5540 5 55 9 ]
2016 4£ 9 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 40, No. 9
Sep., 2016

NERHS:1000-0615(2016)09-1309—12

DOI: 10.11964/j£¢.20160210292

ARPRMA B EZENTEZTIFEEKMRE.
BT B B B X S B A4 S L BE ST RS20

BpEFT, #ow, x &7, 2 A,
XA, B, kR
(1. EAK =R R T, R RKE Z RS S
FIA B ST se E, Wik B 430223;
2. BB RY KT S m R, L 201306)

WE: JIPEART A ACHEN T BT FaEKMER. FREREFRABERLANL
AT, A AESEAFAEHRNEET T EAF@R PR IR R AT A CE Z [0 B
41). 100. 200. 40042800 mg/kg], %A "E# ki & H (8.17+03) gth =5 B & 4 #
OF, M e =iy kKMl Mg £ e ar. AT UE AR B (R 8 B v 0 R A e E M.
HBRET, MABFTAKCAZA AT, F8FF24KERE. HEX. FE4
KEFoEH EHE R in 5 e Ko #a %, & 484734 7100 mg/kg 52 1 4 1% 2| 5 A, 100 mg/kg
LHANANABEEZWRTHEA. AR F AR CE R R F BT L5 & AT f e
Rtt. 100mg/kgsEio ot MW FFENEEN S ELERTHEA. MFLELEA
Bf AW A BmE M A VAR KT MERRRKEA TN EY, 25720052100 mgkg
LA AERMK, WAZRALEEMZR. ARTARAEEZRE, IiE P8 H =8
CERERTHRA; FREYWEEARBEMAEREELZE T BA,; TR
FHEREAERMKAEY, F200mgkg 4 xE, A5 BAFLERZR. AR
KA CEEZE, HEARHRTIA Y ETHEEEE THE L, FlETALAETE
DERTXEA;, HFIER_BELEDZRT B L. 100 mg/kgsL 1 41 % 3k & B if 40 1 7
REHW, THmYE, ZHRD. ARKY, ARTANEEARHAEZRG T EET £
£ KM, BT IR BT M B E A AR A, X 96 AT BE 48 e G R AR AR CE
Flo EAREBELNET, #EFEZ EA L&A F A CE H B fn AT 4 100 mg/kg.
REER: FE T A, KA F; AKME, FRERASE, AL

FESES: S963.7

i B ¥ AE A (GIFT Oreochromis niloticus) &%
PR EEMRZ— R, T
Hli G ras 8k, % AF flc & Rk b 2 08 IS
KA AR SRR AR AR FRORE L B — S
MU EECRN (kY . ARy . BB ) B A
Byt AR R 1 JEORERE AR R DR DR 1R
A FIAEAEPUE SR T 3l b 2E | AR

FS BHA: 2016-02-25 &R BHI: 2016-03-06

MHERIRERD: A

K 45 PR 28 6 40 28 A K R A B ) R P A — o AT
W, AARGETE I, AR H R EOR A
WE A2 AK(100%)2 FEALEY E
a3 RZEEF Scophthalmus maximus ) € K
FOME F BLROR, B R mRE R 8 T 2k
EEEREER TN o [ 1 N S s = S A R
FRAAE T, B 5 S B HE U A B e 1

BT B = A AR AR R B T (CARS-49); 24 7 M AT Mk (k) BHIF & 3 (201003020).

BIE1EE: L%, E-Mail: wenhua.hb@163.com
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KRBT BE I AR DA e 2T &t BA
PRI AR B & AE fa AR RS I 5 o rp B2 2 i
R TRERIERIN, ZhRef, X A mERsE o
FUH, B K s AR Rz S
NP

7K KA 25 (Silymarin) & M 45 BHE 4 7K K i R
S N b AU 19 B K AR B R AL A
HF o K K 2 (Silybin) L K KH
(Isosilybin), 7K & #i]7(Silydianin), 7K &#ij5
(Silychristin)&% , i IR B G R, 7K KA
REA R A R SR AR RE T
AN AT DR I A AR A DR AT A e R
Gt B A EE D e PRI P AR SR PUSEAE T . K
R R T PR R . BRI
b JIFRE 2R 5 1R 09 0 3 BA AP/ ™Y, 7E
PREE 2% b T U5 FIG ST 18 PR R | 098 1 i
L TFRE AL S B o 2 TE 2R RS K TR R
X5 B4R (Carassius auratus gibelio)®',
(Carassius auratus)?"F1 4 3k & (Megalobrama
amblycephala)® G {47 i IE s34 2F A K AR
DR , A S 36 A A rp 8 I AS [) K P i KR g
R, BRERHANETEBPAEAER IR DA
P AL RE T 2R, Sy HAE 2 AE kb
PR S AER 22 A

