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1% 25 11 N A 1 TR o R A% R (49, 43 % 0. 19 %) £ fE
((18.09£0.03) MJ/kg) W) 6 ARl 1mRHE T K
B IR R I W 1,

R 0.2 mm G L AR BR SR TR A /N B
PIBLT B ELAR A 2 mm B 0B AR, 2R KT 5 R
T —20 CokAaP &

x1 AREAFREFHSHEMK(KFER)"
Table 1 Ingredients and proximate chemical composition of experimental diets (air-dry basis) %
) i 56 1 8l Experimental diets
i H Items
FO CO SFO PO SO PL
JE Bl Ingredients
[ 4 White fish meal 47.10 47.10 47.10 47.10 47.10 47.10
% & 1 Casein 17.00 17.00 17.00 17.00 17.00 17.00
a-JEK o-Starch 26. 54 26. 54 26. 54 26. 54 26. 54 26. 54
fiyil Fish oil 3.80 1.90 1.90 1.90 1.90 1.90
E Kl Corn oil / 1. 90 / / / /
JEFEHFFIM Sunflower seed oil / / 1. 90 / / /
Pt Palm oil / / / 1.90 / /
K5l Soybean oil / / / / 1. 90 /
¥ Pork lard / / / / 1. 90
24 ToHLEE Mineral premix 1.00 1.00 1.00 1.00 1.00 1. 00
B2 Vitamin premix 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
R ILLF e F 0 CMC 2.00 2.00 2.00 2.00 2.00 2.00
S ALJBEK Choline chloride 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50
#:: # C Vitamin C 0.01 0.01 0.01 0.01 0.01 0.01
B4 L Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05
o2 B a3 (B2
Proximate chemical composition(measured values)
K4y Moisture 9. 66 9. 85 9.79 9. 88 9.91 9.81
HLEF BT Crude protein 47.48 47.54 47.72 47. 80 47.66 47.41
HLAE W Crude lipid 5.56 5. 64 5.68 5.62 5.58 5. 60
HLK 43 Ash 9.84 9.93 9.88 9.90 9.96 10. 02
HfE/(M]J/kg) Gross energy 18. 11 18. 09 18.13 18. 10 18.07 18. 06

1) 1. TCHLER TR R K 4 4 R R R R 4 Lin %020 fid ) Mineral premix and vitamin premix are formulated according to Lint'2!;
2. AR A LG 05 RN JE &R W Y BE (23, 63,39, 31 Al 17,15 MJ/keg) I8 46 KB 19 B fiE Dietary gross energy was calculated
based on 23. 63 MJ/kg for protein,39. 31 MJ/kg for lipid and 17. 15 MJ/kg for carbohydrate, respectively;
3.FO NXf 4 ,CO.SFO.PO.SO.PL AT 20y 1/2 T Kl 1/2 ZEAGAF M 1/2 ARl 1/2 KRG 1/2 B AR 1/2 faah;
ZA), Using 100% fish oil (FO) as control diet,the other diets,1/2 of whose fish oil were replaced with different lipids: corn oil
(CO) ,sunflower seed oil (SFO) ,palm oil (PO),soybean oil (SO) and pork lard (PL). The same as below.

1.3 AFEEE

R 6T A K 2B AR T BB A 4 G, R
340 L, NE&EIK 280 L, LABES KK KA, 3% 22 78
LW A >5.0 mg/L, B R oK & B K &
15%~20% . & #R5H FK &6l — R g 3E DLiE SR
T B E A, PR 0 e B A Rk 3 R At U
JE BN &SR . IR R B SR O IR KR 25~
28 C,pH 6.5~7.5, &K 08:00 f1 16.:00 &&=
TR, BRI E 1 b5 s 0% 5 v O X FR B A
IR HEERE. EXR RS 56 d.
1.4 HKEERFANE

FA RIS 0, YU 24 h 5 6 46T 0 R 56 fa
TREC FR B L MR K BRI BT oK A A B
JERHE M 2 R 0 P Ok ot f . 3 R A TR R Csur-

vival rate) .1 H 3R (weight gain rate) 4% & 4 K &
(specific growth rate) , & F Jii % % (protein effi-
ciency ratio) .JH ¥} & % (feed conversion ratio) | Jif
1 It Chepatosomatic index) . JJE & [t (visceral in-
dex) A0 ¥ (condition factor) g I & % (mesen-
teric fat index) . £ % 5 #5 19 1155 07 ik = Sk
C13], MEAR b bR A F .
JEAR L (VSD /% = 100 XW, /W ;

