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HETHBRN 2R EZBEA AN EERK., FERKRFRSEXE
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) -2 2 S oy 1 2 1,2 N 2 2
TR, ERRE, REXR, 2 E, 2205, 2HEF ., A%, KARK
1. B ERE K55 arBe, L 201306,

2. INAEBEHEAESBEREALEE, IWAEEERIESHEFRLE, 11K WE 264006

WE: BB NEA M (Epinephelus fuscoguttatus @ x E. lanceolatu 3)JE¥n5 AR H(SE. lanceolatu) 515 5 A B
(@ E. fuscoguttatus)Z< 3 W B b Fh o AHIF 5% F L HE Wl BR (CLA) R i~ 0 (CLAO). 0.8% (CLAO0.8). 1.6%
(CLAL.6). 2.4% (CLA2.4). 3.2% (CLA3.2)iY 5 PP a5 A S5 RE 1A KL, BERAIIAR 1A 4 (63.57+0.56) g Xk v IH A B 4)
8 Ji, WFFEAS IR LA I AR AKX AR 4 AR B A AR DG TG 2 o 45 SRR T (1) B n L i 72 %o
SCH TR R RRE AR MR AR LR A b TG R R ) BRI B o DR P I R
K- T T e, A A2 3 S T CLAO 2H(P<0.05); 48 B 8 Bl A5 Tl ek v L0 0 il R /K SF- 19 T g TR AT, CLAO
4 53 T HALS 1(P<0.05); TR RELE AT, 7F CLA2.4 4R RIRA, B3EMT CLAO 4(P<0.05). (2) Ml
PRI V5 2 i BEARDRE CLA KSR T i Fh s, B CLAO.8 4 4h, Hif 4% 21 % w5 T CLAO 2H(P<0.05), AFRS WG & i
Bk CLA iy 8ok W F 22 5% . CLAL6 AN B FIIEBIFR FI Cig.0 & ik 3 5 T CLAO 4H(P<0.05),
CLA3.2 4H PRSI ER AN Cg. 1m0 T.EMET CLAO 41(P<0.05), CLA2.4 411 CLA3.2 HIFH Cig0 Fl Ci50 B 0
Z T CLAO 41(P<0.05), 1M Cigin7~ Cigiano F Crg.iny & i i E LT CLAO 41(P<0.05), CLA2.4 4171 CLA3.2 41/l
WHIFH Cig3n3 Al Cigoong 75 0 E KT CLAO 41(P<0.05)s ALIAFIIFH Cigaco. 111 Al Crganno, c12 7 12k LR R T8 7k
R IEMS, BARMAY BEES T CLAO 41(P<0.05), (3) 1 HHE 1 3k R /K V- 52 Wi 7 24 B -6- T R Jid 40
Bt (GOPD) YT 1, 7% S B 4144 W35 M T CLAO 41(P<0.05); falkeh v 34 S0 il R /K - 52 i Bt AL i il A A IE BB (ACO) Y
Wbk, Hoh CLA3.2 G PEf R, ¥E T HARL (P<0.05); FR CLAO.8 £H A i Bk il A1 I 105 1% & B % 116 T CLAO 4241,
HAb #2135 T CLAO Z1(P<0.05), SEEnZiiRRW], HMP@E SN CLA W] i 245 & 28 2k e 1B A B 44 4)) 10 X6 f )
ORI, B L IR RO e AR T IR 20 18, ]l 385 fam i I AR DG I 355 1 o

KR LYWL, BB G B, AR, R e
hE A S: S96 XHRFRAERD: A NEHS: 1005-8737-(2016)06—1300—11

4G WV 32 (conjugated linoleic acid, CLA)Z
— M BV 2 E YR i RIR AR I R, 2

B Y. ik 5 ] A B A, RIS LA i 1 DL
H, R LR AP WE, SRR

— R A B A LAY A 5 SRS+ ik
IHRRIRE Y, H L8 XU & F 2 FHES B 2,
FFIE K W cis-9, trans-11 Fll trans-10, cis-12M1, 3t

ks BEA: 2015-12-09; 1&3T HEA: 2016-02-24.

Z 545, BB IRHT M 6 BE S SR
(Ictalurus punctatus)[s] . KPGHEEE(Salmo salar)[é] .
Je % B Akt (Oreochromis niloticus)[7] L R HE A

BT EREHEN ML LI (201205025, 201205028); [ 5 A Y re b K A S W8 35 5 A B & B s e &
(201501005); EIZK A SRR L4 F A= 34:(31201973).
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BIEEE: AR, 50, BT 0 K™ s s 35 5B 5E . E-mail: ytzIm@126.com
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(Larimichthys crocea)™ £ BF 5T M, 1Akt rp iR
Jin CLA X HA K MRETC W 2 52w, EX RS i
JLPRRE 95 A0 H o =R & A — o WS, R
(Ctenopharyngodon idellus) VRN 3% 3
B R RE 8% R AT IL PR A 107 DT AR B i 37 v i 4 2
B G MG R o sl ak R A U OTR K I 9T A,
TEHARDRE AN I CLA, T DAokcss Ko a0 e e v
fig, X FHPLANE . PURBRERE A —E R .

