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(L. DK REEIE T e 2R VLK™ BF T BT Al AR 3 s W Bl 7K™ B IR 5 3R S E AT S 9 &, TR )M
510380; 2. FBIFE R KBl E RZ RS m G, B 201306)

W OE: BT EATEL (Pennisetum sinese Roxb ) Xt ¥ ff1 ( Ctenopharyngodon idella) I i & FRAN I 18 B 4 4 A1)
S TR 3 25350 O (R HRAL) (10% Fl 20% SLAT RN Y 55 R 55 RE 2l AL Dkt (22 11 Bk 33% , iR Wi K
8% ) ,fAmt (e [ (28.51 £0.04)g] 8 i, A ARHEIR 3 AN E A, 45 BN, kPSRN 10% F1 20% 5
P EOH RE 0 5 PR R N T TE 50 AR XS REH, ST Boboy 20 1) 5 £ T IR s i 50 0 22 B0 i 2, g 07 400 R/
BT AE /N I3 P =R (TG) SR (TC) Rl B AR Wi lR (NEFA) (1 & & & 24T H AT 19 F &
SRS b 20% BRMKT AR Hoxor BREH w6 5 BRI . SR AT RO T IE b 9 TG TC F NEFA 1y & 233
E TR FEFIE AR s 22 o o S A W B A S ) B0 52 A4 y (ppary ) S5 IR TG A2 AH DG 5 AN SE RITE SR &
BRI G B T ppara 5 4 DRI/ A B I E SR & AT RO S W3 B, PR 2h 2 B BK X 3%
PR (foor) BERERR A BT RN S B3 B, UZEY R B A 5 45 R R, 10% F1 20% S AT 508 20 5 i 16 A
W mIEMAEYIY Ace chaol Shannon 1 Simpson 51y 5 %) Fi2H 22 5 2, R U] AT RO §R 5 T 1)
EANFERERZERFEAMZ . 020K, 5502 PO T RS BE 1] ( Firmicutes ) ) U9 78 527752
2 o 8 2 KA, SUFFERT 1] ( Bacteroidetes ) P fFi| 52 b b9, AnDRE PR i — 7 ik 9 5247 B ] AR B R A R

S, 0 17 3 B R A ol R X — i R P A
KR wfa; BATE; IR E HiE w
FESES: S963 XHRFRERD: A

¥ A ( Ctenopharyngodon idella ) 7238 E B 1)
WK AU .28, 45 2020 4 v [ i 0lh &8 14 2 50
11,2019 4, & [E R 1) S 5o 553,30 7t 2
FREE RO IROK 28, Bl A2 i R it
o, B SRR SRS Iy R ST 2 T
J& , ARDRE T 7 Ml 3% 2 & e, LR R ARDRE O A0
FR R SR AR 2 A 3R Al Y A 2
TE7 L —48 , FRpH A AR AT ) B s s 07 3 5 &5
FRFIAR 07 AT 25 8 IR A PR B , 9 17 PE T 3,
R AR T ARDRL LR A S5t BT, 2 AR TR A A i 1Y
R T R, Ak 4 i U B A
TR FREE L R PR B 2R AR, O ST
T Ly ] IR AR

IFE B 2021-04-02 & E HEHY: 2021-06-24

TEMFLENYI il R 0 2 B S A
M JIEL e 1 2 PR R, AT/ B ( Mus mussceulus )
FREZ TIEH /N 30% B A R4 ) 195 7 5 B
WA 42% 0 X /N B T Il B R B RS AL
AEAEIA AR DT A LA o 5ol 7 fa 2k v 5
PR R UL I AR S W kA i Al
JIFRIE VA A 10 5 e i kA AR R R
JRE 8 /N BRI 7 T8 P TS BE 7 T7] ( Firmicutes ) 20 B8
55 LN, BT B 1 ( Bacteroidetes ) 4 B 1 75
RFER. BLH B, BB e o= A
JoC, QSRR N D AR A 7 R R IR S, R
W R B EE R T R s
A AR A T R M 1 TR R B 2 RE

