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Table 1 Ingredients and proximate chemical composition of the experimental diets (air-dry basis) %
FiH Ttems X5 1A K Experimental diets
A% B(6%) CO%) D(12%) E(15%)
J5UB} Ingredients
H £k White fish meal 36. 54 36. 54 36. 54 36. 54 36. 54
% % 1 Casein 28. 00 28. 00 28. 00 28. 00 28. 00
fa il Fish oil 0. 00 3. 00 6.00 9. 00 12. 00
o FEH a-Starch 28. 00 21.50 15. 00 8.50 2. 00
2T 4% o-Cellulose 0. 00 3.50 7.00 10. 50 14. 00
24 THLE Mineral premix? 4. 00 4. 00 4. 00 4. 00 4. 00
H A4 % Vitamin permix! .00 1. 00 1. 00 1.00 1.00
BRPRA 4R CMC 2.00 2.00 2. 00 2. 00 2. 00
# 4% C Vitamin C¥ 0.01 0.01 0.01 0.01 0.01
PR Antioxidant 0.05 0.05 0.05 0.05 0.05
Cr:03% 0. 40 0. 40 0. 40 0. 40 0. 40
1k 2% 143 Proximate chemical composition®
7K 43 Moisture 56 8. 04 9. 04 8. 88 8.98
HMAE BT Crude protein 45.56 45.70 15. 89 45.35 45. 68
HAEH Crude lipid 2.79 5. 85 8.71 11. 65 14.77
K43 Ash 10. 55 10. 68 10. 67 10. 35 10. 88
HAE/(M]/kg) Gross energy 16. 68 16. 80 16. 86 16.78 16. 98

DR Lin 22U AR EZ & KWL E & 484 B According to Lin formulal™ 5 2) 5 3t % 4k 57 [7] 4, 38 58 BT S AL BCSR As-
corbic acid was added to strengthen the anti-oxidation function of antioxidant; 3) %% # 5256 % [ it FF 45 1 ik 5 LA 5%t 114
R W57 oK, RARIERE B 4t —, B & Cr Oy, (AW 58 3 R W 2 14 L % % #5 4% Chromium oxide was added to keep the

formula consistency with other experiments which were taken in our Laboratory. The digestibility of dietary nutrients was

not investigated in this study; 4) SZ{{H Measured values.

HE L RAEE 20 B SBR[ A 7 K7 3
B iR Rk AR 3R 56 d. R 5 R A M 9 A6 A K AR 5
RGN TR KK 5~6 h 28 # 1 KB N DL AL
FERBEME 2 K (08:00 Al 16:00 4% 1 YO . 1 %M,
PR R AT W E 5 L AR 30 min T BT W R A 5 X
T T, R HIE R KA O, A
KBRS I A KK, A H W KR KoK B, R
WIE KR (27.941.8) “C,pH 7. 0~8. 5, I fit ‘& >
5 mg/L, % A << 0. 02 mg/L. W iy & & << 0. 01
mg/L. ARG,
14 HRFE

56 d fAFREE WS IE R 24 h, AL BE LR 9
LB T 200 mg/L 9 MS-222 %W BRI, T 52 44
KpRm s H 1 mL 3904 T B 8h (i) Bk BE Bt
LA, A T . B S T UK A R U B
FH A C T4 i A 3R K vh ik, SR 5 FHIR AR T, 4 B
1 Z BE RS 105 AT, FRS BE 0. 001 g 9 K S B 2k JHF I 0
Jii R B T 1A 5 ot . 6T 5 BE ML 3 2 i 56 £ AR

AT 5B . A FE G B T — 80 °C AR T UK 48 7
FEREI
1.5 HRMEEERNE

PE 2 B PR 1T B B & K (weight gain rate,
WGR) ERE 4 K & (specific growth rate, SGR) .4
F B8 % (protein efficiency ratio, PER) 1H #l &
(feed conversion ratio, FCR) ., I Jifi ¥ ( condition
factor, CF) , JF {& kb (hepatosomatic index, HSI)
g Wi & B (mesenteric fat index, MFD ; #8458 1156 T
15 B 3 3B Ak 7% % (survival rate, SR), i8R
WF

