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PSR R GUIR T ARG F W R A SR [,
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KRB EB KM, X KEFE (Gadus
morhua) mﬂlj(ﬁﬁéj(% uﬁﬁmﬂgﬁﬁ%iﬁi’ JBR A H
B AR KR R T AR LW, B R
R AR AT S AR KRR M AR 451 . Emmanuel
BlgE Rl TRP P A EEAEKET (n-
sulin-like growth factor-I, IGF-D £, I 4 HAT4E 24
TETE A KIE 24847 Growth rate indicator) » [l A 2%
THHRIRWIITEL D, J2 2R X RNA /DNA L fE
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W N % JE 1 R AR, 9 R — AP RIS 0 R, R K
2912 cm, BB LI H90 g- HRFTEF 20 d, AL
TR . EERRAE R O UK R AR TR BEE, T B R
Wl FRAE S, 6 I K e R S P . N AR
MR et R Rt 41, Bl 7 BB SR R
B0 AHEA 30%, B &2 7%, K75 11%
FHAF 4 8% .
1.2 X8Eigit

SR 3 4 A AN BRI TR LB A YLTR R
AR . C 48 A TR . A 3 A PAT,
TATATH 18 B AHSEAE 200 L I [RAE N, 7758 H
KA B SR K. A2 AR 2 s
W, B e 3 BB AN Tk g 2 J, 0 #%
MEEARREN 5%, C 48 RIE R E 3% HE.
K 08:00-14:00.19:00 & B #r i, #EMR S 1 h #e
K1 /3 FHiEBIRE

AR Q5+ 2C, pHE N 8.0£0.5, %
BRR,EHE N 8.34+0.78 mg /L, AT E /D
F 0.07 mg /L, WHHE & E/NTF 0.01 mg /L, th¥4#E
A& COD/MF 1.34 mg /L-
1.3 HadHE

SIS UG R S TR E, 5B 3 B K
IFREE 1 W, LI 4E /IR E 1 R, R ER Tt
BRI AR KR, R A AR AR bR T S0 T
BRI E 1K, ZJ5BRME 1K, LR 45
AL 6 4%, I 2 mL JC TR VR G 2 MR i ik 1
S B MLIBAE R — MR, B PR L5 2 E 57
— B4y BT 3 (100 U /mD) Bk, HIER 4= 1, A+
I3 A BRI 72 5 55 — 3B TN 4 CUKFE L7

3000 r /min %50 10 min FHIHIE , T 0% A2 ds
PR B 5E -
1.4 EBHERIEHREMNE

BTl e i AR S AE A SRS A A A IRV B AR
WL E A E R E A H =08, S iR [E
B aET e fHTSEXREER A3)
A A 3G E

IS B TRET F A A R e -
1.5 EiRAE

Fris #4 M SPSS10.0 # A+ Ze vt ab 2, Hdls A
FIME + bR E (X £ SD) F R Excel 1FH, 15 5
FARAREBE R A AR T LR . B & 3B AR AN [R] B[R]
I, 5 AR o B 00 19 B 2R 04T A G 1 0y BT 22 S+
WEEHN0.05.

2 ZRE5H

2.1 EKi¥iEwm

1870, BT 3 B R ARy e KR A4
MCHBZEST BH (P<0.05), A 4H BRI
EEKESTCHABERALE (P>0.05,B4
K. BAE 2 M ESRN ©9.57£2.5D %, C
HIMERN 6.51+1.79 %, AR EREE (P<
0.09,BAMERIEREST A4:BA)E 2 HFR
EEKER 0.6610.03) %, CHARFEEKENR
0.45+0.02)%,B.CH4l M EFEZE (P<0.05,
BAFEEKEREREST A A, I T HMEAEK
B AR IR BOHRFAE . TG 2 3 P2 B Z R B .
2.2 MHEMBEBEMLIEFTK

F AT IR R EDE 1 R, A4

#1 TELEBARMNTTIESMECIKNR

Tab.1 Growth status of tilapia n=3:X+SD
WH Item A4 Group A B4 Group B C 4 Group C

W44 i # /g Initial body weight 93.08+10.23 95.25+8.56 94.90+9.87
% 3 Atk 2 /g Third week body weight 105.02 + 8.45° 91.03+9.64° 102.79+10.01°
KA & /g Final body weight 114.32+10.12° 99,75 +10.29° 109.48+9.66°
i 3 M EE /9% WGR in first three weeks 12.80+3.58° -4.38+1.14° 8.16£2.31°
JG 2 AW E R /% WGR in last two weeks 8.86+1.02° 9.57+2.51° 6.51+1.79°
A7 3 A4 EEKE /% SGR in first three weeks 0.58+0.021% -0.21+0.06" 0.39+0.032*
J5 2 B EEKE /% SGR in last two weeks 0.61+0.019* 0.66+0.032° 0.45+0.024°
BB EZE /% Total WGR 22.82+3.02° 4.72+0.11° 15.36 £5.61°
B E K /% Total SGR 0.59+0.017 0.13+£0.009 4° 0.41+0.013*
B % /% Survival rate 95+2 90+3 93+3

F:FA—ATH AR Lr R ER EE (P<0.05.