1 M5 TR

1.1 SEEEGRRY

PLEKREER . SR MR SR & A
JE, IRAMIECERM ., KEMBEREL L 1)
Sk R 0 VR, TR A AR VR T RS2 R, LAtk
Tk B 7 R 5 o LR 1 S0 AR K TG
R (R, AR B 80%) 1 s i /K Sy 0% B
ZH). 100, 200, 40071800 mg/kg(7k KHij Z 7%
K- 11 48 U FH AR o T A 2R RS ) o e R A
WEt60 H i, FREJFIRS), DEW s RHZEH%
PRIERE . HERHLE R &R, AR
T, HBEEENLEH R EZ N2 mm, K23 mm
1) [58 FE J J0RE , 36 BBUCISURE R /N 38 ‘L 1% A ek
B, BT U TR H

12 ZIRBaFHEEE

S5 AR R T PG B A £ [ S G RS
B3 1 352 0 F Pk T R R R Uk . MUAR — 2

http://www.scxuebao.cn

R 1 ERARAERER R E T RS

Tab.1 Ingredients and proximate chemical composition of

the basic experimental diet %

T H items & content
JFK} ingredients
T KE ) corn gluten meal 10.00
71 soybean meal 22.00
Hikl cottonseed meal 8.00
SZHA rapeseed meal 28.00
[0 flour 20.00
F K corn oil 1.50
K2 soybean oil 1.50
JIH## choline 0.10
Yt Z TR vitamin premix 1.00
WP TR K} 2 mineral premix 4.00
%% methionine 0.20
JiZiE 1 bentonite 2.00
$2 LT 4EF 4N carboxymethyl 1.00
cellulose sodium
TR T 4E R microcrystalline 0.70
cellulose
B4} proximate composition
K AR crude protein 32.04
KRG crude lipid 4.63
7K 43 moisture 11.00
H7K 53 crude ash 7.43

e 1) AR RBURRI T RMR AL A EEES RS 5000 1U,
VD; 2000 IU, o-4E4: ZEREERMS 60 mg, HIRMIIEE 5 mg, HiEE
20 mg, VB4 10 mg, L-4EA4ZRC-2-BFER%E 120 mg, VK, 5mg, MLEE
400 mg, MEER 120 mg, ZFER4S 10 mg, ™EZ 1 mg, £¥E 0.1 mg;
2) WP BUREL AT AR T To st SR A5 26 000 mg, FLERES
6540 mg, WRERWEL 42.5 mg, BMELEE 1340 mg, WEEZ 4N 1744
mg, FALEN 870 mg, FALAE 3 mg, BUERET 2.5 mg, &ALHF 1500
mg, S 2 mg, BRERHE 16 mg, FALEY 20 mg, BREREE 60 mg
Notes: 1) The vitamin premix provided the following per kg of diet:
retinol acetate 5000 IU, cholecalciferol 2000 IU, tocopherol 60 mg,
thiamin hydrochloride 5 mg, riboflavin 20 mg, pyridoxine hydrochloride
10 mg, L-ascorbyl-2-monophosphate-Mg 120 mg, menadione 5
mg,inositol 400 mg, nicotinic acid 120 mg, calcium pantothenate 10 mg,
folic acid 1 mg, biotin 0.1 mg. 2) The mineral premix provided the
following per kg of diet: Ca(H,PO,), 26 000 mg, Ca(CH;CHOHCOO),
6540 mg, FeSO,4 42.5 mg, MgSO, 1340 mg, NaH,PO, 1744 mg, NaCl
870 mg, AICl; 3 mg, KIO; 2.5 mg, KCI 1500 mg, CuCl, 2 mg, MnSO,
16 mg, CoCl, 20 mg, ZnSO,4 60 mg

o E B R 0B 3 TR LK RS T B R K
FRI R GEFRFE AR (500 LyHr o FH X A 41 4 Rk 94k
2J )G, PRI RS X AT B B AR P R R
Ji i R (8.17+0.31) g] B HLEE i 2 154 F= B A
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TR FR40, BV ASA, BH3EH
5, orol AR S LB AR kL, AR R AR MR 3IK (8:30~
9:30, 12:30~1:30, 16:30~17:30), F MK
ML BR800 M 1Yk, i BR AW PN FEAE IR
H2920%H K o BE3JEFREL— IR MOAR i, K
WK . R ML AaSET A, A5
WIlE K IR M 24~30 °C, % f#R%A>5 mg/L, pH:
6.5~7.0, REA<0.2mg/L, WAiHARE<0.05mg/L,
HAROGIRFEI , FRE L9 229)H o
1.3 #mXE&E