WERRWCR) /% = 100 X (W,— W,)/W,;

FREE KR (SGRY/ (Y%/d) = 100X (In W, —1ln W) /t;

FEHEFARPER) = (W, —2XW,)/W,;

R RB(FCR) = W /(XW,—XW,);

NI BE (CE) /% = 100X W, /L*;

JER L (HSD/ % = 100XW/ W, ;

G Wi ZB(MED /% = 100X W, /W, 3

FEE (SR /% = 100 X N,/Ny,
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3R 105 °C 8 Tk ILIRE Ak VR G
PR B 550 CRBevk M e 4= K 43 A LR
05 FIR 5 o JFEIE B 7K 43 RELER P AR 40 vk ) 4
JHFJEE R I % 0 SR FH S8 00 - TP B i i ik D
1.7 MiBEENIBRNE

B4 M R %5 . 3 000 r/min BS.0 10 min B £ 5
R e 4 A 3 A Ak 5 A CHE 3% Aeroset) HE
A7 L35 A= A48 Bl E

WE w3 S ME EOEE CCHOD . H il = B
(TG) . = % B fg 2 11 E [E B (HDL-C) (IR %% B2 B
A M OE EE (LDL-C) ., # & (GLU) & =,
mmol/L; &% N # & B (ALT) . & ¥ % &
(AST) . PEBE MR M (ALP) 1% )7, U/L; MH 4L %
(TBILD . B BHVF R ( TBA) &% &, pmol/L; M & H
(TP) & & .g/L.

1.8 SEito#hr

RV YA £ AR ifE 22 K7 . R T SPSS 16. 0
XTECHEIEAT B R T 224301 (One-way ANOVA) Al
ZH WK (LSD %) . 257 W FMKF R P<<0.05,
A0 e A 2R 181 U920 7 o ] 0k b 2R R R R ) SGR

ARG T B e R AT
2 ZERE54HH

21 fAMERAKENSBHEERKMART BN
A

TR ) 25 L AE T R AE 95 % DL b, FEEE
K (SGR) B kLR 17 2 it 1 T = e T ) B, 7 %
B W | 5 B N SGR/(%/d) = 1. 525 +
0.134 14— 0. 008 7x* (R* = 0. 531, P <<0. 05)
(E D BB IE &/ 7. 71 % B SGR A & kK
fE(2.04 %/d), HF 2 nIA, BRI 5 K T+ 5
B R (WGR) 58 H BCR (PER) S THE FE IR R
B(FCRO M e Bt J5 T, IR e (HSD 2 BT #. B
41 WGR5 PERY 2 K, 4> M 226. 48 % .2. 34, H

2.2+ R
200
—_
T E
S = 1.8 o
7
2 o
M owop6r
e
<
# [:AT 1.4¢r °
| R’=0.53
1.2 P<0.05
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1 HBYeaHEERKRESAREREEN
ZRM&EmPES
Fig.1 Quadratic model regression analysis between

specific growth rate and dietary lipid

concentrations for juvenile Elopichthys bambusa

F2 AMERKENEGEERRARF AW
Table 2 Effect of dietary lipid levels on growth, feed utilization in juvenile E. bambusa

T EHIG 7K 7 Dietary lipid levels

i H Items

AGY%) B(6%) CO9O%) D(12%) E(15%)
FEIEH/ % SR 96.6742. 89 98.3342. 89 100. 00 96.6745.77 95.0045. 00
WG R TR /g TW 8.01+0.42 7.9240. 49 8.29+0. 37 8.3420. 31 8.7220. 33
KRMETE /g FW 21.92+1. 40 25.8040. 54 25.0042. 24 24,3242, 16 21.9543.37

&R/ % WGR 174.13423.83 ab 226.48+21.57 ¢ 202.03%28.56 bc  191.40219. 97 abc 150. 784229. 60 a

