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JERE AR TR T &, 4% 6% M FEZ A RNAMENSELESG T HEA. 4%
Fo 6% B ANF E A G B R R F R T B 4. 6% BN F A g P =
B (TG). MEE & (TC). &% E k& & (HDL). K% Z & & (LDL) ¥ & % & T 4 4.
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SR W 96h JE 2% B M EFEE A ZRA T ERT B4, HN%24h 5 & KA SOD &
MR EETHEA. FRRW, R E R 2% 0 &b % 2 3 [ Sk &5 4 # 09 4 K Fufd
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+, K SRR A Y Sy T
K=Y 5 NR, SROF AR RN 2 Fi K
SR A R A SR EE Ty ]

ERITFARBE (Silphium perfoliatum) XAV HL,
N2 EL (Asteraceae) WaF 5 & (Sliphium) FY), &
MR EER AL . Vi LA, BT R RS
MRS, B AT AR R . SR
Z, SN 2~3m. A0, KM A,
M TR SR A SRR, TR EAE)T
WEEHARLI N 2~3 om® 5 I F8 B A 3
oy, WO R, ER . B AGUR
gy B, BA RIFAHME, EHFER,
AORCHAZHY) 2kl . OEE . EER S AEYE PR
YT ) 14T S Ak S 5 i 2 1) ) i M B 5 R A
2, FEEE W, Ry AN R AT LI
AR Hl A ORI ARRE, & — R TE Y TR Rt
Jrokk, PUOLHEAT = im . BAE . ERE) T Bt
WP AR A, OB 2R sh Wi R 3 2R
PRV RS AU HT HR A A R MDY ARG
B 2 AR P2 AR o VR AR AN R A A
B 10%., 20%. 30% Y SLAH R MR Rl T 5
R 20% A A AR KM RE 5 0k BRZH A L T 3
Z5, 1M 30% MBS A KA fzn. B
HE, A G R AN T BLAE 2K 7 s ) vh %) 0 A 53 1%
ez, HE AR IRE T FZE R Y ALK
SR N H . B4 (Yamabaki ogon) 1Rk}
NI 0.04% 19 T 5% (Tagetes erecta) #5 BE 2. %
et A KRR, G SR I fili( Takifugu obscurus)
LB ARDEHR AR 0.5% 48 45 % H A KM RE TG 7 T 5
Me, AT 3 SR b IS PR 5 AR R S e
PN, 3k 8 (Megalobrama amblycephala) J&:3% [#
Frf A rE v e, HAERKHRM | Nkt
X, 2021 A E IR IAE] T 76.4 J7 7 A
I, ARSEES DAKT Sk 54y f0 %t 52, AR L SR
SRUST R A R A SR AL, R AR A
TE S 5 R BB IR 205000 0% 2% 4%
6%, it ATk B A A e 1 SE
febn, VAl H AL AR B VR S K S DRSO
ArReE, SR OREEK IR T L 2 oo fd R & R iR
PECHE

1 MRS

1.1 SEIRfAR

ARSIt FH e A B R g e A T AR AR
SR R R T A o SRS A DL Ry L TR
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SR AR EEE IR, DAL R IR VR B
et R, FEBEIERE B, W 0%, 2%. 4%,
6% My HRIEAA LRy, LTI AR 4 455 R SERe R IRDEL,
43 W44 4 SPO. SP2. SP4 Hil SP6 4H (fal ki )7
FEFRHRILE 1), Frh iy sk 60 B, %
GRS, SREM. KRG, SRk
WL, BRRTIE, —15°C HEMEEE

12 XWBERFELE

SEYIBIIE], ARAE RS G S g S Y A A A
PR, I b EK P22 BT BE IR K el At 5
S R 2 5L 2 il B R E AT . AR SE Rk
K A T 713k 5 B A i <teig 15 @iy,
T AETE K R AT B IR K L 5T 0 R
IR T R IR KR R G5, B
(i) 5 W S RRE GELER, TEB). BR LEE, Bk
BER/NE— | AR . WIGRIAEE S (3.85+0.50) g
(9 ATk B 240 & #E 4T 77 5 S5 5 o Ff S5 56 £ 43 B
12 /> ] 5 I 6 PR KAl (A% 9820 mmx700 mm)
i, BENLAY N 4 AR, HHEE I ANER,
BAEE 20 M, BH 3W(7: 00, 12: 00 Al
18: 00)F% MR MR T 1Y 3%~5% E S Am ML, i fafAk
FULE BT TC AR R Ay, FRGE 8 JH . FRAH K
K 26~28 °C, #f#A>6.0 mg/L, pH 6.5~7.0, %
A E<0.10 mg/L, WAHHRA<0.10 mg/L.

