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Tab. 1 Formulation and chemical composition of the experimental diets (g/100 g in dry matter)

Tkl Diet

JiE Ingredient CLAO CLAO.5 CLAI CLALS CLA2 CLA2.5 CLA3
ZHA Soybean meal (oil-extracted)a 48 48 48 48 48 48 48
SEFFAH Rapeseed meal (oil—extracted)b 14 14 14 14 14 14 14
Fi¥FH Cottonseed meal (oil-extracted)® 11 11 11 11 11 11 11
o-JEM a-starch 8 8 8 8 8 8 8
FKUEH Corn starch 7.69 7.69 7.69 7.69 7.69 7.69 7.69
4 EE R Mineral premix’ 1 I 1 I 1 1 1
YA R TIEY) Vitamin premix” 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Y 2C Vitamin C' 0.1 0.1 0.1 0.1 0.1 0.1 0.1
HB-F-3H Coconut oil® 3 25 2 1.5 1 0.5 0
SEHEF R CLA" 0 0.5 1 1.5 2 25 3
K57 Refined linoleic acid' 1 1 1 1 1 1 1
H 5 T2 B 2 Refined linolenic acid’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5
SALJETH Choline chloride 0.1 0.1 0.1 0.1 0.1 0.1 0.1
A4 2 Cellulose 5.11 5.11 5.11 5.11 5.11 5.11 5.11
A B(F4)57) Chemical composition (in dry matter)
FE A Crude protein 36.02 36.24 36.3 35.98 36.08 36.11 36.25
KR WT Crude lipid 4.52 4.48 4.50 4.43 4.60 4.55 4.52
K4y Ash 6.16 6.01 5.98 5.98 5.86 5.86 5.84
JLAE Gross energy (kJ/g) 15.2 15.33 15.28 15.22 15.39 15.44 15.48

VU SRR IOR A PR A R, A RO S BERU R ORI PR A R, b A R S R AR AR
HRRA R, B EEIE; B URY: (mg/kgPEAL HA40): NaCl, 500; MgSO,-7H,0, 7500; NaH,P0O,-2H,0, 12500; KH,PO,, 16000;
Ca(H,PO,)-2H,0, 10000; FeSO,, 1250; C¢H,(CaO4-5H,0, 1750; ZnSO,4 7H,0, 176.5; MnSO,4-4H,0, 81; CuSO, 5H,0, 15.5; CoSO,-6H,0,
0.5; KI, 1.5; starch, 225; “4E4E R TURY: (mg/kgTIREL, NRC, 2011): Bif% K, 20; #£ 3 K, 20; MASEE, 20; FUAENIE, 2; R, 5; 2 ER4S, 50;
WL, 100; MR, 100; AWE, 5; e, 3226; 44 HA (44 KA ZRREN A RARAIRES, 1:1), 110; 484 D3 (HA51LEEE), 20; 4
'ERE (dl-o-2E B 2 8R88), 100; 424 K3 (EHREREHY), 10; YL R C: L-HUR L #R-2- 2 BERREE, 35% iR MR, b 24
R BR A |, dE L5 *HFih: SUPERCOCO, G.G. Alliance Pte Ltd, JEAL5:; "SEAEIF I ER: 75 S W0MG A i AR IR A ], o 5 5
LM FR(LA): P82 BebEAl TA IR A A, fIE 22, 2i8> 98%; H5 i IWHRER(LNA): P2 Bt TAH A, d [H %2, 41>98%

Note: ‘Soybean meal: Anhui Huayi Agr-livestock Technology Co., Ltd., Hefei, China; bRapeseed meal: Anhui Huayi Agr-livestock
Technology Co., Ltd., Hefei, China; ‘Cottonseed meal: Anhui Huayi Agr-livestock Technology Co., Ltd., Hefei, China; ‘Mineral premix:
(mg/kg premix:, H440): NaCl, 500; MgSO,-7H,0, 7500; NaH,PO,-2H,0, 12500; KH,PO,, 16000; Ca(H,P0O,)-2H,0, 10000; FeSO,, 1250;
C¢H,(Ca04-5H,0, 1750; ZnSO,-7H,0, 176.5; MnSO,-4H,0, 81; CuSO,-5H,0, 15.5; CoSO4-6H,0, 0.5; K1, 1.5; starch, 225; “Vitamin
premix (mg/kg diet, NRC, 2011): Thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanocobalamine, 2; folic acid, 5; calcium pantothenate, 50;
inositol, 100; niacin, 100; biotin, 5; starch, 3226; vitamin A (as vitamin A acetate and vitamin A palmitate, 1:1), 110; vitamin D;
(cholecalciferol), 20; vitamin E (dl-a-tocopherol acetate), 100; vitamin K5 (as menadione sodium bisulphite), 10; Vitamin C: L-ascorbyl-2-
polyphosphate, 35% ascorbic acid equivalent, Bei}"ing Sunpu Biochemical and Technology Co., Ltd., Beijing, China; *Coconut oil:
SUPERCOCO, G.G. Alliance Pte Ltd, Philippines; QINGDAO AUHAI Biotech. Co. Ltd., Qingdao, China; 'Refined linoleic acid (LA):
Xi’an Kanglong Chemical Industry Co., Ltd., Xi’an, China; purity>98%; 'Refined linolenic acid (LNA): Xi’an Kanglong Chemical Industry
Co., Ltd., Xi’an, China; purity>98%
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() 2 T g A FR LB (ACC) . JIg 7 18 i &AL i 2
(FAD2). JREE A IENiEE(LPL) 8 38U I 7 g
(HSL). S8 A0l A 38 BE P B0 52 R a(PPAR @)
Tk S A P g R 358 B ) TS 52 ARy (PP ARY) Bl B-actin
(W)W F 53 3FTR, SR )G =AY TR
(KIE)VA PR A A o
1.7 BESZITES

