LARE S £
2004 7

m &

o E K R
Journal of Fishery Sciences of China July

MNa, 4
2004

Yol . 11

FEER B e A R S 0 H (LB TE M R R M

& K EAR EREE HEH

(1 el A% SPBEEERATENE. K MM 510642, 2, BIISEEHMARLE, T #iL 542002}

WE AT EE A E R FACE M0, 1% 0. 2% 0. 3% 0. 4% ) i 82 B ( Orochromis nilaticus x (0. gurens ) &)
i e 2.0 g) 4 f EEFE L  Fo NSt OO RE R, JEiR S CRHTR, R S TR
SR, ERERRALE M 15 R 6% F RO R, Ttk R O M ST | DTN .
B B RN T A B pH R FREAS Emo. 2 rEMARH Y FANSET RERER T
Bt P<0.05, 13D W, T WA 0 3% FRME S KW T ME(P<0.05); 946 Sl P WS WS it
50, 4% 815 BT 00 1% R0, 3% HIC P <0, 05) 0. 2% 5800, 3% S it i =6 R, (8 1 8 R R
HE(P>0.05) 2ok BEG MR oK S RERMERA G E(P >0.05) e M IRE W R GRS
e B P A A 5 P T R RS 0. 2% o A 0 (L4 0 90 B (P >0, 05 ) o FFF RE i 2 0 R
PRI 0. 2% 0. %A B I SRR TFER(P>005), S50y, (E il B Do ke AR, Ak 4E fgh i
fEm S, A R T e A R R,

R WA R R AN
FESEE (950 487 TERERE:A

MR SEEEN R REENRE,E
o FF: S i e 7] 2 90 ) 05 0 %, R K TR L) pH
I, T S PN, R TR S O B T
AL S e P o 0 O [ e O O ) Y5 R
FEREHLIRME Y &5 (o oy I LA , O sh S 4 L RE
. SR R, R0 5%
~1L5% . FOT A MR R e W
{Ef AT dsay 4 | IR TE R IR) i) i R
1 B A8 (5L A A 7R i 288 R A 4 fE T BLI Y
L ASE G

A B el i o e e B A 4h i e
oh AR OO 5 TR b, B Do b A R i
AN - SRR AR
RIeFE O, % 2 4E e A = cp S B A
[ £ Sl

| HE5HE

11 ZRiae

A S SRR, LSRR S 0, 5 BT
MR 1 # P iR ho M Bl U5 R A 0. 1% .0, 2% |
0.3% 0. 4% (i (s e, ik KRAFER

EMER 2008 -09-30; WHTEN 2003 -12 -20.

TRME 1005 - 8737 - (2004 )04 - 0344 - 05

), Fr R L A I AT Dok i) AL, S
Foh, B e SRS, LRER R
SRR EFHARNEL.
1.2 ZWifE

M I8 B HE 4 ( Orecochromis niloticus % 0, aurews )
MR R, i E R TS A WL
KB PYR,2 HEEH 25 RYHER2.03 ¢
B9 e fn BHL LS ML B4 3 TN 3R 15 K
WL S B, wTmRE, 6§ XS E
9:00,14:30 %120 :00 G E, RN 6%,
i L 5L AR, iR R, R
U0, MR A R R 9 B SR
iR 26 ~30 T ,pH 7.5 NH,; KFETF0.02 mg/L,
MM FET 0.1 mg/L, BT S mg/L(
e (R B 9 1 Y T O O i A R
WElRME) . WAEEHCH , TRES 2 h G
HLIR 2 REAR, 3T AR JBLEE I AR, O iop
%l BAaEYS HREBRR kg ARG
W, 7 -80 oMb RS, S
HUEC3 ~4 Jff 0 B BB i, — M LS IR
MR T 4 CORmRE, TN W&, Bl =

M B (1969 < ) Mk, B LR O R Tel (020 - RI2B3529, E - mal: gpan® scan. edu. cn

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



http://www.fineprint.com.cn

mam

i WA A e RS A 345

MiEit. PRV R HERTE HERT
T, 095 A A B, R o Ll A ML L4
L3 NEEESHE

o e o b Y K Ay LR B L LR
B BLACA HLET 4 WS RIES 0L, BLIE E 4G e
S GG R D A s
$i pH (A9 0 E B4 Radecki'® %07 ik 1 MR
i < B P R T LWV 110 B4 TR
KL FEUKEH T 513, SIMEHELE 12 000 g/min 4 T %(F
THL 1S min, B RS 2E FE-20 CFH
fr MERE MO T RAOME . B0 E & R
W URAER B WV 105 B4 C BEARLE nhi ( pH
1.5) KB TR EIEMEE LR AR &R

T, P Bl TE Rl 2 M0 008 5z ¢ I A T W Y
Wl - B P R A T BAREE 2 WV 1S md TRy
2R Ml (pH 7.5) , 60kt T 509, 18] 1 Mok b
g (R (R BE P E 1 A0S R
HE A RS O3S 1 R Folin - B
Y HEO ISR A DABY B MR E
W i ¥R F Worthington 3" ; [ 32 93 B 35 #5 % i
B - s o R T R
(B8 LHEREOHARL AR SERRHES);
i 5 H il = A R A H SR NI - ke
BiiE (500 1 M3 R A i EE A AT R 20 A i
$).

