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o R R IR B S, RIORE B 26 ML 9 i X R
( Litopenaeus vannamei) [5] B IR F2 6 — 8 , &
TR MR AR, 2 A BRI AR SR A 1Y e 2 R % A
FFEAR L AR 3 R R AL AT B R
A, 25 A B AR AR KA O, 3 = e Rt
13, AR AR RL LA | R )2 B8 S S br A= 7 vh 4%
5 B A I HE B HR AR 2 i AR i o

UMk

FERNESEE

LI R R T B Ak, 3 Fh R 5 A Kk
T 1Y i o5 55 Ry BAD 43 500 S TN T T B X AL B
FRAARLE (LR AR ML) 7 Ml 28 #8 IX Y — 4R
P SR A A X (LA AT AR M2) |, Rk I 7 v
(£ MR IR 55 FR A AR S (LU R i AR M3) . SE3 i A

1.1

A SR T, L AT 4 A B
KB , B 3047 1 OO, 3t 4 3, 3 F
SR HH R B AN 7] i B0 A i RE (3R 1)

M1 BEHCH) 3 H g AL I5 T A B AR X, 2 i
R G R FRa A, 3 1 T34 o b g FR
6 667 m’ M IF KR 1.7 m, T AN Tk, KB
F Lok B MK LA LRI RE B Hb R K TEHEK F it 3
DGR K P s, — 4 =G K A #EAT T 0
SR W YE RS Z SRR SR
X AR W IE I 2 B FR 1S 5 0 7 AR B S0 HEA
i, BOYERE — G AN, — & A HIEL.
M1 FRFEP) I 32 5 3 & ST I 3% fa, [m] i 4l
D5 F ) 48 A2 2k (5K 8:00,16:00 $E) ,
= F 25 A T G RO R R R, PR R 800,
16 :00 ] B g HORHLAR IR , i sk 15 H 4R 62 o

*1 =MFEaFAEEXNTREAREFTER
Tab.1 Nutritional composition of commercial feed of three farming model of tilapia %
o H 3% 4 i nutritional composition
FeRHE R : pr— oy e p o
farming mode M HLIS HLLF 4 HLURS K5 B
crude protein crude fat crude fiber crude ash water lysine
1L 45 355 2, traditional farming =28 =3 <8 <18 <12 =1.3
—4E i 5 5 A 2 twice harvest a year =30 =5 <10 <20 <12 =1.4
11 MR R 357 35 5 455 2 polyculture farming =28 =3 <10 <I5 <12.5 =1.3

M2 Syt JE R 7%, R BOR 3 0 WE AR K T AL D
A B, b AR, T, 3 H g
SE-44 5 Ml AR S 000 m® il 3 S K I 2.0 m,
JE L339 R SR B0 X, A /Nl e, B FE e K R X
3O T—ARIFMKRFERRSE . kD
T T, R R G RIE W . B T
SEEH K TR S R AT S S FR BTG K AL B,
H¥Ef & — B AN, — & Ao El. FH e
FEEE MR B A TR, — R 2 ¥ ,09:00,16:00
F Sh 8k, i s B H F R aE

M3 Sy % JE 1R 3% L9 E AR, S 3 1
B A R 0T 9 00 0 BR VST U0 A B AR IR A K
TR Eh 4 o4y, AR S SR K . 3 H P
B T ALk 4 467 m® b EF KL 7 m, B
A 3R KU, o A ST 3 5 5% K, 28 5 DR
JEHEAMYE . O A -G EN, 8 B3
AR 5 H G5 — IR e T 2 i A3, 4%
WX R G} s B R T YRS B AR 2 A a0
B TR IR R, 4K 08:00,16:00 A 3%
B IR 0 H S

1.2 A& S

SCOG A H R s, R 4 R,
URE Bsf 18] R DA 5B R 1 — A~ 1 S T B 3 8 £
e 4 A

AR A R AR R, RS 2 h,
BB 3 1 IE, B 1 PSR B LA £ 12
BV AEf, Jt 36 K, X AEmtAT T 0 A g
5 PREE R s WSk AR BE R A, fE VK
M B E AR ERRE A, S
i I Fn2s 4 4l 23, 1 4 C 2K mpvk , ig 40m T
KA G o R E , IR A C AR 8 T, AV A
Tokrfe R PR RE ST RS0 5= K AR A Tk
LR - 80 T KA B AR -
1.3 E@mEHE5EHAEEENE