E AR PER 1.6140. 16 ab 2.3440.20 ¢ 1.9740. 29 be 1.7040. 13 ab 1.5240.33 a
THENR % FCR 1.3740. 14 be 0.9440.08 a 1.13%+0. 15 ab 1.294+0. 11 be 1.494+0. 36 ¢
e/ % CF 0.83+0.02 0.84+0.02 0.84+0.02 0.85+0.05 0.85+0.02
JFiAEL/ ¥ HSI 1.4940.21 a 1.8340.18 ab 2.01+0.30 b 2.16+0.27 b 2.01+0.15 b
N& W5 %%/ % MFI 1.3040.53 1.39740. 46 1.0940. 12 1.580. 37 1. 6040. 02

D) [E A7 A b A 8] 7B 10 B0 18] 22 53 3% (P<<0. 05), F % [A, The values with different letters in the same row indicate there are
significant difference (P<C0. 05). The same as below.
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W5 CHAERANEFE (P>0.05); A 4 HSI
(1.49%) BFET C.D.E 3 44 (P<0.05) ., MEiH
(CF) & g Wi & % (MFD) 76 4 41 18] G W 3% % 5
(P>>0.05),
2.2 {ERAE B 7K o 8 4h £ 48 R 43 B9 B2
Wit 5 T ) B 7 AT R 3G, f8 OB B Y A
FHERE A BAHEE ST C.D.EH(P<0.05), fi
AR R 10 7 £ B 1R B 7 7K SF- i T = i 3 1 L E 4
(6.25%) BEE T AB 2 4H(P<<0.05), &4 ik
IKAY RS TG 35 2% S (P>>0.05), HFHRIG & & b
T ki 7 KT 8 g T S . A4 B IR (P<<0. 05)
E 4/ (P<<0.05), PEILE 3,
2.3 {AREERA K 3 68 4h f i E A L IR AR IR T
B ) L B T 7K SF- B 38 i, i 4 A il W ALT

AST.ALP {if J1 J2 TBA & & 2 A%, TP X
CHO.TG,HDL-C.LDL-C & & W AR R . i
W 4,

AWM ALT S BFMT D.E 2 H(P<<0.05),
E4R#EEST AB.C34(P<<0.05) ;A 4l AST %
HEEMT B.D.E 3 4 (P<<0.05),E 4
(P<<0.05); A 41 ALP & /1 & TBA # & & ik
(P<<0.05),E 41 TBA & & (P<<0.05); A 4
TP B3 & T C.D.E 3 41(P<<0.05) . EHEEM|KT
A.B24(P<<0.05) ., A.B.C 34l CHO % &
BT EHP<0.05,.C.DAHBEMT A4
(P<0.05); E 44 TG 5 LDL-C & & #&% ik
(P<<0.05),A 4 LDL-C & i fig & (P<<0.05), %
013 TBILI,HLDL-C.GLU & &6 ol & % 7,

R3 BBEMKENESEERS RITERERSERZM(SRRELG)

Table 3

Body compositions and liver lipid content of juvenile E. bambusa

with respect to different dietary lipid levels (% wet weight)

1A B 5 7K SF Dietary lipid levels

Ui H Ttems
AGYD) B(6%) C%) D(12%) E(15%)
1K %4> Whole body composition
JK 43y Moisture 71.85+0.74 71.3740. 64 71.63+0.95 72.10+1.25 71.51+0.83

ML M Crude protein 17.64-+0.51 ¢

17.984+0.33 ¢

16.30+£0.18 b 15.22+0.28 a  15.88=+0.75 ab

H AW Crude lipid 4.69+0.43a  5.10£0.59ab  5.86£0.57 bc  6.012£0.58 be 6.2140.40 ¢
K4 Ash 6.184+0.56 6.81+0. 34 6.0240.57 6.07+0. 39 6.60+0. 21
HFIERE W Liver lipid
MAE W Crude lipid 8.9540.18 a 10.86+0.77 b 11.13£0.12 b 11.91£1.49 b 13.30£0.22 ¢
F 4 EARBER K F X 8L & i AL RS AR RN
Table 4 Effect of dietary lipid levels on the serum biochemical indices of juvenile E. bambusa
T RHIE W 7K S Dietary lipid levels
Ui H Items
AGY) B(6%) C9%) D12%) E5%)
WNF AR/ (U/L) ALT 14.67+2.08a  18.33+2.08 ab  17.67+2.52ab  20.00+2.65 bc  24.67+4.16 ¢