FEAH SIS I IR, SCR ALk 24 h, BEVL
PEHC10E 1, {8 FHMS-222(100 mg/L)H#F#f 5 fa kR
B J5 TR0 i AR 53 3 B o FRAE SR A5 RS
WA RYUR24 h, DRSNS BORRE . A
Bif AL 3 8RR T A R it 00 0 4 R B R
I% o 3 ANBGRAE G T e AR KRR L T
A AL AR b R 2 SUR LB SR 8 o IR 7 A
fitg . ARG S P SR A YT R, BARERAE
W S AR R BT A PN R R BkCR
ML, 474 °CHEE4hE, 13000 r/ming (> 10 min,
B 5 AR S B N IE ST AR, A
SRR, BRU/NHIF RS T 10 mLEs 0 (8
WA 4% BEE )P THRIEAWST R, &
TIFMERE LS R AE s B HUILIR G — MR 8 2 &
Ja—MRIEFEEZH, MLl LA KA R
TETAE—80 °CYKAH £
1.4 EFRME

ARHadEiEaEe RIBUTAK, 1A
WMER FrEERE. ME R RER. N
WG AR EE R A .

14 7% (weight gain rate, WGR, %)=(W -
W)/ Wox100

¥ € A K K (specifical growth rate, SGR, %)=
(InW~InWp)/tx100

Tl B} 2 %4 (feed conversion rate, FCR, %)=W,/
(W=Wy)

S R (survive rate, SR, %)=N,/Ny*100

JIE 3% J& (condition factor, CF, g/cm®)=W,/L*x100

JiF 14 1 (hepatosmatic index, HSI, %)=W,/
Wx100

WE & [ (viscerosomatic index, VSI, %)=
W,/ Wx100

K, wRFROMLAKRKT R (g), WMREMOPILR
R (g), ARFLI KA, W E B R
Bt (g), LIRERAMAIEARK (cm), WK MK &
(2), NACERLKEE, NfCEwsREE, wit
R BT R (g), o ARR iR o I B
H(g)o

FHEI RS ME RS R 105 °C
FEL 3R T4 2 #3200 %E (GBY/T 5009.3); LAY . HFHE
Firge 0 K 433 R Y VR T4 15 0 2 (fiff FHCHRIST
T IR TR AL R T 1848 hy; LR 11 5T R LK
FE R (GB/T 5009.5); HLAS W7 >R F & Al #23%
(GB/T 5009.6); K453 H H 3 971550 °CHybeFr
% (GB/T 5009.4),,

M AfedgiralE BIHEEL(TCHO). &
% % 2 A IH [E BE(HDL-C) . IR %8 15 2 1 IH [#
[ (LDL-C) . H i =g (TG) & & M A4y w5k = il
(AST). %N ¥ 2 Bl (ALT)TE 7 th Sysmex 4> H 3l £
643 BT AL (CHEMIX-800){ % , i FH a5 ¥4 1l
Sysmex/A Al .

I RERE s Rt B Fodu B LB E. REE
MEME(LPL). FFASAE(HL) . BRI B (LPS)IG 1 . i
AL E B (CAT) . & M H Ik %01k ¥ il (GSH-
PX)I k. 9 S (MDA) FIVA T B (LZM) & it 1
SR FH B ot a2 AR B AR 5 i o

FRELE 240 F LA IR i 7 4% P I [
FE W E 24 WE B A B T0% IR L 4% BRI
TR TR . B, . YA FH. B,
A, FE20005 65 R LA LR 28 M4 44 1Y
Ak,

L5 HIRLE

S5 25 3 81 R HISF- 41 45 fE 22 (mean+SD)
TR, SRIISPSS 18.0% F ik 47 F K 2K 7 22 0 i
(One-Way ANOVA)F1Duncan[% £ & M 5 72: %F S 56
GRS BE ST T, LIP<0.054
F K,