EETB : B =K RHEDT B BRILK " BEFE B A A BTG H (2018S8]-YB02) ; IR fa 7 B AR (A R % 5 (CARS45-21)
EE®I ST BTFE(1994—) & WL A, BEFE 07 16 K= S8 57 S5 B . E-mail : yupingli666@ 163. com

BE1EE: W F L, E-mail ; tianjj@ prfri. ac. cn
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U A EAR AR D 1 B E AR, Hoh — A
975 I IR 2T A A i e /N R AR
BHRSE AT R L & 2 A R B Y, v B
BEIADAF R T T FIREARPEA 1] ( Verrucomicrobia )
SR R IR 1157 0, 310 A ERR < ¥ (2 W R
FEAE P FRAE P R A RS R S B
B 2, 2 E B £ ¥ ( Pennisetum
& R B FH ( Pennisetum
americanum X P. purpure )" | HA 32 ¥ ( Lolium
perenne ) SR R ( Sorghum sudanense) (5] e
AR RRENRROR o 28U, 7 1Dk s
AR KB B 15 5L ( Medicago sativa L. ) #1775
[ ( Cyprinus carpio-haematopterus ) , FL Ifi 1§ . A
JERHFE AL P e S R ] e ol = e I BE
Tt BRI A SRR AR o Rl A el
A BB IS AL B AR T ] 3k ) ( Megalobrama
amblycephala) ILPHIRG G & &7 o ol WL, 7E 5%
Bt DR R s N 2 AR U 2 IR Y
— AN B RAE, SR I H R N TR B B A B
i, I TE A I s S 1 R b i — A B R
BHREH—PIRR . 7o, AN FZE B £ 452
[ R AR S it 22 5 . R, 4T
Xof AN ] A ARk SRR B8 IR APy R 15 R T

BATEL( Pennisetum sinese Roxb ) Sk 4 H R
B, i G R0 3 PN AR 8 3 4 A8 e B A,
SRR . BT R, AR R
H(17.96% ,DM) JE i (2. 74% , DM ) Fl 4] 4
(23.26% ,DM) "', gpAh, BRSO HE L B
RS 19 Fha ke , Ho e 0 B 4e 4k &R
S, T R AR KRR E T H R
AT AR J7 o AT % A A A R
HAS I AT SR 5 S R AR T AR 9 R
R i, IRl 38 R R AR T AR A, A AR AU
PR DRUSERE G 1T B 51 T 90 2% (E e IF 5 v
oy RV RE R I T C 5 1)k, £ 1A e g 3 TR
JIG 107 2 R A2 Ak 2 B AT Rk AR B 1 A 3 2 1)
BHRE Y 22 538 M R AN TE R . AT L alifl
TR A TRASR DA 45 R A BE R T 42
VNI ST R R X gy 3 TR R RO IR D7 R AR 5
i S A FH AL, B S 7 b 8 3R 4, LA
A EURHTE 7 ol — 2 i 1 4 2 2 Bk
PRI EEA

[12]
purpereum ) |
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1.1 Kieme

RIS EOR (RATE) W B RAA LT
Wi Wik . 5% LOVELL™Y vh iy G iy,
DA T B P R0 e Sk 2 PR e R K 9 A g
U5, WCE 3 HE A TR 33% G KF-HR 8%
ISR R EFRE LA IR R, X BRAL (C) A fsab B, 4k
FRLE 43 SES IN 10% Fi 20% 54728y ( PSR1
PSR2) , BLHU NN 0. 1% — T 3 5 3 W R AR I Hi
AR (R 1) o Dk i) 2 T S K TRk SRk B e
it 60 Hfi . i EL 5] o i B BUGRDREJEURE, 2 R
S MINER JR 52 R A, AR TR R K 4y
SRR BE5) o BRI A Y500 OB fRDRHEDRL AL
PR 2.0 mm R AR 1 SRR, 78 BF B A KT
JEHE - 20 CAEFE# o
1.2 @AFESEE