FITAT S 56 B0 5l 20 3k 1 25 VARG 56 A0 [ o P A
5, SR 5 X~ I BT B R K 7 % 53 HT (one-way
ANOVA)J&, Fi 47 Duncan’s % 5 HL 4, 76 P<0.050
o6 25 SRR . 7 22 40 H UL R R CLAUK
5 AL b e S A e 77 DL RO 07 AR
AH G JE I m RN A 3k /K ~F (19 48 2% P 2 4 33 |

SPSS18.0 (SPSS PASW Statistics, SPSS Inc., Chica-
go, IL, USA)5E .

2 #R

A S 5 ZouZs " A K S A A S,
Fovp, AP kRt AR K RE AN TR R 5
M ok . g5 Rk a0 T 7R fRL A A
0.5%—3% CLAZN R B Af (1] {735 2.(P>0.05, &
4). 1%CLAZ 45 8 3% m T 6 R ZH(P<0.05),
M2.5%—3%CLAZ K& % B EM T XA
(P<0.05, & 4). TkH10.5%—2% CLAN} 58 45 5
AR RHEGRCR . R AR A =G AN
FRITC MR (P>0.05), {H2.5%—3% CLAZY )

*2 BRRGERKg/100 git) FiEHl(g/100 g FH5)BIBE BRERLE AR
Tab.2 Fatty acid compositions of oils (g/100 g of oil) and experimental diets (g/100 g in dry matter)

ARl Diet
JiE Wi 2 Fatty acid R ,
Coconutoil CLAoil  CLAO  CLA0S  CLAI CLA15  CLA2  CLA25 CLA3
C8:0 6.7 — — - - - — - —
C10:0 5.8 - — — — - — - -
C12:0 50.78 - 1.5 1.25 1.01 0.75 0.51 0.25 0.03
C14:0 196 - 0.588 0.49 0.392 0.294 0.196 0.098 0.06
C16:0 82 0.5 0.246 0.207 0.169 0.13 0.09 0.0534 0.015
C18:0 - 0.5 — 0.02 0.01 0.05 0.03 0.06 0.01
YSFA’ 91.08 1 2.334 1.967 1.581 1.224 0.826 0.4614 0.115
C16:1n-7 — - — — — — — - -
C18:1n-9 - 25 — 0.012 0.021 0.032 0.053 0.022 0.061
C20:1 - - - - - - — - -
C24:1n-9 - - - - - — — - -
YMUFA” - 2.5 — 0.012 0.021 0.032 0.053 0.022 0.061
C18:2n-6 - - 1.02 1.01 0.99 0.98 1.05 0.14 1.03
C18:2 — 1.6 — 0.008 0.016 0.024 0.032 0.04 0.048
C18:2 - 46.5 — 0.233 0.465 0.6975 0.93 1.1625 1.395
C18:2 - 472 - 0.236 0.472 0.708 0.944 1.18 1.416
C18:3n-3 — - 0.495 0.490 0.501 0.489 0.510 0.499 0.500
C20:5n-3 - - — — — — — - —
C22:6n-3 - - - - - - — - -
YPUFA® - 95.3 1.515 1.977 2.444 2.899 3.466 3.922 4389
n-3PUFA" - - 0.495 0.49 0.501 0.489 0.51 0.499 0.5
n-6PUFA’ — - 1.02 1.01 0.99 0.98 1.05 1.04 1.03
n-3/n-6 — - 0.485 0.485 0.506 0.499 0.486 0.480 0.485
ZCLA" — 93.7 — 0.469 0.937 1.406 1.874 2.343 2.811
TR RIS A BT, SARRIEITEG: C8:0, C10:0, C12:0, C14:0, C16:0, C18:0; "Y S AN A AN B R, 4 B AT 0 G

2: C16:1n-7, C18:1n-9, C20:1, C24:1n-9; Y Z AN FI g Hh R, E%}TLﬁﬁuﬁaﬂﬁ@a C18:2n-6, C18: 2 Cis-9 and Cis-12, C18:2 Cis-9 and
Tmnv 11, C18: 2 Trans-10 and Cis-12, C18: 3n-3, C20: 5n-3, C22: 6n-3; ‘n-3 % ARG iR C18: 3n-3, C20: 5n-3 and C22: 6n-35 &
‘n- 6§TL@7}‘DHHH)§@Q C18: 2n- 6._.;, Z FLATP AR, M ALHE T AR : C18: 2 Cis-9 and Trans-11; C18: 2 Trans- 10 and Cis-12

Note: “

—: not detected; “YSFA, total saturated fatty acids: C8:0, C10:0, C12:0, C14:0, C16:0, C18:0; ZMUFA total monoun-

saturated fatty acids: C16:1n-7, C18:1n-9, C20:1, C24:1n-9; “YPUFA, total polyunsaturated fatty acids: C18:2n-6, C18: 2 Cis-9 and Cis-12,