Note: Values with different letters in the same line show significant differences (°<0.05) .
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Fig.1 Change of tilapia blood indices under different feeding strategies

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

746 v E KRR %

#14%

3AMESED AARNE. MaEaSENE
mTFBAFCY, BT RIFAFIERKRE. C4H
JREERERERES T B4 (P<L0.05, & T A
HsCHM 3 AaMBHE . MAaEA®T B4, B
HAEERE HMm = a4BiE naEZaE1AT
BEEw B =R O ma®EaEs 2.3 A
B LT, Bk BERR B 7E 5 3 B8 (B s 135 5 1 [
R EIEIE 26 23 FIFREE T I ME S 8 A 7EVIUHRER 1
BAFBEAEE, 5 2.3 AFL IR, HEF 3 ARE
WERAK: B 4150 4 FIW 5 58 (. B it 1 1% il
o5 B ES H W = 5. M2 4000 a8 A3 S 5
3 B B E T & (P<0.059, & T A 4R C41.
2.3 MREBEMERSEERMAXEIH

Xof MLV b 1 A% A R 3 5 38 B () AR b 3l AT
FHRMEA T, FHAFHHAER R WIEK 2 iR, M35 &
HEHEEE S 38 R AR RE S R 0.872 M
0.803, fH XM B ZF (P<0.0D; MAEH L E
FEHKARECH 0.615, KM EZE (P<0.05); M7E
B BEEREE AT AN A AN S E R 2R B AR
(P>0.05; HM =R E& b oL s Rl K
BT L ERYTEZEMLE (P>0.05 -

%2 MiEEHRSEERMELES

Tab.2 Correlation coefficient between blood indices
and weight gain ratio

f517 X
Index Corre.la.tlon
coefficient
1% & & X Serum total protein 0.872*
I35 B B BS Serum alkaline phosphates 0.557
ML3E 45 Serum calcium -0.121
% B8 Glucose 0.207
H M =8 Triacylglycerol 0.366
B 40 137 White blood cell count 0.551
14T 2 5 Hemoglobin 0.615*
L4 13X Red blood cell count 0.580
1 Phosphorus 0.231
JHE A% Cholesterol 0.803™

W x BEAAXERE (P<0.05); »» BRMEXREHREZE P
0.01).

Note: * Correlation is significant at level 0.05: ** Correlation is
significant at level 0.01.

3 it

3.1 AREFRBIEN T MERLIER

BALsEYLMR 3 Bl S, FFin i & 8 5 B A
Ak BRI O TAMEE K ALEL BATZ M
A AT B M AR AR & KV R H . A 55
IR F= B M A KR I PR Ak i b AR AT O 1 R
ARG, B W ALA mie s W2IpT 5y T 26 2 b 2 Kot
MR R IR AL TS W . AWFERIT T =A%
A 0 M2 2E K I o 2R A F b 10 AR A B, 22 R
BEAMEAE KN R IR A KN AENLEl. BHES 3 A
DRSS SRUE FF I i, 28 4.5 B BTl % 48 b
BIHIL T B B AR, 0 B8R R R 45
PR EE H W =08 A A, ma & A% EH BE L
Fro MG B EASEREFHATRERAENATE T K
BB TR, ACE IR, 8 AR A R 5 i
B iy 0B R G 20 I . AR AT R
FLE I e GE R 5 A4 A G S HE B, S AR A R
sy TR R KA RS A = B AV iy Ve 1E=N 0
k. H =R R AN R RGN, B K
TN, 20 AR 53 0 03k , v = I8 i 3 0w LA A T Y
o A S FD A0 AR B PR (I IR 2. I N 7R A AR AL AT R
S ANEE I B D AL R AR S KRR & 1 — Bl S
T A A K R PR A K
3.2 FRIEWENXEKERE

B 487 3 B FYLHIRAS, & N, i E X
H—4.38%, FFE KRN —0.21%;: [ A 4H
WEEE 12.80%  FFEFEKERIE 0.58%; C 41 E
I 6.51%, FFEAEKER 0.39%, NF 4 FHITH,
BT A 802, 2128 5 RISt 45 R ER 2
9.57%,tk A 4= 8.01%, R&E®m T C4l (P<L
0.05) . B EAEKEL A AR 7.5%, B & T C
L PRI T AMEAE K B4 g A K T8 R

FEA R, BT DARIF K= sl A ok el 1]
WL R B ES 16], 78 4 RAE K F= 30 B & M A K T, A
Mk B m &5 e i B . fMzE KB AR 2
BUBIE Bt — R NI 9T, DL AR P i
3.3 MiRIBULIEMRAMERKMEENELR

Aspip, B YVRERERES A KR
AR I P P S 6 2HAH B LA, kA X e A A
FIFE AR, FRH RS B 5 A4 KB AR R 1)