TR FH R A 0 LT R T K R
A BRI FRFER S A [ K =R 2 A ST B BR T
IKFPAIIRE BT ko R A S 0k A7 . IR £ S ik T
4.5mx4.5mx1.1 m KM HESE2 A, L
Xf BRAL R B I, B IR A ARG, Pk Rk
Y A% Y 198 R [ (28.51 0. 04)
g]AHCF) 9 NFEMEL(1.2 mx0.6 mx0.5 m)
W BRI 22 o AR DRI BE LA IR 3 A%
BT, X5 A 8 J, &K 08 30 116 3045
1R, R g Ry BRIdRIER
KR RARIBETAE AL, R KK pH 6.5 ~
7.8 VAN 5.7 ~7.6 mg/L, S A M <0.20
mg/L, 7K # 28.0~33.0 C,
1.3 RE5RE

FILER G121 24 h, XF i fa 47 Rk
SRAERTSE I MS-222(0.06 g/L) 47 JRRRE , I 5 44
AR . IRt P REPL LB 6 2 fa
FETCHE G I, A 1 mL JC 3 R 59 45 AR i ik
B, %6+ 1.5 mL TR #0584 Clirg i
J5 3 500 r/min .0 10 min, B EVE WK, 38T
1.5 mL EHEEOE T, I RIETE - 80 C Uk,
FF MR . 7 BEVLE 9 B & fa i1y
i) N Xk L AU AT B | A G T 45 4
FIFREE . Kb ol 9 259 E I R g I T ek
BT WA AT, TR E] - 80 CHBIGIR vk A &
fEo FHPLPRGE 3 RASRAE0.5~1.0 g 1 T4
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,/\\ H)’i?ﬂ/\,lﬁ"z?4%£§é$ﬁ§{§@qﬂ,ﬁ? IHS](%):IOOX(H/ Wz) (3>
HAY) o WHIENEY T B B DNA, Ly (%) =100 x (M/ W,) (4)

JR56 A 19 B 75 B ( condition factor , CF) JE{R L
(viscerosomatic index, VSI) | {4 L, ( hepatosomatic
index , HSI) J7l5 kt ( mesenteric fat index, MFI) £

AW

A 2 F o DI RE B 5 Tysy 29 HEAR BC 5 Tyosg O TR LE 5
Ly IR O s Wy SR A5 R S AR T i g5 L O
LRI B, em; V oy SR Y E R, o5 H
AR HE 56, g5 M oA £ A Ji 2% IR0 05 o

(1)
(2)

Fe(%) =100 x (W,/L*) g

L (%) =100 x (V/ W,)

x1 HABEARERERS

Tab.1 Formulation and chemical composition of the experimental diets o/ke Tl

TARF2H i Feed composition R4 C 10% 2475 Ky PSRI 20% 24758y PSR2
%% 4 Casein 320 308 300
i Gelatin 80 77 75
RS Dextrin 280 280 280
214 % Cellulose 189 106 18
B AT Grass meal 0 100 200
£43H Fish oil 40 40 40
K5 i Soybean oil 40 38 36
#R H L 274 Z 3l Carboxymethycellulose 30 30 30
TR LK Butylated hydroxytoluene 1 1 1
TRAYEH: Z TCHLY Mixed vitamin inorganics 20 20 20
it Total 1 000 1 000 1 000
HHL4H 43 Conventional components
7K 4y Moisture /% 9.1 9.3 9.7
FLE 1 Crude protein/% 33.09 33.50 33.98
HIE T Crude fat /% 9.4 9.4 9.2
HIK 53 Ash/ % 1.9 2.8 3.7

IR A YA R T SRR 1.59 o/ke, Bk 181.01 o/kg, R — 25 116.01 g/kg, & AL45 0.7 o/ke, GRFREE 52. 16 ¢/ kg, Bl %H

0.07 g/kg, AL 165.53 o/ kg, AL 0. 14 g/kg, BRFRHE 1. 92 o/ke, AR —%05H 136. 05 o/kg, AR EH 0. 06 ¢/ks, BilBRH 0. 75 o/kg, #745
R4k 13.38 o/kg, Bk E 50 mg /kg, i FK 50 mg/kg, 44 A 25 000 1U/kg, 4EA4 F E 400 1U/kg, 44 F Dy 24 000 1U/kg, H 257 40
HRERMEIEHE 40 mg/ke, FUAIEE 0. 1 mg/kg, AEWIZK 6 meg/ kg, IZERES 100 mg/kg, MR 15 mg/kg, MK 200 mg/ kg, LA 2 000 mg/kg,
Notes: Mixed vitamin inorganics includes potassium 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 1U/kg, vitamin E 400 1U/kg, vitamin D,
24 000 1U/kg, menadione 40 mg/kg, hydrochloric acid Pyridoxine 40 mg/kg, cyanocobalamin 0.1 mg/kg, biotin 6 mg/kg, calcium pantothenate