1.3 HEARRE

TSRS T, A5 24 ho T At
RIS T BOFFR B, RS, BE— 3R B bl
BLESHC 6 2, MR IFFReE, HTitEARKNE
REFIAMATE S, R 1 mL A9— VMG B T S A e
R E AL B, ORI S T IR s 4°C F
FE, BUDATEINSK, T A AR bR
Bfie, P TIE R, KRR . R, Wi S
R4 R 20 R v T A 1 e e 3 BT 171
EHAE TR 0E T, —20 °C KRG, T
& WP A AL T8 br 5 W B AL BEE AR . 53 BG4y
JHF O 2H 2O A TR R VR, e K & 80 °C
WATERAT . Behe, BRI LA, —20 °C
RIRIRAT, AT E IR G
14 BFEERMSILIRG R

50% CCly I W% IR CCl, (Orbral, Rt
FHRE AL TAHRAF) S db2=al, gl
AR ARAR) 1 R B, B
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R1 AREHREFER

Tab.1 Formulation and proximate composition of the diets

HH|  groups

A HE 4]

items fgr?tglj gg‘;‘o'fp) SP2 SP4 SP6
R4 /% ingredient
HIHFARE  silphium” 0.00 2.00 4.00 6.00
f4)  fishmeal® 4.00 4.00 4.00 4.00
SH1  soybean meal” 25.00 25.00 25.00 25.00
3 cottonseed meal” 18.00 17.50 17.20 16.80
HiH1  rapeseed meal” 8.00 8.00 8.00 8.00
WaAF& [ cottonseed protein concentrate® 4.00 4.00 4.00 4.00
/NEKY  wheat starch 18.00 17.00 16.00 15.00
KA rice bran 10.00 10.00 10.00 10.00
i soybean oil” 3.00 3.00 3.00 3.00
IR — 45 Ca(H,POs), 1.00 1.00 1.00 1.00
TP EEL  mineral premix” 0.50 0.50 0.50 0.50
e ZTREL  vitamin premix® 0.50 0.50 0.50 0.50
#eAFC  vitamin C 0.50 0.50 0.50 0.50
SALNIEBE  choline chloride 0.50 0.50 0.50 0.50
AR 4EER  microcrystalline cellulose 4.50 4.00 3.30 2.70
i@+ bentonite 2.00 2.00 2.00 2.00
&7 phagostimulant 0.50 0.50 0.50 0.50
&t total 100.00 100.00 100.00 100.00
EIRAKF (RTEA) nutrients composition (natural dry basis)
#.fE/(k)/kg) gross energy 21.21 20.84 20.25 20.73
JK%3/%  moisture 10.58 11.31 11.78 10.73
HE /%  crude protein 31.49 30.55 30.52 30.25
FARWG/%  crude lipid 5.97 5.85 5.99 5.60

D) B R RS BT PR A 7] R it %ﬂf#&fvﬁ%(g/kg)a T, 924.57 & L&A, 218.87 g5 HNG, 137.39 g5 HKIY,

151 80 g; /K7y, 7543 g; ML AR, 15 g PEBEERANEEA, 56 g; MRMEVERA4E, 318 g KT rié*a/%ZTéﬁ 398 o 4
WA G, 559 ABER, 117g WM, 69g; 5, 20.1g; B, 2.8g; 5, 35g 4, 246g; Wi, 1.7g; &, 3.7g A, 3.7g. 2)HiEE
JBeAn A R (LF, T 3 HEZRMARAH (‘44.. %ﬁ%%)k{/\, 4)1 LElF%uTBaH RPNER S)Eta%%%ﬂ’éw@wl%{%&uuﬁﬁﬁ/\
(R E, TE)iRMt. 44 ZTIRE 1U/KgEmg/keg)LIE4EEFA, 900 000 IU; 4E4: %D, 25000 1U; 44 HKE, 4500 mg; 4i4E KK, 220
mg; 4EEEB,, 320 mg; 44 EKB,, 1090 mg; 4EAEKBs, 2000 mg; 4E4EFBg, 5000 mg; 4iEEB,, 116 mg; 2ER, 1000 mg; MR,
165 mg: fHHH, 60000 mg: 4:#)%, 50mg: IR, 2500 mg; # Yk ﬁi‘iﬁ*ﬁ# (g/kg)@,é‘: TIETRES20 g5 FALAN2.6 g5 SALERS g5 PRIREE2 g
MIRILE%0.9 g5 FREREE0.06 g BRERHT0.02 g; ilRER0.03 g; 5U1L450.05 g; WU{LFH0.004 go