1 Bt 11 (Epinephelus sp.) 3 J& i £ H (Perci-
formes) . fifF}(Serranidae), | ¥z 434 TG S I A
WS, R AR A, EakhE
A B AT B TR B kR, T E SR
AP RIS FAMMAE awoara), A
BEF(E. coioides). %5 APEMA(E. akaara), s A
BEfa(E. malabaricus), 5 ARH(E. fario). -2
A BEEA(E. moara) 55 A1 BEH(E. lanceolatus)Z5!M!
PRl B At NP RS IR, &
A BEH(SE. lanceolatu) (1 FR e ALAT BE) 545 5 A1 5
. (QE. fuscoguttatus)(15 1 & FE A1 B ) 24 28t 18T
mn e BERRARAEE G DL R B S8 | AR R
I8 75 S AR T T A ML TR A2 3R B I T BR,
SR A X T HEIEAR, B IR AU 5 5,
FURGICL T8 R AR 2R o SR I o ok 245
J7 TG o X 2 0 ) PR M v B iR L S B 2
REEAL . AR NS . e IR IR, v R L
AR RIE . CLA AE M mPEHES Inshl al 23t sh )
ARG A% S ™ b 9 i o PR AR SI2 56 LS 3R e A
BEfa g fa it oe Xt 4, WF58 CLA X HARK | k4]
B, BRI PRZE WA A R R AR DG TG 7 52
i CLA 7EHBC A iRl i & 30 32 2% |

1 HRSH®

1.1 IR A A9 BE I

LTI PR W T & WSR2 AR R A FR A ],
&N 80%, Hor cis-9, trans-11 F trans-10, cis-12
) 5 A 37.7%1 39.5%

DA A0k R B (o 28R IR, a0y AR
R EERRWIE, FAEHES SRR 51%, A
TN 12%M RN AR, FEICIEERL [, SronlEsm
0. 0.8%. 1.6%. 2.4%. 3.2%WILHE W IHmR, HHl
W5 HAEREFRRM SR, w4 CLAO.

CLA0.8, CLAL.6, CLA2.4, CLA3.2, falRIfc )y
LB FRAE ML 1, SRR I TR 4RI 2.

®1 LRIEMERRERKFE
Tab.1 Ingredients and proximate composition of the
experimental diets
%, THJi dry matter

2H 7] group
CLAO CLAO0.8 CLA1.6 CLA2.4 CLA3.2

JEB} ingredient

i fiky

white fish meal 45 45 4 45 4
i 5 [ casein 20 20 20 20 20
/NA#} wheat flour 8 8 8 8 8
a-TEH a-starch 12 12 12 12 12
fi il fish oil 4 4 4 4 4.8
27l soy bean oil 4 3.2 2.4 1.6 0.8
FHE M AR CLA 0 08 1.6 2.4 3.2
Wi li§ phospholipids 1 1 1 1 1
s

Sy 1t o1
Yk FHORAEL D ) ) ) ) )

vitamin mixture"
HEET YR
mineral mixture ?
RARLAGERHCMC 195 195 1.95 195 195
HiE AL antioxidant  0.05  0.05  0.05 0.05  0.05
41T total 100 100 100 100 100
#F2K¥ P nutrient levels (DM basis)”
HMIZE M crude protein ~ 51.06  51.43 51.30  51.77 51.45
MBS crude lipid  12.28 12,19 1234  12.17 12.09
HK 53 crude ash 11.94 1233 12.14 11.89 12.83
fitf/(k)-.g Y energy  20.80 20.87 20.88  20.78 20.75
) BT RBRED &6 484K A 38.0 mg, 4E4ER
D; 13.2 mg, a-A= & 210.0 mg, L 4000.0 mg, HilEZE 115.0 mg,
Ki# % 380.0 mg, FHMRMLIZMEE 88.0 mg, 2R 368.0 mg, MM
1030.0 mg, A£#%E 10.0 mg, "R 20.0 mg, 44K B, 1.3 mg,
YUK IR 500.0 mg.
2) BT YRR A S 100.0 mg, AfLHET 3020.5
mg, LAKBRREF 363.0 mg, TKAFERREL 1523.0 mg, FL/KBRMR
1 8.0 mg, L/KMMREE 3568 mg, WUKELAR%E 65.1 mg, BAREH
#11.3 mg, WHUREN 2.3 mg, F Il 28.0 mg, {4 7.5 mg,
AL 4.0 mg, “UKHERR &N 25558.0 mg, FLARES 15978.0 mg.
3) EIRHW T,
Note: 1) Each kilogram vitamin premix provided the following:
vitamin A 38.0 mg, vitamin D5 13.2 mg, alpha-tocopherol 210.0 mg,
inositol 4000.0 mg, thiamin 115.0 mg, riboflavin 380.0 mg, pyri-
doxine hydrochloride 88.0 mg, pantothenic acid 368.0 mg, nicotinic
acid 1030.0 mg, biotin 10.0 mg, folic acid 20.0 mg, vitamin B, 1.3 mg,
ascorbic acid 500.0 mg.
2) Each kilogram mineral premix provided the following: NaCl 100.0
mg, KCI 3020.5 mg, ZnSO4 7H,O 363.0 mg, C¢HsO;Fe-5H,0
1523.0 mg, CuSO4-5H,0 8.0 mg, MgSO,-7H,0 3568 mg, MnSO,-4H,0
65.1 mg, KAl (SO4), 11.3 mg, Na,Se0;2.3 mg, CoCl, 28.0 mg, KI
7.5 mg, NaF 4.0 mg, NaH,PO42H,0 25558.0 mg, Ca(C;HsO;),

15978.0 mg.
3) Proximate compositions were measured values.

