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WE: FTHRAR TR MELHARZT AR AN K REAE X E KL
W, LA T B O (13.5140.31) gty K X 87 4h & L3t R, RIT4LFR fn F R/ #
E 2k % B (0%, 0.01%. 0.02%710.05%, T &7 m&E 4 4] A0, 100, 20051500 mg/kg)#y %
A% EREH, #ATAMIOANEREKIR. £RET: OFGHRAML, @B
A Am0.01%~0.02%2% % B & F 48 & T K % #F 4 & 48 & £ (WGR); 48K 23 (FE)H 47 FF o 2%
SHMAMAKTAETAS, EEANEZRALE,; MARFESHEMATAE, KX
SATRILHSDE B2, AR ERTHEL; QamARMN RN, 1BF MK S B
FAHAAEHFERMFRERERSEETHRES, EAXZH HMAT H0.02%~
0.05%H X B, EFMTHEA; OFdRaMt, RRAMESZHAH AKX E
B o 7 B LA B 7 (T-AOC) B A& it H Ik it L 4 B (GSH-PX)WE M B E &, E& & n
4l Z 7L E; A A (SOD)E M M % % B oh 7 fn K F I+ 18 2 % 7+ @ JE I 1R
#A, HERMAKFH0.02%MH L E7 T EA,; hERH-BMDA)E B LB K
AP BT S, B R AR 4 0.02%~0.05% B B 3 1 F At B 415 @k % 6 F ik B B4
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K26 (Scophthalmus maximus)f&F E 1L 5 #h
X EENFREEF AR —, Bl KREFL
IR E BN T AR, H AR K R 1Y A
3 I W 7K R 12%~15% , 1 52 B 35 4 5 A —
A A T K 16% L) i s g ik, B i il R
B K 32 B 1R I B8 Ak 80 5 | s AR o R 22 6T 1Y i
ARG LB 5 A — 2b AR, Jr DR 25 6T 2
— P id A o R A AL 2R Y v K fa A AR Bl

AW i S — A 2 B 2R
B, HEZEMEHEDFIREEFILERKE
TRIE(EGCG), A A CyH 50 K Z Wi
R —Fh KSR S BE I SR, 2B 5 UE S AE
FLahph Bt fbse " BrEpimET
I8/0 13 H I =R (TG S G IH [ B (TC) & 1Y
P AILAA KRR R i o B DL AR U A Z AW
AR Ji4h, TEKAZ Y T 2R 25 a5
AT D  ANAE S BE (Paralichthys olivaceus)!™
WT 85 (Oncorhynchus mykiss)!'™ . 5+ & 4R (Carassius
auratus gibelio)!"™ F1Je ¥ % 9F 4 (Oreochromis
niloticus)" ' 4 L5 22 W e (2 E B A Ak R B 42 B
1, MG T 4% 2 W 6 fa 28 R AR 0 52 e B F
RIULHGE . KL, A5 B EFR & IR FEE
TS N 2% 22 B b K 22 B AR KRB A AL e ) 1 R
M, 38 o 0 g D A3 A DG 2 DR 3% 38 1 Y AR
W 20 R 58 % 22 W W) R 22 B g A 34 1 18 455 Bl
B, TR G — s RAT AT Y B A e E 1 o
R, R KRBTSR PR A A S

1 MEHSTTE

1.1 SEIRRE &

L E AR P (Gadus morhua) 1K . 5H
R FEFE AR, O, T B IE A E ER
VR, e AN 2 A Sk O R o 4 A R S R
LB ikl Horp R UK N S50% A 4, IR
KR 18% LA, KL W (Sigma, ZHEEI8%LL I,
B A LA E 0% LL BRI K H0% .
0.01%. 0.02%F10.05%(F = i 435 0. 100,
200F1500 mg/kg)o TRk AS Z WU MoK F-Z %
Tian%F U7 o A5 U™ R X B 2% 4 U915 55 248 AL A
FE o SRR B SR T LR 1

JIT AT SRR 3 5 2 60 wm i 9, SR HE KR
S 77 R RN SY, AR5 I AR Bk 5T,
28 WUZFTARD BB 25 B0 T B A o 50 4 (2 mmx
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2 mm), FFHSS CHUFEMET10 hDd b, e
T 1EF—20 °COKF & H o