2 4R
2.1 ARGPRMKKEENETETEEYE
A KM RER R R B B 2

K GBI R AR, FBW . WGRA
SGRE: HLAEHE NS FEAR A H, 100 me/kg 2504l
[(IFBW . WGRAISGR % 5 T %] I 41 (P<0.05)(#

http://www.scxuebao.cn
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2); 100 mg/kg L 56 2H U FCRIAR , W% T 1R
2 (P<0.05) faPBF IR K TR 2R 2 R A TSk
5 £ [ HSIAN VSI(P<0.05), 54 i CFREAR e rh K

TRETR AT RS E A NG, 100 mgkg
2H 1 CF IR 3 i 6 B 41 R HL At 512 56 21 (P<0.05) .
25 S 4[] £ 1A SR 22 5 A8 I 3 (P>0.05) .

F2 EARPRMKERENETETEEHNEEKEEMIERF BRI

Tab.2 Effects of dietary silymarin levels on growth performance and feed utilization of juvenile GIFT O. niloticus

K CHT 2K/ (mg/kg) dietary silymarin levels

T H items

0 100 200 400 800
WA 5 /g IBW 8.18+0.33 8.15+0.44 8.19£0.24 8.16+0.35 8.18+0.45
KIGH T #/g FBW 73.99+1.32° 82.81+2.76" 80.22+2.04° 78.25+3.01" 75.16+1.27°
14 % /% WGR 805.90+39.15" 916.95+45.36° 879.19+3.88" 859.10+31.02% 818.46+3.60°
e 4 K 3R /(%/d) SGR 4.27+0.02" 4.38+0.04° 4.35+0.03" 4.32+40.02" 4.26+0.10°
ikl =4 FCR 1.3420.09° 1.17+0.04° 1.23£0.03* 1.34+0.08" 1.29+0.06°
A4 Eb/% HST 2.76+0.20° 1.69+0.08" 1.42+0.18° 1.82+0.13° 2.18+0.13¢
JUEAA /% VST 9.41+0.30° 8.77+0.35° 8.81+0.38" 8.88+0.16" 8.87+0.38"
MEi# E/(g/em’) CF 3.98+0.09° 4.24+0.05° 3.21+0.10° 3.14+0.19® 3.0420.10°
TEIEZ/% SR 92.50+2.50 94.17+2.89 95.00+5.00 94.18+1.44 93.33+1.44

e AT B R BN R R R 2 57 3 (P<0.05). T IH)

Notes: Values with different letter superscripts in the same row mean significant differences (P<0.05). The same below

22 ERFRMACEENETETEESE
8. QAMTIEES KSR

o] e v S K TR 20T I AL A 2H 2
KB G B E T (P>0.05)(£3); X4 Al
PRZH 2 rfORE B 11 0T B A G I 355 T (P>0.05) 5 200
1800 mg/kg S 5 20 (1) T AF AL 26 (1 o & = B %
T BB 2H (P<0.05); 100 mg/kgS B4 41 . LAY
U R B 7 34 4 3K T X BRAH (P<0.05); It
AN 1 e eI LR T T o€/ e
1 (P<0.05).

2.3 ARFRMAKREENETETIEAMIE
& LiERRRY R

400711800 mg/kg S K £ Ifil ¥ TCHO 7 5 I
I T X} B 2H (P<0.05), 1001200 mg/kgZ 5 % IR 4H
63 2 5(P>0.05)(F4); 440 F2H 5256 fa 1 75
HHDL-CFILDL-C & & JC i 3 25 5 (P>0.05); 4%
K R LI A IV TG = W 3 K T AR
(P<0.05); ASTHFIALTI P fifi 7k & A 3 7K 3
RAETNREE LIS, 5 57E200F1100 mg/kg s
5 41 e A1

http://www.scxuebao.cn

2.4 RNk T B 3 X AT A B B 4K 051 B

B AR R R K KRR S, B LPL
FEEBE(TL . LPLFTHLAY SR )iE 7 25 2 T4k
HE 2 (P<0.05)(#5); HLIG A 100/1200 mg/kg
S 2 G T AL N800 me/kgL B A 5 T
JIE LPS T E 8 725 Ak [R] LPLATHL 2 AR L Ay #a %, 75
200 mg/kg 40 20 iK Bl KAE, H B E & T X
ZH (P<0.05), 800 mg/kgs: Ky 2 i K T %f M 41
(P<0.05),