mg/kg,

100 mg/kg, folic acid 15 mg/kg, nicotinic acid 200 mg/kg, and inositol 2

1.4 1MiEF5 R4 IS FRFNESiE R E

M35 H Al =5 (triglyceride, TG) | & H [#] i
(total cholesterol, TC) F1 JiF B B I 8 ( non-
esterified fatty acid, NEFA ) ZE38 il F 857 & 46
R s SAE R BR AW p st i ) L 4
Ve TR B0 G W] 1 AT, T B I 3 8
A RE S A TR

JHHE TG [ TC NEFA (18100 & s 0] & 617
S BRUL A AT BARHRAE . P, TC F1 NEFA
i u'JﬁEET'ﬁRL&@E%ﬂﬁﬁFE/A Al (5L,
) A7, TG 2R & H b F S R H AR A R

000 mg/kg.

/\7(%5&,*@)%?& BERLVEI 3 R AR A RE Ay

TR
1.5 ALYk
}ﬂ:ﬂﬂééﬂ AR R e O 4L £ (oil red O

staining) , IRIFZHEUR ] H. E et JIFEZHEH

TEAE 4% ZRWE P (4 °C) ,ME7E4 CF
1530% FEMEFE 3 do K HTELH U0 I 7R A )
| 5L BF (optimal cutting temperature, OCT) {54
(Leica, 87 th, B4 6 ~ 10, F2 1K Bl
Ut WA 1E 60% S N EE R EEE 20 ~30 s 5,
IMZL O(Sigma, [ ) Yo, 10 min,, Ff5 57 B3

http: //www. shhydxxb. com
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FTE 60% SN B AS 3 min, I FHZ8 1B /K T Uk
SRIE TR ARG Z 4D R 1 min, I FHZE K Uk %
10 min, S, HH MBI E 3H 8 7. @G
AR (Olympus BX41, HA) FAEE I Fr o A [
FE NI GRE AL AR B R K TP is 12 h, SRS 1
— RV QB (IR R0 kAT K (30%
50% .70% .80% 90% 95% F#1100%2 IX) . g
FERR IR ELL LU EBOR PR S e — F ok
-5 I A0 M AE A R e B ) R AL
(RM2235 3, 7)) PI# 5 pm B9V R, 2378
B EIFH A E Bef 58
(Leica biosystems, Wetzlar, {5 % ) W 2L 2H 2124 4L 5
PRIl

1.6 ZHZZE RNA RE REFRRBEXERERIE

=/
1.6.1 A RNA BU32HL

JFREFIG 1 40 28 5 RNA % B TRIZOL i 7|
& (TaKaRa, HA) $2 5, 3 H 1% B 4 28 1E i
AN B RNA A 4 U5 & Fl 58 BE 1o B 25 8
RNA H18 DNA J&, BA 1 pg & RNA AR, A
PrimeScript ™ ) % 52 % & ( TaKaRa, H 4<) #£47

¢DNA [94R8, R FLE H9 37 C 15 min, 85 C %
M5 s,4 CHER, cDNA RAEALE -20 CHTRRE
iRl
1.6.2 ZCAEERE PCR

R ) BE PR 5 | ) e AR & 28 A R ) L B-
WLshHE H (B-actin) , FAGHE I E(apoe) , —FEIE 1
i O WEEL e 2 i (dgar) , BE NG T CoA 251 FI il
(scd) , LTk CoA FRALHEE (ace) , JR T HEUH o =
Wi i i i Catgl) , PAREBRURA R IBE A Rt 1 (cpt-1) ,
NIRRT (fas ) , SR BB i T T ( hsl) , 3o 40
W BHASE FE YA Z 1 o (ppara) , i ALY
RIS ) W3 52 1 y (ppary ), i JE iR X ZAK
(far) IHEEE 7o F2ACEE (cyp7al ) 7 5 5l i
THE, A TAY TR EE) FRAFR G, &
AR TIAN 257 (19 5 3%, LA B-actin fE R 9 S 3£,
JHl LightCycler® 96—TimePCR Detection System
(Roche , Fi - ) A6 0 - J5 PR A% AH X 3k 7K P 38
I SERTEE ST AR G FL B CT J7ik (27259 3148
SRR o AT RNA RS ERLL 3 A~
HEATRTI . B A3 Ar Y 12 DIEHE G F S WK 2,

