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1 #REFE THINCEAT N E I A R R R R R DR A 1
1.1 Rga# FROHEB RS R 35% , KAE 15 MI/kg) K%

YR E LTk R R e 64.5% ) . TR HALR U E SRR IR 1. SRR K
THICHLEE R & 43, 0% , BUE B Skrr W 40 BFIFRG 2, mokEHE BUR N 80 T,
CHLE RS & 37.0% , BUEBE#) MmOl HRER R 1.5 mm {95 Bk ik, 60 CHET 5
EEREEA43.0% , BUERE) MEEA RS BET - 15 Tl &/,

LRt ARE, SR e LRI AR AR BN 1. 5% i

F1 RBAMANREFRKF (RKTFEM)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
i H 4 CRUIEE SFFIZH P JFRAF 1 2H e
Items FO group SO group RO group LO group L group
JE#l Ingredients
144 Fish meal 9.0 9.0 9.0 9.0 9.0
Z ¥ Soybean meal 28.0 28.0 28.0 28.0 28.0
5K K] Rapeseed meal 22.0 22.0 22.0 22.0 22.0
FaF7K1 Cottonseed meal 17.0 17.0 17.0 17.0 17.0
KM Wheat middlings 16.0 16.0 16.0 16.0 16.0
KM Rice bran 4.4 4.4 4.4 4.4 4.4
£y Fish oil 1.5
.l Soybean oil 1.5
KA Rapeseed oil 1.5
WV FRFFI Linseed oil 1.5
¥ Lard 1.5
44k JEFF Choline chloride 0.1 0.1 0.1 0.1 0.1
A E iR Vitamin premix " .5 0.5 0.5 0.5 0.5
Y R B Mineral premix® .5 1.5 .5 1.5 1.5
43F Total 100. 0 100. 0 100. 0 100. 0 100.0
B 3% KF Nutrient levels
# 5 [ fi Crude protein 35.2 35.1 35.2 35.1 35.2
g Crude lipid 4.1 4.1 4.0 4.1 4.0
$ K 43 Crude ash .2 8.3 8.2 8.3 8.2
JELHE Gross energy/ (MJ/kg) 15.6 15.6 15.5 15.6 15.5

D o) 2 TR R A 45 T 55 46 B 42 4t Vitamin premix provided the following per kg of diet: VA 25 mg, VD, 5 mg, VE
40 mg,VC 500 mg,VB, 12 mg, VB, 6 mg,VB,, 0.05 mg, VK, 5 mg, % #5 & riboflavin 5 mg, JJLfE inositol 100 mg,JZ i pan-
tothenic acid 30 mg, {Hf& niacin 35 mg, M2 folic acid 2 mg, 4= ¥) 2 biotin 0. 06 mg, Z A H MMk ethoxyquin 150 mg, K ¥}
wheat middlings 14.09 g,

25y TR S A T v 4 A % fit Mineral premix provided the following per kg of diet; KCl 200 mg, KI 60 mg,
CoCl, - 6H,0 7 mg,CuSO, - 5H,0 14 mg, FeSO, - H,O 400 mg, ZnSO, - H,0 200 mg, MnSO, - H,0 80 mg,
Na,SeO, - 5H,0 65 mg,MgSO, - 7H,0 3 000 mg,Ca(H,PO,), - H,O 20 g,NaCl 136 mg,

1.2 FEHE HA 50 R, B A0 SR AR 4 N IR K A6 B B 5

BRI f B T Y AR B A M f B IR EERBE KA (A RUABUA 300 L) b, FRAFK I RS A
B fpdg . % Y& RS 10 d J5, IR kK, SR KR A (26.8 £2.2) C,pH
PRt AR ST PRI E N (5.83 £0.01) ¢ 7.2 0. 3, WA N > 6. 2 mg/L, WA <
(Rt 750 B, BEHL MRS A, B4 3 MEE L B4 0.50 mg/L, WAHARER A <0.06 mg/L, H MR
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WK 4% ~6% , 45K 08.30.12.30 F1 1730
AW 1R, AR L VEBR A SRR, Rk 174
T F5 ik e) Sy 8 )
1.3 H#AH&59MH

TSR Z, o, 25 24 h JSFRE, AL S BB
FAAE R4 AR s BEAR 5 B SRR A SR A B B
TRALFE , 43 E BT, 9 ST B Y R
UL BRIG A — 80 CHIRIR UKAS AR 17 o T IREAE A A=
HER K LA 129 1 B (R B L VKR 50 3K, 51 W AE
3000 x g4 CTEAMTF &L 10 min, BE 3 R AE A
BTG e BT i, —20 TR L

T ek JEORE B fo (A BE S # 7E 105 THET E e
HLRIG AT E SR e . M AR =R
IR LI T A2, R A I 5 R P 2R E A 3 9k
S UKy 8 B R R R (550 C) IRAGTEINE .