1.2 SEIEHAMFEETR

Sy FH K 22 8T &)y £ Ay L AR Y I BV K 7 A
BRI N TR R — 44 f . FEER SRS
BOHT, W RGEBEL T % N K FRAE R 58(2.0 mx
2.0 mx1.5 m)" g FR208 , I LIS B ARDRECE 5
LIFAEYRHEARAF, B mmx] mm, HE
Ha50%, M & 12%)8 H2 i g #
W, i 23 N SR R G A R

IEA LI R, X g glidk24 h, Pkik
SR RAEERRE . RN — B0 R 22 BF &)y £ [ 4 K o
A1(13.51£0.31) g] 3605, FfAHLAFFEC 2 124> R
H1(0.6 mx0.6 mx0.9 m), FMFFFE30E
FRRDEHREAL 2> A3 AT, g R A 5 R 24K (8:00
F118:00), 5256 3] (8] i /K /K i 18~24 °C, pH
$97.8~8.0, R H29~33, VA B AES.0 mg/L
PLE, FRAEJEAAT70 do

1.3 HmXE&E

FRAH SR FESL 10, 200 45 A RRE S5 £
Y24 h, BB KFE A AR I 525 RO
FREE . RSP MO fa, FREETHELS H2 mL
O RS AR TR KU, 4 °CELy, B VE
TRAFT—80 CCUKFRTFIN o fiff F 45 Z JFF I 0 A JOE
SIRRE, A IR SO IR FE %k, 3R
i E A B R, IFEAA T 1.5 mLICRNARE 2.0
B, PAFT-80 °CUKA, T RNAFEHUR SLi
PEOE R . B Ja BRI T-20 °CUKA
TRAE, T s o 4.

14 SLIoHh

e JEURE Kt LG D . RS L RIK 43 1Y
I 5E 2 MAOACTT Lt A7 5 BT ME X LD i 5 &5
I R A — TP R

L 375 78 S A ) B AL Tl (SOD) A JDE H kit 4
LY (GSH-Px) T M, ST AL RE 1 (T-A0C) &
P T (MDA) 7 it >R HI R 5% 8 2R 9 i 5 T 3t )
EIATINE , TR LR A R UL T

JIF I S RNAZ: B8 Trizolid 7] £ (TaKaRa, H 7K)
P, ARFEPrimeScript RT Reagent Kit with gDNA
Eraser (TaKaRa, H 7)1 4538 i 519103017 )
s (32).
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Tab. 1 Formulation and proximate composition of the experimental diets %

JEOR A TRARIRZ I/ dietary tea polyphenols level

ingredients 0% 0.01% 0.02% 0.05%
fa¥y  fish meal 30.00 30.00 30.00 30.00
INEL I wheat gluten meal 12.00 12.00 12.00 12.00
B[ casein 13.00 13.00 13.00 13.00
/NERY  wheat meal 7.65 7.64 7.63 7.60
ZH1 soybean meal 16.00 16.00 16.00 16.00
il soybean oil 14.00 14.00 14.00 14.00
fi#HE  phospholipid 2.00 2.00 2.00 2.00
W YR TERE  mineral premix’ 1.00 1.00 1.00 1.00
YA Z TR vitamin premix' 0.50 0.50 0.50 0.50
SALHEBE  choline chloride 0.10 0.10 0.10 0.10
%R — 4% monocalcium phosphate 1.00 1.00 1.00 1.00
NBERE  calcium propionic acid 0.10 0.10 0.10 0.10
Bi% 5 mold inhibitor” 0.10 0.10 0.10 0.10
WEF  attractant mixture’® 1.00 1.00 1.00 1.00
AN ethoxyquin 0.05 0.05 0.05 0.05
# %MW tea polyphenol 0.00 0.01 0.02 0.05
RN sodium alginate 1.50 1.50 1.50 1.50
it total 100 100 100 100
EIRA4)> proximate composition®
FYIR dry matter 92.11 92.07 91.80 91.79
HE A crude protein 50.23 50.70 50.31 50.91
HHEWT  crude lipid 18.36 18.88 18.21 18.22