x2 ZHEERIIMER
Tab.2 Primers used in real-time quantitative PCR

H bR L B o3 T

Target genes Accession No. Forward (5'-3") Reverse (5'-3")
apoe KY800896 CTTAAGAGCTCCACGCTTATC GTGTAGTAGGACGCACATTTAT
dgat KY800895 CACCTTCCAAGTACCTTCTG AGATCCCACTCGCCTATT

sed AJ243835 GCCTTCCAGAATGACATCTAC GCCGATGTGAGCAAAGAA
acc HM142590 TGGAGGTGGCCTTCAACAATACCA AAGGGTCCATGATGACAGTTGGGA
atgl HQ845211 TCGTGCAAGCGTGTATATG GCTCGTACTGAGGCAAATTA
cpt-1 JF728839 GCATCCATGACACGTTTATTC GAAGTTTCTCTTCTCTCGTCTC

fas GQ466046 CCTCAGCTTACAGCAGAATC CTCTTCAGCAAGGGAGTTTAG
hsl HQ446238 TGGAACGTTACTGAGTCTG GAAGCGCACGTTGACTGG

ppara FJ623265 CGCTGAGGTTCGGATATTT ACGTCACCTGGTCATTTAAG

ppary EU847421 CGCTCATCTCCTACGGTCAG ATGTCGCTGTCGTCCAACTC

Jar MT335828 CGTCCAGGTGTTGGTTGAGT CGAACGTAGGAACATCGCCT
cyp7al KT781906. 1 TCTATGACAATCCTCTGGCATACAA CAAAGAAACGGCCCGGACA
B-actin DQ211096 TCCACCTTCCAGCAGATGTGGATT AGTTTGAGTCGGCGTGAAGTGGTA

1.7 ZHEEEZH DNA 125

5 WA AR G T B % LN, G T e )
BTN F T B T BON BE RGN, 5T 2. 0 mL g
O, R IE NSRS o A REARA AR R 22
SRR 3 SR IENEY A, LilTT
TAEIRE M o SR 4R 1Y I 38 N 25 W R i 458 FH 4
DNA #£HGR7 & ( NucleoSpin Microbial DNA

http: //www. shhydxxb. com

MN, ) $2 M DNA, i N A PIFREAR 24 250
mg, i IR G P S BRIR 1R &, T 1% Sttt
JEEHGE I 5 4~ DNA A i 1) o o FH S8 Bk BTl
DNA #j7¢ -20 C TP RAFEZHH.
1.8 144 16S rRNA SEENF