Notes: 1) Obtained from Nanjing Tian Xiang Ju Biotechnology Co., Ltd. (Nanjmg, China). S. perfoliatum pollen (g/kg): dry matter, 924.57 g; crude
protein, 218.87 g; ether extract, 137.39 g; crude ash, 151.80 g; molsture 75.43 g; ADICP, 15 g; NDICP, 56 g; ADF, 318 g; aNDForn, 398 g; NFC, 55 g;
lignin, 117 g; starch, 69 g; Ca, 20.1 g; P, 2.8 g; Mg, 3.5 g;: K, 24.6 g; S, 1.7 g; Cl, 3.7 g; NH3, 3.7 g. 2) Obtained from Wuxi Tongwei feedstuffs Co., Ltd.
(Wuxi, China).3) Obtained from Xinjiang Jinlan Co., Ltd. (Xinjiang, China). 4) Purchased from commodity Fulinmen soybean oil. 5) Provided by Wuxi
Hanove Animal Health Products Co., Ltd. (Wuxi, China). Vitamin (IU/kg or mg/kg of premix), vitamin A, 900 000IU; vitamin D, 25 000 IU; vitamin E,
4 500 mg; vitamin K3, 220 mg; vitamin B, 320 mg; vitamin B,, 1 090 mg; vitamin Bs, 2 000 mg; vitamin B4, 5 000 mg; vitamin B;,, 116 mg;
pantothenic acid, 1 000 mg; folic acid, 165 mg; choline, 60 000 mg; biotin, 50 mg; niacin, 2 500 mg; Mineral premix composition (g/kg of premix):
calcium diphosphate, 20 g; sodium chloride, 2.6 g; potassium chloride, 5 g; magnesium sulfate, 2 g; ferrous sulfate, 0.9 g; zinc sulfate, 0.06 g; cupric
sulfate, 0.02 g; manganese sulfate, 0.03 g; cobalt chloride, 0.05 g; potassium iodide, 0.004 g.

B, g #sod e IR H . FRIH LI 4 YIR AT B g . WY, WSS 0. 6. 9.
Ji, TEAFRFAMTPREALE B 12 B, AT 12, 24, 48. 72 Fl196 h Geitfa st % .
BRI )S , R AE 100 g AR E 5T 0.5

. 1.5 MR
mL 50% CCL, W, S A, FFS o

CCly ¥ 24 h 5, WA FRFEAT T BEHLET I 3 B2, ARIEFITE R IEL T AR
RIBCH T UG I LT A g8 b, IR RIMEAZ SR
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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R (WGR, %)=(W~Wy)/Wex100%

P R K F (SGR, %/d)y=(InW~InW,)/t x100%

THRLZ B (FCR)=F/(W~W,)

FHAEE (HSI, %)=(G, /W;)*x100%

HEAR L (VST, %)=(G,/W,)x100%

HEH6 ) (CF, g/em’)=W,/L*x100
K, Wy MEYIIRIE (2); W, HALEKHE (g);
t HEMEREL (d); F oA R A7 8% 1 fn R E it
TEEA) (2); G AR AR (9); G, A

LER A NERIE (2); W, AR ARIKE (2);
L iﬂ%%ﬁﬂ ARHEK (cm);
ERBRAME  REFRRSSRE

ﬁﬂmﬁ%ﬁﬁ{ﬂﬂm K H % T (GB/T
6435—2014) M & 7K 7+ & &, Sk HELIK E /A
(GB/T 6432—2018) M@ M F & &, RHZEIK
2% (GB/T 6433—2006) Il & HLAG B & &, R
FH S 357 550 °C K483 (GB/T 6438—2007) K

Vi

A ACIEARRE. A AR (glucose,
GLU). RJHEESE (cholesterol, TC). HYM=FS (trigly-
cerides, TG). =% N8 1 (high-density lipopro-
tein, HDL) M {I% % J& Ji§ & 1 (low-density lipopro-
tein, LDL) 7 i >k RN B 4= A 3 A= 1k 73 B A
(BS-400 Q2080) il & , 50 & B RN K 5 A BR
/A\\:J

A 4R 30 B AL B E b ST 3R EIE . B
ﬁﬁun%iﬁ[ﬂiﬁﬁﬁfﬁiﬁﬁﬂtt 1: 95K )5
B, WO LW, WS 10% AUSRW, HT
JERE . BmiE bR AR bR 2 . 3 AL A S (CAT)
W ALY B L g (SOD) i M . N T

(MDA) 7 2 I 2 >R FH B ot A 9 TR0t 5
AR &, TR E vk W
MiE K ALBEE R AR S EH
A BRER KR R ARAE 1 9 AR B, IS b
TH, W85 10% AV, T iE LB
& b5 E o o-TE By B (AMS) 36 1 R F g
(tTPS) 1% ¥ . N U5 B (LPS) I 1 1% {ﬂ"JzEﬂbKFH i3]
SRR T AR S AT AR &, BRI e Dy ik

WA S
AEARE X FNE ] Trizol BARHL
S 5 I E 2H 20 &2 RNA,  FH NanoDrop 2000

(Thermo Fisher Scientific, 3&[E) il iF RNA ¥ & 1
Jit, & ODygonm/ODagonm TH 7E 1.8~2.0 Z [H] i)
RNA, F|H] PrimeScript™ RT reagent Kit with gDNA
Eraser 5 %% %187 & (TaKaRa) (Ki%) & i cDNA,
i F§ TB Green” Premix Ex Tag™ I ¥ 4 1 3k 57
& (TaKaRa) (K i# ) #F 77 RT-PCR Jx i (Biorad
CFX96) (E[H), It EfEIF: 95°C30s, 95°C
55s, 60°C30s(39 MEF); 95°C10s, 60°C60s,
95°C 10 s, H:H mRNA %} 57K J 2708 J5
ok,