Ve L4EAE R YR BUREI S 20 255N, BOMRESARSIZ C BERETRE: 3GAER, HERS ML : 3BETK: 483K

7y R SENIE

Notes: 1. vitamin premix and mineral premix according to [20]; 2. mold inhibitor, fumaric acid and calcium are mixed by 1/1; 3. attractant, glycine and
betaine are mixed by 1/3; 4. nutrient composition was actual measurement values

L5 WHERSIHAE

115 R (survival rate, SR, %)=FN/INx100%

14 7 % (weight gain rate, WGR, %)=(W,~W)/ Wyx
100%

€ 4 K & (specific growth rate, SGR, %/d)=
(InW, ~InWy)/tx100%

JFAK EE (hepato-somatic index, HSI, %)=(W,/
W)x100%

WIEAA HE (viscera-somatic index, VSI, %)=(W,/W,)x
100%

T B (feed efficiency, FE)=(W,~ W)/ W;
Krfr, FNAAERGE(R), IN AR EGE(R),
W, HARRT R (g), Wo MHIIRIATE (2), WA
FFHEIR T (g), W, MIERNRE (g), W, AT
H(g), ¢ FHFRFEAMS ().

S BN R A R 2 Ak I T
i oK FHSPSS 18.01F 17 8K & J5 2243 #f (One-
Way ANOVA), 242257 i 3E 1 (P<0.05), K Tukey[&
Ko AT Z2 H AL, S U LA S {E R iR
(mean+SE)E 7R o
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F2 RNAEEPCRFASIMFET

Tab.2 Primer pair sequences for Real-time PCR in the present study

H 2 A 1ER 54 EAE kY

target genes forward primer(5'-3") reverse primer(5'-3")
CPT1 GCCTTTCAGTTCACCATCACA ATGCGGCTGACTCGTTTCTT
PPAR o CGATCAGGTGACCCTGTTAA TGGAACTTGGGCTCCATCd
SREBP-1 CGATCCGCACTCCAAGT CCGCACTGCCCTGAAT
FAS GGCAACAACACGGATGGATAC CTCGCTTTGATTGACAGAACAC
P-actin GTAGGTGATGAAGCCCAGAGCA GTAGGTGATGAAGCCCAGAGCA

WE: CPT 1. TRERHATR IR 45 74 15 PPAR o S AIGTEY) G244 o; SREBP-1. [BIRER T 045 & 8 H;  FAS. EITR & B

Notes: CPT 1. carnitine palmitoyltransferase 1; PPAR a. peroxisome proliferator-activated receptor a; SREBP-1. sterol regulatory element-binding

protein 1; FAS. fatty acid synthase
2 4

2.1 FBERRMAKFEIREEE KM RERIF M

K32 7 SRFNFEBE 1) B v 2% 22 3 B Ik - 7+
f I, H A 4 R 25 R OR B 3 (P>0.05). KRR
BV SR b} rh 2% 22 B U oK CSF T s R AR, R
K46 2 R B3 (P>0.05), KIEHFFW ., WGR
FISGREATRIE 25 2 1 U8 K- T i3 2 e T & Ja
FEARE S, HAEB MK 40.01%~0.02%FF 15 5|
e (E, B3 TR (P<0.05), MMi0.05%% i
2 5 X R 25 5 A B 35 (P>0.05) . 5 X IR 4 A
P, KEEGFHSIRE fRDR} 255 22 M 3% i 7K 7 T e i
B E AR (P<0.05), £ I IN4lH 2 578 B 3% (P>
0.05)(#3).

2.2 FEBMIRMAKFNREFEFERTL
abAlD

RO N AN GRS LRI | P A DU

Y gy 1 0 R 7K 3 FIORL B 115 52 AR B 3 (P>
0.05). K ZEWFWLIA i 5 7 ek B 4R Rk 255 2 B U n
HOF-THRE T FEA, {54540 18] 22 5 R 3% (P>0.05).
R 22 Ao A R I B 7 5k B DR R 2% 22 1 S
TR T i BEAR 25 W K 7 Sk 3 AR T X IR
H, HAETMIKFE 50.02%~0.05%Mf i % T H
14 2H (P<0. 05)(764).

