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AEERREMEFa & EKMEE. . MFEK
YEAR AELRRE hER LA A K in | L BE RV SZ M

o, & 8, ® OE, B X, Dai, ARHE

(T KRB PSR, M RE R E, WL T 315211

WE: yVARTRABH RN EFayhe KB, KRS LEE MBS RALEH
B4R R ILANEE A R, SATY IS MR . R E G| T 4R R A E AT
#(CO)s 7 F i (PO). AT 31 (SO). £ 3k 5 AT i 1 138 4 3 (FO/SO) By & & % ls 1
AR, RIRTFHA BRI E A (1.52£0.00) gy EH A4y & ZRERT R KRR E
X # A AR T E(FBW), 3 # X (WGR). 45 € & K F(SGR)F & & X (SR)H L L % #
W, AR R BFCRY® M B &, £ 4ASRHAEIS%UL ko & 418 6y B 4R th(HSD). JE 3% &
CRHHALEM.ZR, WA (VSDA i tk(IPR)E % M # 7 . HSIFICFH UL 3 5
FA ML LRAWMFO/SO) A & &, £AA SOV HxK. EHadhahikr. HEH
RS AZEAR RGN R, MM T mCOANHEERGELEs THM3I4, &
10.51%, R K34 LR FWHZ R AR IR ER AN UL R8I %& 4K
FEERWMELE, FENARFRESTEHRSET M SEA PN EHRESEZ AR
— %, HFmCOHAAL @A HRSFAEERE, #THPOAAL T THKK
(ALA)#in-3 PUFA % & & &, £ 4647 i (SO) 4 4 A F T 3 B (LA) frn-6 PUFA S & & & ,
MG EAFH]L: RS MEO/SOVHARF IR BRR A B, AHELFEFHER
B (TP). &% A(ALB). z & g (GLOB). B %& A/} % B (A/G). 4 H 4 @ H(AST). L JE
[ 8 (CHOL). + i = 8 (TG). 1 (GLU). ALER ¥ B (CK)& & & % 7 B R 15 IR 8 % v o
& 41 T o AR 1G4 1k L B8 (SOD). 7 — B (MDA). 4 it H Ik S%: # B8 (GST) %
HEFZR. BT HCO)AHSODFGSTE K& &, MMDAS E &R K. HARXEKH, &R
A E R R b, BTl ATk BEAAT A A S SR AT L 1SR A i AP LA E
TR AR RE MR UESE T AR AR e B R AR L AR TT DAR B AR R G BR 4L K, HF
HRWAT EH o BAH LKL FfnALAFILAY & 7 o

REEE: A A, TRMBHIRE; AKMEE; MR K

FE5HES:8963.7 XakFRER: A

REWifE M EAERKT LT ERYRZ AN I B s B B IR AR WK OF-, ety
—, BERWZEEM ARG, G LA LY AR, BB SAS b B R g
ftfg s, SVARALN N EZEH R, FRIR AR R AR ook P kLR B B D, EPA (eico-
WA R EAR, BRI T 5 T R (essential sapentaenoic acid, C20:5n-3)F1DHA (docosahexaen-
fatty acids, EFA). #ZEM4iERXM AR oicacid, C22:6n-3)% 0T NG IHRR & 5, &1
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PR, 5 TR, (H22Z%EMRE, EF
A BRI 7 i AR, N BRI K K 7 3R BRI 1Y
Tk, JFHHM W B T O T 4ERE
K= FRF R R K R, BEAR R i 2R 77 A
2T A E MR CIE IR

W RB], oK 2K B AW 185k 1) 2 A i
F1 18 W7 R (polyunsaturated fatty acid, PUFA) 1k
R 5 AN A 5 R (highly unsaturated fatty acid,
HUFA)Y 2 (0 ARG A GE RS, DI, IR
EFA} Wi % (linoleic acid, LA, C18:2n-6)F1F Jif
2 (0-linolenic acid, ALA, C18:3n-3)*, MifZ£
Y& A FEBLARMALA, MRS, EX
M AR SR P LAY B O Tl
FIRRAT 3 P B & ALA, H& i maikso% b I
BB R A AT 3% LAR, I HAE Y Y
FRELR, L T A, XA AR
[ ok = AV TR S B g VS TR | 2R 9
JFHARZ S C X A R Gl . Rl 3%
a1 I S 7 S N 7 R - 7 R R =
A R IR AT TR SY, R SEAE A AR
K ek v B B g g T i SR

T Fi A (Pelteobagrus fulvidraco) X 4 8 ffi
TLEET . B, e TE RIS (Chor-
data) . & 111 24X (Actinopterygii). #%JE H (Siluri-
formes). f#%F}(Bagridae). & il )& (Pelteobag-
rus), B S A AR LI K B (8 — Rl oK 28 3 £
M A N A B 5L, RS2 RIE A &
%, MYT R, 1eh E#ON K& —Fh B2
ROKFRFE A AP PRSGETT, 20134F 4 [ i i
FEHH i £ 1K 256~650 1Y, HAT, Xt E U Y B
RELGILERE"" | FEikm =t A A
(AN W I 3 NI 7T ) & S D=3
AR BKALE W55 IF B [R)3 P8 A IS A
T H WM (Carassius auratus gibelio)?™ ', ek
(Misgurnus anguillicaudatus)?® . W% (Onco-
rhynchus mykiss)?" . H At (Ctenopharymgodon
idella)" | & B Y AE 1 (GIFT Oreochromis
niloticus) " S AR Z K = s W L HIA il , 534,
L R O D R IS o S N I A ¥ 2
THT L A R YT R SRR b X v A0 A K PR RE L R
TSI PR R 15 PR A 18 1) S ] o {HL SR AR S 0 R
TEBFh L TR ZE AR RN fa i S 2R AR
M1 UREAE R IR, —J7 A X 40 i 5
WA TE B AT IESY O — 5 TH R R X 4
MR & ) AR R AN [E] AR 32

TAHSFA, T IMELEGTAHALA, ZEF 0
TALA, fih 5 0 TR A IS N PR
Sy ¥ A ol A H R AT R A A KRR
BLAAR T 480 Ak I Il T A= A48 Bk LA S s i R & AR
WA R, DL R o A0 HAR B 7 VR /Y T & A
T RHEC T B A A AR R EES A A