HI qPCR W 5& JHFE Hh 5 28 RS 1 (IpD) . BB D3
G (fas). 3o S Ak W B R B 5E W) BT 2 AR
a(ppara). i3 EACYIBHAIETEYIE 2R B(ppar) «
JHUEE [ P ] 55 TG 45 5 B Le (srebple) TP BE B
FAREEILALRE B 1a (cptla) FENFRIAE, DIATk
fifj B-WLh (1 (B-actin) (XM_048192430.1) Jy =
B, 5lWFEH L 2. 51 H DEA T AY
TR A BRA w1

#* 2 RT-PCR HI5|¥F%
Tab.2 Primer sequences of RT-PCR

Glk7) FFHE & B2 88 Fr BUK BE /bp
primers sequence information(5'-3") genebank no. amplification length

B-MENEEA  p-actin F:TCGTCCACCGCAAATGCTTCTA XM_048192430.1 152
R:CCGTCACCTTCACCGTTCCAGT

JREERITTEE  ipl F:TCTGATGGGATCTGGCAC XM_048164066.1 85
R:GTTTCTGGATTTGGGTCG

NEWs & 1l fas F:GAATGGGCCGTAGCCTGATG XM _048171583.1 102
R:TGAGCAAGCGAGACACACAC

B AR SE T P 0E Z R o. ppara F:GTGCCAATACTGTCGCTTTCAG XM_048158021.1 104

R:CCGCCTTTAACCTCAGCTTCT

WA B RS OE 26 pparf F:CATCCTCACGGGCAAGAC XM_048209548.1 150
R:TGGCAGCGGTAGAAGACA

JHE[E B S o5 & Le srebple F:TGCTGGCGTGTCGCTATCT XM_048187188.1 126
R:TGTTGGCAGTCGTGGAGG

W BRI HE R ol 1a  cptla F:TACTTCCAAAGCGGTGAG XM_048158345.1 142

R:AGAGGTATTGTCCGAGCC
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L6 HiEDH

S0 4 HHSPSS 26.0 B4t AT B3t 4,
BAEIFF GBS AT 2250 Mk, R
K H %451 M1 (One-way ANOVA), #17 Duncan [X
ZH LKLY, P<0.05 HZEFRE, FrA4RY
DB EAR R RN

2 4R

2.1 AR N SR AR F B X E Sk A K AN R
YA

IR, A ML W R IR, O

WRIFET- LA . BEE 5 A BEUS i 3
ARMERRE TGS, HIEE R ET (£ 3). H
i, SP24] FBW. WGR, SGR fll FCR 5 SP0 4
M W% 2 F (P>0.05); SP4 411 FBW 5
FCR 5 SPO AL JC %25 % (P>0.05), 1M WGR,
SGR i Z &% (P<0.05); SP6 ZHAY FBW. WGR.
SGR ¥ i Z{% T SP0 41 (P<0.05), H. FCR 3 &
THAbASH (P<0.05). WIEA =455 &, SPOAH
Pk 5 4 £ VST 1 1 35 A (P<0.05), SP2 4
& CF M8 T HAb & 41 (P<0.05), #%-41[8] HSI G
WEER

3 ARRRMENREENB K4 &L KRR BAEN

Tab.3 Effects of dietary S. perfoliatum on growth and visceral index of juvenile M. amblycephala

23 groups

il HE 4

St o,
ERKFERIFIFH  growth and feed utilization
¥R E/g IBW 3.77£0.12 3.78+0.10 3.80+0.10 3.78+0.09
2K HE/g FBW 14.42+0.32° 13.82+0.24° 13.41+0.38% 12.55+0.34°
HWER/% WGR 283.49+14.39° 265.51+6.50" 253.16£7.47" 231.70+2.27"
R EKF/(%/d) SGR 2.53+0.07° 2.44+0.03" 2.38+0.04" 2.26+£0.01°
THEL R FCR 1.79+0.03" 1.79+0.07" 1.90+0.07* 2.13+0.08"
FEZR A% visceral index
JEi#E/(g/em’)  CF 2.42+0.04° 2.3140.05* 2.44+0.03° 2.46+0.03°
JFFARLE/%  HSI 1.59£0.15 1.80+0.11 1.74+0.16 1.99+0.17
WEfAEL/%  VSI 12.39+0.60° 15.38+0.46" 15.12£0.66° 15.85+0.45"

i IBWHISE, FBWARME. FTAFEK LirwREn 2783 (P<0.05), N .
Notes: IBW. initial bodyweight, FBW. final bodyweight. Different superscript letters in the same row indicate significant differences (P<0.05); the same

below.

