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1.1 ZWx%

2013 49 H—12 H T s 4 % 75 i1 e K3
PN 2 B AL R 4 B A 6l 30 B2, R i il
77 ~ 187 g, F-Hy 1A i &k (143.50 £33.18) g; [l
HAE T B AR T S B AL R 4 e 4 R A A AR e
T RL 37 5 1Y) 3 GE B 60 2, A5 2 2 300 ~ 600 g,
SE-H49 445 i Ok (402,17 £85.51) g
1.2 XWAHE

& AR AR M T R B YLE 12 h D
T T TR R 32 R PR AR T A ORI A
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Uk FFRBEAE | 2R R U AN B A, O 43 0 BRI R
B2 0.000 1 g) s R4 LL T A0 B35 604k
YreEdebr

AE 5 B (CF,g/cm’) = fa ff Jfi i/ I K

RET R/ (W/L, g/em) = SRR/ K

JIE A T6 H (VST % ) = N IE 5 5/ £ 44 BT 1 x
100

JHEAR 48 % (HST, % ) = JF I ot 45t/ f6 { Joi
100

1 & AR D5 48 20 (MFL, % ) = Jiz & B5E g 7 o
/AR T x 100

MATEFR (11, % ) = fpil i/ fa R i i % 100
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Fig.1 Comparison of effects on total liver
lipid determination by different methods

Values were means of six determination values, reproducibility of
results from the chloroform methanol extraction both with dry

and fresh liver samples was poorer than that of Soxhlet extraction
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Tab.1 Ranges and means of body indices for wild and cultured C. auratus

WA= 6 wild C. auratus

FEH ) cultured C. auratus

LR Y/E=E FE A - — _ ~
body indices MR P s R R PR« bR
ranges of values mean = SD ranges of values mean = SD

A JFi F# /g body weight 77 ~ 187 143.50 +33.18 300 ~ 600 402.17 £85.51
fA& 1 /cm body length 14.70 ~19.80 17.52 +1.51 21 ~28 23.73 £2.08
PN R 5 5/ g visceral weight 5.91 ~14.84 10.34 £2.55 20.62 ~61.98 35.07 £11.13
JE 4 /g liver weight 1.18 ~4.84 3.15+1.03 4.25~16.29 8.45+2.75
7 % JE G 5 i 1 /g mesenteric fat weight 0~0.11 0.05+0.03 2.25 ~19.21 9.41 +4.82
i 38 JF i / ¢ intestinal weight 0.82~2.59 1.86 £0.61 3.31 ~8.86 5.59 +1.48
A BE/ (g/cm®) condition factor( CF) 2.31~2.88 2.63 +£0.20 2.14 ~3.83 3.01 £0.40
R JF /KK / (g/cm) body weight/body lengh( W/L) 5.24 ~9.95 8.10 £1.32 13.04 ~22.22 16.82 £2.28
WEARFE %/ % viscerosomatic index ( VSI) 6.28 ~8.69 7.23 +0.81 5.43 ~12.43 8.65+1.76
HFAR 48 %0/ % heptosomatic index ( HSI) 1.35~2.27 1.91 £0.34 1.30 ~3.19 2.09 +£0.47
% 22 R IE W7 45 %0/ % mesenteric fat index ( MFI) 0~0.06 0.04 £0.02 0.70 ~4.54 2.30 £1.02
WiB 45 %0/ % intestinal index (I1) 0.93~1.93 1.29 £0.32 1.03 ~2.02 1.39 £0.27

®2 FEGSFEGFEXKSMERSECEERTHE

Tab.2 Ranges and means of liver moisture and lipid content of wild and cultured C. auratus

B wild C. auratus

FEH ) cultured C. auratus

oy — —
Dntriens i {1 T+ bR o 1 A = bR 2
range of values mean + SD range of values mean + SD
AR K 43 %5 %/ % liver moisture content 75.56 ~81.77 77.99 £2.18 56.51 ~72.80 65.16 £5.02
NG U5 2 8/ % liver lipid content 1.12~2.95 2.11 £0.69 13.32 ~27.04 19.49 £4.31

R3 HEEMARERBEENFEAENFIER

Tab.3 Body indices of C. auratus with different degrees of lipid accumulation in liver