1 1 1 1 1
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Tab. 2 Fatty acids composition of diets
%A B total fatty acid

HE i e A% group
fattyacid ~ CLA0 CLA0.8 CLA1.6 CLA2.4 CLA3.2
Cra 4.90 4.78 4.84 4.78 4.60
Cie 1936 1878 1934 1937  19.21
Ciso 5.20 5.07 5.03 4.92 4.73
Caoo 0.45 0.46 0.44 0.46 0.45
Y'SFA 2991 29.09  29.65  29.53  28.99
Cisitn7 4.49 4.41 4.40 437 423
Cisino 1372 13.42 1294 1277 1236
Cising 2.81 2.76 2.73 275 261
Cao:1nr 1.23 1.19 1.11 1.10 1.06
C22:1n9 0.99 1.01 0.96 0.99 1.01
YMUFA 2324 2279 2214 2198 2127
C20:2009 1.11 1.04 1.21 1.18 1.13
Cisians 2.88 2.59 2.40 222 1.98
Cisians 0.22 0.23 0.24 0.21 0.19
EPA 6.97 6.79 6.82 6.85 6.49
DPA 0.84 0.84 0.83 0.89 0.81
DHA 9.93 9.66 9.75 9.90 9.61
Cisane 21.11 1948 1805 1677  15.26
ARA 0.64 0.63 0.62 0.60 0.59
Cis:aeo, 111 0 0.92 1.73 2.48 3.36
Cisuo, e12 0 0.83 1.70 2.39 3.26
SYPUFA 4348 4278 4311 4328  42.68

>n-3PUFA  20.62 19.88 19.80 19.86 18.89
>n-6PUFA  21.97 22.09 22.34 22.45 22.66
n-3/n-6 0.95 0.91 0.90 0.89 0.83
EPA/DHA 0.70 0.70 0.70 0.69 0.68

TE: SFA: HRIBEIARR; MUFA: HORURARITER; EPA: — 16k
TR, DPA: —+ BRIUAHR; DHA: —+ ZBONIR; ARA:
FELE VUM IR, PUFA: 2 ARSI L.

Note: SFA: saturated fatty acids; MUFA: monounsaturated fatty
acid; EPA: eicosapentaenoic acid; DPA: docosapentaenoic acid;
DHA: docosahexaenoic acid; ARA: arachidonic acid; PUFA: poly-
unsaturated fatty acids.

TR T 80 HI i, & L BIFREIRS), SRS
AHIE B3 28R K B SR A, kAR k4.0 mm
Uk L, B A T I 20 C vk AR R AE 25 H
1.2 RIGABaMFFEEYE

FRH SIS 1L AR AR T VR 5 U IR A SR Y B AR
B KGRI R G AT . LBl [ 3N B
WK F=ABRA ], D137 2 & G CLAO 4
Tk, SEHCORAR IS . RBTEH: . R (63.5+

0.56) g MA1 BEfA 300 &, RlMLO K 54, Hdlik 3
AT, BAEAT 20 B, BT AR SR
AN (EAE 70 cm, & 80 cm), FEHIZKIR 50 cm &4 .
FEHH I AEOR K A B h E AT, SRR A,
PRUEE E>T mg/L, 7KiE.(26.5+0.5)C, #hEAE 23~
26, pH 7.8~8.0, WEAHMR A . & A & 7 1<0.1 mg/L.
S 56 399 1] A R 1 B M 2 YR (8:00, 16:30), M
30 min J&, MHEK U ERIEHES, oS5k
1.3 HmEE

FREESLE AT 8 JRJEWORE, BORERT, Sighfa
AR 24 h, FREANAETE  REARRENLHIE 10 & fa,
3 KT M, HAN 7 SRAMBUN TR 21T FR
&, FRat R FFE [RIEECEFAL, —20°C
TRAE, TR0, FEAFENLE 2 B 1o P IE i 5 ),
WAV RIRAT
1.4 MEIERESTFHZ

K43 2R A 105 °C At 8 FE 70 22 (GB/T 6435—
2006); A EE (7 & 09I E R 4 A shdl e
Rk, KRR >R &R ISl #2750 2 (GB/T 6433-
2006); MK RS 34" 550°C R HIE(GB/T 6433
2007). AABRAG . AE TR G R . A5 AT -0 R I
AW IR IREE . BEELEE A AL EEE M Elisa
R A (3 FE R&D)TE Bio-TekELX800 MtR{X (3
) 3 5E o
1.5 HARBERER ST

BUB & WL A RE &, E2s R VR T4 40 h,
T+ 58 B 5 K AL SV R I D R b i R R B
Folch : (05 EEIL) o BR IR 43 B>k F GC-2010
RS I (JAPAN) B2 SP-2560 404 (731
FE(SUPELCO A H]), HAKBIEL RN T ES%
GB/T 22223-2008.
1.6 itEARX

AW R SEOTE AR T

B A (WGR, Y%)=(W=Wo)/ Wox100;

FiE A K (SGR, % d " )=(InW-InWy)/dx 100;

HH R (PER/%)=(W = Wo)/(Fx P)x100;

£ %(DFL %)=[F/(W+W,)]/2%dx100;

Tk R BU(FCR)=F/(W~Wy);

JIFAA LU (HST, %)= 5/, x100;
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WEAA L (VST, %o)=PN JIE 5t 52/ W< 100;

JIE% B (CF, g/em® =K /KK *x100;
K, Wo Mgy ik (g), W, AR kS
(8), F W& TR (), d HFRFERE(), P
F R A
1.7 HESIT

By K SPSS 17.0 R AFEAT BN 5 2247
BT (One-Way ANOVA), 42 5 I 2% (P<0.05) i,
H Duncan ik T 2 . Fitai R UAFEE
FrifE 25 (X £SDYIIE A FRIR .