2.3 FEHEIRMAKFKRELMBFRE L AE
pal:obAly

X REALAT L, SN 2 W DR 4Lk
227 1fiL 5 T-AOC J GSH-Pxifi 1 . 3 7125 (P <0.05),
FLAS RN 2 R 3% . L SODIE e B 2§ &
M R KT T 85 S e T R0 R R 5
21835 T X IR, HLAEVR KT 4 0.02% 0 ik
F R H{E(P <0.05). IfLIE MDA B i)kl b 2 2
AR IKOT TR AR, ELAEUR KT 0.02%~
0.05%F} & % {16 F X HAL(P <0. 05); 0.01% ¥ 4

®3 AREXSERMKENREE KRN NCEE)
Tab.3 Effects of graded levels of tea polyphenol on growth of S. maximus(wet basis)

kR TARIA Z WA IN/KF/%  dietary tea polyphenols level

indicators 0% 0.02% 0.05%
KRG T Rg W, 46.21£2.30° 50.16+1.07° 51.37+1.50" 48.33+1.66"
1P % /% SR 97.78+1.11 100 100 100
MEH/% WGR 242.04+10.94° 270.97+11.81° 278. 27+15.32° 266.88+9.42"
e EKH/(%/d) SGR 1.75+0.06" 1.87+0.05* 1.90£0.08" 1.84+0.04"
TR FE 1.1140.03 1.13+0.04 1.14+0.08 1.15+0.07
JHFAARLE/%  HSI 1.63+0.20° 1.3240.22° 1.37+0.26 1.29+0.15°
A E/%  VSI 5.45+0.33 5.46+0.12 5.43+0.38 5.42+0.22

W RPFE AT A FE BbRE RN 2 7 B (P<0.05), TH

Notes: the data with the different superscripts in the same row are significantly different (P<0.05), the same below
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Tab. 4 Effects of graded levels of tea polyphenol on body composition of S. maximus %
Jek7 AR Z R IN/KF/%  dietary tea polyphenols level

indicators 0% 0.01% 0.02% 0.05%
48 whole fish
/K% moisture 78.70+0.32 76.59+0.73 76.75%0.15 77.32+0.62
HEHRT  crude protein 15.92+0.05 16.02+0.06 15.99£0.03 15.92+0.04
MMM crude lipid 4.28+0.04" 4.10+0.01° 3.7740.03¢ 3.78+0.01°
FFIER UL#EFE  liver and muscle indicators
JHFREFEIET  liver crude lipid 9.80+0.05" 9.03£0.09° 8.27+0.05° 8.12+0.02°
JULAFEAEWT  muscle crude lipid 0.98+0.04 0.94+0.01 0.92+0.01 0.900.01

50 B 2H 22 5 AN B 3K (3R S).

2.4 FKZERIRMKEST KELEFFBESREBP-1,
FAS. CPT1X PPAR oRiEEME

KEE 6T JFESREBP-1 mRNAZ A 5 Fifi fr v
AR W i M AKCE T AL, BB
0.02%~0.05% ik B R IR fH, W EHALT XA
(P<0.05); 0.01%¥S N2 5 %F M4 22 57 K Wb 3 (P>
0.05) HFEFAS mRNAZ Ik i Fifi 4] v 55 22 1 %
TKSE T e GG TR ks, HAER K
F-20.02%H 3K B R ARAE , IR T XA P <
0.05); HAaWmA 53 BHzR AR E ., SXR
YA, TR INAS 2 W B L T AR CPT-1
mRNAZF A (P <0. 05), £ E2E %A 8%,
JHWEPPAR oo mRNAZR A 1 i 1R} i 25 22 3 75
KT 2 e T Ja A S, BRIk
0.02%Ht A B e i, 3% = T X IR 4L (P <0.05);
HARR N 22 5 A8 |3 (P>0.05)(356)

x5 AMESBIRMKFENKELEME
ME B E MR M0
Tab.5 Effects of graded levels of tea polyphenol on

antioxidant enzyme activities of S. maximus

6 TARLE S ERR AN KT XS A E B AT R A X
HXERREEHNFM
Tab. 6 Effects of graded levels of tea polyphenol on
expressions of lipid metabolism related genes of