Hltfiﬁp}i iﬁ:ﬁ CF/(g/cm’) W/L/(g/cm) VSI/% HS1/% MFI/ % /%
<15 2.95 +0.45 15.87 +1.36 7.95+1.91 1.75 +0.39 1.69 +0.25 1.68 +0.25
15 ~20 2.97 £0.21 17.24 £2.77 8.17 £1.30 1.99 +0.41 2.21 0.93 1.23£0.16
>20 3.08 £0.51 16.87 £2.09 9.49 +1.78 2.37 £0.40 2.70 +1.03 1.41£0.23

2.3 HREMFEAENERERSEEES®
EEHE

28 K-S K 5, B AR 000 s 2 L A B/ AR
JUE A i i TR 48 550 T AR T 07 48 0 1 45 KR
VAR R B 17 2 o 4 5 B IR A A (P>

0.05) . HUAFEHRAE 68. 3% A5 X ] 1 Bl {5 hy 4%
FEARIIER S 5 EME (% 4) o Hob, B A 6T
HE A W5 5 8 I % 2 B I O 1. 42% ~2.80%
BV U B 07 55 i A 2. 80% W g R UK B JHE
IR i AR 2 4 A A 4 R o, B
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RZAE A e, T 200 1 0 10T 440 R HE 3 LR /D
B 5] 5 7 BE BT HIE I D5 7 AR 38 15% (181 2-b)
JEF A A AR B RN AN — |, 240 A Al 5 400 i v ke, #%
2 40 08— 000, 8 JE 40 A% A R 2% T 440 i
6 L BRSO EL 20 0 HE 5 % L 5 SR SE BT U A

= BURIE 20% (8] 2-c) , IF AL 40 Al L BH S 119 /)y

RV 25 o R ST IR g 07 2 B ik 25% (] 2-
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Tab.4 Normal range values of body indices for wild C. auratus

E7/k=ziE N A = bRl 2 (s N P {H 22 {H 3
indices mean + SD distribution K-S R H P value range

CE/(g/cm’) 2.63£0.20 E& 1 0.56 0.91 2.43 ~2.83
W/L/(g/cm) 8.10 £1.32 IE& i 0.52 0.95 6.78 ~9.42
VSLI/% 7.23 £0.81 E& 5 A 0.52 0.95 6.42 ~8.04
HSL/ % 1.91 £0.34 E& 5 A 0.43 0.99 1.57 ~2.25
MFL/ % 0.04 £0.02 EA A 0.58 0.89 0.02 ~0.06
11/ % 1.29 £0.32 A5 0.58 0.90 0.97 ~1.61
TR W & /% live lipid 2.11 £0.69 IEA A 0.62 1.03 1.42 ~2.80

{E P >0.05 FoRfEbn it B 3 IR0 A

Notes: it means a significant normal distribution when P >0. 05

B2 FAEMSFEMFABESEHE( <400 £)

(a) BPAMIIE R TS (b) B I07 & B 2950 15% 114 57 5 Y T
ML 2L (o) gy 5 1 29 20% O R AT EUIFHELH 215 (d) g iy
2 25 % 1) %G AT 20 41
Fig.2 Hepatocyte morphology of wild and
cultured C. auratus( % 400)

(a) The normal liver tissue from wild C. auratus; (b) the liver
tissue with 15% lipid in liver of cultured C. auratus; (c) the
liver tissue with 20% lipid in liver of cultured C. auratus; (d)

the liver tissue with 25% lipid in liver of cultured C. auratus

2.4 FHESEMFERSHERERSENMEX
XER

395 2 AR /A K DL B Mg 3 A K 5 T
JIEE 5 5 i 1A G 3 A O (P> 0..05) 5 Bk (A48 K IF
R B M 2% 058 0 107 i 0 0 229 -5 A i s 5 1)

HEREPEMIC(P<0.05) (£ 5), HIHFHE
SRFEH A 0 A O I AR (R AT T —n R
MU (3% 6), B4 105 J7 B2 19 8 35 1 K 06 245
SRWIprasr i )3 7 B E A (P <
0.05). 734k, BFWERE W7 & & (Y) 5 BE 4K 45 %X
(X)) ST 5 (X,) DL 2 B Wi 48 2k (X))
X = Z Il AT DL ST A A 2 oo &k 1
o B

Y=8.085 +0.282 X, +3.726 X, +0.505 X,
(R=0.562,F =3.995 P =0.018)

x5 FEHHRENFERSRERERSEZ HHEXE
Tab.5 Relationship between body indices and
liver lipid content of cultured C. auratus