7 P v 2 0 R X R B 3 2 ) AT
16S rRNA V3 + V4 X ¥ ( H i & A YEHA R
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@

3w}, AEET) o 16S tRNA JE[] V3 + V4 n] AR [X

S M o5 ¥ ¥ oW O % 338F, 5'-
ACTCCTACGGGAGGCAGCA-3',  806R.  5'-

GGACTACHVGGGTWTCTAAT-3', PCR {£ % 10
pL: KOD FX Neo Buffer 5 pwL,dNTP (2 mmol/L)
2 uL, L 4] DNA 50 ng,338F - FiiEa| 4 (10
pmmol/L) £ 0. 3 pL, KOD FX Neo 0.2 pulL,
ddH,0 %% 10 pL, PCR § #7795 C stk
5 min,95 CA5P 30 5,50 °CiB k 30 s,72 °C JEfh
40 5,25 MEFF,72 °C 7 min,4 C o . 1.8% [#)B5
NEBEEEINRE , fi s 120 V,40 min A0 H 3K ™= 1), 2
Ja A I G B HE BE 4T PF HE (FLASH,  version
L.2.11), H5 PF 815 2 i 7 51 3E 47 BT i 2o vk
( Trimmomatic , version 0. 33 ), Ff 2 & #x & 1K
(UCHIME, version 8. 1), 15335 & i) Tags
G, B A% 2 /7 5 T 5 SR AR 2> 28 BT
( Operational Taxonomic Units, OTUs) Z3#7, 7EAH
e 97% By K F B X R A i AT K
(USEARCH, version 10.0) , DA BT A 41 55 )
0.005% {E R F{E3E OUT, L %F i 16S rRNA 2
PR 5% Silva ( Releasel32, http://www. arb-
silva. de) . 4Kk J5 FH RDP classifier ( version 2. 2,
http : //sourceforge. net/projects/rdpclassifier/) Ul
MR OTU iRV 91 HEAT Wy A 73 2627
G3HT AR RN 4 2K T Gt A FEA )
FETR AL LA S [ Wy Fh 22 57 . BT OTU 943 #r
SR A AEAS e 51 3R AT BB AL AE 1 07 8%, 23
Wit 3 Ace. Chaol | 7 4¢ ( Shannon ) ¥ 2% 3F 7%
(Simpson) &5 Alpha ZAEVEREEL.
1.9 HIEHESSH

Bl LAV (B + bR 22 KO8, R SPSS
22. 0K FiEAT B R 3R U7 22 (One-way ANOVA) 73
Br, 22 55 W& I, SR A Duncan’ s #8472 1 [LAL,
P<0.05 mERTE,

2 4

2.1 ARBRMENENIEE#EEBEERN
=AU

FRp R R AR B, B R R Ar, £ 3
%, PSR1 41 il PSR2 AWM R B & KT C
21,4 IR T 19.93% F124.35% (P <0.05)
SR BE R EE AR L A B v 2

S(P>0.05),

R3 ABRBREMENTEMNES#EREIERN T
Tab.3 Effects of dietary supplemented with
Pennisetum sinese Roxb meal on physical

indicators of juvenile grass carp n=3,%

2H 5] Groups

i H Ttems

C PSRI1 PSR2
BEWEEE CF - 2.09+0.18  2.04 £0.23 1.92 £0.09
MEAAEL VST 10.10 £0. 80 9.44 £1.92 9.33 £0.79
JF& L HST 1.91 £0.25 1.98 £0.12 1.99 £0.09
BilgHL MFL 2,71 £0.10°  2.17 +0.41> 2,05 +0.19"

O AT R ARA R NE FREFROR 225 B3 (P <0.05) , b A A [4)
SR R R R (P>0.05)

Notes; In the same line, values with different small letter superscripts
mean significant difference (P <0.05) , while with same small letter
or no superscripts mean no significant difference (P >0.05).

2.2 @EREmMEAEMNEA#EMENIME
W 4 Jros el s i S AT B B A R AR
FAA ML TP A TG TC F NEFA ()& &, Hodb, i
20% SEATEAG GRS KB B EEE R (P <
0.05) , 4> BIFEAR T 26.67% 19.23% F159.49% .

x4 EAMPRIMENEMNEE#EME
TG.TC #1 NEFA B350
Tab.4 Effects of the dietary Pennisetum sinese Roxb
meal on serum TG, TC and
NEFA levels of juvenile grass carp
n=3,mmol/L

2H 5] Groups
C PSRI1 PSR2

I H Ttems

HM=FE TG 2.85+0.44* 2.28 +0.16> 2.09 +0.42"
HAHFEEE TC  6.24 +0.26° 5.31 +£0.55" 5.04 +0.72"
Ui B3 B iR . b .
NEFA 0.79 £0.07* 0.49 £0.07" 0.32+0.01

T TR ARANRNG 5 BE R 22 53 .3 (P <0.05) , bR A )
FREEFHFRR2ZERALE(P>0.05),

Notes ; In the same line, values with different small letter superscripts
mean significant difference (P <0.05), while with same small letter

or no superscripts mean no significant difference (P >0.05).