C18: 2C1s9and Trans-11, C18: 2 Trans-10 and Cis-12, C18: 3n-3, C20: 5n-3, C22: 6n-3; ‘n-3PUFA: the sum of C18: 3n-3, C20: 5n-3 and

C22: 6n-3; ‘n-6PUFA: the sum of C18: 2n-6; ZCLA total conjugated linoleic acid: C18: 2 Cis-9 and Trans-11; C18: 2 Trans-10 and Cis-12
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B PRACH EiRTEAR(P<0.05, % 4). WFE 5HR
(ZHUE T R, WZouw ™), fkl shifino.5%—
3%CLAXN BT, fHEE. M. K
4y FRE 2 & 2150 3 2 (P<0.05) . 1A kLR
1.5%—3%CLA. 1%—3%CLAFI1.5%—3%CLA%}
) B TR B M A 7 2EL 2R UL PR H 1 B
B (P<0.05).
2.1 ARPAREICLARMAK & & TR F LA
4R LA TR 4 B LS RO S2 0

AN CLA S 7K ST B e 28 203 40 B 8 Al 485
PRSI U LTS o o HE 2 8 £ T 40 O R A 5
FIIEH (B 1a). ANPRZ IR0 5288, k% . 4%
LRI P R 5 ST 400 i 8 250 3 W AT L. CLAO.5-
CLA2.52H JIT- 20 i U2 s 45 #) 52 3, 2 i R BR T,
Yty 35— 2RI AR G5, PN RS T BT RELTHD PN
JE X HE 51 B2 55, A% AR B A 3 ) (B 1b—1) . T
CLA3ZH T4 o 28 ki fk 2= 94k, PO IR SR 7098 2% WY
R, HEF I TR, g e 1g). AR
CL AR I /K ST %o B i JUL 200 P 76 e 465 440 160 52 i 4
P 2T~ . o I 2 i LA R R Ak 45 44 1E % () 2a) o
JUL &5 b s, LB &F 4k 45 /)35 i . CLAO.5-
CLA2.52H %56 JJL4H M &6 14 5 0 B 4 — 2, R LR
W (K 2b—f). MCLA3ZH LN BT &5 /I Fa Bk, WL
JiR A4 i, 2540 5 (B 2g)
2.2 FARPARECLARMAK S E & FFREFALEA
FIELEEASE SN T-AOCHIMDA R 2 1S/

K onl &, S5xtHEAFHEL, CLA1-CLA3ZH
B SODIE 1 i # b FH(P<0.05), HA#ECLA2F
CLA3HEH NEE; /ECLAL.5-CLA3H T AT+
CAT. GPxHMIT-AOCiH /7% 5 T-%F B 2H(P<0.05),
X 3Fh g il 5 ) /ECLA2ZH 135 B % &, T GRIG
JITECLAO0.5-CLA3H & & F L4 (P>0.05),
CLAO0.5-CLA1ZH AT/ P MDA & & 5 X B4 MDA &
FHEL(P>0.05), fHCLAL.5-CLA2 /I 4IMDA &
B0 E T B 4.(P<0.05), MCLA2.5-CLA34H
MDA & & & 3 &5 T X4 24 (P<0.05). HFE 7751,

XTI B, ECLA1.5-CLA3ANLA F1SODE /)
B (P<0.05), HAECLA24Lk 3 i 5r; GPxih
JITECLA1-CLA3ZINL A H 2 25 48 155 (P<0.05), HAE
CLA2.5HH N ¥, /ECLAL.5-CLA2. SAHNLIAI
TAOCE 7185 2 = T X 2H(P<0.05), HAECLA24L
ik B i, 1M AECLAO0.5-CLA3ZH LA CAT AN
GRIF 17 B2 4h(P>0.05). CLA0.5-CLA2.5
HIFE MDA S = 55 RHAMDA & &340 8 3%
Z5(P>0.05), fHCLA3ZAMDA S & & & & T X
#H(P<0.05).
23 AR ARECLAZR K 3 & £ BT AR Fn AL A
SRR IS HE X B EmRNAR AR M

& 3T %n, 5 R ZHAH B, fECLA1.5-CLA3
MNP ACC mRNAFKIE &2 F(P<0.05), T
HSL mRNA# AR % Fif(P<0.05), Hul&E
CLA2.54 114 2| % =5, 1 J5 & fECLA2-CLA3 A [%
Z{K; FAD2. LPL. PPARa mRNAZ%YHI7ECLA2-
CLA3%H. CLA1.5-CLA2.52HFICLA1-CLA3ZH Tt
Wi 2 B R IE(P<0.05), M PPARy mRNATE
CLA1-CLA3ZH Ik 22 T 31K (P<0.05), HYS
St R AL A L, X440 F I mRNA 54 & 2 5 %45 5
7ECLA2-CLA2.5. CLA2.5. CLA2FICLA2-
CLA3H Wi N 3. I 40T 51, 55 AH b,
ECLAI-CLA3ZNIAHACC mRNAK I 52 T
(P<0.05), MLPL. HSLFIPPARa mRNAFIA R I
W (P<0.05), HMKX{ECLA2.5-CLA3. CLAL.5-
CLA3. CLA2-CLA3FICLA2H LA &k 5 3%;
fECLA1.5-CLA2VA K CLA3H NN FAD?2
mRNAFE & 8 #F & T X R4 (P<0.05), M{E
CLAO.5-CLA3Z LA PPARy mRNA L T i %
2N (P>0.05)
24 EARFRCLAKESEHRFRRAALE It S LA
SENUAR BRI X E EmRNAFRIAKFHIHE
KT