2 ERESW

21 HETHEBKENBHREERRESEE
11 B8 B 15 1L R B 20

PN 3 AT, N 0 0 il R Xt &y 3 R
BUIEH R AR W AR H R A
A B R (P>0.05); B & 1Rk 3 T8 3
TR K- 1) Th e, B RCR R TR, HAhs
HEEHT CLAO 4H(P<0.05); HERETHKG
P XTHRZH CLAO 1 2%/ T HAZH (P<0.05); Tk}
RBCERRFRAERE, 75 CLA2.4 453 /ME, &
FART X B4 (P<0.05).
22 HETHENBHRLBANESY &EEAR
EMEFARBZM

M 4 AT, fER R CLA B9 it S 56 L

PRI ZK 20 . R RV 1A oA o i i 35 5
Ml (P>0.05). WL BRI & wBEmE CLA K19 T
E TR, B CLA0.8 4H4h, HA & H B E®T
CLAO 41(P<0.05). JTAgWi& wtbfiE ikl CLA &
AR UL 2V 25 57 (P>0.05)

2.3 HEEI MBI TR L B fa 4 fa A AR AT ER
izl d: 0 A

231 HETHEBNEHKRLEAREHENARKE
BRER AR B9 SME 3 5 rl, CLAL.6 LA
SFA Fl Cig0 5T CLAO 4H(P<0.05), L
W H MUFA & il Cig.no 7 L 7E CLA3.2 B IAF|
AR, BEMLT CLAO 41(P<0.05), Z A FIIR N
BZH Cigians Fll Crgone 14 L 7E CLA2.4 ZH il CLA3.2
H B FMLT CLAO 4(P<0.05). AL Cigaco, i
1 Cigauo, er2 75 i [A IHEFRUS 7K P 52 80 57 B A
% Pk (¥=0.5913X+0.048, R*=0.9939; Y=0.5463X—
0.01, R*=0.9966), H#% ¥4 EE T CLAO
4H(P<0.05).

2.3.2 HIETTHMEEXIESER LB A& %) & RFRERh
BRAR BRI 3 6 T, CLA2.4 4H /1 CLA3.2

HHFH C a0 M1 Crgoo 1 1 235 R T CLAO 41 (P<0.05),
1M Ci6:in-7+ Cisin-o Fl Ciginy 75 2 5K T CLAO
4 (P<0.05), MUFA H' Cig3n3 & il Cigionee 7 i
£ CLA2.4 41f1 CLA3.2 W F{KT CLAO 4
(P<0.05)c JHFH Cigiaeo, 111 F1 Crgoanno, c12 1 [F) H: g

R3 HIETWHENELIHR LB AR E Y& S KRR ARF AR

Tab. 3 Effect of conjugated linoleic acid on growth performance and feed utilization of juvenile hybrid grouper

%; n=20; X +SD

H5) group

F845 index

CLAO CLAO0.8 CLAL.6 CLA2.4 CLA3.2
W1 E IBM/g 64.07+0.23 63.42+0.25 63.55+0.4 63.68+0.34 63.81+0.50
K HE FBW/g 162.05+8.70 159.81+5.34 172.20+13.80 167.76+8.01 168.86+11.56
HHH WG/% 152.91+12.94 152.07+9.39 170.87+19.79 161.43+14.72 165.13+17.60
G % SR/ % 100 100 100 100 100
FREAKE SGR/(%-d ™) 1.55+0.09 1.54+0.06 1.66+0.12 1.60+0.10 1.62+0.11
& A I RR PER/% 2.05+0.10° 2.16+0.08a 2.53+0.16" 2.51+0.13° 2.43+0.14°
RE® VFl/g 78.38+0.42 76.15+0.15 78.23+1.34 76.77+0.38 78.79+0.77
HEFE DF/(%d™") 1.16+0.08° 0.97+0.07* 0.99+0.09* 0.96+0.03" 1.0120.06°
Tkl 2% FCR 0.80+0.05° 0.79+0.03° 0.72+0.10* 0.72+0.05" 0.75+0.07*
A3 CF/(g-em™) 2.88+0.10 2.84+0.06 3.02+0.16 2.80+0.20 2.87+0.25
SR H HS1/% 2.65+0.36 2.68+0.28 2.61+0.32 2.51£0.27 2.56+0.33
EAR H VSI/% 9.35+0.48 8.90+0.52 9.44+0.39 8.86+0.62 9.32+0.57

TE: AT EARA A /NG 5 5208 28 5 .35 (P<0.05).

Note: Values with different small letter superscripts mean significant difference (P<0.05).
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Tab. 4 Effect of conjugated linoleic acid on tissue proximate composition of juvenile hybrid grouper

%; n=20; X =£SD

FE 45 index

21 5] group

CLAO CLA0.8 CLA1.6 CLA2.4 CLA3.2
LA dorsal muscle
JK4¥ moisture 76.06+0.51 75.27+0.51 75.35+0.37 74.95+0.31 75.2340.73
HE M crude protein 19.90+0.39 20.20+0.21 20.4140.15 20.65+0.32 20.69+0.08
HLAE W crude lipid 1.75+0.06° 1.71+0.06* 2.13+0.04° 2.16+0.16° 2.01+0.24°
HLK 41 ash 1.27+0.08 1.29+0.04 1.36%0.09 1.38+0.06 1.29+0.07
HF liver
7K 43 moisture 62.21+0.64 61.65+0.9 61.27+0.53 62.6+0.34 63.55+0.24
ML E crude protein 8.16+0.04 8.63+0.28 8.83+0.09 8.52+0.06 8.31+0.30
HIE IV crude lipid 4.80+0.27 5.14+0.16 5.130.10 4.87+0.30 4.82+0.06
H K5y ash 1.10+0.11 1.19+0.12 1.08+0.08 1.13+0.14 1.12+0.19

TE: AT EARA A /NG 5 5208 28 5 .35 (P<0.05).