Bl ZENRFRESEGSAS

Table 1 Ingredients and chemical composition of test diets &
LRnn o} 0, 1% £ 0.2% ] 0. 3% 4] 0. 4% 8
Tost diets Cantrol 0.1% goup 0.2% group 0.3% goup 0. 4% gmup
LW, Ingredients
W Basal diet o 10 .9 w8 9.7 9.6
FrEM Citric acid ) - 0.1 0.2 0.3 0.4
A Maistre, Molst, 574 877 879 B 85 884
BE R Cusde protei, CP T .42 ny 2.3 3246
HLENRY Crude lipid, EE ;B | 1,26 3,30 in 1.
BT Crude Gbre, CF 5.44 581 5.5 5.4 5.38
B 4F Ash 7.1 7.5 7.41 7.38 7,46
B/ (K] - g ) Ceneral enemge, GE 17.79 18,05 17.75 17.57 18. 14
# Calcium, Ca 0.78 0,84 0.81 0.83 0.8s
A Phosphorus, 1.21 LM 1.20 .23 1.3
#H 5.48 530 5,33 5,31 .0

th:l. MMEHBIE ¥ 13% , UM 2%, EEMS IS, BHM%, KK 26 5%, MES. 0%, BEMmL0%, AN _NS1.5%, BRE

FLE0.2% , BMRMES #0. 3%,
2. TR T HLAL P T e (6]

Modes: |. fish moal 13% | sovbean meal 23% | peanut meal 5. 5% | wheat bran 24% whieal middlings 26. 5% | yeast 5.0% , com o 1.0% ,
Ca(H; POy )5 1. 5% , minersl premix (). 2% , vitamin premix 0. 3%,
1. Composition of mineml and vitemin premises worn the same as Rel[ 6]

$§5E 4 15 % ( Specific growth rate, SGR) = [ (In
AW - In W) AR Fead ] ( F) ] x 100%

Pl ¥ ( Feed efficiency, FE) = ( i {5
it/ B ) = 100%
L4 HiERSItFESF

FH SPSSIL. 0 et it o Mol o 3 oy 3
S EHR R R E, UM LS ERHE, BEK
FPRMO.05, HRPRA (B« bR
.
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23 EHEFEaSSENS

EHRAP Eaefklh 3. mkd
R e 4 fa K s HLE SRR
MK RBRA R REN(P>0.05),

%! EEBEFERUE. SELKENERNE

Table 2 Body weight, specific growth rate and feed efMiciency in fish fed test diets Y250
1 8 ol g oty LER S-S o MR (% - d") ok L
Girmep Average initinl body weight  Average final body weight Specific grewih rie H-adtﬂ'lriﬂ_n
B HH] Comtrml 2.03 20,0 9.2 £ 2.53* 4.7 £0. 18" T1.49 15,334
0, 1% 81 0. 1% grup 2,04 £0.01 2645 159 4.19 20, I0* 72.73 £ 3. 45%
0, 2% 8 0. 2% group 1,03 002 M9l 28 4.52 20,17 76,96 « 4, 4%
0, 3% 81 0. 3% group 2,08 20,02 17422 19% 4,45 20.10% B4, 20 £ 8. 82"
0.4% 4 0. 4% goup 2.00 £0.04 .29 =5 0 4.34 20.24% 74,51 4 6.40%
i « 7 O Y A WD O s L 0 R R R P 50,05
Note; Values within a cobimn with the same saperscript beiters donl differ significantly amang groups {7 >0.05).
£) FEEAFEASREMRST
Table 3 Composition of whole body of fish fed test diets %, FR
B =
Composition o 0. 1% 8 0, 2% #] . 3% & 0. 4% i
Comtral 0. 1% group 0. 2% goup 0. 3% greoup 0, 4% group
A4t Moisture 74,17 £0.70 7403 20,17 74.02 20,04 7369 £0,22 3,46 =0, 54
HE CP 16.06 20, 12 15.99 20,13 i6, 31 0,01 16, 10 £0, 16 16.36 £ 0. 46
ElARAY EE 6. 13 20,45 5.99 0. 24 .01 £0.11 6.42 £0.22 6 M 20.57
i Ash 3,45 £0.08 3,54 =0, 10 3,85 40,02 3,45 0,07 1.52+0.12

T i B 0 A B e 0 (P 0,05

Mode: Valyes within & column with the same saperseript betters: mesn without significent difference among groups (£ >0, 05 ).