TR CLA KT 5 AT IR AL A Hh 0 S8 AL il
3 77 LA SR W7 AR A 5¢ ZE P mRN A SR AA 7K F- (1)

3 ZLRTEEEPCR(QRT-PCR)S|IHFT!
Tab.3 Primers used for real-time quantitative PCR (qQRT-PCR)

H: K Gene 1E ] 5] % Forward primer Jz 191 5] #JReverse primer
PPARo. TCAGGATACCACTATGGAGTTCAC TACAGCGGCGTTCACACTTG
PPARy CGCTCATCTCCTACGGTCAG ATGTCGCTGTCGTCCAACTC
FAD?2 AGGTCTTCTCTTGGTACTTGACTCC GCACCATCTCTTCCCCACA
LPL ATTGTGGTGGACTGGTTG CTACATGAGCACCAAGACTG
ACC TGGCTGCACTGCACTCTCACT GGTCCAGCTTCCCTGCGGTC
HSL GTGGTCCAATCCTGCGTCAT CACAGGGCACTACAGTATGCTTCTA
p-actin CGTGACATCAAGGAGAAG GAGTTGAAGGTGGTCTCAT
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FHSEVED BT B W2 8—11. 13 8AI %, HFIE
FIr ks I B4 SF e, GRIE 3 ADRL i CLAZK P 2 47
FHZE, HAhAFIEEE S5 A CLA/K T 2 IEA 2% SFh
fitg % 712 18], BRGR5GPx. GR5T-AOC |A] [ fi§
W1 RS, HAb M S ES N IER G, Bkl R
CLAK 5T MDA S & £k, HE onf
A1, AE WL A B R I ) SRR G, GRS I FICLAK

FAD2. LPL. HSL. PPARaFf1PPARy) mRNAZKIX
EH, ACCmRNAR A EFMCLAK 2 A,
A5 FFmRNAEZ A B AMCLAKT £ IEM .,
ACCEH HAh 5D EEFImRNA ik &3 2 U ¢, 1M
HoAth 5/ FE I mRNA R IA 5 2 [A) A FL 33 BB AH oK
R 11Rf %0, fENLA A, CLA KT 6/ % A
mRNA R IA & 5 AH 2 18] 1A 5¢ M 5 I E R ) 45

2 AU O, HoAh 4R )13 AICLAZKSE 2 IEAH —.

X; SFhEFIE 2 8], BRGR5CAT. GRET-AOCZ | 3 i

(BTG /7 2 A DG, HA AR SCHER R IE ARG . TRpR)

HCLAZKF 5 LA -h MDA Bt 5 2 25 A% A 2 NRCP i1 25 32 9 SR ATDu e
HHZ 100 0, 78 AT A B il e A B2 Rl (4 CC R A 1 B 36%, FLTR T 5 oN4.5% % A S Tk

R4 (AR AT I HER T & KFIARIF A R R CEEER IR, n=3)*
Tab. 4 Effects of dietary CLA on growth and feed utilization of grass carp (mean + SE, n = 3)*

fbiIndex PP Det
CLAO CLA0.5 CLAL CLALS CLA2 CLA2.5 CLA3

SR' 98.89+1.11 97.78+1.11 100£0.0 97.78+2.22 98.89+1.11 96.67+1.93 97.78+1.11
IBW 5.08+0.08 5.25+0.25 4.97+0.16 4.9540.20 5.19+0.23 5.07+0.29 5.06=0.25
FBW 25.96+0.41°  25.424026°  26.8240.57°  26.52£0.48"  25.94:£049°  24.03£0.48"  23.45+0.46°
FR' 2.59+0.03 2.61£0.04" 2.6240.05" 2.7440.05° 2.6240.03" 2.3740.03° 2.2940.05°
SGR’ 2.11£0.05° 2.07+0.04" 2.12+0.05" 2.10+0.05" 2.08+0.05" 1.95+0.03% 1.86+0.04°
FCE® 71.26+0.35°  70.23+0.61°  71.5440.58"  70.33£0.60°  70.01£0.49°  69.04+£0.55"  68.85+0.47°
PRE’ 47.1840.62"  47.10£0.41°  47.78£0.42°  46.80£0.50°  46.82+0.19°  44.2320.61°  44.6320.68"
ERE"® 41.53£0.53"  41.32+£0.79"  42.06£0.82°  41.44£0.78"  40.54£0.54  39.06+1.01°  37.05+0.68°

VE: P (SR, %) =100x 2R S0 0 M HUI RS 1 G PTG (R, SRR “BERTR(FR, % /d) = 100% BB S (F1)
B, gV REx (WM R ERE, o) +ARIKEGRE, g)]/2} K (SGR, %/d) = 100% x [In&ARKEEE, g) 1n%ﬂ!z“ﬁi$(wet
weight, )]/ K %; %?ﬂi?%;ﬁz}:(FCE %) = 100% x X%E(a@ ) — WA ERE, o))/fkHEN B (dry matter, g); & [ i
(PRE, %) = 100% x fa{k%E (1655 \i/ﬁaﬁ)\i(ﬁ%ﬁi, g); "HERHE TR (ERE, %) = 100% x &Mﬁﬁ%éﬁ%%\i/ﬁééfﬁ)\i(?%ﬁ,
ki/g); *R AT IIEA T LARSECF B R 22 B3 (P< 0.05); B , )