Note: Values with different small letter superscripts mean significant difference (P<0.05).

x5 AR MBI IS TR BB A BE & 4 & A PO s A BR 4E AR B S

Tab. 5 Effect of conjugated linoleic acid on fatty acids composition in the muscle of juvenile hybrid grouper

%; n=20; X +SD

5l 205 group

fatty acid CLAO CLA0.8 CLAL.6 CLA2.4 CLA3.2
Ciao 4.1240.26 4.57+0.39 4.47+0.08 4.67+0.18 4.57+0.14
Ciso 21.06+0.48 21.03+0.80 21.71£0.48 20.81+0.17 20.90+0.78
Ciso 7.39+0.07° 7.35+0.22° 7.94+0.28° 7.27+0.39* 7.76+0.17%
Cao00 0.44+0.06 0.47+0.07 0.46+0.04 0.41+0.02 0.51+0.10
Y'SFA 33.08+0.83" 33.57+1.24% 34.59+0.64° 33.18+0.35 33.78+0.92%
Ciginr 4.47+0.33 4.57+0.21 4.42+0.07 4.46+0.10 4.23+0.01
Cig:ino 14.99+0.68¢ 14.35+0.27% 14.58+0.07* 13.90+0.00® 13.32+0.41°
Cigiiny 3.10+0.12 3.07+0.10 2.99+0.04 3.00+0.00 2.89+0.08
Ca0:1n7 1.51£0.17 1.68+0.22 1.53+0.02 1.5240.02 1.63+0.28
Coz:ino 0.85+0.07 0.93+0.07 0.88+0.02 0.89+0.00 0.92+0.05
YMUFA 24.97+1.24° 24.57+0.74° 24.40+0.19% 23.80+0.17% 22.95+0.05"
Cao20.0 0.66+0.01 0.69+0.08 0.69+0.05 0.73+0.01 0.69+0.04
Cigans 1.84+0.04° 1.84+0.11° 1.74+0.03* 1.69£0.01° 1.49+0.08°
EPA 4.75+0.16 4.88+0.37 4.77+0.15 4.89+0.20 4.7240.26
DPA 1.9240.13 1.75+0.10 1.84+0.02 1.93+0.02 1.83+0.08
DHA 10.30+0.35° 10.90+0.19° 9.84+0.06° 9.84+0.50" 9.90+0.74"
Cigans 15.15+0.48° 14.61£0.27° 13.74+0.24° 13.18+0.02° 11.59+0.0"
ARA 0.90+0.09 0.90+0.04 0.88+0.02 0.92+0.04 0.88+0.01
Cig2c9, 111 0* 0.55£0.02° 1.01£0.02¢ 1.54+0.06° 1.87+0.03¢
Cis2110, 12 0 0.39+0.09° 0.87+0.03° 1.36%0.05¢ 1.70+£0.02¢
SPUFA 35.07+1.15 36.65+0.34 35.24+0.49 35.74+0.83 34.68+1.35
Sn-3PUFA 19.41+1.34 19.69+0.06 18.19+0.24 18.33+0.68 17.95+1.17
3n-6PUFA 16.67+0.65 16.44+0.93 17.05+0.31 17.41£0.15 16.56+0.18
n-3/n-6 1.16+0.05 1.15+0.03 1.07+0.02 1.05+0.03 1.08+0.06
EPA/DHA 0.45+0.01° 0.47+0.01% 0.48+0.01% 0.50+0.01° 0.48+0.01%

E: SFA: ffIFIIRITER; MUFA: SUREAIIRINITR; EPA: — HERHUMAR; DPA: — - ZHRIUASIR; DHA: -+ oS IERR; ARA: FEAE
SR, PUFA: ZAEAIIRNIR. FFTEE EARA A R/NG 55 208 22 53 1 3% (P<0.05).
Note: SFA: saturated fatty acids; MUFA: monounsaturated fatty acid; EPA: eicosapentaenoic acid; DPA: docosapentaenoic acid; DHA:
docosahexaenoic acid; ARA: arachidonic acid; PUFA: polyunsaturated fatty acids. Values with different small letter superscripts mean sig-

nificant difference (P<0.05).
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Tab. 6 Effect of conjugated linoleic acid on fatty acids composition in the liver of juvenile hybrid grouper