1 2 PSS S

variable 1 variable 2 Pearson coefficient P value

CF/(g/cm’) H.HEH.E@EE i 0.169 0.372
liver lipid content
=3 A\E_/(y

W/L/(g/cm) WEH?%E‘ e 0.131 0.489
liver lipid content
=3 A\E_/(y

VSL/% AR & ./ % 0.440 0.015
liver lipid content
{=qi /\E/q

HSI/ % HHEEH??J‘ai ’ 0.538 0.002
liver lipid content
{=Ni /\E/q

MF1/ % HTHEH?E RS 0.406 0.026
liver lipid content
=3 /»\E/q

/% I I 25 6L/ % ~0.174 0.359

liver lipid content
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Tab.6 Regression analysis between two significantly related variables of cultured C. auratus
[R5 78 i ELEpy T R Iy FAi P {H
dependent variable independent variable regression equation adjust R square F value P value
JFF RS 5 & K5/ % liver lipid content VSI/ % Y =10.126 +1. 082X 0.165 6.740 0.015
JFF RS 5 & &5/ % liver lipid content HSI/% Y=9.070 +4.977X 0.264 11.382 0.002
FF RS 5 & 55/ % liver lipid content MFL/ % Y=15.538 +1.715X 0.135 5.530 0.026
3 i WA 17.59% ~19.94% 1 6.43% ~7.35% ** s I~
[Fi) 52 AT FNAS [F) B R K HOAR IR S, 5+
3.1 BLA R IR S 6 BT AR AR B & AR OR R LD 4y £ N B AT A TE T Y (E e 430
H= (2.78 ~2.95)g/cm’ 1 5.16% ~6.11% %', R

e 5 IRDRH SR B 25 10 N A G 0 28 iF IR i 7 3
R 1 BF 58 8 £, ) an 41 8 fa ( Sciaenops
ocellatus ) " | # " DL K 5 E B (C
gibelio) """ JIF Ik Hh i 107 5 8 T 43 1 486 34 31.72%
26.29% 1 34.71% . A [F) W55 & 4 F [ — Fift f1
JE T 1 25 8 1) 4 BT 45 SR A 22 LK, ) dn
i T R RO RN R
T & ek v 3R A T IR S A G o AR A
A5 T A Ak 7 B AN ) A 4% () JHF O i I % o A 22
BRI NE Rg W7 & e e I R S e (E 4 B R
13.32% F127.04% , Wi & HH 2% 2 f5 L) b B A 6l
JH BB 197 25 e AR T 3% o B Wk IRAS [R) AT R 2
S S A 5 R A T DR AR T i 25 R R
PRl B A 60 DL R R K A v A 4 ROK B 25 i 2
DA % e S5 K A R 0 45 B R R ARSI B Rl 2
T % 58 00 DA 25 2 1 5T Ok AR I 1% R ek Wk 2
BRI G Ry Y . IR E IR K IR B R
FH e % R A FR R, A — 7K AR [F] B 3% 3 2 A~
sl ) 028 A ] 5 R T SR Y 0 S 4B M R AR
KRR . FE BB B, B R A 2 1 1
BT 33X Fh 77 7 Jr 3 30 ot il 2 £ 28 BB 9
Bz BB SR R A Eae A R R 5 R I
U7 A F R IIE rh A i A L R B — R R A
B, DA B WE A ) A B B Bl i) 7 7 7 oK, U
BB T B A, T AN [ A K B B I A AR oK
PR, B2 5 1T AS [R) 2B K B B 8% 1 BiE A 1)
RERE A ) T 0B 7 G 80 L B0 R AR BT i AR
3.2 AYFERETLCHFEEREREES
M1ER