22 ARPRNEMREEXNE i &R
Ingsd:0EA1)

FRH 8 JA G, B AN TR S 56 ARk X 1A Sk
ML PR . BER . KSR
35 52 (P>0.05) (3 4). 1 LA AR 7 BE 4 5]
A B A A BV I0 R A 3 T 5, SP4. SP6
HNLPRLAR D5 75 1 12 2% & T SPO 411 SP2 4 (P<
0.05),

2.3 ARPRMEHREENE S8 MR
ESEEEa: A

ER I B A N I 4H I3 R ) GLU & & 8 3%
. F SPO 4H (P<0.05) (3% 5). 5 SPO 4HAH L, kK
S Hr A BRGS0 (SP2) X A Sk 7 4 a1 3
) TG. TC. HDL Jt I 3 % i (P>0.05), 1M SP4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

2 TG il LDL, SP6 #Hf*) TG, TC. LDL & HDL
5 SPO ZHAH L B 3 T+ (P<0.05),

2.4 ARPRNEM R EEXE KL 5 e
HICEBFI LS L RE NS

VA Sk 55 %) 6 i 3 i 5 G ) 55 2 B o e v
8 75 I e B B T S B AR AR ) g, Hop
SP4. SP6 4 fiz i i 1y il 0% M & K T SPO 41 5
SP2 4 (P<0.05) (55 6). 45 4[] fr {4 fi7 18 3 o il 5
JB A5 1 i X 0 3 25 R (P>0.05), Pt BB TR bn
KA, ARLEERT ik 7iE SOD., CAT J&
s i 2, SP2 47 iE Y SOD. CAT YT M AH
T SPO 4 i HETF (P<0.05), 3k 5 4) f1 g i
H1 GSH 1 MDA & 12 W 341N 32 fa) s} o Ha b A 5
NI B (P>0.05)0
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R4 ERTRMNBMAEEX K84 & AL PR S B R

Tab. 4

Effects of dietary S. perfoliatum on muscle composition of juvenile M. amblycephala %

45 groups

TUH (EE4)

items (fresh) SPO (X i)

control group SP2 Sp4 SP6
K43 moisture 78.61+0.19 78.74+0.37 77.4340.50 77.9140.86
A crude protein 18.63+0.07 18.43+0.27 18.06+0.15 18.25+0.60
MW crude lipid 1.75+0.03° 1.79+0.04° 1.94+0.07° 1.94+0.03°
HK45  crude ash 1.27+0.04 1.46+0.27 1.2540.26 1.2040.05

RS AR BN E E XS S 40 f I 3R 4 IR R AR A R0
Tab.5S Effects of dietary S. perfoliatum on the plasma biochemistry of juvenile M. amblycephala

5 groups

TiH ™

St o
i & HE/(mmol/L) GLU 18.97+1.17° 13.21£1.51° 12.45+0.55" 12.16+0.63"
il =E8/(mmol/L) TG 5.76+0.33" 5.93+0.23 7.43+0.41° 8.42+0.25°
S JIHE B/ (mmol/L)  TC 5.33+0.22° 5.58+0.17* 5.63+0.13* 6.81+£0.27°
% E B A /(mmol/L) LDL 1.44%0.07° 1.74+0.09° 1.76£0.09° 2.36+0.12°
15 % R 1 /(mmol/L) HDL 2.64+0.13° 2.67+0.10° 2.57+0.09" 2.98+0.08"

®6 ARGIRMBMREENE K4 & FIEE BT E AR

Tab. 6 Effects of dietary S. perfoliatum on intestinal digestive enzyme activity and

antioxidant capability of juvenile M. amblycephala

203 groups

e

; e
St o

FaiEHALEEYEE  intestinal digestive enzyme activity

VEREE/(U/mg prot)  AMS 1.35+0.09 1.43+0.08 1.24+0.05 1.36+0.09

fig Wi f#/(U/mg prot) LPS 11.72+0.51° 12.07+0.37° 9.724+0.29° 9.60+0.41°

R I fF/(U/mg prot)  TPS
iEHIE LA/  intestinal antioxidant capability
RSB AL EE/(U/mg prot)  SOD

244.13+14.07

152.50+6.50°

IS ALSY/(U/mg prot)  CAT 18.46+0.50°
B Bk /(mg/g prot)  GSH 10.15+0.39
N % /(nmol/mg prot) MDA 1.28+0.10

238.53+17.00 249.15+13.93 231.9349.61

172.68+6.46" 150.86+1.97° 148.22+5.68"

23.59+1.52¢ 22.48+1.51™ 17.01+2.13°
9.44+0.18 9.38+0.33 9.29+0.46
1.4840.15 1.34+0.15 1.46+0.10

25 ARPRMEHREEXNSERRGRE
KR RIFAER

FEoH 8 JE G, A 3k 5 4y fn kAT R s A 4
CCl, IETR, HIWOAS SR G, 45 Mg
RGO ARIETAE B (8] 1)o IR} A H A 7
RN IR E , SP2 HMFET-F &k, SP4, SP6
HWFET R m T SPO4H ., Hrr, 4 9hJ5 SP2
HIFET R TRE, N 22.2%~27.8%. 4T 96h
J&, SP2 Ay BT e R T HAlAS4H (P<0.05).
NIRRT =R e = 0 7 g i S XS RN | EE S VA
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T W 8 J 5 (CCly ¥ ¥ 1 59 i) % 141 3k i JiF ik vp
SOD F11 CAT 7514 . GSH il MDA & & G0 (P>
0.05), {F it CCl, W A tE B FIE 412 24 hi
SP2 4 I I i) 48 481k 4 157 AL Tl (SOD) i 1 . 35 &5
T SPO 11 SP4 4 (P<0.05) (3% 7).