S. maximus

Joks TARLZE Z IS IN/KF/%  dietary tea polyphenols level

Tl 2 By I KT /%

EiELa dietary tea polyphenols level
indicators 0% 0.01% 0.02% 0.05%
SOD/(U/mL) 15.89+0.28° 17.96+0.27° 19.23+0.25" 18.97+0.15®

T-AOC/(U/mL)  6.18£0.08° 7.02+0.08" 7.29+0.05° 7.24+0.03°
GSH-Px/(U/mg) 53.22+1.79" 74.25+2.80° 75.59+0.98" 73.92+1.94°

MDA/(mmol/mL) 7.79£0.17°  6.92£0.19® 6.70£0.16"  6.710.24"

indicators 0% 0.01% 0.02% 0.05%

SREBP-1 1.00£0.06°  0.88+0.02"  0.80+0.02"  0.82+0.03"

FAS 1.00£0.07°  0.86+0.03" 0.81£0.02°  0.84+0.02"

CPT1 1.00£0.05°  1.26+0.03°  1.32£0.03"  1.270.04°

PPAR a 1.00£0.06°  1.2440.09" 1.28+0.09"  1.2340.05"
3 Wie

AL EER B R, FREN0.01%~0.02%
KWW E RS T REFWAR, X 57EHR L
5" (Megalobrama amblycephala). Je % % k"
FT S P2 YA ST A AN — B DO IE Y S n s
Z R R A K AAREEN ., A XxZ
My 0 P2 AR AR I DLER W R A B D) il iE 5 2
HE— 2B HRIE . 2R 2 110.01%~0.02% 78 I 2 A K i
F, BARZERARE, "JREe R 2K
AR T R A KT TMT0.05% 5 K F-F
A KT B AT R R R DR 2 2 2
S ECH A MR A6 3T R TS

ARSI RS N2k 22 Wy W 3 AR T R 22
JIERG D7 5 5 SR LG, X 5254 e IR AT s 4 R
AR, FCBI 5T J I ARDRE TR S I 25 22 1 g — 2 2
(%A T i (Mylopharyngodon piceus) AR J i
B Wi UCRR o 26 T 4% 22 1y 1) e BB A FH AL i 7 £ 26
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ok LR, RAE/DN B (Mus musculus) " & AT
2 1y G 38 a9 4 B R AR 3 3 R A 3 ko R A
FHE A S vh 434 B 7 A R DR A 45 SR A L
T S I00.02% 5% 2 B[R] i i 3 M T PPAR
0% CPT 1 mRNAZ k&, PPAR o 1518 Wi 4> it
R IR AR D LA E ™Y, PPAR otk
WE R LR CPT IR NE A E, MiEEREK
B i IR i A 2R AR 484k 43 il 1 OC St B g
Jif LACPT 1 mRNAZR 35 & 19 L Tt 7] Be 42 i2F JIg 15 iR
Ak A3 i, FR AR S 22 T 1T R R 3l 2
N R AL A ok RAERERRVER . ok, FEARSE
K, AR IR A10.02%2% Z By n] B N JHSREBP-1
FFAS mRNAM) £ K& . SREBP-11E T H il =
Bis BB i R & Bt e rh R HEEEAE N, AR
BB, AN RE/N UL T SREBP-13 3K K- I
T+, HSREBP-1%% 5 K /Iy BRI BRI 18 75 i A
Pk, Hl =R A O 2P0, AR ARSI AR
AL RLHE 2E 22 W RE 10 SREBP-11% 4L . &K H H
()5 FASFR IR, ST 1 B 7 R 1 & B o

FrEERGAE A1, 2% 2 M 7E 4 i AR T 48 Ak
eI W EAEE/EH . SOD. GSH-Px4Efif
S ARPT AL R G0 S R AT YRR
JIERER i e I ) SR = R A IR 7= A
T3 BT A K SE A A 77 I (TMDA),,
AT 358 3 LA fE R, ek e 95 o 245 22 1 ) e U
ARG Y HE AR S v B R AR i 2k 2
Wy, WS T RE MG IUAEE T, %
DR e W A RDRL BT 5 1R B BLIR B A LR O R
FERENAEE, X588 RPIMR SR —3.
XA RE R A A% 2 W AR E G BRIk T AL, T BRAL
RN Z R0 H B E Y, HigS5kAER
RN T b5 W 2P 4 8 B T4 A fE—ie, M
T B AR SR AL S R, e BB Ak VR .