AP P bR I R A 2 B B
FESAh b B, Ll B AN R KO 20
G HORE AR 48 BRI A 48 50O 39 (538 43

6] i s U HORR SR 250 T, S 7 R &)y £ 1) ST 1A
6 50N U A i B5F Y9 (8 B4R Bl 4. 55% ~
5.31% F116.68% ~ 17. 84% **) , v 45 27 41y 451
SR AR L) 0 R 8 B A R R v
S 347 {FL Y BB 43 ) 3. 80% ~ 4. 83% 11.22% ~
12.27% F1(2.80 ~3.06) g/cm’, iR B35 i ¥y
AN A 2 48 b 5 U R ST IIE B 1D 0 AR o5 1] 179 5%
FRUEAT R L 0 43 B o AR F 5 0 45 % 5 680 1% A
B IEAA 48 B DL SR 48 B 53 5 Dl (2. 14 ~3.83)
g/cm’,5.43% ~12.43% Fi11.30% ~3.19% , W 5%
24 S 5k o7 28 S W Rl L BRI, (H 5 X
SR RS MR A A 25 R
Ko AWIERY, 8L ( Cyprinus carpio L. ) i I 14
T 2 W 25 A W P K T 4 T B A K ) 4 Y
CINP8- A By 7/ ok A (- N [ K 3
Yy 248 b 5 1R E 7R KOF R KB B Z R OE R
W Z R .

e & ) ek 7 S0 %) S it | i 6 K DR
JI s 5 12 22 ) TG Sk 3R O, TR O 3 P A AR ) o 4R
T A S DT o S0 0 i D 3 AR i R SUOR R
7 S A 5T A/ R K 5 M B D R 2 R TG
2 AE DG, BT 8 B AR R i A & E AR
B, %48 BR A RE A R P O T A B A B R
B2, B A 5 55 JH B 0 1R T it/ IR 22 AR K, 3%
W 46 bm A6 PEAR JEIDE B 197 /2 75 2ot o 35 ARy i LA
— BN E, SR/ AR R T %GRS % H L
B 9. 42 i}, ST Wk A A AT B B B0 7 4 & A
Lin %2 30 R T 1R 46 B 12 W 55 615 15 1T 1 2 %
Fobn 2 — I IRTEBOR T 3% 1) 550 Rk g 17 BF
A, AR R MR, TR R A R E
TR 5 11 5 B B0 45 A ) 2 4R PR I 4 A 45 2R I R AR
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T, VR R /AR AE PP AP SR IR D 7 2 75 e A
DI AT A — W E . MEAHE B A B i 2
IO 107 i 5 T R 05 R T 2 A A S IR A
5%, RIVIE A5 80 A 45 280 A% 5 I 415 JOBOR
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Functions of body indices in evaluating the degree of lipid accumulation in
livers of cultured Carassius auratus

HUANG Chunhong'*, ZENG Bin’, LU Dongdong®, LUO Chang’, XIAO Tiaoyi'"
(1. College of Animal Science and Technology ,Hunan Agriculture University ,Changsha 410128, China;
2. Key Laboratory of Zoology in Hunan Higher Education,College of Life Science,

Hunan University of Arts and Science ,Changde 415000, China)

Abstract: To understand the lipid state accumulated in livers of cultured Carassius auratus and clarify the
functions of body indices in evaluating the lipid accumulation of liver,body indices including condition factor
(CF) ,ratio of body weight to body length( W/L) , viscerosomatic index( VSI) , heptosomatic index ( HST) ,
mesenteric fat index ( MFI) and intestinal index ( I ) of thirty wild C. auratus and sixty cultured C. auratus
were calculated and liver lipid content was determined by Soxhlet method. The morphology of hepatic cell
was observed by method of hematoxylin and eosin stain. Relationships between body indices and liver lipid
content were studied by software SPSS 19. 0. Results showed that all the CF,W/L,VSI,HSI,MFI and II of
cultured C. auratus were higher than those of wild C. auratus. The average liver lipid contents of wild and
cultured C. auratus were 1.88% +0.69% and 19.49% +4.31% ,respectively. Hepatic histology showed
that hepatic cells, arranged along the hepatic cell cords, of wild C. auratus were uniform in size and most
nuclei were located in the central, which indicated the normal morphology of hepatic cells. However, hepatic
cells of cultured C. auratus were irregular in size and morphology, characterized by obvious nuclei
migration , atrophy , unclear outline and more fat vacuoles. No significant relationship between CF and liver
lipid content of cultured C. auratus was found (P >0.05). However, VSI(X, ) ,HSI(X,)and MFI(X,) all
were significantly and positively related to the liver lipid content( Y) (P <0.05) ,and the regression equation
was as follows:Y =8.085 +0.282 X, +3.726 X, +0.505 X,(R=0.562,F=3.995,P =0.018). It is
concluded from the above that the liver lipid accumulation is very serious. The higher the VSI,HSI and MFI
of cultured C. auratus,the more severe of lipid accumulation in the liver.

Key words: Carassius auratus; liver lipid; evaluation; body indices
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