%; n=20; x £SD

257 group
NEIHER fatty acid

CLAO CLA0.8 CLAL.6 CLA2.4 CLA3.2
Ciao 5.18+0.40 5.05+0.26 5.32+0.42 5.15+0.29 5.15+0.29
Cie 24.05+0.39" 25.29+0.44° 26.20+0.65 28.91+1.29% 29.46+1.86°
Ciso 6.28+0.37" 8.60+0.64° 10.70+0.47° 10.29+0.22° 11.19+0.78¢
Ca0:0 0.28+0.08 0.25+0.03 0.25+0.03 0.23+0.02 0.26+0.02
S SFA 35.40+1.27° 38.75+1.09" 43.55+1.55¢ 44.56+1.03¢ 42.80+0.61¢
Cle:in7 5.8440.24° 4.79+0.15° 4.44+0.36" 4.31+0.16° 4.25+0.07°
Cis:ino 18.65+0.42° 18.66+0.69¢ 16.56+0.17" 18.25+0.36" 17.46+0.65%
Cis:in7 2.97+0.09° 2.72+0.12% 2.47+0.15% 2.38+0.22° 2.38+0.10°
Ca0:1n7 1.97+0.25 2.03+0.05 1.88+0.07 1.83+0.13 1.93+0.11
SMUFA 29.43+0.34¢ 27.77+0.34° 25.34+0.64° 26.65+0.52" 26.02+0.56™
Ca0:2n0 1.45+0.05° 1.33£0.16™ 1.23+0.20® 1.09+0.10° 1.16+0.11%
Cisians 1.27+0.18° 0.98+0.15° 1.02+0.10% 0.69+0.01° 0.70+0.13*
EPA 2.01+0.15" 2.5240.02° 2.4240.16™ 2.2240.28% 2.60+0.21°
DPA 2.74+0.04 2.53+0.32 2.64+0.48 2.19+0.14 2.48+0.22
DHA 4.71+0.35" 6.55+0.44° 6.97+0.56° 6.14+0.66" 6.87+0.02°
Cigane 11.28+0.43° 9.78+0.89" 9.62+0.68° 6.82+0.50" 6.95£1.01°
ARA 0.61+0.04% 0.57+0.06 0.72+0.07° 0.7420.06° 0.58+0.03"
Cig:2e9. 111 0? 0.28+0.10° 0.43+0.02° 0.55+0.04¢ 0.88+0.01°
Cis:2110, c12 0° 0.27+0.02° 0.36+0.04¢ 0.48+0.01¢ 0.65+0.02°
YPUFA 25.37+1.68"™ 25.35+1.05% 26.94+1.61° 21.50+0.35" 23.76+1.42%
n-3PUFA 12.54+1.31% 13.08+0.38% 14.53£1.11° 11.89+0.86° 12.85+1.04™
>
Y n-6PUFA 11.89+0.39° 10.93+0.83% 11.18+0.78" 8.54+0.37 9.75+0.50®
n-3/n-6 1.06+0.15" 1.14+0.10™ 1.23+0.08% 1.40+0.16° 1.24+0.14®
EPA/DHA 0.29+0.01° 0.34+0.03* 0.31+£0.05™ 0.35+0.04™ 0.39+0.03"

E: SFA: {IMIBENIRR; MUFA: SORERIIRIIR; EPA: —HEKIMMEL; DPA: .+ IR, DHA: —+ “#oN MBI, ARA: fE/E D
Wiz PUFA: ZAMAHIENIIR. FATEUE b A F/NG T3R8 22 7 1 3 (P<0.05).

Note: SFA: saturated fatty acids; MUFA: monounsaturated fatty acid; EPA: eicosapentaenoic acid; DPA: docosapentaenoic acid; DHA:
docosahexaenoic acid; ARA: arachidonic acid; PUFA: polyunsaturated fatty acids. Values with different small letter superscripts mean sig-

nificant difference (P<0.05).

PR WS 7K S 52 B B AH OGP (=0.2538X+0.022,
R*=0.9713; Y=0.1888X+0.05, R*= 0.9666), HA&%
JingH 4 58 2 5 F CLAO 4H(P<0.05).
24 HETHEIBIHREBAMEL &EIEHR
1§ H8 X B S RIS

FR 7 AT, Dk S I R KT i B
I 4 IFH G il GOPD 1 FAS FOTE I, 45 SCu2H 14
W T CLAO 41(P<0.05), 1MiXf ME 7% KA
T 3E RE R (P>0.05) o DR A0 I PR 7K -5 e B 7
SR AHSEHE LPS F1 ACO M6 P, 45550041 i & &
F CLAO 4(P<0.05).

3 Wig
30 HETHBNEBHEEAHESBEKRKY
BE B SRR A A B9 &2 i

AL R BN, TR 0.8%~3.2%3E
B ER, XS ER R IH A B 4y fa 1 R ARy
RIS . AL A R IR
IR ZE R, A KPS A BRI 0L 0.5%.
1.0%7F1 2% 4 50 0 3 2 Xof o3 o A& A i 43 OF
T E R R, B0, 0.5%F 1% 4L HE
I3 R X5 BR U 8 (Dicentrarchus labrax)!' 4
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Tab.7 Effect of dietary conjugated linoleic acid on liver metabolism related enzyme activity of juvenile hybrid grouper

%; n=20; x =SD

ZH 5 group

F8#5 index

CLAO CLAO.8 CLAL.6 CLA2.4 CLA3.2
Ak ok T J0 A5 Tl
iiﬁ)}?&ﬁﬁiﬁiﬂ 10.83+0.48" 12.48+0.03° 12.10+0.44° 12.20+0.34° 12.62+0.58°
‘m
(q;i)% L 12.99:£0.20* 12.31+£0.45° 12.75£0.54 12.38+0.42° 13.29+0.37°
‘m
B i g A g i
?;‘Ejs%(” ”j‘f@ LY 75.98+6.07 82.73+5.13% 85.87+8.02" 92.01%7.53¢ 89.7242.43"
pmol-m
=
?ﬁfﬁfﬁ?ﬁ A‘?fft@@ 426.31%6.86" 448.03+8.21° 460.21%9.68" 484.64+10.10° 486.79+7.24°
ng-g
KRG

O 278.84+9.69°
(TLP)/(pg'mL™")

283.84+9.76%

307.93+4.27° 323.88+7.31° 316.98+8.82°

T AT B EARA A /NG T iR 28 5 .35 (P<0.05).

Note: Values with different small letter superscripts mean significant difference (P<0.05).