2.5 ARPRMKERENSTET AR
MENEER R T

TRl as K 6B R B AR T P R
fFIECATIE J1(P<0.05)(%6); ¥ #2EH T GSH-
PXIEPE, JfBEK R S 25k B AR
FEARREH, 72100 mg/kg S 5 2H ik B fe sy o T
IEMDA £ 12 80 IR 21 5 35 [F AR (P<0.05), IRl
K TR ZE K T T 2 A R AR S ik
KA R X ELZM B 18 TG 2 5 0 (P>0.05)
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R3 ARPKYERKENEETFaYELE. RAMFRERRS NN
Tab.3 Effects of dietary silymarin levels on body, muscle and liver composition of juvenile GIFT O. niloticus

K EHTZ K F/(mg/kg) dietary silymarin levels

=3

B F7 47 nutrient component

0 100 200 400 800
414 whole body
7K 43/% moisture 73.20+1.11° 73.04+0.87° 70.71£0.98" 72.03+1.24% 71.97+1.13®
H1E H Jii/% crude protein 15.05+0.36 14.98+0.30 15.90+0.98 15.15+1.01 15.74+0.92
HLHE /% crude lipid 7.38+0.30° 6.55+0.77° 7.09+0.45" 7.00+0.10® 7.42+0.77°
LK 53/% crude ash 3.0+0.21° 3.8+0.13° 4.28+0.24° 4.21+0.29° 3.8140.08"
WA muscle
JK43/% moisture 77.24+0.87 77.68+0.70 77.74£0.71 78.08+1.88 76.81+0.84
HLE H Jii/% crude protein 19.17+0.50 19.10+0.65 19.10+1.24 18.43+1.12 19.47+0.70
#HAE /% crude lipid 1.27£0.13¢ 0.87+0.10° 1.18+0.03" 1.02+0.21% 1.14+0.20™
FFRE liver
JK43/% moisture 68.93£1.19 71.14+1.39 70.52+1.76 69.68+2.57 70.13+1.54
H2E F /% crude protein 10.32+0.78" 10.96:0.45" 11.38+0.89° 10.66+0.35" 11.35+0.35°
KRG /% crude lipid 4.34+0.20° 1.65+0.13° 3.58+0.53° 4.21+0.42° 3.49+0.11°

F4 ARFFIMARERMNETET A MBERIERNENR
Tab.4 Effects of dietary silymarin levels on serum biochemical indices of GIFT O. niloticus
) KR K F/(mg/kg) dietary silymarin levels
Ui H items
0 100 200 400 800

JIEL [ B%/(mmol/mL) cholesterol 2.66+0.31° 2.67+0.08" 2.69+0.08" 2.42+0.03° 2.46+0.04°
7o % 5 M R 2 AR [ §%/(mmol/mL) HDL-C 1.13£0.08 1.12+0.06 1.09+0.03 1.15+0.04 1.07+0.08
{2 2 g 2% 14 JIH & §%/(mmol/mL) LDL-C 1.1440.15 1.08+0.10 1.13£0.07 1.04+0.09 1.16+0.16
Hih =E8/(mmol/mL) TG 2.73+0.06" 2.35+0.07* 2.52+0.15° 2.55+0.03 2.64+0.13°
B E/(U/L) AST 34.33+1.21° 24.50+0.83" 22.83+1.60° 23.33+1.97° 36.67+1.37°
B WL ’/(U/L) ALT 27.83+2.31° 24.33+2.42° 29.33+1.21" 31.67+2.50° 47.84+2.31°

x5 ARGRMAKCE RN E ST & AT ARSI K HEEA R0

Tab.S Effects of dietary silymarin levels on liver lipid metabolism enzymes of GIFT O. niloticus

7KK E 2 K F/(mg/kg) dietary silymarin levels

T H items

0 100 200 400 800
JIg 5 141 Jlg ¥ /(U/mg prot) LPL 1.46+0.08° 2.72+0.05° 2.60+0.30° 1.83+0.11° 1.91+0.13°
T g /(U/mg prot) HL 1.78+0.09° 2.93+0.33¢ 2.54+0.27™ 2.20+0.27% 1.90+0.19°
JAHGEE/(U/mg prot) TL 3.25+0.15° 5.55+0.31¢ 5.14+0.18° 4.03+0.20° 3.82+0.32°
JI5 107 /(U/g prot) LPS 111.97+2.45 110.04+6.73° 130.48+3.52° 107.97+8.16° 83.76+4.27"

http://www.scxuebao.cn
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Tab. 6 Effects of dietary silymarin levels on liver antioxidase activities of GIFT O. niloticus
7K & #i] & &/ (mg/kg) dietary silymarin levels
i H items
0 100 200 400 800