1 MRS Tk

1.1 SCIgiRRY

A g R T AR R AR RRE, BR T
i 3 N = < N S 3 (51 S s o1 | A 1
BHEC T WAL, DIESHEE . RS Mok F K 5Lk 46
BRI, DVEB AR, 4R S5 50 ok
FE M R BRSPS R
F-ifi (coconut oil, CO). 7 T iHi(perilla seed oil,
PO). ZEALAFiH (sunflower seed oil, SO). fjH5
ZEAEAFINL © IR A W (fish oil/sunflower seed oil,
FO/SO, XfMZH). #4532 LA JlsUpb s %5 i 80 H
b, FRECOT LB AR E, JRIRG S, Hrp
At A= 2 FNE ) 0T TOUTR Rk A e 0ok B R A
KiEwaRG, ZJa HI ARG IR DL K & 1)
KIEEH), HBUEFFHF &ALF (11)-26, fER5HE
TR, TN i R AR S 20 4 A 50K 45
K, FEHEA 1190 °CAAL30 min, i H AR KT ZEK
IrNI0%LE AT, HBBEAREE, RAFT-20 °Cik
Firh A

SIS DR R T R A DL e 2, A BRI
ZH (COYfmPRL Hf LA 1 A1 i 195 iR (saturated fatty acid,
SFAYN T, &HEmik64.83%, HILSA1.32%M
ALA; Tl PO)fHE Kl Hin-3 PUFARIALA RS &
B, o3 40.63%F138.69%; 25 AL kil 41
(SO)r Bt Hin-6 PUFAFILA® & i, 400l h
46.30%7F146.11%; il 52 EFFML - RS M4
(FO/SO) Tl Ak H HUF AR AN 1 11 i 7 iR (monoun-
saturated fatty acid, MUFA)& & im, 0 0H0
8.05%M136.72%, 7 %% A SFA 20.94% . ALA
1.59% . n-3 PUFA 9.27%. LA 30.92%. n-6 PUFA
31.29%, FEMxtHRA .

1.2 S ETR

S B A A W AT, T
R 2 40 2 7B SR BIE 9T 3 IR K IR B B b 5% A 4 () gk
17 09 I8 I IR B S 0 o AESCHR AT, K5 T
300 LYLHS R FE A b R 720, W1 1E] I 3 B
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Tab. 1 Formulation and proximate composition of the experimental diets (dry matter) %
5iH Tkl diet
items Btk I SN S SRR C RS
co PO SO FO/SO
JEBE 4> ingredients
& casein 18.30 18.30 18.30 18.30
Bifigtakt  defatted fish meal' 18.00 18.00 18.00 18.00
KEIRGIE A soybean protein concentrate 22.00 22.00 22.00 22.00
M-l coconut oil 7.00
JA il perilla seed oil 7.00
YEJEFH  sunflower seed oil 7.00 3.50
iyl fish oil 3.50
il soybean oil 1.00 1.00 1.00 1.00
HAE%AEER  vitamin premix’ 0.50 0.50 0.50 0.50
W) mineral premix’ 1.50 1.50 1.50 1.50
SALAERE  choline chloride 0.20 0.20 0.20 0.20
BB &4 Ca(H,POy), 1.50 1.50 1.50 1.50
M#;  flour 30.00 30.00 30.00 30.00
ME  total 100.00 100.00 100.00 100.00
EFERS)> nutritional ingredient’
FWR/%  dry matter 91.70 92.10 92.00 91.70
HEA/%  crude protein 48.30 47.80 47.50 48.20
HARWI/%  crude lipid 10.90 11.20 11.20 10.90
WK51%  ash 8.76 8.50 8.62 8.54

W LB lE ok MHESO S E84%, MRS EN2.0%: JESELL2 D IMHENRSE, 1537 CTRIE3R, BERBEN&REL2.0%, ik

S 70050, 2 QA KT S I Zhou 5L o 3.4 T o0 MM BURE & ArERIRER11.43 g5 BRIREF 11.79 g5 BRERER(99%) 2.49 ¢; TiK
TRERH(99%) 1.06 g5 TREREE(99%) 27.31 g5 AR M 233.2 g; AR 24122839 g; FLERHS 34.09 g; SIL4(99%) 0.54 g; THEREH(99%) 0.06 g5
WK 449.664 g. 4. E IR NS IIA

Notes:1. defatted fish meal: 84% crude protein and 2.0% crude lipid; fish meal was defatted with ethanol (ethanol: fish meal=2:1)at 37 °C for three times
until the crude lipid content decreased to approximately 2.0% which according to Zuo et a""'. 2. vitamin premix were based on Zhou et al **\. 3. mineral
mixture (g/kg premix): FeC¢HsO; 11.43 g; ZnSO,-7H,0 11.79 g; MnSO,4-H,0 (99%) 2.49 g; CuSO,-5H,0 (99%) 1.06 g; MgSO,4-7TH20 (99%) 27.31 g;
KH,PO, 233.2 g; NaH,PO, 228.39 g; CsH;,CaO4 5H,0 (98%) 34.09 g; CoCl, 6H,0 (99%) 0.54 g. KIO; (99%) 0.06 g; zeolite 449.66 g. 4. Nutrient

composition was measured values

40% . JIR i A 8% 1) e b ADRE (WA B 7 U8 R I 40y
AR EDBEAT YL, S R 5050 AR5 B
TR, 524 h, PRERMEEOIE, A% —
2, WA TR 2 M (1.5220.00) gy, BEAL
Sy ETI2DFRGEMN, BH30RE . AR50 1 kL
BEALE W34S FRFE AT Y S g0, BIAES Ab EZH 34~
HEE, B4 BRFEW2K(7:00,
17:00), H M HAK A 194%~6%, )5
1 WSRO, WARE g R, Jf
BT JE AR B I TR A, DL A A R R A B S
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TR ML, A5 A SR T Y £0 K i IRCH I AR
o FRGH TR LR K B S0% A, SR
Je W KA K 5 50%~100% . 37 5 3] 8] 45 K AG A
Fo ARG B0, 55 56 9 18] A a] W7 78 4 DL ORI
KRS 8 7 AR 4 (>6.0 mg/L), KA
23~29.5°C, pH}7.5~8.0,