2.3 ARRMENEMESHEEERE
GRS SN

I S nlHL G i 10% A1 209% 547
B ¥4 S 25 PRI B TG TC M NEFA (Y& 4
SR AR T 19.32% FI 26. 14% , 64. 00% il
72.55% A M 49.84% F157.21% (P <0.05) .

http: //www. shhydxxb. com
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31 &

x5 (AR EMNEME SRR
TG.TC 70 NEFA By301
Tab.5 Effects of the dietary Pennisetum sinese Roxb
meal on the hepatic TG, TC and NEFA levels of juvenile

grass carp n =3, umol/mg prot

2[5 Groups

I H Ttems

C PSR1 PSR2
HM=EETC  0.09+0.00° 0.07+0.01> 0.06 +0.00"
MUHEEETC  3.26+0.38° 1.18 £0.36" 0.90 +0.31"
W & e 7 iR . b b
NEFA 1.90 +0.05* 0.95 £0.014" 0.81 £0.09

T AT R AR/ NG ik 308 22 53 .35 (P <0.05) , b5 A 7]
FRS T RRRZERALE(P>0.05),

Notes ; In the same line, values with different small letter superscripts
mean significant difference (P <0.05) , while with same small letter or
no superscripts mean no significant difference (P >0.05).

2.4 ERERIME M EM Y E A # & BFAE RS RS
AR 2=

FERA TRV (0 JHF IO S8 3 235 4 /s 7 ] (BT R
[-1~3)Jrf LI SR FMAL O Y ligii)s , 5

C 41, PSR ZHF0 PSR2 40 (4 i i Ko I S ik
O INE B (L0 65) S A0 (55 60) ¥ 50 43
MAEREANHL, RN B ias B T -
4 ~6Ji7%, PSR1 ZH 1 PSR2 4 119 1ig 17 40 s 1 4% W)
e C 20N, HAH R E 0 8 Py i 40 £k H B 2
Wz,
2.5 EEREEESH

TPk s in B AT R X6 A IE 1 2R AR
WA DG PR 38 5200 < g 7 2B CEE R o ppary |
fas .scd .acc FlI dgat ] mRNA 7K -[E 5 2475 ¥
WK MM B2 e E RN (P <
0.05) , 1Mij fig Wi 43 fift 2L R vh pparae, hsl  atgl . cpt-1
il apoe [ mRNA 7K - 0| 5 B 2 25 Tt & 14 i 35
(P <0.05) ; JHVHER G LA v for (1) mRNA 7K
FER ME AT R RY 5 i E (P < 0.05), 1
cypTal {) mRNA 7K P00 I 3 B AR (P < 0. 05)
1,

111 pm \
\ / ¥
- >, N ‘/70’pm
. \ \‘/ ¢ '-x |
N
/ e
50 um ‘ L4 50um e 5 |0wm B 6

1.2 .3 R Fkihar O Y@l i iy RIS 181 4.5 .6 B @gli H. E Qe d) 5 i Bt lel; 1 F4 gt iiaL; 2 Fis J 10%
SATHRN; 3 M6 Jy 20% LATHA; N. AR ; NM. A ; LD. IR o
1, 2 and 3 for the microstructures of grass carp liver oil red O stained sections, respectively. 4, 5 and 6 for the microstructures of H. E
stained slices of grass carp fat, respectively. 1 and 4 for Control; 2 and 5 for 10% Pennisetum sinese Roxb meal group; 3 and 6 for 20%
pennisetum sinese Roxb meal group. N. nucleus; NM. nucleus migration; LD. lipid droplet.
BRI (AR EMERESAFAEMERHALRRNE( x400)
Effects of the dietary Pennisetum sinese Roxb meal on the microstructure

of liver and adipose tissue in juvenile grass carp ( x 400)

Plate I

WL NG i, H2E R 8% (P <0.05), 5
Wi o LK ppara ksl atgl F ept-1 ) mRNA 7K
TR ERE(P<0.05),