I AL S EE/(U/mg prot) CAT 7.59+0.33° 2.54+0.10° 4.10£0.14° 4.24+0.25° 4.19+0.18°
A e H ki S LB /(U/mg prot) GSH-PX 13.59+0.68° 32.9442.32° 29.13+1.34° 25.51£0.76° 21.65+0.42°
N % /(mol/mg prot) MDA 1.63+0.11° 1.43+0.08° 1.35+0.05™ 1.30+0.13° 1.16+0.07°
Y B¥/(g/mg prot) LZM 0.1420.02 0.170.01 0.1520.03 0.1620.01 0.1620.02
2.6 ANPRMKKEESEES TG M AR R, B uTeT I, A

E'.; ur]

wﬁ@ﬁ%w%ﬁ%m (EE A WE A
W0 ML— 30, 7 Le A A% A A, — S T 40
Iﬁi(@(@l), K K] RN KF 100 mg/kg

s

Kil &

e

".j ey

e O &%
'4*“W¥¥?* AT S

Jr e, S HoAh SE IR A s W K R
200711400 mg/kgh, 75 oAb B4l ™= W

JK A 800 mg/kg ik T 200 it 45 %of B 2 i JHC Al 52 56
ECE, 20 A SRR AR, 40 M RN B
SR, A AmAs, F 2

’I

?: P! ,Vb‘rv-, & ¢ » ‘-." ’ o'
» ge v R -
' 2;%w}ﬁm§§fl'
| o TN vu 6 L
Ml TN Lff:&”»*"’}: %
SIVE S b 8 sty

e A ey

’;" 55."*,’“ ﬁ.‘.': _'*J"g&ﬂ 0 6 15
’w l, i

.r’ J‘ % Y
\ e ¥ - -
> v 6‘3"'*'{2"“&{1": .ﬁ ‘\""f ,,gwi

d‘n SE e
?:@’{{x'r *hmﬁﬁf"‘ﬁ‘ 5 :

"- R ’
jr"’m ’a" (T ‘f"""‘ '} o

El1 HEFEaFEFERAENFHERE

1~5. TRk H 7K 6T 2R A K TR0
il RRIOR )

100, 200 400F1 800 mg/kg T JIi 41 g 1 1 (20015 Y6 8%

R, NOAUMURL, NML IRz RS, @k

Fig.1 Hepatocytes of tilapia observed in H.E staining paraffin sections

1-5. Liver histological structure of tilapia fed experimental diets supplemented with different concentrations of silymarin (x200;

scale bar=20 um; N nucleus; NM nuclear migration; arrow cellular vacuolization)

3 TR

Tk Fh S 0 R K R 2 RE A8 e ik 3 ) A=
Koo TR Sy O X A ARG i BF 5T L
R KRBT R RE NS (e E 4 Al 1 9 1k
W, PEemAsTERE; A R AE A Sk 5 O BIF 5
H e TR RS IR BT R R GE T Wk

http://www.scxuebao.cn

iR, fim TR AR B A ek R
WK TR E] 2R X B B LGN TR X B (Litopenaeus
vannamez)iﬁi$ A7 15 M BRI R R E0CA

W, FEAS S S, R AR 100 mg/kg Y
KRE RS T YR R AR A K,
FEAR T R4, S5 UL L HGE AL . X AT RE
Sk ] R A R ENE R 2 BAE A G, AR
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EOUARY R e RS M EE A E, NS
KOKET R AL S TR B RE AR, RE TR
AR PERE . [FR, #1100 mg/kgr/K & &
R ERART A m o LR IR S b A
Ul /0 U B O RS, 3 WY T AR rh S s K
KHTFE BN T E Y AR @ gl U E AR i AR
W, B THRMT R, X ik AR KA
BAER . ARSI, 25U I 09 A L R E iR
L S AR TR R, K T AR ] B A A
F BB oK BT R BE A AR AT IR R Ik B
[, 44 I 0 IE W3S . K RET R BNk F
it 200 mg/kgla , AE A K P RE TG W L
e, AR RO I K R R EA I S 20
Bm WA, s b WCE SR . (HEE
F 5 PO S DR R I 100 mg/kgrK KB R X HH
RN K MR E R, 5ARSE SR A
[, WIfE 5 500 fn % 0 Fa B i, Rk B %
I 0 g A2 70 5 R AR AR T R G