I35 B 2 R B (LPL) | 3% 5 IR B A
(MDH) & % fb i AL B ( SOD ) i 1 gyt A Ak
RE 71 (T-AOC) 2K Fl T 2t 2B 9 T RR R 5T T 4 7
B G AT 2 . SOD f4 i PR By o X B2
SOASUE (H R AE 1 mL LY i SOD i il 2R ik
50% I BT J2 o 1 SOD # y 1 A> il 3 4 B vz ; T-
AOC BN E S 7E 37 T, B 434 i 22 7o 41 21
F1 0 {50 AR R 19 T B2 (OD) L34 i 0. 01 B 2K
1 4~ T-AOC H.{i; ; MDH ) 5 1 B0 52 X : B 22 o8
HYVE A RAEA R R G 1 min PYAEFL 1 pmol
(4 IS %G 78 L= R 1A Tt 30 4 507 s LPL 9 9%
PR X A2 5 A AR (AN B AR R R
i e A 1 wmol W ES A R (FFA) BSf A 1 A4 il

TP, AR R o R 5 I e i vk
W E .
1.4 H&EARX
558 A2 K R (specific growth rate, SGR, % /d) =
100 x [In KE(g) -In HH(g) |/il5m KL (d);
T H JEACR (protein efficiency ratio, PER, % ) =
100 x i fANEH (g) /B H B AR (g) 5
1Ak 2 %5 (feed conversion ratio, FCR) =
TY AR (g)/HiRIEE (g) .
1.5 HEABES5SH
Bt 24 LA B ME = b iR £ 7R, >k A SPSS
11,0 X iy 15 B4 #E 47 81 X 3R 07 22 70 #r ( one-way
ANOVA) #7225 3K 3| 1 3% 7K, W >k i Duncan
RiEHITZH LK, BEMKFEH P<0.05,

2 HRESW
2.1 AR ARRERERREX S 4 K MR 320
i3 2 W] A1, SGR ,PER ¥ L) £yl 4 £ &1 ,
THZH A1, Horp SGR fa il 20 o 35 5 T HAth & 21, 4%
T2 0 2R T B S LA A A 41 (P <0.05)
PER J il 20 1o A0 T HA & 41 (P <0.05) , fajh4d
ASIGALHE NS S E IR A s E I T =
(P>0.05), FCR DI 4 e, il 41 s A%, H
Il 2 0 2 s T HA A AL (P <0.05)  JE i 2 1 2%
KT HAh &4 (P <0.05), SGR PER #1 FCR 7
M SR O RRRF It 2 18] 0 W s R (P >
0.05),

K2 AEIREMEY S £ KRR

Table 2  Effects of different lipid sources on growth performance of common carp

wH AL SR B3 Al M JRRAF I 4 i

Items FO group SO group RO group LO group L group

¥IE IBW/g 5.80 +0.03 5.83 £0.02 5.83 £0.05 5.81 £0.03 5.83 +0.03
K& FBW/g 32.9+0.8° 30.7 £0.8" 31.3+1.1° 31.0+0.6" 29.5 +0.6°
i E K2 SGR/ (% /d) 3.09 0. 04° 2.96 +0. 06 3.01 £0.05" 2.98 0. 03" 2.89 +0.03°
Tkl 2% FCR/ % 1.45 +0.02° 1.53 +0.01° 1.50 £0.03" 1.50 £0.03" 1.64 £0.03¢
1 fiRe® PER/ % 2.10 £0. 06" 2.02 0. 06" 2.08 £0. 04" 2.08 £0. 04" 1.91 +0.04°

AT B B AR AR NG TR FROR 2257+ 8.3 (P <0.05) o R,

Values with different small letter superscripts in the same row mean significant difference (P <0.05).

2.2 R A [E R A TR X 62 A 4H AR 9 52 0
H1 3l g, oML B R A e

BT A4 41 (P <0.05) | i Hofh 44 411 6 2 % 0%

The same as below.