2.6 TARLARIAIN & AL B X (] Sk 6 BT BiE AR A
KX EEREERF N

SRR VN RN 1 =i e[| B = 9 e W
KEEW fas Nl srebple FRIEE LIS, TMilE R
S RAN G A Ipl R eptla W R IR B & F R H
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60 1+ spo

40 t

20

RIHFET %R /%
cumulative death rate

9 12 24 48 72 96
VU S B 6 B ) /b
hours post injection with CCl,
1 EARRRM B MR FEST 50% CCl BRI E
EIPS Ry :0E e AmES A
AR FER RIS 96 h 7 RIFIETHEZE 7R E (P<0.05).
Fig. 1 Effects of dietary S. perfoliatum on

0 6

the mortality of juvenile M. amblycephala after
50% CCl, solution injection

Different letters indicates a significant difference of mortality at 96 h
post-injection (P<0.05).

(#2), M, SP6 4l fas Feik B E =T SP4 4 (P<
0.05), H SP4 4 & % =T SPO 1 SP2 41 (P<0.05),
1fii SPO F1 SP2 £ TG it # 2% & (P>0.05)., SP2 Fil SP4
4 srebplc MRIATC W 2R (P>0.05), (HI R
# T SPO 4 (P<0.05), H & EAKT SP6 4l (P<
0.05), SP2 41 1Y Ipl 1 cptla WA X ik 5 SPO
HAH HTC B 25 (P>0.05), SP6 4 Ipl. cptla #
Xif 223k W E LT SPO A1 SP2 41, SP4 4 cptla I
FHXT 2555 BT SPO FI SP2 41, HEEET
SP6 41 (P<0.05). SPO 4 pparp ¥ 3 35 T HAb 45

41, H'5 SP2 il SP6 4 25 5+ I 3 (P<0.05). #41
(8] pparo B 2 35 A 32 B I A B8 N & () 52 )
(P>0.05).,

3 i

31 EARFRRmMEHNEENELLSBEEK
3=z 0pA )

R R — R SR E =, RE 2 R
2 TE H A K R F W R 000 BT A e kL R
UTAER, K™ R T v ) R i 9 H 2 1
% ) DT fef A7 ) 5 B2 S P I A B G o R
FIRRE A ORI W AR T RC G iRDRHA, (H T 48
i R AE Y, B £ (Ctenopharyngodon idella) 1
R 5 R AR ORI B DR M (Lemna
minor) 43 B BN FEAR" . 3% 55 A 5250 10 25
ARl RDRR i ER A T R S A G i 2% %t
WSk oy &)y f0 0 A KM RE TS SE e, T Y &=
6% I, HEERARE A RKRARERE N, HIEER
B FE ETE, R A AR AL AT 4E S R
2 A A RE R 0 A ok v B AT e s R 04T Sk 5 4))
HOOH R EHNE AL RE JT AR, BEIT I AR

3.2 AR IR B MR E BN K4 & BT
MENRENHIF T

SEAC IO AL PN ™ 2R R 1 i B S B
Y, RS R BN RS A
IEFACH R Y, RERLA N Z MY, A
PRALIRIE H DR FEnP e AR e v, fadk

R7 ARGRMNEMREES NS AR RMIBETEE L84 & AT S L s I RIR2
Tab.7 Effects of dietary S. perfoliatum on the hepatic antioxidant capacity of juvenile M. amblycephala before and

after 50% CCl, solution injection

M7 groups

TiH
items SPO (XK ZH)
control group

SP2 SP4 SP6

T S AR B BIES R FFAEPiE L BE 7 hepatic antioxidant capability before 50% CCl, solution injection

ALY AL EE/(U/mg prot)  SOD 234.8245.53
i AL A /(U/mg prot)  CAT 28.97+4.60
At HE fk/(mg/g prot)  GSH 11.26+0.71
N Z[#%/(nmol/mg prot) MDA 0.96+0.11

VI @A BRIS M IT ST 24 W5 FFIESTEALBE S hepatic antioxidant capability at 24 h after 50% CCl, solution injection

HBEAL YA EE/(U/mg prot)  SOD 133.68+6.19"

I ERE/(U/mg prot)  CAT 23.110.84
4 ZF%/(nmol/mg prot) MDA 2.23+0.23

252.48+6.43 241.97+16.77 236.40+7.60
34.81+2.81 29.03+4.02 25.30+3.70
9.82+0.69 9.84+0.89 11.63+1.13
1.28+0.07 1.23£1.73 1.02+0.09
153.26+5.67° 135.95+2.95° 139.50+6.55"
21.64+1.30 21.82+2.99 25.18+3.03
1.85+0.26 2.12+0.13 2.36+0.22
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=
28
IH = ¢ M sPo
ﬁg 6l . T Wl sr2
<Z: % L [ sp4
2y [1sp6
E 2 b b
7z b
E aé 2+ a ﬂ
=2 |2 2 b b 4, & ocob b o ab a
m o a
goll -I BESS mRGs ale] mans
-
fas srebplc Ipl cptla pparo. pparf;
NE Wi & Ak JiisHiligani s
lipogenesis lipolysis

B2 AR S M A E B X E K4 & BT AR AS A AL S X B E R ERRNT

BARAT TR A B - RER R 48] 22 7 B 2 (P<0.05).