KPEREIF C R E . ASLR 54 R WoR,
0.8%~3.2% 4 H: B 7 i1 2 RE 2. 2 B AR 2 Bk e iE A
P40 &)y 40 0 HE A SR AR R AL, Twibell 25U T 5%
R, FE 438 5K B (Morone saxatilis) (il BFH R
1% 2% AL HE IR AE B 5 AR B A %, X
ARV R A FAE, 6 (Sparus aurata
L) i fa (Pelteobagrus fulvidraco)!'™hi A
KA LI 45 2R . ARG K B, SLH0 I R 7 P
R ARy EEE, &5 17 REHE A RACE ., &
BRREAR Y JE I AT RE 5 3 R CR L ATLIA
Y fil B A AN SR A 500 A, Shdi
TEIHRRIA T AR - AU AR DGR 006 P, 1Yo
PRI R AL R R 1, MR AR AR AR
Twibell U045 SR, AR iR hn 3 98 0 3
1% HE 8 2 $ = fa 0T mDRL Y A IR, X 54
SCHIBRFFE S AR . (B Y SE R R B, bkl 3t
B 738 T 1 422 5 DR BRSO 0 R A e P,
X A] e 2SR SIS DL K i 280 0 il R Y
FHRCRA G o HHTIh R 1 45 2R B A A ke 7
Yrkb . LB ERIKF | MRSR ] LA B AR G i
R TE B W A Ak 238 502 T I A b4 5%,
3 2 I BRI K . IR R, AT IR A A
XFU /L, AT S e #E PR A B R PR BT . FE A S,
Ak e S I R K P X R A I I B L A L
AR LI T 2 5 e, 446 SR 3% WAkl b s n e
WIHPRA = B R, A BB i iaTE

32 HETmMENEBREBAHEELSEERAR
EEFAMK I

AT FLE R R, R R CLA X 52
gt LA R K 53 . B4y FIORLER 11 3 i o e
SN, X R CLA U RS2 40 0 8 1 BT AR AN
AR TR EEH . RELRHR LU, B
I NR A B LA IR T & P CLA JKF BT
T o SR A S0 0 B 105 7 it 0 380 I 36 22
o TERVY Vi SC 00 TP BF Y WK, Bl R R
CLA /KFHTHE, LRGSR d ekt T
{HAA ST B, CLA AKX BEL SR AT, K g
ik OV 0T 68 (Oncorhynchus mykiss) %)) #1 JIF N W5
Fra e R i AT Y 2 SR ) R B )
CLA & H0THE, S mAFIEm2 TR 20, b
FRIM, CLA HwiFh S AR AR 5 5 REHE 52
AR UTRL, trans10, cis12-CLA BERS 8D 3h#)
TR BEWE & i, T cis9, trans11-CLA XA N i i
TEIF TR E R w RIEE, B A B, WL R B
SRERBEM I cis-9, trans-11 Al trans-10, cis-12, {H
e FAR AW cis-9, trans-11, RAJHEEH K
[A] cis-9, trans-11 #H L, trans- 10, cis-12 [6] 4+ RHI A&
TE WM B 25 5 i AR SRt s AU e 2
PE2E 5, HAEMF AL P iR R, L5
VR A WL AL P B4 R — B R P A 2~3 51270,
BEAb, RRLS 9 R 2 R B AS [R) AT BB 2 58 CLA
X #0 ZEE W DURRSE M A 7E 25 I IR I 22— o AR SE
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B 2% AR RHS A R IR PUFA, T ARG S 0L F
ST R b g R [A S 3L PUFA 274
W WE R, kN PUFA RERSIE IS 5B A
A = PR il 2 R R R 3, i B i B il A
3k, PEiRe G AR, DR BRUTAR o 76 4 Sk M
IBFSE & B, falRig i & & S h % A F n-3HUFA
T TR B RRL n-3/n-6 PUFA RYTHES,
4x 3k M (Sparus - aurata)?*VF0 8 35 40 POVA B 15 43 B
2T

A-9 200 A 0L R A 7 R A Ak b BACRS A
O F5 PR G B S i 7 RO Bt £ B | R U
Fr TV (0 28 R IR, R A-9 2RI A4 1 T
T, Cig:0 FTLAEEAL AL Crganro ASEH T, HAALA
W1 Crg.0 F1 Crg.o ZFHELFIAR D BRIG hin, T =22 M T
Ci6:n7 9 Crgony SF AP AP BRI D, F2AE X
Fh AR Ak 1) i PR AT RE & CLA $ 1T A-9 2 il il 114
WPEPH S W, BFSE B, LR FEERE I R
EPA/DHA [ {EFEGE CLA 7K 09T+ 7,
XATHER: CLA Hhn T HUFA & i f A i e
fiti—RE TR A-5 1 A-6 ARGk a2,
— BN, WK A 2K A LT AG T ER ) DHA I
EPA. i 2059\, EPA Fl DHA Xfifgsk fa2k
AR T KRB RS EE, W AR
EPA il DHA 19 LL i 252 g kAT . HE. 4t
ARAFIENEZERN R, ALRFER S EPA I
DHA LI 3A 2224k, MmN AT+ EPA/
DHA HWAETFFE, 60 CLA W BEiE it oo 2 i 1y e
IR SE R AR MET .
3.3 HIEMFHER XTI R RB A BT & 4h & BT A 35t
1R EBE R

e fa 2 i s AR A b, BT A R
YEF, MR B9 UTRIE G 7 A s AR 5 4 AR 3h
BV ZE R R IR CLA $2m T sh¥ik N
JLFI5 B8 AR AT 56 A T ) e 2k Ryl v, DA 5
i 1 g 05 AR 2 5 S A A, 2R, EAG
1k, CLA X0 2 i 105 A QI T 52 e i 52 470 o

G6PD 1 h [ B I ik 12 10 G B ity LI
IR E KL A ] NADPH H94: ik, M
JI J5 0 A 0 B 1o G T R BT (FALS) 71 5% £ It
fitg A RN BEAHEE A Mk A i —Fh KA HOTE R