5t (P>0.05) s axfORLIG I & 4 DA AR 0 2 55 A1, 4%
AR, H b A 2 3 T R I RO ik 21 A
A2 2 (P <0.05) 4 20 w25 IR T £ 0 2 A
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WAL (P <0.05) , Sl 4] PR Rk
TZH ) i 25 22 5% (P >0.05) 5 i T BORTHLK

sy dlm o R 25w (P>0.05)

&3 TEIRE IR 62 & (K 46 AL HY R 00

Table 3 Effects of different lipid sources on body composition of common carp %

EyE| Rl EC ISR EE B3 RN P JRRFF T 20 bicliiEh
Items FO group SO group RO group LO group L group

T B
qﬁ%ﬁ(ﬂkﬁiﬁﬂ). 28.3+0.8 27.7+0.9 27.5+0.2 27.1+1.0 27.0+0.4
DM ( wet matter basis)
y i
*ﬂﬁaﬁﬁ(ﬂ%ﬁﬁﬁw 62.9+0.1° 58.3+0.1° 58.6 +0.2" 59.8 +0.5" 58.0+1.5"
Crude protein ( DM basis)
*ﬂﬂgﬂﬁ(q:%}ﬁ%mh) c < ab < ab be < a
Crude lipid (DM basis) 26.2+0.5 30.2+1.1 29.3+1.8 27.9+2.2 31.9+0.6
$H I 4
HUIIY (T ARl 9.4 +0.2 9.4£0.6 9.6+0.3 9.8+£0.5 9.1+0.2

Crude ash ( DM basis)

2.3 (R AN [ AR A iR Xt 62 £ FF R B AR R AXC it A
MELIERIF I

H1 4 W0, LPL 35 P4 DL AR gl 4 g, oK O2
SLAMZE RFFI A W RRRE Il 4, LR il 2 R A1 BR
SEFFI 2 -5 S RRFF i 41 8] 22 5 AN 235 (P >0..05)
Gb, HoAb 2 18] 22 53 ¥ 2. 3% (P <0.05) . MDH {44
DA JBRFF i1 21 fie v, 35 T LA 41 (P <

0.05) 5 LI i 21 e IR, 2 5 R T H AL A 4L (P <
0.05) . SOD {E A% M 20 2 & AR T HAB A (P <
0.05) , My HoAts 45 21 18] 22 5 A 3% (P >0.05) o T-
AOC K I Nyl > Sl > S > W RRAT
AL > S AL, BREEFF M 45 SLah 4 S RROFF il 4
25 FEARE (P >0.05) 50, HAR A B 25 B 3%
(P<0.05),

R4 [EIRE R X 82 f BT AR AE AR B 51 A0 T EAL FE AR B R4 0

Table 4 Effects of different lipid sources on indices of lipid metabolism and antioxidant in hepatopancreas of common carp

i H ERTHES Tamd A A M JRAF I A Rl
Items FO group SO group RO group LO group L group
BE T AR5 47 Lipid metabolism indices
NEE A JIgE LPL/(U/g prot) 8.84 +0.34" 8.05 +0.09° 7.48 £0.15° 7.03 £0.29° 4.25 +0.30°
ﬁiﬁffﬁfffpmt) 12.70 £0.50° 18.77 £0.51" 11.77 £0.51°  21.17 £0.65" 6.90 £0.70°
HiA k35 4R Antioxidant indices

=) 157 AL, it
Sﬁj;ffﬁ]/i;ht) 151.4 £6.7° 147.5 £2.4° 157.5£8.0" 148.9 £5.5 129.5 +10.3°
BHLA , . ,
BIAMLT) 2.27 £0.05" 1.97 £0.13°  1.82+0.08™  1.75+0.10° 1.49 +0.08°

T-AOC/(U/mg prot)