A G W (AST) M4 N 5% 2 i (ALT) £ 2L
FEAET Ay, 40 i Az 460, 40 e B 37
PERGGE 40 N B ASTHRIALT, M2 55 7 1
T ASTHALTHITE Y, IR b DL b % &
il 1% P R A R TR R AR A2 Y RS
100, 200F1400 mg/kgZH ASTI P i 1% T XF FE 20
1800 mg/kgZH, ALTYE 100 mg/kght i i % T
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KR XS E AR ) SR RAER, A
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X 200 A e L DT 5 | R T 240 3 i
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I 3w 7L JBE TR R AR AR 2% B 3 (1 (VLDL), ¢
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Effects of dietary silymarin on growth performance, enzymes of hepatic lipid
metabolism and antioxidant ability in GIFT Oreochromis niloticus

GOU Gengwu'?, JIANG Ming', WEN Hua'’, WU Fan', LIU Wei', TIAN Juan', YANG Changgeng'

(1. Key laboratory of Freshwater Biodiversity Conservation and Utilization of Ministry of Agriculture, Yangtze River Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. College of Fishery and Life, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Silymarin was extracted from Silybum marianum (St. Mary's thistle, milk thistle), and has been used to
treat liver, spleen and gallbladder disorders due to functions in anti-radical, antioxidant, anti-lipid peroxidation,
anti-inflammatory and to protect the stability of plasma membrane. However, it remains unknown whether
silymarin has the same functions in juvenile GIFT Oreochromis niloticus. A 9-week feeding experiment was
performed to investigate the effects of dietary silymarin levels on growth performance, hepatic lipid metabolism
enzymes activities and antioxidant ability in juvenile GIFT [initial body weight (8.17+0.31) g]. Five practical diets
were formulated with incorporation of silymarin at the levels of 0 (control), 100, 200, 400 and 800 mg/kg. At the
end of the feeding trial, growth performance, body composition, serum biochemical indices, hepatic lipid
metabolism enzymes activities and antioxidant enzymes activities were measured. The results were as follows: (D
Compared with those in the other groups, the highest weight gain rate (WGR), specific growth rate (SGR) and
condition factor(CF) were observed in fish fed the diets containing 100 mg/kg silymarin. By contrast, feed
conversion rate(FCR) of the fish fed the diets containing 100 mg/kg silymarin was the lowest and significantly
decreased compared with control group. Dietary silymarin supplementation significantly decreased hepatosmatic
index (HSI) and viscerosomatic index(VSI). There was no significant difference of survival rate among all the
groups. @ The lipid content in whole body, muscle and liver was the lowest at the group of 100 mg/kg diet and
significantly lower than the control group. Dietary silymarin supplementation significantly decreased triglyceride
in serum. The activities of serum aspartate transaminase (AST) and alanine aminotransferase (ALT) were both
decreased initially and then increased as silymarin level increased, and the lowest activity of AST and ALT were
observed in the group fed 200 and 100 mg/kg diet, respectively. @ For lipid metabolism enzymes, dietary
silymarin supplementation significantly elevated the activities of lipoprotein lipase (LPL) and total lipase (TL) in
liver, and the highest activity of lipase (LPS) was in the group of 200 mg/kg diet, while it was significantly lower
than the control group. @Feed added silymarin significant increased glutathione peroxidase (GSH-PX) activity
and decreased catalase (CAT) activity in liver, and significantly reduced malondialdehyde (MDA) content in liver.
®Liver slices of GIFT treated with dietary silymarin addition at 100 mg/kg showed few hepatocytes with empty
vacuoles and less nuclear migration. In conclusion, appropriate dietary silymarin supplementation could promote
growth performance, decrease muscle, whole body and hepatopancreas lipid contents, and regulate lipid
metabolism enzymes and antioxidant ability in liver. On the basis of the above results, the proper dose of silymarin
in juvenile GIFT diet was recommended to be 100 mg/kg.

Key words: GIFT Oreochromis niloticus; silymarin; growth performance; lipid metabolism enzymes; antioxidant
ability
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