e e
HEATIEAR
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12 , Ec@riOPR

AR HE R A R
Relative gene expression
o
(=)}

a
b
|—L‘ c b
’—]—‘ ’_Y_‘ :
mfa il-18
He B Immune gene
4 GRS I A7 By X e £ Jig 3 20 2 A g B [
AEXT FRIK FI S R (n=3)
Fig.4 Effects of diets supplemented with P. sinese Roxb

meal on the relative mRNA expression
of the intestine in grass carp (n=3)

3.2 (ARIERMEMEMR I E &%) & i AT AR

E R IERRI I

R MIRFEFRBE T 1z 12 H T IF faARfge BeR 4l |
B FRAR D BT PR 3 N AR A, R — A R A A
OB AR(E 5, 2001), AST Ml ALT
T 0L A 3 P R R SR s T U A fet R R
(FB/NEE, 2013) ARWEFEH, SEEESIN RAT RO R
()R £0 LT Y AST T ALT 4B S 2R T-xt B4, it
S AT B kD T R AR A . R, Ffa
TEBRE W (Vallisneria natans) ¥y RS, L5 5 Y
AST i Jjt W5 R AP FE 4%, 2020), RUIFF K
TpREAT BEEAT 5 R D X AT RE 5 I ERR 7 & i A
K, —MeIA g I B i 105 B 5 ALY AST A ALT £
PLIEHISE 1 54 2 (Tian et al, 2020), ARFIEH, 5o
Rz T RE BRI 5 i, AR BT EOR S R A
JUE B B I 5 i 0 2 AT, — 2 55 A PR A O 1) i 1 TR A
B R RECR R RGERE), DT Rk T B il
WBE, BEAR T R IE N S D A AR, T T
ML . 5 XN A, A R AT EOR A
JIEfY) HOAD FI COX I PE & 3 Tk, i 2 Fhig w1
M RAR IS B9 1 77 (Beenakkers et al, 1984; W ¥I5 4%,
2013), M SCRE 1 AT RO = R A0 R VR .

ARG, ] I LA ROk B T A0 4y £ Y
R, ()RR BAT RO AT AR = T AR PUR ). I
WOEMUAR G & A 0 BB IAR , VR A 2l
WM C4 B AMABTE BRI C3 R TEN
WAL DI RE b A48 HEAE (B ZE NI, 2008), AHF
s, BATER4IE M C3 M C4 SREER S, B
7 AR I S AT R — R B N R ) B TR Y
e 1. SHRAr A S5 (2010)TEME A (Cyprinus carpio) LI
FEGR—F — MO, BB AR E S 2R

Chen Z5(2019)F 55 R W1, faltek v 75 im 22 W 28w o} e
T LASR AR AR LG R AMA C3 R C4 i, b
TN AR RE R . 5 — 7T, PUAALRE I 2L
AR R e e e h 2 — 36, AR, SLHEZ A
TR R DT R iy 32 48 B Hh R it 5 RS PR S5 7y A Akt
P, HEMTHE AL AP . MDA J2 R B A Ak
P 0 B AR = W, TR 42 S W T A i s 1 AR R
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R TR il , 2 B o T A IR AT 3 P 254 R B (X1 5,
2009). WUz JEEJE b Th2x i 40 28 i P9 R 1o AR /S
e AT £ 28 Xk 48 3% ) o 1 T 1 W W e O (kTR 4
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TR AR R , SABE PR R B
HATT

BR T AL IR IS SR 3R, T 1 i 4o 15 BELUBT 7 1 1A
e f Gk W) 5 B A FH (Patankar et al, 2020). 41718
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Effects of Pennisetum sinese Roxb Meal on Growth, Antioxidant Response, and
Intestinal Health of Juvenile Grass Carp (Ctenopharyngodon idella)

LI Yuping'?, TIAN Jingjing’, ZHANG Kai’, XIA Yun’, WANG Guangjun®,
YU Ermengz, LI Zhifei’, GONG Wangbaoz, XIE Jun”

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 2. Pearl River Fishery Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Tropical & Subtropical
Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs, Guangzhou, Guangdong 510380, China)

Abstract The purpose of this study was to evaluate the effects of dietary Pennisetum sinese Roxb
meal on the growth, antioxidant response, and intestinal health of juvenile grass carp (Ctenopharyngodon
idellus). Three isonitrogenous and isoenergetic semi-purified diets containing 0% (control group C), 10%,
and 20% P. sinese Roxb meal (P1 and P2) were designed (protein level 36%, fat level 9%) and fed to
juvenile grass carp (28.51+£0.04) g for 8 weeks. The results showed that the weight gain rate and survival
rate of fish in the P1 and P2 groups were significantly higher than those in the C group (P<0.05). Serum
malondialdehyde (MDA) levels in the P2 group were significantly lower than those in the C group
(P<0.05). The serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels of the
P1 and P2 groups were significantly lower than those of the C group (P<0.05). Fish in the P1 and P2
groups significantly increased their complement of C3 and C4 contents in the serum compared to those in
the C group (P<0.05). Meanwhile, these two groups also showed increased hepatic 3-hydroxyacyl-CoA
dehydrogenase and cytochrome C oxidase activities (P<0.05). The intestinal microstructure showed that
the intestinal villus height and fold depth in the P1 and P2 groups were significantly increased compared
with those in the C group, but the thickness of the muscle layer was reduced (P<0.05). In terms of
transcripts, the relative gene expression of intestinal pro-inflammatory cytokine tumor necrosis factor
alpha (nf-a) and interleukin 1P (il-15) were significantly down-regulated in the P1 and P2 groups
compared with those in the C group. In conclusion, our data showed that 10% and 20% Pennisetum sinese
Roxb meal dietary supplementation could enhance the growth, reduce the oxidative response, and
improve the health status of the intestine in juvenile grass carp.

Key words Grass carp; Pennisetum sinese Roxb; Growth performance; Intestinal development;
Enteritis
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