3 W it
3.1 [ A TR 6 £ A <1 8 B S0

AT B R 3 S L SORF I IR
THRUSE ik D R — R 7 AL, o B8R e ) A P i
7 AN [ AR L i A RS R TR 49
ATt o Rl BT ST S A |

PR S H R O IRIE . SR, Stef-
fens 251 ) % BLTE &5 00 (26% ) Gl R} b s n £
T LKA 38 R R I L SEORF R B — B 7 U
A0 A KB B, 5 ARG 4 AR 2 S X
A RE AR 7 2% F T 8. 5 Steffens 217 14 i
AR L, AR 56 3 Al B e AR B T REAL S 9%
T B 5 OB RDRE AT Y 5 A B R I TR
(HUFA) 1] LA 2 f A o A K ok
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Jig J0 U A 25 S S o b it 2 s s R A A K L 471
(n-3/n-6) [} 25 5%, JIg U7 B2 20 i S Eb 48] ] X £ 44 A
K=t AR %m0t ey A BT AR
REM HUFA'™ 53] RE & AR 1 56 v £2 i 4 46 £ A=
KRR BT AR R o AR 56 H S f T v 28 I RRFF
V1 2 B e e % 0 A A A AR KRR, FTRE SR
TAF R FE iR se I e gk a2k g A AL it
RSN, e RS SRR I PP 0 U JRR R B 1L
o =ik N M BR (DHA) F1 - fk B R
(EPA) '™ BB LI, s f % JE 4 A
FGm ) ae 1 5 a2 0, U0 T A il ARG
XA R 45 SR A — 3, FTRE S f Fp R[],
oY G S A R 1 I T R A R R R n-3/
n-6 KT &k, Giovanni 25" 7 T i i 0 5%
AR &I, BV R n-3/n-6 8RR, T A K
RO 2% o AR 00 g b A1 B AR K RUR B 22,
ATRES A R EIRMAEIRA C, S AMRE
B, R kLR R IR i R C16:0 Fl1 C18:0 & & =y = B
AB 2 X GRDRE B 5 R 4 5 4 9 A R0 T
SEm AR o
3.2 FEIBERA TR X 62 & A 45 B B 5

A 5T 3 B, ) ek 4 B %) fa AR 4 Rl A T 2
SO0 ARG & B, fa i 4 4t RIS T e
% R 1 o % o A ey 5 T A T AL 2t oML AR T 5 i
B MR RS Rk, LA 4h e v gm
L EARIE. Myl E & n-3 HUFA, S As 1 &
i, AT AR A W LR, 4k, n-3 HUFA iEfE
P AR B AE LA TR R AR S T 2 fa Tl 2H
SR o S AR O B S e 1 R
F e g B A & B DR A AL B AR R L i
18, 3X AT R85 AN (6] B 7 2 8 45 i o A a0 Ity 0% 7k 2
VIR
3.3 A[EIRERRIEXT &2 & BT FE A S 5T K15t A9 32

A b IR T R R AR I AR 5 AR R
JIg Jot ik A %% U1 AH %o 3 1k 9 MDH | 4 %5 b -
6 — WL i Z i ( G-6-PD) 3 1 1) i IR B 2 5 &R %)
KRG Fie B W32 P& — % 17 R W i ( NADPH) 1) 4=
TR N NADPH (75 5 43 B 45 5% i i 2%
YR 4 ) . Shikata 28 BF5E % L, n-3 HU-
FA FIAE 5 E2 (SA) Eb V71 2 5 6 1 il i £ JH- Fofe ik
MDH %P, B, 5 4k AR 41 B pF 5 45 0,
CHL 98 T 5 JUE MDH 36 7 58 T S 4. A
55 v B T T R RROFT T RE 08 (2 FRAIG

fil £41 JiTJg I MIDHL {5 1, 5B & 5 HUFA (14 £ 0
WS SA BRI 7R e U s R B

LPL {4k /K it g 8 11, B M H U B 8 107 1R
PABERLIR I A7 sl A A, PR i 76 AL A B o AR 38 9 4
AR HRE R L AT A A [ M U R £ 2
JIF I E LPL 5% 4 52 Wi 1 F 95 42 57 7 AT dr
B0 g A A 2 L B AT R, BT A
PRIFRBE i o AN [R] T A P 22 57 0 A58 B, # 3
LTFBRME LPL 35 8 f5c K, i 4 b 4L W fe /o £ 0%
B 45 A R 9 U UE SIS ) Bl 9 500 S5 7 L f
JIE LPL 35 P47 A ANl 9520 o 31X Al el TRl
JO 7 TR AN AL A0 J3E 1 384 i, A M R fie ik LPL ) 5 [
mRNA Z 3K E F s , ik i i 5 T B AE LPL &
JSCHE IS o A 2 AR i AR Y A7 1
LY. ©AWFIEIESE, LPL 36 PR A9 TH i 2 38
0205 FB IR I I A JRUBS: 0 (R R AR A A R
B LPL 3 P d iy 1 el 4L & i iR AR PR
JUE LPL {75 P4 A T v o I g O Ui 2 i 7 R 5
(R8T, o0 8 o0 1 95 2 0 M R 2 FH T SR AL L E i
JERITICAFIE? X OE (AR FA T — L IRABE T/