W R MR &, g W, WA R AN
e L g
1.5 IiE 4 W AE K B E

K OUHS il 56 1 B F 100 mg/L MS-222 ¥
TP RR T SBORE S LR DK R 1L ) A 1 42
s AL 43 BT A (CHE B Aeroset) Il 52 1L 75 W) 4= 1L 48
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b A A 7% & i (alanine transaminase) 4 4 5 & i
(aspartate aminotransferase) . Bl M i 2 fiff Calkaline
phosphatase) \ ig i fiff (lipases) . A Bl Fi i ( cholines-
terase) , U/L; & JH [& B (total cholesterol) . H i =
fiig (triglycerides) . /= %% [ JE &5 A AH & B (high den-
sity lipoprotein cholesterin) ., ik % & g £5 H AH [& B
(low density lipoprotein cholesterin), mmol/L; &
# M (total protein),g/L,
1.6 BFRERL 5 B9l ZE & V1 F B9 i1

W FR BT S A BRI T — 80 °C A I IR VK A R
ALK G 17 2 . I E T R SR S0 - R I A 4
w,

JEURE I WL 0 AR LA (5 3 SR B0 LA K T
A S AL U RE IR, B AL RE Y T 2 23R (4
3 mm X 3 mm) R AF T IR R 24~48 h, K&
W5 A AL U B 7 pm, HE B 6,
HPER ST L Ot WU N LSS . g B B T AN
FIEARME IR HEF) R, B B8 IF 4 A AR 40
FUAZ A% A s o R /N A% A0 25 R DR IR
WL,
1.7 it

LRI Kt L B b o 22 R L R I SPSS

18. 0 B8k 47 77 22 40 #7 » 37 2R i Duncan K £
HEHREHITESFEEEIT. ZR B EFMHRH
0.05 /K-,

2 HERESMW

21 AERERIEX 8840 & 4 K FERF AR m

RIS 56 d LUJG » He AR KR Ga LA A% B L 3& 2.
M 2 0] LUE . R4 0 A7 15 R VR A R ACR U
BARBEMEALEESAZMES B F 27
(P=>0. 05) 5 Tl AR T 45, 1 50 32 A W 38 L R4 LG
FNg i R A i 25 57 (P<<0.05) . 4K
A5 et R HG HE R  K B /MK IR & SFOLFO.L SO,
PO.PL.CO 4, H:vh SFO.FO.SO.PO 2z 8] JC &
FH25 0 PLARE/NTRE 4 4,00 CO 40 i 2
/NTRT S A, AE N BE A G I R 4L SFO d /s K H 1
Eim TR/ PO 4L (05 H AL A Z [0 ¥ 00 B 3% %
5. BRSO 4HH1 SFO 4 B35 T PO 4, A
% A5 FOPL.CO HZ R JC I3 2 5%. MiEg)
A4 A A RVERDIRE R A% B0 7 S 5 K il = 4 4L 5 3 B
FRZH OB 25 5 T S5 AR AT T A AR 2 A A
IR 0 AR AL AS HS i 2 1 £ 3 3 R 22

®2 FEERREX S & EKMERF AL

Table 2 Effect of replacement of fish oil on growth, feed utilization of juvenile E. bambusa

1845 Indices FO CcO SFO PO SO PL
ﬁ(ﬁ}:/% SR 100. 00 a 100. 00 a 100. 00 a 100. 00 a 100. 00 a 97.78£0.04 a
MR AR /g TW 3.1240.16 a 3.2040.33 a 3.1540.25 a 3.0840.16 a 2.9640.25 a 3.01£0.30 a

KARMF /g FW
WEA/ Y WGR
HAFUE PER
TR R K % FCR
MW e/ % CF
AR/ % HSI
HEAR L/ % VST
g W7 %%/ % MFI

21.5540. 16 ab
606.18+12.23 ¢
2.05+0.66 a
1.0740.29 a
1.0040. 03 ab
1.2140.04 ab
12.5040.23 a
3.9340.08 ab

17.26+0.74 a

22.5045.32 b

20.3340.28 ab

491.61+7.85a 626.52£62.42 ¢ 591.57+4.44 ¢

1.704+0.18 a
1.20£0.13 a
0.96+0.02 ab

1.2240.09 ab
12.124£0.55 a
3.3540.96 ab

1.72£0.23 a
1.194+0.17 a
1.04=£0.07 b
1.37£0.14 b
13.48£0.22 a
4.744+0.27 b

1.96+£0.54 a
1.07£0.32 a
0.9240.04 a
1.11+£0.03 a
12.34=%1.22 a
3.04+1.34 a

20.5440. 46 ab
593.22+6.09 ¢
2.08+0.52 a
1.0240.27 a
0.9840.03 ab
1.4140.16 b
12.864+1.10 a
3.2940.74 ab

18.00+1.77 ab
509.03+1.16 b
1.60+0.17 a
1.2640.13 a
0.9740.05 ab
1.29+0. 15 ab
12.874+1.61 a
3.69+0.95 ab

DEFTEIE I 7 R EEERZRA B EXER(P<0.05), F#IA, Different superscripts indicate significant difference( P<C0. 05)

within the data in the same row. The same as below.