Note: Survival rate (SR, %) =100xfinal fish number/initial fish number; "IBW: Initial body weight; 'FBW: Final body weight; Feeding
rate (FR, % /d) = 100% x feed intake (dry matter, g)/days x {[initial body weight (wet weight, g) + final body weight (wet weight, g)]/2}
Spec1ﬁc growth rate (SGR, %/d) = 100% x [In final body weight (wet weight, g) — In initial body weight (wet weight, g)]/days; *Feed
conversmn efficiency (FCE, %) = 100% x [final body weight (wet weight, g) — initial body weight (Wet weight, g)]/food intake (dry matter,
2); "Protein retention efficiency (PRE, %) = 100% x protein gain in fish/protein intake (dry matter, g); Energy retention efficiency (ERE, %) =
100% x energy gain in fish/energy intake (dry matter, kJ/g); *Means with the different superscripts within the same row are significantly
different at P < 0.05; the same applies below

RS ARPHIET R E S © & AR FEB LR S ENFICEIESRER, n=23)

Tab.5 Whole body composition and tissue lipid content of grass carp fed with the experimental diets (mean = SE, n = 3)

_ Tk Diet
847 Index Ny
YfInitial CLAO CLAO0.5 CLA1 CLA1.5 CLA2 CLA2.5 CLA3

4= 20 fli(g/100 g, ¥ EE) Whole body (g/100 g, wet weight)
F#))% Dry matter 18.77+0.12 23.02+0.24 22.70+0.33 23.28+0.29 22.60+0.35
A Crude protein 10.224+0.26 12.74+0.27 13.01+0.14 13.32+0.28 13.18+0.29

22.67+0.41 22.75+0.39 22.78+0.13
12.67+0.26 12.85+0.20 12.68+0.18

HMUHEMT Crude lipid 3.43+0.13  5.1140.17 5.06£0.47 520+0.31 5.22+0.23 4.63£0.29 4.84+0.35 4.66+0.20
K5y Ash 2674024  3.20+0.19 3224027 3.08+0.13 3.19+0.17  3.05+£0.11 3.44+0.29 3.28+0.24
fit & Gross energy 3.03£0.15  4.28+0.19 3.34+0.32 3.56+0.32 3.58+0.34  3.63£0.29 3.73£0.26  3.55+0.28

g i & B:(g/100 g, ¥ 2E) Lipid content (g/100 g, wet weight)

JFFIIE Liver 14.5240.25" 14.3620.08" 14.17+0.19" 13.26+0.22° 12.02+0.06° 10.94+0.04" 10.64+0.18°
f 6 g 7 Intraperitoneal fat 32.31+0.25" 32.10+0.18" 31.12+0.25° 30.08+0.23° 29.19+0.14" 28.66+0.32" 28.48+0.32"
WLA Muscle 247+0.22°  2.26+0.12° 2.22+0.10° 1.94+0.07™ 1.86+0.02° 1.77+0.04° 1.73+0.04°
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TR, e, SR S VLA 1D R R AR
CLA, R B RELIG I & & — 8, JR i /&
EE%E@?(I%H]Z?H&E?%HO 5% 7 JBR IR ) LA A2 0 75 i
WHBRTE oK o £ 65d A K SR, ot i 2H S8 f [ 44
HH(5.08+0.08) g] IFF & A KF LI H2.11%/d, =T
Du ™ B 1 B A 4 R 2R KR (R R 4% ML 7
T ERREHAR70d)E, SGRZIN1.30%/d). Fik%

P2 0H, A SEI6 iR RAC T 58 4 AT A2 B AR R AR
KB FER, HARREC 77 3& & H R 7S CLA W] 15 F%
RS REFI LA R R AR 2R
3.1 AR AREICLAZR K & £ BT AR Fn AL A
DIPTSR RN
BRI, H ABUF(Macrobrachium
nzpponense)f%]\m?4 5% CLARY, AT i fig b

.'___‘_'__ -

K1 ki CLAX R H?Wfﬂ,/\éﬁﬂﬂ%ﬁ; H’J%;DFJ(@QTEE , 3500%)
Fig. 1 The effect of dietary CLA on the morphology of hepatocytes of grass carp (Transmission electron microscope, 3500%)

K 2 L?*#EPCLAXTE’% HJIWQH,/\QEH@%W*E’J%DH(J@%EE
Fig.2 The effect of dietary CLA on the morphology of myocytes of grass carp (Transmission electron microscope, cross section, 3500%)

, B, 3500%)

6 (ARPCLANE& DI ELEEREN. SmENENME_E S 2N MEIESRER, 1=3)*
Tab. 6 Effects of dietary CLA on activity of antioxidant enzymes, T-AOC and MDA contents in the liver of grass carp (mean+SE, n=3)*