(bt R R 1) BT A7 AL A B2 58 & 0, G6PD
FAS 3% E 15 T H 22 A 10 S 107 R 22 7R PO
ARSI LER WoR, BE RN CLA KT, i
H PUFA & 1o S5 REAR, SR I A 5258 R FH 45 i 1]
%, FrLl G6PD. FAS MM IR AT AES CLA
FERRDEL R AR DG . S SRR (ME) /2 A 7
W2 L) 6 B T M FE bR, BTG PER 32 CLA K-
IS, X5 Leaver ZEBTATST 45 AL, ME
AT RESs SR R BEAREAR D DA ¢, R
AIHEZ CLA 52 | IRE AR sl i & R 1y
PR HICY, BELAEG A FALRE(ACO) T/ fi
SRR, Reas (e o 4 s 25 AR Wi e, By 1k AR
I R 1E AL R e . FSR BoR, ACO 3 [H k%
/INEERZ ACO, JH-4H ™ 5 g AR M A H & R
PS5 00 AR g rf, B RRE CLA KT 1Y
ThiE, ACO &M BTk, A XTI 105 R i) 43
fife, wEGFRE M HERR o B8 & 1 WG B (LPL) A1 PR i
(HL) 2 A b 2 15 18 iy 8 e ) PR D O B B, &
FRELBREG(TLP), 3% RS M RIS, nTRES S
EAE PR . H AT, CLA Xffai2& LPL ., HL
TL {6 P 05 0 3 A DL AR GE, {H 0 Gl S 56 20 4 F
N2 ERYIFFE & 80 LPL A HL 35 PR 5 S 808
i T i 1R RS 2R SRR, CLA Sl 42
TR IR A Mo A A TR 11 P 5 B A AR, 4
R0 IEH AR TR, FEARIE I & £/ mT g
AT AR A AR AR

4 #ig

AWFFEFRY], SLHE W R RES 5 i 2 Bk e
A1 B A8 4 # GRDRE G A TSR, X 2R S PR RE
EE o TR AN L B Il PR BE A R IR IULIA
A FP BN AR 7 PR 5 e, s R T R ) 2L A,
S e IR 0 AR, AR I i W0 A O 9 1E 7 s
i o TR ES TR B A0 0 £ 2)) £ REAS WS RN TR 3L
Be bR, IS A 2 B ik 7R ) T A i
AR
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Effects of dietary conjugated linoleic acid on growth, body composi-
tion and metabolism-related hepatic enzyme activities in juvenile hy-
brid grouper (Epinephelus fuscoguttatus ¢ x E. lanceolatu &)

WANG Minghui'?, WANG Jiying®, SONG Zhidong?, LI Peiyu®, LI Baoshan®, LI Zhongging" %, SUN Yongzhi’,
ZHANG Limin®

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environ-
ment Research Institute, Yantai 264006, China

Abstract: We investigated how conjugated linoleic acids (CLA) can affect the growth, body composition and me-
tabolism-related hepatic enzyme activities of juvenile hybrid grouper (Q Epinephelus fuscoguttatus x 3 E.
lanceolatu). Fishes with initial body weight of (63.57+0.56) g were examined after 8§ weeks of feeding with isoni-
trogenous and isolipidic diets in which 0 (CLAO), 0.8% (CLAO0.8), 1.6% (CLAL1.6), 2.4% (CLA2.4) and 3.2%
(CLA3.2) of conjugated linoleic acid were supplemented. The results showed that: (1) there were no significant
differences in weight gain ratio (WGR), survival rate (SR), specific growth rate (SGR), condition factor (CF),
hepatosomatic index (HIS) and viscerosomatic index (VSI). The protein efficiency ratio (PER) increased as levels
of dietary CLA rose, and was significantly higher in all experimental groups than in CLAO groups (P<0.05). Feed
intake (FI) was reduced with increasing dietary CLA; FI in group CLAO was significantly higher than that in other
groups (P<0.05). Feed conversion ratio (FCR) was decreased, and achieved in the group CLA2.4, which was sig-
nificantly lower than CLAO (P<0.05); (2) muscle fat content increased as amounts of dietary CLA rose, and the
achieved in the group CLAO0.8, which was significantly lower than that in group CLAO (P<0.05). Liver fat content
was not significant (P>0.05). The content of saturated fatty acid (SFA) and C,g, in the muscle of group CLA1.6
was significantly higher than in group CLAO (P<0.05), and monounsaturated fatty acid (MUFA) content in
CLA3.2 achieved minimum as well as Cjg.1,.9, Which was significantly lower than that of control group (P<0.05).
Liver content of Cy¢.9 and Cg.¢ in groups CLA2.4 and CLA3.2 were significantly higher than in the control group
(P<0.05); however, Cis.1n.7, Cis:1n.0 and Cyg.1n.7 content were significantly lower than in group CLAO (P<0.05).
Cigans and Cig.on6 content of muscle and liver in groups CLA2.4 and CLA3.2 were significantly lower than in
group CLAO (P<0.05). Cig.c0, t11 and Cigiot10, c12 content in muscle and liver were highly related with dietary CLA
supplement, and in all experimental groups were significantly higher than in CLAO groups (P<0.05); (3) dietary
conjugated linoleic acid levels among glucose-6-phosphatedehydrogenase (G6PD) activity in the experimental
groups were significantly higher than those in the control group (P<0.05); acyl-coenzyme aoxidase activity has the
highest CLA3.2 activity, which was higher than in the other groups (P<0.05); general esterase and fatty acids yn-
thetase activity in the experimental groups was significantly higher than in the control group (£<0.05).The results
indicate that dietary CLA can significantly improve the utilization of aquafeed by juvenile hybrid grouper, impr-
ove the composition of fatty acids in liver and muscle, and increase metabolism-related hepatic enzyme activities.
Key words: conjugated linoleic acid; juvenile hybrid grouper (Epinephelus fuscoguttatus @ % E. lanceolatu 3);
growth performance; body composition; lipid metabolism
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