1.3 H@RXESNEE

FER LW AR RS, YLR24 h, BRI
PR AR R e ER e, T AFB (10 000)(
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Tab. 2 Fatty acid proﬁles (percentage of total fatty acids contents) of four experimental diets %
e TEEL diet
fatty acid ISR PSSl FEAEHT I Il SRR © DR A
Cco PO SO FO/SO
10:0 2.84 0.13 0.12 0.11
12:0 26.45 0.42 0.30 0.33
14:0 13.96 1.42 1.39 2.99
16:0 15.96 11.85 11.82 16.19
18:0 537 3.78 0.35 0.68
24:0 0.07 0.11 0.28 0.25
ZSFA' 64.83 17.85 14.41 20.94
16:1n-7 0.68 0.57 0.59 2.19
18:1n-9 12.55 16.53 31.19 28.41
20:1n-9 1.14 1.07 1.00 1.94
22:1n-9 243 2.12 2.36 3.80
24:1n-9 0.16 0.17 0.16 0.38
IMUFA’ 16.96 20.46 35.30 36.72
18:3n-3 1.32 38.69 1.31 1.59
20:5n-3 0.78 0.65 0.59 2.90
22:6n-3 1.48 1.29 1.18 4.78
Tn-3 PUFA’ 3.58 40.63 3.08 9.27
18:2n-6 13.71 20.25 46.11 30.92
18:3n-6 0.25 0.11 0.19 --
20:4n-6 0.15 0.11 -- 0.37
Tn-6 PUFA* 14.11 20.47 46.30 31.29
n-3/n-6 PUFA® 0.25 1.98 0.07 0.30
HUFA® 2.41 2.05 1.77 8.05
DHA/EPA’ 0.53 0.50 0.50 0.61

VE: LABAAEWIER: 10:0, 12:0, 14:0, 15:0, 16:0, 18:0, 24:0; 2. F AWAIAGWIELZ: 16:1n-7, 18:1n-9, 20:1n-9, 22:1n-9, 24:1n-9; 3.n-3%
ARG 18:3n-3, 20:5n-3, 22:6n-3; 4. n-6Z ANEHIENE: 18:2n-6, 18:3n-6, 20:4n-6: 5.n-3/n-6 PUFA: Zn-3 PUFA/Zn-6 PUFA;
6. E AN ARITIR: 20:5n-3, 22:6n-3, 18:3n-6, 20:4n-6; 7. DHA/EPA: 22:6n-3/22:6n-3; —: Kfifath. N

Notes:1. SFA, Saturated fatty acids: 10:0, 12:0, 14:0, 15:0, 16:0, 18:0, 24:0; 2. MUFA, Monounsaturated fatty acids: 16:1n-7, 18:1n-9, 20:1n-9, 22:1n-9,
24:1n-9; 3. n-3 PUFA, n-3 Polyunsaturated fatty acids: 18:3n-3, 20:5n-3, 22:6n-3; 4. n-6 PUFA, n-6 Polyunsaturated fatty acids: 18:2n-6, 18:3n-6, 20:4n-
6; 5. n-3/n-6 PUFA: Zn-3 PUFA/Zn-6 PUFA; 6. HUFA, Highly unsaturated fatty acids: 20:5n-3, 22:6n-3, 18:3n-6, 20:4n-6; 7. DHA/EPA: 22:6n-
3/22:6n-3. --: not detectable. The same below

AR A FDIRRAE S, PRETEE, PRI E RUBAR s WO AR TR DR o A s R R
ROREERR, ’Eil*%%iﬁﬂﬁi?ﬁ% A% LU LEMEEILA, BETE S, TR
BARREYLIRS R, FRE . AR, 2RlE AN RIS R E . AR5 B S50 i HL 1
JEWAT . JFF A0 3l ﬁ‘%‘%%ﬂ%ﬂaﬂﬁ MaeCc oS MmAE e mAEah, FT AR E B 2
v A= PEER 7K (0.68%, %1&%?&*?4&1){43/5‘6F(E,EEW Bro AR, MM KA BB REA ,

SYONEREE, TREIEWERE . BRI . BERLE ALSmLE.OHE, #E T4 CkFiTt R, 5
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3 500 r/minfH.0>8 minti] 75 ML , & T-80 °Cik
., HT b fedn . &4 SC Al B AL 4)E
i, FEAIEE T 1.5mLAg .08 T, JR
AW A TRAE, H T I 4 Ak Bl A T

TR Fa AR H B A3 19 40 BT 2 IR AOAC
Poo HoroR A S A ISR AR 1 B AR
I (Leco FB-528); LG I 7 £ 46 I R FH 2 [ Hh 32
s K S KR 105 cCHtHEE % KA
R >R FH 5 35 47 550 °C A e 4 B 1 5

L&+ #r, ELFE H (total protein, TP), HE
i (albumin, ALB). ¥k#& 1 (globulin, GLOB),
17 [1/5k % 1 (albumin/globulin, A/G). & %%
Z Jiff (aspartate aminotransferase, AST). .l JJH [ fiE
(total cholesterol, CHOL). H il = Bs (trigly-
ceride, TG). I (blood glucose, GLU)FIHLEREL
fiff (creatine kinase, CK)AEALFRFRH 77 3 K2F B2
e Y IR 2 e £ 4 F 30 A A0 3 T A(H 37.7600-110,
HA, ZRu)sfrkail,

JHEST A A 23 B« 8 S A B AL (super-
oxide dismutase, SOD). N _.[¥ (malondialdehyde,
MDA)F1 4% Bt H BK S #% i (glutathione S-trans-
ferase, GST)¥J R FH ma mt i A 9 T REBIF 5% Jor A 7
FRRE DGR e, AR Y 2 B U 4517 .

kLR AL R 4 2R D R 3 Bt 4 0 e
TEZ B ZuofERY, JEREME . HGE R
JHRIEF LR RE 592 VR T 45248 h, FE AR h 5853 %
FEfE, FRIELO.1 ghE il , #AE]12 mLERSUHE I
H, AT mol/LE S AL B T RHA 3 mL, 75 °C
TKH20 min, FEEE A, A2 mol/LEL R H
BEVAW3 mL, 75 °C/K20 min, )5 iIA 1 mLiY
ECk, RGEE, #ESE, WEWER, H
GC-MS1{X #% (Agilent technologies 7890B-5977A,
USA)EAT 2081 o 4% g 1D BR AN 25 2 >R AT 1t AR
— LTI
14 HEARRZIT SR

1 7K (weight gain rate, WGR, %)=100x(W
Wo/Wo

5 78 42 K R (specific growth rate, SGR, %/d)=
100%(Ln W,-Ln W)/t

) B} & %1 (feed conversion ratio, FCR)=F/
W=w)

%1 % (survival rate, SR, %)=100xN,/N,

JIt% 3 J& (condition factor, CF, g/cm’)= 100x
wiL?