l§i% /JEnzyme activity  CLAO CLAO.5 CLAl CLALS CLA2 CLA25 CLA3
SOD (U/mg prot) 509.717.38°  529.30+16.05" 544.77+11.94° 597.49+7.42°  638.89+8.90° 634.66+9.01'  612.38+5.10"
CAT (U/mg prot) 61.53£5.64"  60.57£6.10"  77.69+8.08"  100.57£10.69" 122.66+5.10" 116.17+4.38"  111.89+6.13"
GPx (U/mg prot) 386.87+19.00° 402.72+11.99° 435.68+12.14 476.08+28.06° 520.50£9.09" 471.50+29.62" 501.95+12.04'
GR (Ulg prot) 5504036 5.59:0.60 5.44+0.53 5.59+0.52 5.80£1.06  5.94+0.54 433+0.68
T-AOC (U/mg prot) 474:026° 456047 590£0.52"  635£0.56°  9.36+0.40" 9.40£031°  8.24+0.44°
MDA (nmol/mg prot) 225+0.19"  2.19+0.17°  2.16x0.13° 1.64+0.10° 1.20+0.10°  2.93+0.18"  4.16+0.22"
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#7 ARPCLANE& A ENEERTEN. SMENENNE B ENHMCEERER, n=3)*
Tab. 7 Effect of dietary CLA on activity of antioxidant enzymes, T-AOC and MDA contents in the muscle of grass carp (mean+SE, n=3)*

[i#¥% 71Enzyme activity CLAO CLAO0.5 CLAI CLAl.5 CLA2 CLA2.5 CLA3
SOD (U/mg prot) 83.03+4.26" 86.40+3.52" 9522+5.01% 106.0945.93" 143.37+6.67°  114.1244.13"  118.537.67"
CAT (U/mg prot) 10.40+0.52  9.34£0.90  10.09+1.45  11.94+0.88  10.04+1.18  11.50+0.51  11.92%1.20
GPx (U/mg prot) 75.05£3.21°  76.72+3.08° 94.43+4.51"  102.43+6.61° 111.69+6.26" 116.21£7.29" 105.10+5.75"
GR (Ulg prot) 2158020 234053 240:038  1.96+0.46 2.3320.45 1.99+045  1.97+0.44
T-AOC (U/mg prot) 1.7340.28°  1.94+0.26° 2432037 3.16£029"  3.67£025'  3.01042"  2.20£0.29"
MDA (nmol/mg prot) 1.96:0.28"  1.9120.16"  1.88+0.18"  1.89+0.28" 1.75£0.28°  232+028°  3.42+0.26°
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Fig. 3 Effects of dietary CLA on mRNA level of genes involved Fig. 4 Effects of CLA on mRNA level of genes involved in the

in the lipid metabolism in the liver of grass carp lipid metabolism in the muscle of grass carp
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MDA (A %) & & B350, MDA HLAE 5
e E SRS —P, Fik, & EICLAT]
JERE 5] H AT R A R TP MDA & I3, i3k
M7 51 &AL A4 i B 454k, AT 5 B0 £ 4k 1) SR AL B
B, A S SR H R . AW R,
CLA3Z 1 T 2H 2R 4 i 28 ki A 25 3 4k 14 J5 19 i
Ji s LA L AILYS &5 A4 ba ke, LR 21 4 %A, X & e
CLA3ZL 3 01 fT- 40 i FULEH B 2 25 2 32 42 . [RI I,
AT K I, CLASH AT IERIULA MDA % & .
T HAMSH . XA TCLAR /K
H, SECLAME T AGKIAS I [ B2 2= 18 A il &5 B AL
A DUIGTR, T AE A DU 965 TR Fe 308 3 491 1) 2 A IO W e
o R AR IR S T 2 2 MR 1R S AN, PR
RS R, B P AL P 0 L S 4
PRI, 45 A 2% CLATE AN 52 M) B A [ A= K R ) 6 R
F, L 5 B AR IE i 0 AN R, A U 4 k)
CLAFIR I NAR 3%, DA a4k 1B A K.
3.2 ARPARECLAR MK & & TR Fn LA
FIMEWERSES . BINENEENFIMDA R /IS
R KRR R R, R H e BT

FALEE RS (WSOD. CAT. GPxHIGR), H-HEF] ]
AR (4t & C. 48 KEMGSH) KI5
RN R %Y SN e N R kAW = = B (i el
RSN EE G ISR B I =i I RN E=RA A s
DL 2 F 40 B 5 H AN T R 1 2 B Y. SOD R LI
A A AL NI 28— B by 2k, K is M B B R R

BH,0,”". CATII AL 44 SOD L & = ¥ H,0, %
. NH,OMO,, GPxHEIE it 4 Ak i Ji 4 5 i R

H,0, I8 i E AL N TP LA 32 S8 A0 53450
AR, FECLAL.5-CLA3ZH E5 44 1 I AL A
W, SODFIGPxi /134 i 3 i T X4, 7/ECLAL-
CLA3ZH A, CATIE /7 8.3 5 T X HE 2, T 7EAL
W, CATIS TR E E R . SARK L RAEL,
TEFAE H146.25 gl K38 kLR R N1 %—4%
CLATW & 2 & JLIFBEA L s soDis . /]
B, Huang5" "ifF 97 22 B, 75 &1k £ (Nibea coibor)%))
1 4R R I0.5%—2% CLA W] i3 2 $ v He BT F
SOD. CATHIT-AOCHE /1. #RT, T EWE T
RO, ELAR R IN2% CLA B AR i 5 2 P AK H
AVEUR R IR SOD A GPx ¥ 17, X A] G842 BT 1A &}