MmESBEASWER —AEREEML (P
0.0 . BEAENRE 1 Fn, 585 R 4R E
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FAEKE, & A G ROI0E, 408 5 W 2 M i e
SN, AL, BUFE M E SR A S BB, A
I AR

JIEL ] s TS 2 A AR BB AE SR (P<0.0D . JH
R 3 R B R RS R A vk 18, B R e
FE 235 — KR R, B 5 — KN
R ORI R . PR SR, i T A
PR K ER AR B A B B TR B W A A
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LY FATAFIGERT, ARSI 2 B AR AR, X e R
E AT AR s T A e T RE T B AR R 085 24
AW YR e, BT & s 00 I b g & =
T A AT K R . BeAh, BEE EE L fe
B BB B 41 B A B AN A PN A 2 PSS

MerEE SEERLEM K (P<0.05) . M4
B AEYLRTZE T 46 f5 Sh sk ™ B, Somt T I
FURE T T [, 3 T A AR I R R, X 2 A SRR L
PRI AR I A7 e 2 A R DAE R B AR AR A v Bl
s B 6T A 5 718 o % AL R
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L35 B P Tl PR Bl 8 7R A AR R . TEIE W TR I
T M B B R B % MR, 4 % M BT A
o SR I S I R R O s (B T e ),
ORI AT LK HAF D f R BRI B AR & . il
ARG, SAM e B T & AR Ear i s i
W5, 0G5 AH G 10 B 25 G sl D, 7E SR AR T E
T BETR B L Y R I AH R RN 0,557, HAEK
KU AR B AH R

AWFRAD I T Re i 5 A P B Y I i
AR AR, (AR AERKE AN EE IR, X
s 0 BAR S AL L 75 B — P AT, R B HR AR
(A I B AT N P PR I 75 B S R A 56
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Relationships between growth performance and blood biochemical indices in
tilapia Oreochromis aureus

LUO Zuo-yong"?, WANG Lei', WANG Bao-jie', LIU Mei', JIANG Ke-yong', ZHANG Ming’, ZHU Yan-
xiong*

(1. Institue of Oceanology; Chinese Academy of Sciences: Qingdao 266071 China: 2.Graduate School: Chinese Academy of Sciences,
Beijing 100039 China: 3.Qingdao Entry-exit Inspection and Quarantine Bureau, Qingdao 266002, China: 4. Institue of Science &
Technology Information Qingdao 266002, China)

Abstract: Tilapia (Oreochromis aureus) was fed under three different feeding regimes: fresh earthworm, re-
feeding after starvation for 3 weeks with formulated feed: and control formulated feed) . The fresh earth-
worm group was fed with ice earthworm. Earthworm is rich in nutrition, and the tilapia were expected to
grow fast and well. The tilapia in compensatory group were starved for 3 weeks then fed with formulated
feed for two weeks; and were used to study the change of blood biochemical indices during the period of
starving and re-feeding. The formulated feed was bought from Qingdao aquaculture feed company. The
tilapia with body weight at about 90 g were divided into three feeding groups; each with triplicate and 18
tilapia for each; raised in 200 L tanks. The tilapia were raised in fresh tap water; and the temperature of wa-
ter was 25+2)TC, pH value 8.0+ 0.5. Fish were fed at 08:00,14:00 and 19:00 each day; and the left-
over feed was removed 1 h after feeding and 1 /3 of tank water was exchanged. Fish blood was collected
through tail vein puncture by a sterile syringe, and each fish for the blood was used as a sample. The results
showed that the tilapia acquired a compensatory growth during the period of compensatory growth that the
weight gain ratio and specific growth rate was significantly higher than that in formulated group (P <
0.05) > and higher than that in fresh earthworm groups but not significantly (P >0.05) . The fresh earth-
worm group was higher than that of the formulated group in total weight gain and specific growth rate; but
not significantly (P >0.05>. The survival rates letween the three groups were not significantly different.
Glucoses triacylglyerol, red blood cell count and hemoglobin dropped significantly after starving for one
week but then was stable in the following starving weeks; total serum protein concentration did not drop
significantly. After one week’ ss re-feeding the biochemical indices went up obviously. The serum total pro-
tein concentration and cholesterol was significantly correlated to the growth performance (P <0.01); the
correlation coefficient was 0.872 and 0.803; respectively; the correlated coefficient of hemoglobin to weight
gain rate was 0.615; and was significantly correlated to the growth performance (P <0.05) ; the red blood
cell count, white blood cell count and AKP was highly correlated to the growth performance; and the corre-
lation coefficient was 0.580,0.551 and 0.557; respectively. Triacyglycerol and phosphorus and the serum
calcium was not correlated to the growth performance significantly. From the results; it was suggested that
the serum total protein; cholesterol and hemoglobin could be used as indices reflecting growth performance.
Journal of Fishery Sciences of China,2007,14 (5): 743 — 748 ]
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