2.2 [ERE R IR X 85 4h £ 1 7E A 1k 8 B A9 # I
I 25 R R AN (W] B 7 U5 X ik 4 £ 1 3 Y A
fREARE A AR A S (R 3) . 45 TN % I I
COHBERT FO A, HAlh & HIR TR &E2EF: 4o
TR RETETE CO 45 PL A B F & T FO 4, HA
FAHMIE W FEES ., SHEMA SFO 41.S0 4l PL
HEFEET FOY.CO M PO 4. B ol ia i 45

Mz 25, BABEE SFO 4 .PL 41 B ¥
fm T FO 21, HoAth 21 8] JC W 2% 2% 55 . I8 Wi g 0% %
SFO A & ¥ & T FO 415 CO 4 H il = SFO
H.SO 4 PLAH R #E T FO HM CO H;SFO
2 1) IRk G Rl R o B R B AR IR R R W
T FO 4, Wik % B R 8 1 IR R st 2 ok ) b 25K F
FO 241, HoAh 25 41 8] 35 6 8 3% 25 5
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Table 3 Effect of dietary lipid sources on the serum biochemical indices of juvenile E. bambusa

18 F5 Indices

FO CO

SFO

PO

SO

PL

BNFER/ (U/L)

ALT
AR AN/ (U/L)

AST
BN/ (g/1)

TP
BAPERERR A/ (U/L)

AKP
ISR i it/ (U /1)

CHO
S JH [ P/ (mmol /L)
TC
H i =&/ (mmol/L)
TG
N Wi/ (U/L)

LIPAS
1R 2% i 2 P M I e/
(mmol/L) HDL-C
A% 2 i £ 1 L e/
(mmol/L) LDL-C

24.60215.24 a 78.97£49.27 b

231.85+8.35a

40.25+£2.05a 42.10£0.56 ab
32.35+0.55 a 34.53+2.10 a
24.10£0.00a 27.90+£2.27 ab
8.57x0.16 a 8.4740.74 a
4.78£0.58 a 4.67£0.24 a
14.8540.15a 15.63£0.15 ab
2.90+0.08 a 2.7740.30 a
2.1940.13 b 1.98£0.15 ab

49.20=£19. 21 ab

47.33+1.55d

38.57+2.79 a

32.90£2.42 b

10.06240. 66 b

5.76+£0.37 b

16.604+1.04 b

3.49£0.23 b

1.84£0.03 a

42.63226.40 ab

42.30+1.30 ab

34.80£0.40 a

29.70+4.00 ab

9.6020. 29 ab

5.5620. 35 ab

15.734+0. 85 ab

3.00£0.09 a

2.1340.04 ab

44.00=£0. 20 be

34.35+3.45 a

28.30£1.80 ab

9.0740. 88 ab

5.7520.51 b

15.5040. 80 ab

3.00£0.12 a

2.024+0.21 ab

32.15+5.85 ab  65.77£29.71 ab

465.134173.17 b 388.13£100. 92 ab 332.80+£103.91 ab 282.73453.75 ab 458.23+142.64 b

45.03=£1.00 ¢

35.13+6.43 a

31.90£4.80 b

8.90x1.23 ab

5.77£0.70 b

15.9340.47 ab

2.90£0.44 a

2.03%£0.28 ab

Fig. 1

A1

1. FO; 2. SFO; 3. PO; 4.CO; 5.S0; 6. PL.
7~ [E BB By R > 5 4 £ BT A 4B 4R 45 M RO B2 (400 X )

Effect of dietary lipid sources on the histology of the liver of juvenile E. bambusa (400 X)
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2.3 A[E A8 B R X 4h £ BT A A 20

25k N [ B 7 V5 e ek ) M ik &)y £6 56 d JS, PL
21 1 JFF R B 7 % i 2 e T A 4 (P<<0. 05),
SFO4l.PO 4l & % & T FO 41.S0 41.CO 4
(P<<0.05),

0 5 AR L 8 o A R IO A € A LA T
B SR MBS AR D] B (B D &, CO
H.FO 4 .SO I 75 H 3 H At 41 48 A 44
% ;PO 41.SFO 41 . PL 41 JF k00 2% 358 43 %8 Ik Hp o
43 B AR I L BT AR, MER & B PL 41 AR X
A At 2 20 K, 9 A% B 400 e i i e e R (UL I8 1-
6 ik .