[E=e
3.4 AEEMEXESFEERELE D
=1

i J5 3k 4801 2 1 I 200 D T 14 1 45 4 A
BEW L — A, 2 4L rh 2 OR A 0T 5 iR ( PU-
FA) I & 1 B AN R R 3 bk 8 T W) RE R R
(i B A AL R YL T-AOC & ML 9 3t AL Ak
BEJT 9 B A 1R B, 2 G 4R [ SOD | i A 1k &
(CAT) 4 Jbk H K% 4% B B ( GST) 45 | Al il 2
(4irE % BAEBRMABEAS)2 i N FH A
FLHE 10 B . SOD X HLIA Y S8 1k 5 T S8 1k i
EHEEXRBEEMEM, BREE BB AN E T
(05 ), PRy 4t B f0 52 i Mo A0 v, 28 i 4
SOD {11 T-AOC 1 % T ot 45 21, 72 W 5% it
1A Sy 0 ey F) e B — i I U 2 4 T e T IR U gk
. faim4dl SOD 1% S5 Wi 4l ( Zam Al SRAT
L RRFF T 41) [ %A B M2 5 H T-AOC
BEETHAMA 4, X 5250 & B HUFA
B HE (B A R 6 £ T JE JIE T-AOC [ HF 7% 45 SR 2%
L. 4K, Huang 25650 % 3 % 3F a0 BT 166k A 5 3o
ALY I (MDA ) () & & DL HUFA 2 fiz i,
YR M 2L S AL, LS il 4 B A% . Peng 41
0, 2 30 350 R A £ i i AR AT S B T M O P9
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Effects of Different Lipid Sources in Diets on Growth Performance,
Lipid Metabolism and Antioxidant Ability of Common Carp
( Cyprinus carpio )

PAN Yu' MAO Shuhong' GUAN Yong' LIN Xin' LIN Shimei'”* GAO Qiping® LUO Li'?
(1. College of Animal Science and Technology, Southwest University, Chongqing 400716, China; 2. Key Laboratory of
Freshwater Fish Resources and Reproductive Development of Ministry of Education, Chonggqing 400716, China;

3. Tongwei Fisheries Research Institute, Chengdu 610041, China)

Abstract; A feeding experiment was conducted to investigate the effects of different lipid sources in diets on
growth performance, body composition, and activities of lipid metabolism related enzymes and antioxidant en-
zymes in hepatopancreas of common carp ( Cyprinus carpio). On the basis of a practical diet, 5 experimental
diets were formulated to contain 1.5% lipid originated from fish oil ( FO group), soybean oil ( SO group) ,
rapeseed oil (RO group) , linseed oil (LO group) and lard (L group) , respectively. Seven hundred and fifty
common carp with an average initial body weight of (5.83 +0.01) g were randomly divided into 5 groups
with 3 replicates in each group and 50 fish in each replicate, and each group was fed one of the five experimen-
tal diets. The experiment lasted for 8 weeks. The results showed as follows: the best and the lowest specific
growth rate (SGR) , protein efficiency ratio (PER) and feed conversion ratio (FCR) were found in FO group
and L group, respectively, and there was significant difference in those indices between FO group and L group
(P <0.05), while no significant difference among SO group, RO group and LO group (P >0.05). Differ-
ent lipid sources significantly affected the contents of crude protein and crude lipid of whole fish (P <0.05) ,
but did not affect the contents of dry matter and crude ash of whole fish (P >0.05). Crude protein content of
whole fish in the FO group was the highest ( P <0.05) , but its crude lipid content was the lowest. The hepa-
topancreas lipoprotein lipase ( LPL) activity in FO group was the highest, next came SO group, RO group and
LO group, and the lowest was in L group. The hepatopancreas malic dehydrogenase (MDH) activity showed
that LO group > SO group > FO group > RO group > L group. The hepatopancreas superoxide dismutase
(SOD) activity in L group was significantly higher than that in other groups (P <0.05) , while no significant
difference was found among LO group, SO group, FO group and RO group (P >0.05). Different lipid
sources significantly affected the hepatopancreas total antioxidant capacity (T-AOC) (P <0.05), the highest
was in FO group and the lowest was in L group. These results suggest that fish oil is the suitable lipid source
for common carp, while lard is unsuitable as a single lipid source for common carp, because it will damage the
hepatopancreas health, hinder the growth of fish. [ Chinese Journal of Animal Nutrition , 2012, 24(7) :1368-
1375 ]
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