®8 MARPCLAKTESEFREMEITES. SREKENMAZESENHEXY

Tab. 8 Pearson correlations between dietary CLA level and the activity of antioxidant enzymes, T-AOC and MDA contents in the liver of

grass carp
CLA SOD CAT GPx GR T-AOC MDA
CLA
- 0.796" 0.791° 0.663" 0.204 0.806" -0.602°
P 0.000 0.000 0.003 0.417 0.000 0.008
SOD
- 0.872° 0.701° 0.202 0.844" ~0.125
P 0.000 0.001 0.422 0.000 0.124
CAT
r 0.702° 0.072 0.787" -0.216
P 0.001 0.776 0.000 0.635
GPx
r -0.146 0.516" -0.314
P 0.564 0.028 0.545
GR
r -0.017 -0.636
P 0.948 0.712
T-AOC
r -0.354
P 0.217
MDA
r
P

RN B Z B AR R, RN AN B Z A A5G, SRR P<0.05, A R E £ R, T
Note: “r” indicates correlation coefficient between the two variables; “—” indicates the negative correlation betweenthe two variables;
* indicates the P value is significantly different at P<0.05; the same applies below
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Tab. 9 Pearson correlations between dietary CLA level and the activity of antioxidant enzymes, T-AOC and MDA contents in the muscle

of grass carp

CLA SOD CAT GPx GR T-AOC MDA
CLA
r 0.624° 0.409 0.693" -0.197 0.232 -0.733"
P 0.006 0.092 0.001 0.434 0.354 0.001
SOD
r 0.143 0.523" 0.000 0.571° -0.247
P 0.572 0.026 0.999 0.013 0.124
CAT
r 0.176 -0.313 0.166 —0.362
P 0.486 0.205 0.512 0314
GPx
r 0.028 0.458 —0.437
P 0.911 0.056 0.247
GR
r —-0.004 —0.334
P 0.988 0.627
T-AOC
r
P
MDA
r
P
#F 10 (AR P CLAKFE SRR+ AR K5 X EE mRNARIE R X%
Tab. 10  Pearson correlations between dietary CLA level and mRNA levels in the liver of grass carp
CLA ACC FAD2 LPL HSL PPARa PPARy
CLA
r -0.818" 0.574" 0.768" 0.884" 0.746" -0.785"
P 0.000 0.013 0.000 0.000 0.000 0.000
ACC
r -0.790" -0.866" -0.875" -0.794" 0.751°
P 0.000 0.000 0.000 0.000 0.000
FAD2
r 0.752" 0.795" 0.850" -0.786"
P 0.000 0.000 0.000 0.000
LPL
r 0.835° 0.821° -0.780"
P 0.000 0.000 0.000
HSL
r 0.863" -0.917
P 0.000 0.000
PPAR«
r -0.765"
P 0.000
PPARYy
r
P

HRCLAE A HIM AT EL, R~ & HoAh 2 A A
JE Wi B, Win-3PUFAMIn-6PUFA, CLAE St 5

S5n-3Fn-6 5 78 LLAFI e 7. SR, FracalossiZe™
N M HLAEn-3F1n-6 PUFA L3134 B — 2 P AT i
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WU A B B 9% 70, I CLAE A M i J5 =
512 H AV R AT R SOD MIGPxiE 11 F %

T-AOC/& H TG MR BT AL R A PLEA T
REMZEar M FR AR, LR/ S BRATL A4 B S5 A7 SR Jolp 36 1)
FRAEEREFIAA A B RS, S Huang2™"
WE7T 45 BAHE), FECLA1.5-CLA2. 54 b, & fa fT i
AR T-AOCTE /1 5.3 . AWK, X 55
B35 I AERTE R, T-AOCTE /7 5 CLAM < % Bt 5it,
T LE S PR E /12 18], T-AOCTE 715 SODAH M
S X SPPEEE JIENLA R, GPx 5 CLATE 71k tE
558, T E S BEG 712 (8], GPxif 715 SODAH I 14
e, X R YIE I IE AL ZH 23, CLAX R —#t
AACER 1520 A — 3, (EX SODIE 1135 H KR
i), SODTECLAREH AN H A 2 X HEMME
. HTFCLA24HFFSOD. CAT. GPx. T-AOC
FPLAISOD. T-AOCHH /1 B A i %, Kk,
CLA2ZH ] I 35 3 iy #0850 o, 3 B AR N ok
AR S . S ERTE A
(FIRE 7, A FI T A4 N eE S8 A0 N 38, 9820 353495 1)
CLABIE RN
3.3 EARPAEICLARMKEX E & FREFIAL A
BE A X 1514E X EE mRNARIZ IR0

RN I I AR 2R RSN RN, 5

PN G 5 B B CELHE IR T B8 WSk A BG, WA CC IR
105 R 25 M A, WFAD2). JIE & A8 3E (WILPL).
JIE 7 18 B AL (U HIS L) 45 5 B g AN IR Moy R A G A 5%
()% K7 (lPPARo. PPARYy) 3t [&] i 2 1) 45
Fo ACCRIEL ZEECoATE LN WL BEA 1 PR &
W, 2 5 Wi k& Y. AW B, CLAL.S-
CLA3ZH A T E FILAIACC mRNAFR L & 5%~
W. FREER5Zou%"1.5%—3% CLA W2 41
B0 AR AT LA h i 0 A 2 — 5. DongZ " 5%
T, R AR R IN1.5%—3% CLA W] &3 [%
IRHHFBEALAIACC mRNA KA &, iX 5 A S296 45
R SIS AN ERER = A12F0A15 £ A
filg, ASBE k& BLC-PUFA, Kb FAD21E Myt 2
LC-PUFA % S — BRd 32 2132 k™. 14
BRI INCLA R 5 28 FAD2 mRNAFRIL, SR 1T
RII A 2 AH [R] ) SR R AN ], BF A 45 R TT g

fEZ % . Kennedy%s Wi 51 & HITEY) H 7.5 gl k
U P ) Rl TP S INC LA AT 2 2 41 v FL AT I FAD2
MRNAFIE &, SR Leaver ! i 7t WA 4 N
132 g R 7 ¥ S ] Rl Hh s INC LAY H M EFAD2
mRNARIE R E M . 5 70E #7045 AL,
AR5 &5 BB oR, TE 5 g R R 2 %
CLAW] & 3 42 & HAFEAULIA FAD2 mRNAZRIA