NE W 2R 2L g A i 2 R R 25 A an &) 2
Fis o SRR, BRI A i3k A v ppary |
fas .sed .acc Fl dgat ) mRNA 7K -[EE 2475 6
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C. X HH2H s PSR1. 10% RATEE K2 ; PSR2. 20% RATEE MY . AR /NG FREFRREUR W) 25 52 .2 (P <0.05) .
C. control; PSR1.10% Pennisetum sinese Roxb meal group; PSR2.20% Pennisetum sinese Roxb meal group. Different lowercase letters
indicate statistically significant differences between the data (P <0.05).
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Fig.1 Effects of diets supplemented with Pennisetum sinese Roxb meal on the relative

mRNA expression of the liver in grass carp (n =3)
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C. control; PSR1. 10% Pennisetum sinese Roxb meal group; PSR2. 20% Pennisetum sinese Roxb meal group. Different lowercase letters
indicate statistically significant differences between the data (P <0.05).
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Fig.2 Effects of diets supplemented with Pennisetum sinese Roxb meal on

the relative mRNA expression of the adipose tissue in grass carp (n =3)
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Fig.3 Effects of diets supplemented with Pennisetum sinese Roxb meal

on the diversity indices of bacterial community in the gut
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Fig.4 Effects of diets supplemented with Pennisetum sinese Roxb meal

E4

on the distribution of intestinal microflora at the phylum level in grass carp
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Fig.5 Effects of diets supplemented with Pennisetum sinese Roxb meal

on the distribution of grass carp intestinal microflora at the genus levels
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Effects of Pennisetum sinese Roxb meal on fat accumulation and intestinal
microbiota composition of juvenile grass carp ( Ctenopharyngodon idella)

LI Yuping'?®, TIAN Jingjing', ZHANG Kai', XIA Yun', WANG Guangjun', YU Ermeng', LI Zhifei',
GONG Wangbao' , XIE Jun'

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

Abstract: In order to evaluate the effects of dietary Pennisetum sinese Roxb meal on the fat accumulation and
intestinal microbiota composition of juvenile grass carp ( Ctenopharyngodon idella) , three isonitrogenous and
isoenergetic purified diets containing 0% ( control group), 10% and 20% Pennisetum sinese Roxb meal were
designed ( protein level 33% , fat level 8% ) , and fed juveniles grass carp [ (28.51 + 0.04) g] for 8 weeks.
Each diet was randomly assigned into triplicate tanks. The results showed that fish fed 10% and 20%
pennisetum sinese Roxb meal significantly reduced their abdominal fat index. The microstructure of the tissue
section showed the hepatic lipid droplets number and the adipocyte size in the Pennisetum sinese Roxb meal
group were reduced compared with the control group. Serum levels of triglycerides (TG), total cholesterol
(TC) and non-esterified fatty acids ( NEFA) showed a downward trend with the Pennisetum sinese Roxb meal
content increasing, and the 20% group had significantly lower values than the control group. The hepatic
content of TG, TC, and NEFA were significantly decreased in the Pennisetum sinese Roxb meal supplemented
groups. Five lipogenic genes including peroxisome proliferator-activated receptor y (ppary) in the liver and
abdominal adipose tissue were significantly down-regulated after the fish consuming Pennisetum sinese Roxb
meal. Peroxisome proliferator-activated receptor-o. ( ppara) and other three lipid catabolic genes were
significantly up-regulated after the fish fed on the Pennisetum sinese Roxb meal-supplemented diets. The
expression of farnesoid X receptor (fxr) gene in the liver was significantly up-regulated in fish feeding
Pennisetum sinese Roxb meal. The metagenomics results of the intestinal flora showed the Ace, chaol,
Shannon, and Simpson indexes of the intestinal microbiota of grass carp in the 10% and 20% Pennisetum
sinese Roxb meal groups were significantly different from those in the control group, indicating dietary
Pennisetum sinese Roxb meal increased the abundance and diversity of the intestinal flora of grass carp. From
the perspective of phylum classification, the proportion of Firmicutes was significantly lowered in the
Pennisetum sinese Roxb meal groups, whereas the proportion of Bacteroides showed an upward trend, and
these two bacteria are reported to be associated with fat accumulation in mammals. The results demonstrate
that Pennisetum sinese Roxb meal could reduce body fat accumulation, possibly via the improvement of
intestinal flora composition in juvenile grass carp.

Key words: grass carp; Pennisetum sinese Roxb; fat accumulation; intestinal flora
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