Fig. 2 Effects of dietary S. perfoliatum on the expression of genes related to liver lipid metabolism of

juvenile M. amblycephala

Different letters on columns indicate significant differences between groups (P<0.05).

Sy H . XEHLR BT = A i it i B Sk
T BV B, mTRRAR L A i 0 A B Y BT
ARG EEHETI A RS SRR E L
Z YL RI4 R, SOD 5 CAT iy - iy B A Hi A
b &G0, MRS ELRE i E AR,
MDA &g it AR FH I e oy f =, Hofr
1o {0 RT A S BRATLAR 1) B i SR A KR AR 5
B, RPN 2% F H A e BG4
fRBE T TCRE M, (ELRE W 3 38 T A Sk 655 4y £ i 3 1Y
SOD 5 CAT {4 . H M-8 BL 5 & 19 25 P ol
MR, BRI AMIRER S, BAA
e G B Rk A T RECT . 78 /N BRI SE 58 K PR,
B A B SOD RE 4 = /N BRUIML %S o SOD. CAT
J GSH-Px Wi P, BRI MDA &, ZEARMF
P R B, DR S I R AR A R ET e A
3kt 240y £ 38 B B AL T RE SR AR — AR 1 s Ak AN
e, X T RE S R A R R B SOD A G
E— 5 W 25 S S0 BoR, FETRDREAR
T 2% ) BRI b A R DR R BRI AT Sk 6575 4)) £ £ 35
SR A R FET R, [ A i B T AT
SOD i, FFMEARATFAE - MDA B & &, at:iF
P4 2 K e R P R AR B R 5 | & 0 S T R
JEPESIRD . CCly 215 T 905 sh ) Sk I 475 4
M Z ey, )z N IR /N
BE . KSR T R 2 4 i 2
RERIESST R A R B 1 SOD AT LA i T
i CCly 7T AR = AR B i A 3, AT 3
s AR A AL RE S, Xkt i B T A DR s T
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2% F H3 AL A AR R E AR T CCL i S T B Js
P Sk 5 40y £ B A7 R S PR RE T

33 GRIER RN 8B A B B 0 ] Sk 4 B A
ASTLOEA

— B, ARG K B3 2 S BUILIA
FELRG 107 2 s 388 Jin, i AU} oML 4 i 1 n vl e R
LKA W & 0, AR RiE , 7 R
MR S ARt A o e 2 S R AL 1A 1 AL
Ak, 5 60 2% S8 BB R ff L 27 B (Secale
cereale) J& WILPA RN 17 5 &l 3 R AIKTY;
JL PR REL g 77 5 2 i o sk w7 3 oy 1 348
1M 5 BRARY, R IR R, ARG & B A v e
A BTSN B EE N (4% 5 6%) o E i 1A
St aha LAAIR I & . S — i, AR
Rt B R0 A EE R, Rk v R o R e b
(2%. 4% 5 6%) &t RN A L F8 5. TG
TC FHEAERFWEP AL, A AL R B AR i =
BAGFRDY, 12K TG 7KF b T 7wk & DL A i
DRI, ArfR A 6E ) FEAIKEY . HDL Al LDL 7£
MR E 2% TC MPEH, TC &g me 7
HUAR IR 6 BCRE 1 B3 B 2k v B - d A7
TN 6% B, WSk B 4 2K TG, TC.
HDL. LDL ¥ 3% 7, BBl b s o A
A2 53 HDL. LDL #iz3n, Mmfe
M rh TC K- FHE, TG Wiz FF, BIRpLA
JE AR A, ARG I A bt A5 2 T B
WE. BRIl (LPS) £ 2 A/EH TRk AR By
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AL, B AE bR B B 48 G Bh T A 1 it fE
T EE S, AT A, HIR SP4 FI SP6 4L
PRURLAR 7 & s 3, {HO2: A 3k 5 %)) 4 Jizg 3 v LPS
TETE R R, AR P EAE ML,
TE 5% 1 2418 fa (Schizothorax prenanti) fal Rk H &5 N
300 mg/kg IHIFRR, H LPS TR M B &4, mil
PRVHH B 7 7 o 0 2 BRI, R B i fa (Pelteoba-
grus fulvidraco) 8RR ES A 0.50% MR AL, Ho
18 LPS WG PEAR R FARUS N 8 e, WL R
o D 3 R AR, HR A Z R REAY O &R
B ELR I A R A TR B — 25T . R A
PR JE TAETE M 20, BT R AR TE R
ZWife 5 B i Re B R RS, (LR PR REARE,
Ht, MHBRIE N 4% 5 6% i, A3k @54 fa s
TE TR B M I T A, AR R i 3 R
S B RE TIREAR