AN A/ (U/L) AST
PERE ER G/ (U/L) ALP
i,

33.67+1.53 a

213.33%13.43 a 249.67410.60 b

38.67£2.08 b

EH/(g/L) TP 47.1742.38 ¢ 43.8021.40 be
ML/ (pmol/L) TBILI 2.5020. 26 2.67240. 25
BRTERR / (pmol/L) TBA 0.23+0.06 a 0.53+0.06 b
%/ (mmol/L) GLU 7.3741.14 5.8541.11
S IE E B/ (mmol /L) CHO 8.934+1.10 ¢ 8.14740. 08 be
il =Fs/ (mmol/L) TG 3.0740.25 ¢ 2.70+0.10 b
i+ 5 i 2K I [ B / (mmol /L) HDL-C 2.3540. 60 2.3140.10
i 4% 1% Mg 2% 1 I %/ (mmol /L) LDL-C 0. 8240.19 ¢ 0.50%0.09 b

234.00£12.12 ab 260.00£24.27 b 294.67+£22.55 ¢

38.67+2.52 b

41.10£2.95 ab

2.8040. 26
0.60£0.10b
6.50+2.96
7.444062 b
2.8140.13 be
1.93+0.28

0.36£0.04 b

39.67+2.53 b
42.47£2.40 ab
2.6340.25
0.67+0.15b
8.54+2.34
6.9240. 86 ab
2.9540. 20 be
2.05£0.25

0.34%£0.02 b

41.33£3.06 b
38.802.86 a
2.60%0. 20
0.8740.06 ¢
6.55+1.65
6.1040. 36 a
2.40+0.06 a
1.7940. 14

0.1620.03 a
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BHAERE . IR 24 (3 %0) I I A < 3 56 B ] fig J2: b
TN A 8 . BR 3R A A, i BE 4 (15 %0)
SRR (300) WA BALE WGR Ml SGR. i 7] fiE
5550 T R R RS R 4 A B K A B W AR 7 Y L
BIARTEA 2, Xt 28 (Platichthys stellatus YT R
W88 ( Puntius gonionotus )" I HFoE 2 3 5 —
P BERE IW K 7 BT, WGR F SGR 58 ETF, R
T . X AT AR 5 X A 2 Kl Z AN ) A G,

AR5 R T Uy 2R AT R L ik 4 £
SGR Sk D5 & i Z [ 1) K &R BB h SGR A
I RABEE AR IE T & 8 7. 7100 ORCTJE D . 3%
S5 v T X R R M A0 2 B R, AN L (Creno-
pharyngodon idella)4 %% [ 3k i (Megalobrama
amblycephala)2 % ~5%", 5REIFHA & EMAIE,
F 4 (Mylopharyngodon piceus) 6. 5% 0 WE 2T 4if
(Erythroculter ilishaeformis)7. 88 % ~9. 18 %" %5
il KT A 2 8 A 1 A (Atractoscion nobilis)
15.5% ~18. 0%, HA® 10. 6200 . e & I
1299 L H R s, L RGELH K
B BB AN 7] 0 SR -T B0 5 £ 38 B HH A [R] 64 AR 7 7
Ko Wb A b 8 ) M R 28 A LEIR D7 5 R
P A% o AL PT RE 2 Hy T sl 38 4R LA 56 [ B A0k A 2R
1A 2 I £ D B 7 R R B i PR B £
FMT R ITEL