25 LT IR, R AR IS 2 W B4R K2R B
AR BRI AR D5 DT RURI 3 S b A fk e )y,
K R A FH AL v] B8 S 4 30F B i 404k 43 ik o 410 o)
NEWIR G . 735b, TEARSLR A FEEER. K
B3 ATT PRI T A2 Al S AR SR ] Ay
i, 0.01%~0.02%24% 22 Il 2 1 ‘B S I o

SE Xk
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Effects of tea polyphenols on growth, antioxidant capacity and lipid metabolism
related genes expression of turbot (Scophthalmus maximus)

LI Yicong', LIAOKai’, JIRenlei', FANGWei', XUDan', MAIKangsen', Al Qinghui"
(1. Key Laboratory of Aquaculture Nutrition and Feed, Ministry of Agriculture and Rural Affairs,
Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: In aquaculture, high fat diets are widely used for its protein sparing effect which can improve protein
utilization efficiency, promote growth and protect environment pollution. Hoevever, it can also lead to excessive
lipid deposition of liver and lower disease resistance. In order to solve this problem, additives should be explored.
Tea polyphenols are natural plant extracts which have been proved to have the effects of of promoting growth,
lipid reduction and immunity improving in many animals. Therefore, the purpose of the experiment is to
investigate the effects of dietary tea polyphenols (TP) level on growth, antioxidant capacity and lipid metabolism
of turbot. Four diets with graded levels of TP (0.00%, 0.01%, 0.02% and 0.05%. dry weight 0, 100, 200 and 500
mg/kg) was formulated in this experiment. Fish were cultured in indoor aquaculture system, and each diet was
randomly assigned to three replicate groups of juvenile fish [initial average weight of (13.51+0.31) g] and fed
twice daily (8:00, 18:00).The feeding trial lasted 70 d. The results showed as follows: () Compared with the
control group, fish fed the diet with 0.01%—-0.02% TP had significantly higher weight gain rate
(WGR). Feed efficiency (FE) was increased with the increasing TP level and no significant differences
were detected among dietary treatments. Compared with the control group, Hepato-somatic index
(HST) was significantly increased by the supplement with TP. @) The lipid contents of whole fish and
liver were decreased with increasing TP level and significantly lower in 0.02%-0.05% group
compared with the control group. @ Compared with the control group, the activities of total antioxidant
capacity (T-AOC) and glutathione peroxidase (GSH-Px) were significantly higher in fish fed the diet with TP, and
no significant differences were detected among fish fed diets with TP. The activity of superoxide dismutase (SOD)
first increased and then decreased with the increasing TP level, and 0.02% supplement level was the highest. The
content of malondialdehyde (MDA) was decreased with increasing TP level, and significantly higher in 0.02%
group compared with the control group. @ The expression of sterol regulatory element binding protein
I(SREBP-1) was decreased with increasing TP level and significantly higher in 0.02%—-0.05% groups
compared with the control group. The expression of fatty acid synthetase (FAS) was first decreased
and then increased with increasing TP level and significantly lower in 0.02% group compared with the
control group. The expression of peroxisome proliferator-activated receptor a (PPAR a) first increased
and then decreased with increasing TP level and significantly higher in 0.02% group compared with
the control group. The expression of carnitine palmitoyl transferase 1(CPT 1) increased with
increasing TP level and significantly higher compared with the control group. This research indicated
that high fat diets supplemented with TP could promote growth, reduce liver fat deposition, and
increase antioxidant activity. The optimum supplemental level of TP in diets for turbot is

approximatly 0.02%.
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