JFE St S AR s A B I, X T
BHAZE Y, 20 L A B I A e T 2 B e
[i] P 1 15 TG A8 7R 11 (SREBP1c) J& 4437 R B fa 2 11
CEE IR, Al E R 1 AR DA R Y G B i Cn
FAS) K IAFEHRII NG T G 5, fas BRIk
B2 FAS TG MKV, HiEW TS SR TG
M)A R, DTS g B R AR, AR S g iE— 20
A1 Ao AR o Bl D7 A I 45 2 B mRNA 7K
Mk, KINRNT G A I A srebple 5 fas
F14) AFXT 2 38 Tk B o Ak v o A A S ) 3
TR, d B A GRDRE b I AR R A R g
M)A B AR SEE R, X SRS K TG,
TC WA H—3, NI 1 AL AL RE 2 Z i
HEEHMEER, Hrhiass LPL 5 CPT1™Y,
LPL J2Jig Bl (0 SC s FR Ml ,  BEXNF TG 2l
TiE B N IR, KRR IR IE A % B2 1 A (CPT1A)
ST ARG R p-E AL B VR T i, T A 1 B I R
OB A EZR VIR YN Y GTRIT A SR N e 7 S )
7, BEA ERE R R RA TR R AN, 1A Sk 5
W Ipl Fl cptla ARG 28 w1 5 35 R R a3
(A 150 BH G Ak v b A S T P 3 I 2 R AT
ARG B R RE ), e T LA A T 1)
I EEVTRR, St BB AR 4% F1 6% £ A
Fr P m RGBT & e T, R SRR AR AR
SrfEReE ST, N IR SRR, SRR
TR

4 25

LR, RIS 2% 64 8 R R RE
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Effects of dietary supplementation of Silphium perfoliatum on
growth performance, antioxidant capacity and lipid metabolism of
juvenile Megalobrama amblycephala
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(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China,
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Abstract: In order to avoid competition between aquatic animals and humans, seeking new feed raw materials has
become an important direction for the healthy development of aquaculture. Silphium perfoliatum, also known as
rosin, has the advantage of “not competing with grain for land”. This study is conducted to investigate the effects
of dietary S. perfoliatum (SP) supplementation on the growth performance, antioxidant capacity and lipid metabol-
ism of juvenile Megalobrama amblycephala. Four experimental diets were formulated containing 0% (control
group), 2%, 4% and 6% S. perfoliatum (SP). Two hundred and forty healthy M. amblycephala juveniles (3.85+0.50
g) were randomly fed one of the four experimental diets in triplicates (20 fish per tank) for 8 weeks. After the 8-
week feeding trial, the growth performance, muscle composition, plasma biochemical indicators, hepatic and
intestinal antioxidant capability, and gene expressions related to lipid metabolism were measured. The results
showed the following. Compared to the control group, the weight gain rate (WGR) and specific growth rate (SGR)
were significantly lower in the 4% and 6% SP supplementary groups (P<0.05). In the 6% group, the final body
weight (FBW) was significantly lower than that of the control group (P<0.05), while the feed coefficient ratio
(FCR) was significantly higher (P<0.05). As to the antioxidant capability, the levels of catalase (CAT) and super-
oxide dismutase (SOD) in the intestine were significantly higher in SP supplementary groups compared to the con-
trol group (P<0.05). In terms of fat deposition and lipid metabolism, fat contents in the muscle of the 4% and 6%
SP supplementary groups were significantly higher than that in the control group (P<0.05). The intestinal lipase
activity was significantly lower in the 4% and 6% SP supplementary groups compared to the control group
(P<0.05). The contents of plasma triglycerides (TG), cholesterol (TC), high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) in the 6% SP supplementation group were significantly higher than those in the control
group (P<0.05). Meanwhile, the gene expressions of hepatic fas and srebplc, relating to lipid synthesis, were sig-
nificantly activated in the 4% and 6% SP supplementary groups (P<0.05). The gene expressions of hepatic /p/,
cptla and pparp, relating to lipolysis metabolism, were significantly inhibited in the 6% SP supplementary group
(P<0.05). At the end of the 8-week feeding trial, a challenge test of intraperitoneal injecting 50% CCl, solution
was performed. It was found that the cumulative mortality rate of the 2% SP supplementary group was lower than
that of the control group at 96 h post-injection. Further analysis of hepatic antioxidant capacity at 24 h post-injec-
tion revealed that the hepatic SOD activity of the 2% SP supplementary group was significantly higher than that of
the control group (P<0.05). In general, the supplementation of 2% S. perfoliatum in diet showed no negative effect
on the growth and feed utilization of juvenile M. amblycephala, but improved the intestinal antioxidant capacity.
4% and 6% dietary supplementation levels of S. perfoliatum inhibited the growth and resulted in fat deposition in
the muscle. All the results of this study provide a reference for further application of S. perfoliatum in aquatic feed.

Key words: Megalobrama amblycephala; Silphium perfoliatum; growth performance; antioxidant capacity; lipid
metabolism
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