http://www.scxuebao.cn

JF A& B (hepatosomatic index, HSI, %)=
100X W,/ W

JIEAK EE (viscerosomtic index, VSI, %)=
00X,/

% g FE (intraperitoneal fat ratio, IPR, %)=100x
wyw
K, Woh SER WG ¥ H(g), WS 4RY
H(g), FHRBHEAR (), W, oS8 2oR Bk
B (g), WihSE ) ih SR & (g), CHSEE
REU(), NRELREEHRI G (R), Noh s
VIR B (), wh ik (g), LAfmikK
(cm), Wy AMFRERR & (g), W, AHNBER & (g),
Wik W Z REERE 7 1A 3 1 (g) o

J5 4 4 HiE 25 Excel 2016425 8 8L 5, FISPSS
2308 A T ELR R 5 2553 H1(One-Way ANOVA),  Jf:
K H TurkeyiZ AT 2 H LA, DAP<0.053%/" 25
F, BRI E R R (meantSE, n=3)FIR .

2 4R

21 ARBEMERENEFREEKIEGE. "RF
R SFERZ

Zeat 8FA MR SRS, A% S e 2 WA £ A
AR R (FBW), B E R (WGR)., & 4E K&
(SGR) FHL 1% % (SR)H TC . 1k 22 5% (P>0.05), il
TR R B(FCR)A B & M 22 7% (P<0.05)(#£3).
FBW. WGRHISGRY LA fajh 5240 ki1 - 1R
Al (FO/SO)dH fi =, HIREAB T (COYdH , 2%
R (SOYH AR . & 4 SREITEIS% LA |- FE4E
Kl (SO)H FCRIR 55 M 1.36, 1M1 £0 3 5 25 46 1
1+ HEA M (FO/SOVAH Fe /Il A 1.25, 45 2L [a] i3 44
b (HSD) . N B (CFR)¥ A 2% 1 25 =% (P<0.05),
1M 44 b (VST A s He (IPR) G & 3 1 25 &+
(P>0.05), HSI. CFFIVSIH LAl 5 2 48 kil
1 : HRA M (FO/SO)H i /=, 25 LI (SO) 4 fix
i, TWiZEAEAFIM (SO Y TPR IR 55 4 1.70%, HF+
T (CO)ZH FYIPR ALK 4 1.00%.

22 FEIREREX RFE £ 8 RE AT RIF MR

2% 24 18] B 5t 00 AR OK 43 . OHLEE B RK 4y
BRI L R (P>0.05), THIEY &EA D
FVE 22 F(P<0.05)(F4), Stk &l
Fl#E71.46%~72.03%, M EH & E14.79%~
15.47%, KAy & 5750.13~0.14; HET- I (CO)4H I
FELIG I & 2 8 T HAB34(P<0.05), 410.51%,
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Tab. 3 Effect of dietary lipid sources on growth performance and feed utilization of juvenile yellow catfish

Lo Akl diet
AR K REAN TR
growth performance and feed utilization 7tk IR LN IS ZEIRFL L RAH
Cco PO SO FO/SO
YIEAfi /g IBW 1.52+0.01 1.52+0.00 1.51+0.00 1.524+0.01
LREfiE/g FBW 8.11+0.29 7.98+0.36 7.79+0.21 8.60+0.45
WEZ/% WGR 452.80+6.65 445.36+12.30 429.26+4.31 465.12+29.44
FrE K &E/(%/d) SGR 2.99+0.07 2.96+0.08 2.93+0.05 3.09+0.09
Tk R FCR 1.28+0.02" 1.35+0.01° 1.36+0.04° 1.25+0.05°
ISR /% SR 98.89+1.11 98.89+1.11 97.78+1.11 95.56+4.44
iFAEL/%  HSI 1.84+0.16° 1.60+0.03™ 1.43+0.17" 1.87+0.06°
JEAREL/% VST 6.38+0.25 6.32+0.19 5.89+0.29 6.42+0.10
BB E/(g/em’)  CF 1.64+0.00° 1.54+0.00° 1.53+0.00° 1.65+0.02°
Jalat/% TPR 1.00£0.06 1.62+0.56 1.70+0.05 1.53+0.43

E: [FATEAE EARA E NS i RN & A 0] 2 7 2 3 (P<0.05), FH

Notes: Values in the same line with different superscripts are significantly different (P<0.05), the same below

*4 PHENENEFELEEFRIOEM

Tab. 4 Effect of dietary lipid sources on whole body composition (percentage of live weight) of

juvenile yellow catfish %
Y TRl diet
nutritional ingredient LS DI ZELEAT I oyl 52EEFFIL © R G
Cco PO SO FO/SO
JK4>  moisture 71.460.56 72.03+0.44 71.94+0.80 71.55+0.65
HE A crude protein 14.79+0.22 15.47+0.23 14.99+0.27 15.08+0.12
FAEWT  crude lipid 10.51£0.15° 9.33£0.19° 9.4240.20° 9.68+0.11°
K45y ash 0.14+0.00 0.13+0.00 0.14+0.00 0.13+0.00

ol 4% 34 ] G . 35 P 22 5 (P>0.05)
2.3 A [EIRERGIRXT 5% & Bl P A5 B ER 4E Ak B S22

2524 B A WL A A8 RS 5 TR 2H R K AR S ke
T ERE Y B U R 4 (32 5) . BT IR (COYH 1Y
SFA® B % 5 (P<0.05), N31.30%, k&

2 (arachidonic acid, ARA, C20:4n-6)Hf1Zn-6

PUFAZ ¥ i, W3 m T HAL (P<0.05), 1M

n-3/n-6 PUFAHfIf(P<0.05).