3 i

5] BE B T %t e 4h £ AE K A 4R LA B RO B2 I

A GE e B L AN 5] i 17 5% SRk &)y a1 B A= < AR
I ] 2 AN [) 2 8 08 52 W) K S R 5 3 18 R B
BB 2% T2 AL RF AR I RN O S A X B
6] JC 0 255 22 5 . X U0 B DN AE A A R 0, 25 A ATl
A R Jit1 0 S AT DAAE Sy ik )y £ R BRI IR Y 1/2 8%
R, X —45 R 51 A K AE S e 45 R —
FE 22 5. R AEDY X A Sk 5 (Megalobrama am-
blycephala) WHFFERMW, GM2H 1 SR A K R8O I
DT S I A A AR R RO B 25 5 X BE £ (Creno pha-
ryngodon idellus) WWF 5% 2 B, SR AR KRR DL fa
JH I 2 FR A s i A AR X L (Pa-
grosomus major) %) (I 5% F B, EL0R &) 0 15 &
Bl = Z2 A0 RIS 7 R (PUFAD R 2F IS 500
HE RO ARG R I B W & PUFA B3
BFE R A BE R A 3 B T RE. PRE AR
Ll 3t BT M (Carassius auratus gibelio) W) BT
GERM AR — IR IR b, G 4 RN EE - 2H Y 1Y
RS G =IINEN GEa So BAE I C T I  N 7 TEE
o 1 AR AR IR . AR I Y B — i I RO L AR
00 S5 BRSO R 1 s 1IRA RS T 5
BRI A KR, X e P P IE M (Oreochromis
niloticus) WIMFFE R B AR TR K B — W £
DK AECRE T L £ JEF R 2R i A AL TR S A (RO
THT RO T 2 it R R D 3 B R A B e 22 S
FE L UL EESEUE B R G i A A o — 3 4 T RE A
HEFRFH KA A X T BE R AT A T R

i#

3.1

SKEIGGIWTIR . AW ST . 28 A8k I 2 A0 4 i 4 #11 1)
JIE il 8 = v T e R A 5 B 2 Rk it A X
TRE il A A TR s R BT AR R
3.2 A[EBERAIREXY 8 %) & 1 7F A 4L B B B &2 I

01288 IV 103K A8 A= A FE AR AR A T DL e £ 288
Xt 9 1) A BN 28T L A A7 4B S 2 R
JRCE L L A LT R T e . AR B oK
BAUA ALTAST (¥ fs . HE i B Uk Z . B
FAMARAAN ALT B2 & T A, £k
IR TR I AR ALY AST & 3% v F a4l , J5 i vy
AE A& JTF 40 i i 722 52 450, AN BB AE O 3 EC 9 R 7
Cullough™*" (i 5% 22 W, % 2 1% 77 14 3 Jin vT fg 2
R R G I P T 200 J ) % b 2R A IV P B, X AR
LA A5 ot A 28 AR T AF i) S 35 ) 5 11 4
i1 (Schizothorax prenanti) W B 5T 3¢ B, 3£ 18 ¥
20 IR I 2 a0 0 1) S I 52 38— o R BE A5 A
X TG R A R &y £ 1) T 5 2% B v T AL ) AR Rk
el R SZ 400 7 o A () S £ 1Y) 22 5 T RE
JIE I 8 ) S A 28 K i O R B B, A BESE
NG LR SOR IR E R AN A RS o NN Y
AT ARl AR k4l 0 0 1 T R SR TR
B, H e 3 W8T om0 A H Al 4 4 .