18 5 38 gDk e i i s T AR B OK Ak S PR 3R
IS ALRE 2 PRAIE 2 A K () IR 5 24 4l 2 1 BT Y
RN XA AR IE A e A 1 8] (Den-
tex dentex )" HFST AR & BT T R IR 105 % 2R
JBT B 5 29 R0 AH AR X IC i F0 K 22 8F (Pserta

mazxima) " BEGE IR R B, AR 56 b A R
B 7 KT TR 3R BB 1 R RCR A S, ]
RGN 396 T2 9 Yo it SR B H X 2K s AT 244
RO BT 2 15 06 B R 1 3T 008 B I i 3 BRI, T
BRI G5 FR B 25 BBl ok, ol BE 2
T ek v gt 5 1 B I DO RRZE IR D L i A0 22 4 E R AR
D) g A2 BH - DT SO RE R B0 L B T 298K
N S,V fa SRS E ST, 21 4 A (Sciaenops ocel -
Latus) A L 6 1) RE A B B9 3% 22 1m0 1 Tt v IR 41 B
UG 7™ i T 9 AR . A 36 v 4% 2 A B G W 2
jafyffﬁﬁmj N j(ﬁﬁlé EI ﬂ?@ (Argyrosom us regi-
us )RS A 2R 4
3.2 {EIRLAR AR 7K X 8 4h £ {4 48 AR B9 B2 I

o) 6t A T K S B 14 2 A e A B Dy 5 o 1
it i BE W7 2 DU B fa iR IE L IE UL A 4l
gairs-end ORI, A0 A g I A B R R i T K
S 4 T v T AR RE N L 9 %0 ~15 % 41K 5 A g 1
HRFEST 3WA, M 8RR S
T 10 %~ 15 Y6 2 [al it o BT 200 e g ik B A . e o A% 1o
ORI, 5 AR T A 5 R EF DR R
TUR i B AR 5 A9 38 g L T v R AL (15 %0)
53K 13,3096, SCHRFAR SCH iz A B E T 24 000
TR A BT . 6 %0 21 0 3 56 i R 2 19 5 o i d
1> X A] RE SR T AL A B K TR BRI T R OR R B
TR 2, I R TR R B A (0. 94) FIEE 1 sk
R (2.34),
3.3 {ARLAR AR 7K 3t 88 4h £ 1 7 A L 4H AR RO 2

M CHO fl TG 5 2 E F AR E VA X,
P e T e 2% B N 2B BB I e 42 T BR L 2 AR I iz
R G R A i g 2 H Dua AEN R B
TR KR 0% ~12% 1 7 Fh s k%M 70 d
J& s 13 CHO K& TG #8825 Ik T %) 46 {8 D\ R 7T fig
SENR W RZ W T IR % BR 2 f 8. Lin 50k
L, M AR AR B B —E R, i CHO il
TG R . AR I E CHO F & b S
05 7K SF- T w8 1 BEAR . TG 55 5 7 R BR 5 15 6 %0 A
150 B 25 A — R Ik 35 AR . 7T AE 1Y A B2 L i i 7K
SEAE 6 %0 S LA b B L 3 56 £ B 40 RS2 B OR [ RR Y
P03 » e RE AL ™ E A Y A B S R T A T
AST % 71 J¢ TBA & EAERR K38 6 %6 J 15 %0 B
PIf 3 BT, ALT 36 7 Bl R 95 7K 7 B B F e 4
i ARRE2H (3 %) ALP 1% Jy i 35 BEAIK i TP & &t 0
5 CHO.TG &b a# i, AR Rm, it
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G5 AR AT RE A & A N 7 T A A a2 A
A7 T T 200 0 1) 5 o il 28 A I3 (W) D g s2 BHL, &
JEAN 53 4 BT RE T B AIG DA B BE I B3 A I BT
A,

R F 2 R N R R 3h 1 R G0 HOKSF 20 %
WELAR % EDRHIR W K7 A2 B B R A R A
e A AR AR 1 CHDL) 2y Il Y vh AH [ 1 0 38, #8577
L B T i HDL-C IR %8 BE AR 25 11 (LDL) I L5
H A S8 J7 1) 3 A I T 8, 4% 07 )5 B il LDL-C,
PRI Bt R B s 7K 7 38 s LDL-C 55 & RR 2L FE AR
e W50 £ py JHFJDE 1] 000 9 ik ) CHO FR 220820
XA PU# B AT CHO SR ES ., WMKHE
Mg H (VLDL) 254 JIFME & s TG #E A M. TG
Wl F G 7 | (LPL) 23 % . VLDL &R 73 #e 4k
LDL, MJHES R TG i # 3Z B, i h VLDL
a2 TR, A8 LDL WA L I, &