24 [R5 RHIR XY 55 %0 & BT A AS B ER 4R AR B9 200
IR —F 1 (CO)ZH % 55 £0 JF IE P A SFA & & e i

AL HEA WM (FO/SO)H, & &h
24.96%, 751 (PO)ZH F155 48 FF 1 (SO) AL [H] ¥ A7
#5(P>0.05); 7Tl (PO)HAYZn-3 PUFAR & fix
B, W T A4 (P<0.05), HIR 5 %
Wk HRA WM (FO/SOYH, Hok, 75Tl
(POYH ALAR & b 8 3% i T H A 41 (P<0.05);
iyl 52E AR - LR G (FO/SO)4 rh DHAFI
EPA i 3 &5 T HAh 4 (P<0.05), ELHUFA i
1 (P<0.05); ZEAEKFIM(SO)YH LA . 464E DU

(P<0.05), N25.14%, HIWKIZ 0535 LA
1 : HRAM(FO/SOYH, i F i (PO)Z Fl 2% 46 K
T (SO [H] B A I 3 2% 57 (P>0.05)(56); 751l
(POY HEn-3 PUFA S S fc iy, W&o T H A4l
(P<0.05), HREMM 5L - HEA W
(FO/SOYHL, Y3 4MInF i (POYZH T & ALAFIEPA
3 T AL (P<0.05) 5 £ 5 35 ALK
1 : R AW (FO/SO)4 W DHA T & i & = T35 {k
F1iH (SO (P<0.05), 51+ i (CO)ZH Fl 75+ i
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5 EAREE AR X B AN P AR AR ER (R BE AR BR B9 B 4> BO R R i
Tab.5 Effect of dietary lipid sources on muscle fatty acid profiles(percentage of total fatty acid composition) of
juvenile yellow catfish
R FgE  diet
fatty acid AB=Fith TR b id el il SR RG
Cco PO SO FO/SO
C14:0 8.16+0.09° 1.30+0.05" 1.224+0.01° 2.16+0.04°
C16:0 17.02+0.36° 14.07+0.09° 14.85+0.06" 15.92+0.50°
C18:0 5.93+£0.01° 6.38+0.01° 6.42+0.10° 6.56+0.00°
C20:0 0.16+0.00° 0.22+0.00° 0.21£0.00° 0.24+0.00°
C22:0 0.03+0.01° 0.0420.00" 0.06+0.01° 0.04+0.00™
XSFA 31.30+0.01° 22.00+0.09" 22.75+0.05" 24.96+0.28"
Cl14:1n-3 0.20+0.03" 0.03+0.00" 0.03+0.00" 0.04+0.00"
C16:1n-7 4.93+0.39 2.48+0.21° 3.02+0.23" 3.54+0.11°
C18:1n-9 28.04+0.29 26.20+1.95 30.54+0.63 28.02+0.57
C20:1n-9 3.10+0.53" 2.29+0.18" 2.70+0.04™ 3.434+0.17°
C22:1n-9 0.49+0.01° 0.66+0.01° 0.58+0.03™ 0.88+0.04°
IMUFA 36.80+0.58 31.67+2.26 36.86+0.49 35.90+0.80
C18:3n-3 0.74+0.32° 16.56+0.00° 1.58+0.07° 1.02+0.02°
C18:4n-3 0.06+0.02° 0.39+0.03" 0.05+0.01° 0.11+0.01°
C20:3n-3 0.28+0.02" 3.08+0.03° 0.24+0.01* 0.37+0.03"
C20:4n-3 0.33+0.00° 2.31+0.01° 0.28+0.01° 0.62+0.00°
C20:5n-3 0.58+0.01° 0.84+0.04° 0.30+0.01° 1.42+0.00¢
C22:5n-3 0.36+0.02° 0.63+0.05" 0.36+0.06" 0.80+0.01°
C22:6n-3 5.69+£0.56" 5.69+0.81" 5.02+0.65° 9.87+0.39"
>n-3 PUFA 8.03+0.59" 29.50+0.84° 7.82+0.78" 14.20+0.35"
C18:2n-6 9.90+0.21* 13.64+0.45" 23.99+0.47° 19.48+0.35°
C18:3n-6 0.12+0.00° 0.16£0.01" 0.37+0.02° 0.18+0.00°
C20:2n-6 1.85+0.16" 1.12+0.08" 2.70+0.11° 2.4440.06°
C20:3n-6 2.24+0.14° 0.80+0.06" 3.08+0.24° 1.52+0.06°
C20:4n-6 0.76+0.01° 0.27+0.00" 1.13+0.01° 0.77+0.01°
C22:4n-6 0.12+0.01° 0.05+0.00" 0.18+0.00° 0.11£0.01°
C22:5n-6 0.61+0.13® 0.20+0.07* 0.77+0.12° 0.27+0.01°
>n-6 PUFA 15.61+0.55" 16.24+0.52° 32.21+0.82° 18.10+6.34™
n-3/n-6 PUFA 0.53+0.04" 1.82+0.05° 0.24+0.04* 0.57+0.02°
HUFA 12.99+1.15° 14.54+£1.37* 14.28+0.62" 18.18+0.26°
DHA/EPA 8.97+0.34° 7.7440.05° 14.87+0.04° 6.72+0.11°

(POYAH A & 22 55 (P>0.05); ZEAEAFIMZH (SO)
W ATE P LA . ARAFIZn-6 PUFA & 2 1 i
. WFEE T HAB A (P<0.05), TMin-3/n-6 PUFA

K (P<0.05),
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Tab. 6 Effect of dietary lipid sources on liver fatty acid profiles (percentage of total fatty acid composition) of