JIG 3 T 2 A 107 4 A 19 = 5 il 0 S e £ 1
XT g Wi B RS Bl . XF 6 (Lateolabrax japonicas)
FYAIE 9 B, 6KV, fr i 20 R DT A S 2 e T A
2, T YU AL B 56 0 Y T =R S ORI TR
PR A B8 R 107 5 T LA S T il =g 1 2 5 S5 Bl ) P 4
SHEAENE D7 i BE U o AR 5T L E AR I L R
B AL T =R R R Tl R R AR
2, ZE AR IR A RS I i 0 P e T Rl 2 R
FORIE AL BB ZE AR i AR 1/2 ik BE A A
Tk iyt R A AR AERR T . BR AR R ALK 1Tk I
371 R G0 e NS A F (HDL) 78 ifin 3% v #5747 AR [
s 5 8 i HDL-C Hh I 9 1) T JUE 328 o o G %% 2 IR 2R
I CLDL) W% 45 AH [ B8 il LDL-C py BT JUE [6] 1M 7
B, ARBETE S5 Rk R AR Y IR AR
RN - T =i e 7 1 = = R N = =
A R R A R o A R B R A
JIEL ] st i 2 AR o A A2 W AR T A L X i
25 AEAF i 2R U % HDL e LDL &, A
Xf 5 111 2L A0 R B 5T BUAE S R 25 R SE AR AR A R
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TH2H HDL-C {8 35 1% T K 52l £ 2B Wil 2 R =
X A RE A5 A R AN TR AT G
3.3 AN[E A5 B iR X B 4h £ BT A B9 52 0

AT FE v R A MR 107 2 L )
J o U 200 P A L TR B 12 AR A
LA 38 EC AR Dy S 4y £ 00 I D5 IR, vT RE 2 T A
2 gl /D T g 17 R 5 S M AR A2 B 52 v Ji U 2
AE 75 B — 20 X N 07 R R AT I A . 3k 5 X AL
AR HE R I 0 BT 45 2R R — Ry (GR 3D, k. iR
LN R A A U5 U T B 3 Y L A G B
LIl — & A D, i AU XS B0 £ (Nibea
albiflora) BB FEUE S, BT 40 A A Bk /0 35 B 5 26 4
BL1R AT R S BT B E Y B 7 AR & A BE AR . Du
SELH R AR WY et AR R R B R K CE R T
R 01 288 )R 7 7 0 R AR R A KL T5 SR T B
BOXW T EREAZ . 53 A0 AR 2 L T NE AR 107
2 4 i v TR T PR IR B K BT SR KRB /N, 1
WAL 1 i A A A PN T T AR

e o 5 1120 o I T I NS N
3B AR A i U7 50T ik 4y £ 24 A LY AR A 4H
JG L JEF I 445 440 9 52 e TR A 1/2 B9 AR |, 25
AERF I R i B R S AT DA Sy i &) £ ) RL AR D
A ENBrNE R~ A8

2 % X #
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Effect of dietary lipid sources on growth,blood biochemical
indices and liver of juvenile yellowcheek carp (Elopichthys bambusa )

CHEN Hai-yan' ZHU Bang-ke’ FAN Qi-xue’ HU Pei-pei’
SONG Lin' PENG Cong' ZONG Ke-jin'® ZHANG Yun-long'

1. College of Fisheries s Huazhong Agricultural University sWuhan 430070,China;
2.School of Marine Sciences s Ningbo University » Ningbo 315211,China

Abstract An 8-week feeding trial was conducted to investigate the effects of different lipid sources
on the growth,serum biochemical indices and liver of juvenile yellowcheek carp (Elopichthys bambusa).
Six iso-nitrogenous (49.43% 40.19%) and iso-energetic (18.09+0. 03 M]/kg) experimental diets were
formulated, using 100% fish oil (3. 80 g/100 g diet) as the control diet. Half of the fish oil of the other
diets were replaced with different lipids:corn oil (CO),sunflower seed oil (SFO), palm oil (PO),soy-
bean oil (SO) and pork lard (PL), respectively. Juvenile yellowcheek carp, with initial body-length of
6.8920. 20 cm and initial body-weight of 3.0940. 23 g, were cultured in 18 cylindrical tanks (340 L in
volume, containing 280 L water) with 15 individuals in each tank. Water was aerated and circulated with
a daily exchange rate of 15%-20%. The juveniles were fed twice (08:00 am and 16:00 pm) daily. During
feeding trial,water temperature was fluctuated around 25-28 °C and pH value was 6. 5-7. 5. The final
body-weight and weight growth rate of the juveniles showed a order of SFO> FO> SO>PO>PL>
CO,with no significant difference among SFO,FO,SO and PO, but significantly lower in groups PL and
CO. No significant difference of protein efficiency ratio(PER) and feed conversion rate were observed a-
mong groups. Alanine transaminase (ALT) from group CO was significantly higher than the control
group; whereas aspartate transaminease (AST) was highest in groups CO and PL. Fat droplets in liver
cells from group PL was obvious compared to other groups. Results indicated thatsunflower seed oil,
palm oil and soybean oil are supposed to be suitable dietary lipid sources for juvenile yellowcheek carp.

Key words Elopichthys bambusa ; dietary lipid source; growth; serum biochemical indices; slices;

liver
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