F 11 ARFCLAKE SR F SR X EEmRNAFRERIHE X

Tab. 11 Pearson correlations between dietary CLA level and mRNA levels in the muscle of grass carp
CLA ACC FAD2 LPL HSL PPAR« PPARy
CLA
r -0.843" 0.525" 0.752° 0.857" 0.777° 0.399
P 0.000 0.025 0.000 0.000 0.000 0.101
ACC
p —0.458 -0.699" -0.877" —0.849" —-0.270
P 0.056 0.001 0.000 0.000 0.279
FAD2
r 0.613° 0.326 0.462 0.119
P 0.007 0.186 0.053 0.639
LPL
r 0.795" 0.850" 0.334
P 0.000 0.000 0.176
HSL
r 0.940" 0.408
P 0.000 0.093
PPARa
r 0.342
P 0.165
PPARYy

r

P value
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&=, (et T H4LC-PUFA S L. EALENY I
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EFFECTS OF DIETARY CLA ON CYTOLOGICAL MORPHOLOGY, ACTIVITY
OF ANTIOXIDANT ENZYMES, AND GENE EXPRESSIONS OF LIPID
METABOLISM IN THE LIVER AND MUSCLE OF GRASS CARP

KONG Long"?, ZOU Qi"?, CHENG Shi-Yan"’, YANG Yan-Ou’, YU Deng-Hang"’,
HUANG Fengl’2 and DONG Gui-Fangl’2
(1. Hubei Key Laboratory of Animal Nutrition and Feed Science, Wuhan Polytechnic University, Wuhan 430023, China;

2. Freshwater Aquaculture Collaborative Innovation Center in Hubei Province, Wuhan 430070, China;
3. College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China)

Abstract: A 65-day trial was conducted to investigate effects of CLA on cytological morphology, activity of antioxi-
dant enzymes, and gene expressions of lipid metabolism in the liver and muscle of grass carp. Seven isonitrogenous
(crude protein: 36 g/100 g) and isolipidic (crude lipid: 4.5 g/100 g) diets were formulated: 0 CLA (control), 0.5%
(CLAO.5), 1% (CLA1), 1.5 (CLAL.5), 2 (CLA2), 2.5 (CLA2.5), and 3% CLA (CLA3). Three biological replicates of
fish were assigned to each diet with the initial body weight at (5.08+0.08) g. Endoplasmic reticulum in the liver, and
loose sarcolemma of myocyte and degradation of myofibril in the muscle when compared with the control fish. The
activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx), and the total antioxidant capacity (T-AOC)
both in the liver and muscle of CLA1.5-CLA2.5 groups significantly (P<0.05) increased compared with control group.
The activities of catalase (CAT) in the liver of CLA1.5-CLA3 groups were significantly (P<0.05) higher than that of
control group, however, there was no significant (P>0.05) change in the glutathione reductase (GR) activity in the liver.
The MDA contents in the liver of fish fed with CLA1.5-CLA2 diets were significantly (P<0.05) lower than that of con-
trol group, however, the MDA contents in the liver of fish fed with CLA2.5-CLA3 diets significantly (P<0.05) in-
creased compared with control group. In contrast, fish fed with CLA3 had significantly higher MDA contents in the
muscle (P<0.05) compared with control group. Compared with the control fish, the mRNA level of acetyl-CoA
carboxylase (ACC) both in the liver and muscle of fish fed with CLA1.5-CLA2.5 diets were significantly (£<0.05)
down-regulated; the mRNA levels of lipoprotein lipase (LPL), hormone-sensitive lipase (HSL), and peroxisome proli-
ferator-activated receptor alpha (PPAR«) of fish fed with CLA1.5-CLA2.5 diets were significantly (P<0.05) up-regu-
lated; the mRNA levels of fatty acid desaturase 2 (FAD2) in the liver of fish fed with CLA2-CLA3 diets and in the
muscle of fish fed with CLA1.5-CLA2 and CLA3 diets were significantly (P<0.05) up-regulated; the mRNA level of
peroxisome proliferator-activated receptor gamma (PPARY) in the liver of fish fed with CLA1-CLA3 diets was signifi-
cantly (P<0.05) down-regulated. Conversely, there was no significant (P>0.05) difference for the PPARy mRNA level
in the muscle of fish fed with CLA0.5-CLA3 diets. In conclusion, supplementation of 2% CLA could significantly de-
crease the lipid contents in the liver and muscle without affecting cytological morphology of liver and muscle, the
growth and feed utilization of grass carp by improving the antioxidant capacities in the liver and muscle.

Key words: Grass carp; CLA; Cytological morphology; Antioxidant capacity; Gene expression