juvenile yellow catfish

fERL diet

o i s
ffzsz%d A3 DNl FEAENF I il SRR © DR A
Cco PO SO FO/SO
Cl14:0 5.2440.15° 0.83+0.09% 0.69+0.02° 1.10£0.04°
C16:0 13.70+0.32° 12.28+0.17° 12.20+0.38° 13.65+0.20
C18:0 6.110.15 6.55%0.17 6.10+0.07 6.56=0.35
C20:0 0.070.00" 0.16+0.01° 0.14+0.01° 0.14+0.01°
C22:0 0.02+0.00 0.02+0.00 0.03+0.01 0.03£0.00
SSFA 25.14+0.24° 19.84+0.10° 18.78+0.06* 21.48+0.56°
Cl14:1n-3 0.52+0.01° 0.03£0.01° 0.02+0.00° 0.04+0.00°
C16:1n-7 8.47+0.07° 4.75+0.00° 5.61£0.01° 7.08+0.05°
C18:1n-9 32.42+0.53 27.08+1.08* 31.15£0.82% 32.66+1.27°
€20:1n-9 4.02+0.15" 2.33+0.03* 3.46:0.28" 4.46+0.23°
C22:1n-9 0.14+0.01° 0.26+0.02" 0.30+0.02° 0.25+0.01°
*MUFA 45.69+0.57° 34.47+1.10° 40.55+0.73" 43.86+1.66
C18:3n-3 0.34+0.03° 9.37+0.18" 0.32+0.01° 0.36:0.01°
C18:4n-3 0.06+0.00° 0.30+0.04° 0.05£0.01° 0.04+0.00°
C20:3n-3 0.32+0.03" 4.23+0.05¢ 0.33+0.02° 0.54+0.02°
C20:4n-3 0.28+0.03" 3.26£0.15" 0.35+0.07* 0.50+0.06°
C20:5n-3 0.38+0.05° 2.27+0.22° 0.32+0.05* 0.80+0.09°
C22:5n-3 0.23+0.03° 0.83+0.08 0.22+0.02* 0.34+0.03
C22:6n-3 8.72+0.81° 11.31£0.44% 7.85+0.48" 11.98+1.14°
¥n-3 PUFA 10.32£0.95® 31.57£0.86° 9.45+0.55" 14.56£1.29
C18:2n-6 5.73+0.14° 8.73+£0.09° 14.71£0.07° 11.1620.05°
C18:3n-6 0.13+0.02° 0.25+0.07" 0.490.08" 0.16£0.01°
C20:2n-6 2.43+0.12° 1.67+0.01° 4.35+0.26" 3.8240.40°
C20:3n-6 3.69£0.20° 1.46+0.05* 5.57+0.22° 2.4440.17°
C20:4n-6 2.7240.14° 0.73+0.09" 3.61+0.23¢ 1.67+0.18"
C22:4n-6 0.39£0.02" 0.21+0.02° 0.51+0.03° 0.36£0.05°
C22:5n-6 0.89+0.01° 0.07+0.00° 1.370.02 0.26+0.02°
*n-6 PUFA 15.97+0.38" 13.120.31° 30.61+0.56" 19.87+0.56°
n-3/n-6 PUFA 0.63£0.06 2.4240.04° 0.32+0.03" 0.71£0.03°
HUFA 20.18+1.31 26.25+1.83 24.84+2.01 22.76+3.23
DHA/EPA 21.2540.31° 4.600.11° 20.89+0.93° 14.38+0.03°

(TG). IMLHH(GLU), WLFR BB (CK) & &30 i 3%
Z 5 (P>0.05)(F7), Hoofmyh 53k - 1R

il (FO/SO)4H # a1l " AY TP . ALB. GLOB
FMICHOL % W& = F Hifth 34, HR &K AE A
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(SO)H , BT iH(COYH FEAK; TiHEF-i (CO)ZH ¥
i ImiE T AST, TGHIGLURY & W& e T Hifth 34

2.6 A EREMRN AT ST A ILEEEMS

AS [5) I o V8 %o #5390 £ A oo SR Ak 4 s Ak
fii(SOD). N [ (MDA). & Wt H Ik S¥: #%
(GST)IG A i 52 0 (P<0.05)(8), 45 4H 7] ¥

S0 T IR o SODRE I 6 1, I (CO)A fie /=i
HR Bl 531 - TRA M (FO/SO)4
SEAEAF I (SOVA eIk ; AFAEPMDAE &, T
H(COYHEAL, FLUIEZELLAT SOV, F5+-i
(PO)ZH fc iy 5 B T IUE P GS TGS M, BB
(COYH 3 & T H A 341 (P<0.05), H:r 25 76 4T3
(SOYH H Ak .

®=7 ARBEWEN RS MEERRE

Tab.7 Effect of dietary lipid sources on haematological characteristics of juvenile yellow catfish

HRE O di
b Gkl diet

haematological characteristics RT3 JRTF FEALNF il SRR © TR A

Cco PO SO FO/SO
BEA/(YL) TP 35.47+1.13 36.07+1.22 37.43+1.87 39.63+1.54
HEH/(g/L) ALB 10.57+0.43 10.60+0.23 11.03+0.60 11.90+0.68
MEH/(gL) GLOB 24.90+1.20 25.47+26.40 26.40+2.21 27.73+1.50
HEH/EREA  A/G 0.42+40.01 0.42+0.01 0.42+40.01 0.43+0.01

BEELSN/(U/L)  AST 353.00+66.43

321.33+£60.00

333.00+59.00 313.00+£52.54

S5 fIH[E B2/(mmol/L) CHOL 3.53+0.08 3.61£0.22 3.65£0.28 4.10+0.11
Hih =E/(mmol/L) TG 2.44+0.04 2.2740.04 2.3040.14 2.11£0.06
A/ (mmol/L)  GLU 2.75+0.47 2.44+0.63 2.19+0.47 2.50+0.63

R HEE/(U/L) CK 6964.67+1788.34

7125.33+829.43

6042.33+£786.16 5057.33+1421.88

®8 ANENRYE RS CEEENRm

Tab. 8 Effect of dietary lipid sources on liver antioxidant enzyme activities of juvenile yellow catfish

P LEEEE

Tkl diet

UL
co

antioxidant enzyme activities

DRl

FETEFF I
PO Ne)

il SFEAERhL ¢ HRG
FO/SO

BEAYEALE/(U/mL)  SOD 166.34+1.86

N —F%/(nmol/mg) MDA 0.64+0.07°

B H IKSF:FEBE/(U/ng)  GST 266.48+3.37°

123.03+3.12°
1.02+0.01°

210.69+8.98"

122.84+3.17° 151.50+6.95

0.820.04" 1.00+0.09"

188.63+4.77° 204.55+12.81°

3 iR

31 ARIEMmENRFEEKMERE. ARF
FA 0 4 B 53 B 5200

Zeat 8FAFRFH LN T, A% AL AL i 1Y TR
RIS 243 5135 3 420%F195% LA [, X R W] #
R RO SRR I N R N4 2% S o | <
EBEAERFIT © VIR G I B0 B g g W W R R H fig
J1o JERK F EECOXT # ik (Monopterus albus) )T
KA WA KR T EJRR M L A TR RE
B, HHEEEMARKERERARE . RS
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xf e S HE R BF Y R Bt . RS ok
T AE A R R 3 X D R £ KOG B R
M, Caballero®5 e FI & A KM . AP . A%
ik AR 3ol R £ 3l A D Al ML S T O R 4%
Y1 0T At AR O R B . DL R
FE GRS AL . AR A AL AR
R E (FBW) . 1 H R (WGR) R4 e 4 K R
(SGR)E A i EF =5, (Al 52 - 1
1R (FO/SOYH F A 2 RS A, Lk =48 7 vl
(COYAL o X J& M il 52540k« IR A il
(FO/SOYH & F 8 Z WHUFA,  [a] 241t 138 o
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KFHIALARILA, i & T 8 i fa X EFAR 77
K, AR HE T HA K . T (CO)A B i fa
AR A2 R A, 2 B TR T (CO) A R
hE A RENPEEIRIIR, E2ECI12:0, XL
JIg 17 TR AR S AR A i (L B 0, AR AR P9k /K i it
W, AEFFRE AT AL R HET, BREE - =
TFREWIR , ARG SR T S, R T
iR, BA KRR 4. J35h, A&
S 4% 21 ) R R A (FCRETE b 225 5, Hir
i 5 ZEIEAT I« R A (FO/SO)AH B Ak,
YRR (COYAL, 15 B JH: g e 2 0 72 3 T £k
FIH .