24 EEHEFESONNEMOER=HEIR

%15 6 £ 587 1 o R i L
F4, ESEFN 0. 4% 9 4 i o R
F4F 0 WA 0. 1% S1R0. 3% 4 ( P <0.05) ; Bl #
S e A s A, ol A ST
e 0. 4% FRE.BERTER(P>
0.058)

B4 SEMEFEARRGAENOERA=HIR
Table 4 Concerntration of serum glucose and triglyceride
in fish fed test diets

¥ MW (menol - L) 4= (g + L")
Group Ghucose Trighyeeride
14 B Control 514 20.09° 182,47 £ 11.00
O.1% 81 0. 1% goup 5,33 20, 36° 206, 8% 23,13
0. 2% 8 0.2% poup 4.62 20.37% 2.V
0.3% @ 0. 3% goup  5.4020,12° 223,00 212,50
0. 4% 8 0, 4% goup 4,09 £0, 35" 157.44 £17. 54

FE ¢ 0 0 A M e A A R (P > 0,05 ),
Mote; Values within o column with the same superscript moan witheut
significant differenes among grups (P >0.05),

1.5 EEEEFELNALRESE

215 41 99 A1 £ g i 0 < P A O R O N6
PR S, P UM I D0 B A o W TR
FIRTS PERE SR R, JEP 0. 2% 4 3 1
HEHECIMEERREN GERABRE(P>0.05);
MEAMEHEHMERFEE(P>0.05), &6
B P aehFMEEnREELEs.
RN BERAMETE S MERTERER(P
>0, 05) ;0. 2% 75 i 25 IFF I A0E 32 #0500 oG, (HL 41
MERARF(P>0.05),

3 i
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Table 5 Specific activities of gastrointestinal and pancreat-
i protease in fish fed test diets
U/ | g protein « min) X £50

13 WEew  wmem M

: iala estinal
e ; ’ protease
MR Contml 15,2521, 81 0.72:0.00 2TI8Y 43116

0. 1% 0. 1% group
0.2% 8 0.2% goup
0. 3% 5 0.3% group
0. 4% 81 0.4% group

18,75 21.33 0.95 20,20 38603 « | 1500
19,24 2|82 0.92 =011 38699 £ 9639
16,91 20,70 0.72 £0.05 41276 + 8725
15.22 2,60 0.82+0. 16 47688 + | 7909

®6 SHWEET S E0FREEHNLES D
Table 6  Specific activities of amylase in fish fed test diets
Us{ g protein « min~' ) X £ 3D

H L 04 o I
B Comml 12763 + 989 PW2 793
0. 1% 8] 0. 1% group 13795 + 566 430 = T
0.2% 8 0.2% goup 13530 = 351 53304 = 1651
0.3% 8 0.3% grip 15715 = 1611 42976 2 2955
0.4% il 0.4% goup 13871 = 1613 45867 £ 1985
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Effects of citric acid on growth, whole body composition and activities of diges-
tive enzymes in hybrid tilapia Oreochromis niloticus x 0. aureus

PAN Qing', TAN Yong-gang', BI Yin-zuo', ZHENG Shi-xuan’
(1. Department of Aquaculture, School of Animal Science, South China Agriculiural University, Guangzhou 510642, China;
2. Yuehai Feed Company Lt , Zhanjian 524002, China )

Abstract: A 9-week feeding experiment was conducted to investigate the effects of different levels of citric acid
supplement on growth, feed utilization, body composition and digestive enzymatic activities in juvenile hybrid
tilapia Oreochromis nilaticus % (). aureus ( average body weight was about 2.0 g). The basal diet was applied
as control, in which 0. 1% , 0.2% . 0.3% , 0.4% of citric acid were added into basal diets as test diets, re-
spectively. Each test diet was applied for triplicate tanks and 15 fish were stocked randomly in each tank.
Feeding rate was 6% ( wet body weight ). The fish were reared in part of recirculating filtrated water system
under nutural photoperiod and collectively weighed every week, Daily rations were adjusted accordingly. The
results showed that dietary pH values accordingly decreased with the increment of citrie acid supplement. Sig-
nificantly higher ( P <0.05) specific growth rate and feed efficiency were observed in the fish fed diets with
{0, 2% and 0. 3% of cirtic acid, respectively. The concerntration of serum glucose in the fish fed diet with 0.
4% citric acid was significantly lower than those fed basal diet and diets with 0. 1% and 0.3% of cirteic acid.
The concerntrations of serum triglyceride in fish fed diets with 0. 2% and 0. 3% of citrie acid were the high-
est. However, the differences among the treatments were not significant ( P >0,05). No significant differ-
ences of moisture, erude protein, crude lipid and ash in whole body were observed among the treatments. The
activities of pepsin, trypsin and intestinal protease showed an increasing and then decreasing trend with the in-
crement of eitric acid supplement | which were the highest in 0. 2% group. However, no significant differences
were observed among the treatments. The amylase activities in hepatopancreas and intestine were the highest in
0.2% and 0.3% groups, respectively, However, significant differences were not observed among treatments.
The results suggest that certain levels of dietary citric acid supplements increase the digestive enzymatic activi-
ties and feed utilization, and growth of juvenile tilapia subsequently, and have no reverse effect on nutritional
composition of whole fish body.

Key words: (reochromis niloticus x 0, aureus; citric acid; growth; digestive enzymalic activities
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