R4 (1520) LDL-C &% & . 3% % T 7 G822 T TG
R TIRERE RS 19 £ B, 5 LDL-C # kb, HDL-C %
AR AR AE L X 7E X BE S R (Tetalurus puncta-
tus ) K & ¥t (Oncorhynchus gorbuscha ) | WT 4%
(Salmo gairdneri) JRE BT P ARA & B2,

#H GLU S22 7 A, Chatzifotis 55
W A AR, I 27 ARDRHAR 5 7K SF- A 52 e £ 2 )
AR R

CA IR, RO 4RDRE R 7 % &l T a2
K, L Z AL, FRA A AT T RE AR A s T, X 5 1
FHAE I AR T R B AR KA R A T AR
ST IERE 07 22 B 00 AR R 00 S L v 46 A, A R
IR AE 107 7K - Ry 15 06 1 ) e}l figk 4y #40 JHF JUE 32
P ™ 5 A K R AR O AU AT R A R R
PRI S S 1 PR AR A K 32 (] i s /0 i 107 XU 4 =
I e 6 T AR e T 05 T DR X A 738 7 2 e
Jo HAE B A .

5 % x
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Effect of dietary lipid levels on growth,body composition and blood
biochemical indices of juvenile yellowcheek carp (Elopichthys bambusa )

ZHAO Qiao-e ZHU Bang-ke SHEN Fan FAN Qi-xue SONG Lin
YANG Lei YANG Wei SUN Cun-jun CHEN Hai-yan

College of Fisheries s Huazhong Agricultural University sWuhan 430070,China

Abstract Five iso-nitrogenous (45.64% £0. 20% crude protein) and iso-energetic diets (16. 82+
0.11 MJ/kg gross energy) with graded levels of lipid at 3% (A),6% (B),9% (C),12% (D),15% (E)
were formulated to feed the fish to evaluate the effect of dietary lipid levels on growth, body composition
and blood biochemical indices of juvenile yellowcheek carp (Elopichthys bambusa). Three hundred fin-
gerlings (average weight 8. 2640, 81 g) were randomly distributed in five treatments in triplicate groups
with 20 fish per replicate and fed with test diets twice daily for 56 d. With the increase of dietary lipid
levels,weight gain rate (WGR) and specific growth rate (SGR) increased firstly, then decreased, and
were significantly higher in treatment B than that in treatments A and E (P<C0. 05). Protein efficiency
ratio (PER) ,with the highest level in treatment B,increased with increasing levels of dietary lipid up to
6% and showed a declining tendency thereafter. Feed conversion ratio (FCR) showed an opposite trend
with PER and was remarkably lower in treatment B than that in treatments A,D and E (P<Z0. 05). Hep-
atosomatic index (HSI), whole body lipid content and liver lipid content were significantly impacted
(P<C0.05) by dietary lipid levels, while mesenteric fat index (MFI), condition factor (CF), whole body
moisture and ash contents showed no significant differences (P>>0. 05). HSI in treatment A was signifi-
cantly lower than that in treatments C,D and E (P<C0. 05). The trend of whole body protein content in
the experiment was similar to SGR. The levels of alanine aminotransferase ( ALT), aspartate amin-
otransferase (AST) ,alkaline phosphatase (ALP) and total bile acid (TBA) in serum increased with the
increase of dietary lipid levels, while total protein (TP) ,total cholesterol (CHO) , triacylglyceride (TG),
high density lipoprotein cholesterin (HDL-C) and low density lipoprotein cholesterin (LDL-C) decreased
with the increase of dietary lipid contents. Analysis of SGR by quadratic model regression suggested that
the dietary lipid requirement for optimal growth in juvenile Elopichthys bambusa is 7. 71% (wet
weight). Diet with 15% lipid could cause hepatocyte injury and abnormal fat metabolism in Elopichthys
bambusa,which led to a low growth rate eventually.

Key words Elopichthys bambusa ; dietary lipid level; growth; body composition; serum biochemi-

cal indices

(AR A H T