AR ST 06 25 2 [] 1% JIE 6 B2 (CF) R4 L (HST)
BREZES, MBEAMEELAML : HRE
(FO/SO)H fe iy, ARG AR UM+l (CO)H . Fh
T (POYAH . ZEAEKFIM(SO)AH , X5 e Fo oIt
A 3k 5 (Megalobrama amblycephala) W W 5% 2% S AH
L, RRk i SFA S 3k v 2 3 BUFIE R 7 DT AR,
WA EE T, AR S 5 g 15 AT .

CA BT R, Gkl 2 % R 43 4 g
A EERIE, ARSI A R K 5 .
BAMKASREAREER, X55FFHRE™ Y
FNR SRR 5 25 AR . R A AL 7 % A
FES, I (COMA M AR & R E T
HAb32H, A W98 R W PUFARES B2 25 IR 7 8 4 1k
B 1k, AT B AR A B T AL S 1 AR Sy e AR
T (COVH IR PUFA S F A T Hofl 340, DAt
JIg 17 R S AL i R M R b v, S AR AR D UL
L, T DL AR g I e 3 v T A3
3.2 N[5 BE B iR X 2R 3 & AL P A0 BT B B B BR
4R RR B9 52 0

0K A i 1R 1 20 8 3 A i e Rk i 7 T 1)
R, XA B AN B EEDO KSR T
(Scophthalmus maximus)“"55 7K ;= sh ¥y L ¥4 i
H . ASZH SR R, B L PR R P R
05 R 5 e A8 A 5 gk vh ok N R DT R e R Al AR
A—F, 5 RS MIE . 5 (CO)ZH 8 #ifh
HEUPSFAT i &, I F Il (PO)4 H ALAFIn-3
PUFA® & e fm, KM (SO)HH LAFIN-6
PUFA® e, Al S52EEAFM L - HRA
(FO/SOYAH ™ JIig i i 48 S 4 46 o

EHEFOBEEALAS BERZ T T
(POYAH TR, JHFEZH 2 Y EPARIDHARE HAlhy

A, HELAY R Z 1AL (SO) A 1k
F, BT AE 4L 2P i ARARS HA 2 5, 3 R4 356
BT o A B I KR R M FIALAFILATY fig
F1, X5 FE RIS, WEE TR
JK 025 BAT B 1885 B PUF AL AL HUF A Y 25 1 1
il A2 K i — 25380,

MAENLRN L, fagh 5Lk - 1R
£ M (FO/SO)ZH EPAFIDHA Y & & W i & T8 1
PO, SIFNEHLBAFE 2R (HEEALA
(SO MARA G EAMKAR R e, SIFNEAZUH
Mo XU AL P EPA. DHAK ARAH PR
BRI, X2 K An-3 K4 2 AN F RS 5 2 (n-3
LC-PUFA)Fen-6 LC-PUFA B gl #8445 3] 20 fifa fiE Y,
Fif LAEPAFIDHARY & HAH X T ARAF BT T B .

5 2 ¥R S LR RN i C14:0 9 1 5 7]
REA A IR, 53 AMIBFIl(COYd H C12:0
B B A D, MC16:0M1C18: 1n-97 & A kb
T L WY G . B A W] B 2 R
SFAZE K 5% 221 F1 5 C16:0F1C18:1n-9, 5 F & A
JC12:0HIC14:08% A Mk, HTHAERERED. 5
Gh, EFAS YL HUFAARA . DHA)Y & &
FEXT TR S, U] T X S HUF AT 0 {4 1Y
HEE, UL R DURL R SR, HUFA 41 i
JEE T B8 A ) T2 S R 43S, AT T 4 A A
W32 0 2B, %t 200 1 0 ol e 1) o
PEHIE,
33 A ERERIREX &t A+ s RS2 0m

0 2 I HE AR B2 R DA £1 28 £ Bk
BB R B PR 38 BRIy
MR B VR B RE A S LR B R Y
WS AR, ARSI A IR R, 45 2 A] i fh
MEPEEAMAEARERAREES, U
HHAS ) ig 7 05 0T e 585000 28 10 J50 190 IR S0 A Rt e
SO, Sk R A ST A AR . BREE
—EARE b AR S e K, R IR ALK
TR G e KT 1 — S EE AR bn o AR ep (4 IR 1D
o HR 0 75 1R 05 R 2 7K 7= B0 ) Ho 93 J N 1) T
PSR, AT DR R B ML A R R A 92
A SR, AR T, A IR FR R
BEER, SREFHRMYR SRS RN, Ui
AN [) i J 058 %o 5 390 £ S 8 /K -G B 3 R

A e Bt A R ) T £ (AR T R B R A
e bR, MARTEIEFIEOLT , M h & 5
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fitg & /b, HUA TR I 2H 2 40 A 8 3 i 308 A
P I, IR A I A R
PEIG IR PR, AT AR R PR A I ) 4 B
RGNS ARSI R o, AR X 85 50 A0
TH A B i RO W, S B (Elop-
ichthys bambusa)®” . ¥ [} (Acipenser schrenckii)™
5% 11 2418 £ (Schizothorax prenanti)™ B 58 45 R A
[A) o H il = TR % 5 B AR A% S e fa 1A ) T4 A i
TRIRE I, FEA SIS b, A& 2l = lE Y & i
B 025, 5 PRI AR AR R T A Y
WEFEAE A o A2, BIE A i b A
JUUTRR Wt 34 TG 3 25 v, UK S v i JL A
TR 25 U LA Y S 2 K AR K . &
BSR4 2R 5 H At 52 50 AN [R] 9 D A AT RE S £ Y
s MR IT IR R AN B R TE]

3.4 ARIEMENRFEFERSCEELT
aEA

SODTE i {4 1) Ak 5 Bt 8 Ak 19 F- A v e 3]
KEEVERS, B Rei A A HE0),
PRy AL S 2 051 GSTEA BRI N B H 3
FETER)IDEESY; TMDAR H 35| & H5 Bt
AR SN TS B B 2 M 7, H B R
BUAR 05 8 ™ 1% AR o, A4
PUFAR) & it S HON R AR B L e e T 4 8m
e & R G it AL AR B £ AR A R
#H (Cyprinus carpio) ™ W5 & B, HUFA, %F
MEDHA, fedem P A bae ). Ao
L 2 R T IE T Y HUFA & 2 A B 2 2
S, HFE RN S BRI . 2R F il (PO .
FEAEFF(SO)MAL . il 52BN 2 1R 5
(FO/SO)4H . HB—FiH (COYAH . T1fii #5 T 91 (CO)ZH &
S0 IE SOD Y 1 M i 3 5 T 95 1 (PO)ZH Fil 3%
FEFF(SOYMIA , S 528 ERFm1 - RS M
(FO/SOYH T i 3 22 5% 5 1~ (CO)H GSTHI i
PER 2w T A3 MRl (CO)Z MDA i
FART 7571 (PO) AL AN h S5 25 40k = LIR G
H(FO/SO)H , 535 AEHF (SO)iM 4L JC & 2 57 .
X5 RSk, S58BIEY AEf(Oreochromis
niloticus 9x0.aureus 3)'*"'. M2 (Acanthopagrus
schlegeli)"" ) SE B 25 AL o Song %5 N Ry i &
T DHATRDRL AT 8 23 38 i 5 5 20 M 1 i ot ok 4 Ak
) SR TN SR BT A A R e, DT e 2 21
AT A AL RE 1 7 A 5 e

http://www.scxuebao.cn

4 5

ALY R, Ml (CO)H . %+l (PO)
4. FEACKF(SOYMAL . faim S52EAEkr 1 - RG
I (FO/SO) 41 4% 2H ¥ i fir (1) 3% % (WGR), $55E
AR FSGRFMIE R (SR LR EFE5, A
it H T SR 43l 8 3 420%195% LA |, 1A
iSRRI R DO AT IR I N i N7 £ 20 5 o e 1
S ZEIERFIM T« TR G I 38 e 1 R A N R
8775 T ELA LRI v A A hn LT e 22 5%,
UL BAAEE 79 . IR T . SEAEAT A 5 25 AR
FRT « IR Bl 25 B AR LA 1) 593 /K7 R AR i
Ko DL g SR U, AR AR T SR L
G T I N 1 BN~ 7€ 2 T2 I RS o
1= TR THUER AT LR A v 30 e ) Rk 4 A 07 D8

ZEREIR, T (CO)H LA SFAS & #ix
B, T i(POYH L ALAFIn-3 PUFA & ik
5, ZEAEFF I (SO)H A 84U LAFIn-6 PUFA S it
e, M S AR - 1R A (FO/SO)4H
H A g IR A R FA A, 3 Ul W R 2 2 b i
5 2 2L ok, i A S )k B I R A B . O HL 9K T
M (PO)ZH T I 4H 21 b ) EPAFIDHA % HoAth 40 17
FEAEFF I (SOVAL I IE2H 2 v i AR A e Ath 41 155

VoI T U ELA AE KR R A ALAFI LA e
jjO
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Effects of different lipid sources on growth performance, body composition,
the serum biochemical indices, fatty acids composition and antioxidant
capacity in juvenile yellow catfish (Pelteobagrus fulvidraco)

LU You, JINMin, YUANYe, XIONGJia, MA Hongna, ZHOU Qicun’
(Laboratory of Fish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: An 8-week feeding trial was conducted to evaluate the effects of different lipid sources on growth per-
formance, body composition, the serum biochemical indices, fatty acids composition and antioxidant capacity in
juvenile yellow catfish. Four isoproteic and isolipidic diets were formulated to contain different lipid sources:
coconut oil, perilla oil, sunflower oil, fish oil+sunflower oil (1 : 1) mix oil, respectively, on the basis of adding
soybean oil. Each diet was randomly assigned to feed three replicate groups of juvenile yellow catfish whose ini-
tial body weight was approximately (1.52+0.00) g. The results showed that the different dietary lipid sources didn’t
have significant influence on final body weight (FBW), weight gain rate (WGR), specific growth rate (SGR) and
survival rate (SR), but had significant differences in feed conversion ratio (FCR). The SR of all groups was more
than 95%. The hepatosomatic index (HSI) and condition factor (CF) showed significant differences among all
groups. However, they didn’t have significant differences in the viscerosomatic index (VSI) and intraperitoneal fat
ratio (IPR). The HSI and CF of fish fed fish oil+sunflower oil (1 : 1) mix oil were significantly higher than other
groups. The moisture, the crude protein, the ash content were not significantly affected by lipid sources. But the
crude lipid of fish fed coconut oil, which was 10.51%, was significantly higher than other groups. Fatty acid com-
position of muscle and liver in fish generally reflected the composition of the diet. Furthermore, the different diet-
ary lipid sources had significant differences in the fatty acid composition in the muscle and liver. The saturated
fatty acid (SFA) content of fish fed coconut oil was the highest, the a-linolenic acid (ALA) and n-3 polyunsatur-
ated fatty acids (n-3 PUFA) content of fish fed perilla oil the were the highest, the linoleic acid (LA) and n-6 poly-
unsaturated fatty acids (n-6 PUFA) content of fish fed sunflower oil were the highest, and the fatty acid composi-
tion of fish fed fish oil+sunflower oil (1 : 1) mix oil is more balanced. No significant difference was found among
all treatments in total protein (TP), albumin (ALB), globulin (GLOB), A/G, aspartate aminotransferase (AST), total
cholesterol (CHOL), triglyceride (TG), blood glucose (GLU) and creatine kinase (CK) in the serum. While the
activities of sulyperoxide dismutase (SOD), malondialdehyde (MDA) and glutathione S-transferase (GST) in liver
were significantly influenced by lipid sources. Fish fed coconut oil had significantly higher activity of SOD as well
as GST, but lower content of MDA, in serum than the other treatments. These results indicate that coconut oil, per-
illa oil, sunflower oil and fish oil+sunflower oil (1 : 1) mix oil can be used as dietary lipid sources of yellow cat-
fish, on the basis of adding soybean oil. And the fatty acid composition of fish body basically reflected the fatty

acid composition of diet and the essential fatty acids of freshwater fish were LA and ALA.
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