M — 80 C uK A B AR & B4 B 20 £
FE AL B A0 4 C 2K, vk 510 T 215K SR
754 CUKAF#EE 1 h 5,764 C 10 000 x g 550>
10 min, iR E T 4 CokKA A, F TR
FE 24 h P E e
EamEwal g RARAELHES
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ARl B 100 WL R0 A F] 500 pL £ 7E 37 C
KBTI 5 min [ 0. 65% [ 8 R (I AR
1 il T FE s 26 VA WO pHL 2.2 (B RR A — 4 - #7
TR % pp R I 1 5 I 5 P | Y T IO B 1 T T T
HE WA 50 mmol/L, pH 7.5 1) B BR ¥ 2% b
) ,37 CF/KEIAHER M 10 min J5 /A 500 pL,
110 mmol/L /) =5 LR 1L, 4k 82 7E 37 T K
VI IE SR 30 min, B0 F2 BRUTHE , FEIC_E R
T 100 pL, FE45 A0 A 500 wL #%ER4H, 100 WL 4%
M ,37 TR H 2 10 min, 76 % 660 nm
AbiE OD fH ., RGP 31 g 4L ZURE S 7E B3Rl
TESMET BB A A B K f# 0. 65% B 7 A
1 wmol % SR & Sl 1 ANl E LA (U) 6

EAEEEMM R R DNS B, ek sl ; n)
HHIMA 200 pL 2% 38 (] pH 7.6 #7502 - W
R 22 R e ) ,200 WL pH 7.6 #7R — BEIRZ2 v
W, A 100 pL B, F 37 CF /KB 5 min, Ff
JIA 1.5 mL DNS & 71 Z ¥ 5 min, Jii K% 505 78
540 nm AbiEHL OD fH. & M o1 g ZL4URE
PRI E 25N, VE K B B 43 BlOK i 2% TE K
Az 1 wmol 22 2Rk SCk 1 ANEF TG (U) .

Fe b EEE MR R SR AR R L

TPk gl 7248 P A 135 pL J] % N B IR A 1
16.5 mmol/L X} fi§ 3& 7% Wy 45 1 B2 fig ( p-NPP) ,
1.215 mL JE &% (pH 8. 0,50 mmol/L Tris-HCI
Buffer,0.4% (w/v) Triton-X-100,0. 1% (w/v) FiJ
PLAE) L E 37 TAKBIEE S min, FHIA 150 pL
HLEGW ,37 CHEE S min, 1A 500 pL sk T2 iy
P WE(1:1),4 C,12 000 x g B0 EBRVTVE ;
T 405 nm 4bWESGAE s B IS PR 1 g M L TE
IR E Z AR RE DT B R 43 oK A% p-NPP = AR
1 pmol XAy B 1 (p-NP) & Xk 1 A 1
fi(U),
1.4 HEZITSHH

0 7 B S 36y i 4+ 4% T 5540 34 £ B SPSS 17.0
AT G 43 M, e A £ s AT mean + SE SRR
% 77 G s T AL TS 1 K/ One-Way ANOVA
S #1, A Duncan #5565 i P2 5,2 P <0.05 1A
NZEFEE(a=0.05),

2 4

2.1 KBRSHEENRE
W 72 52 e 78 AL B 35 v ) pH E RTK R, 115
FiRAaN AR (E£2),

R2 FEKRSBURFHEEKER

Tab.2 Water quality parameters and growth indicators of aquaculture farming

FrH AR 7% H %t/ H breeding month
farming mode 1 2 3 4
Ml 6.92 +0.25° 7.42 £0.23° 7.23 £0.10° 7.27 £0.09°
H
PH {1 M2 7.15 £0.08° 7.20 £0.05° 7.25 £0.03° 7.20 £0.05°
pH value
M3 8.07 £0.04° 8.03 +0.03° 8.03 +0.02° 8.07 +0.07°
Ml 24.4+0.2° 26.9 +0.3° 28.5+0.1° 30.0 £0.2°
K/ T
M2 23.1+0.4° 26.3 £0.4° 29.4 +£0.2° 30.1 +0.3"
water temperature
M3 28.4+0.4° 30.5 +£0.3° 29.9 +0.3° 30.2 +£0.2°
Ml 124.6 £6.0° 202.8 £11.0° 315.6 +16.7° 414.2 £17.9°
- 34 o/
¥ Wk)ﬁ% & M2 124.0 +8.8° 238.0 +13.8% 358.6 +21.0° 499.9 £33.9°
average weight
M3 52.6 £2.3" 157.0 +10.6° 409.3 +14.4° 657.5 +£29.1°¢
Ml 2.37 £0.09° 2.25+0.13° 2.64 £0.17°
(Eps /\”
MH%%_( M2 1.64 £0.11° 1.56 +0.15° 1.57 +0.24°
feed coefficient
M3 1.84 +0.09° 1.44 £0.11° 1.90 £0.21°

TE < [ 81 B 5 AS TR b A 7 B R 22 7 i 35 (P < 0..05)

Notes: The same row with different superscripts show significant difference( P <0.05)

M3 F7GE K A pH i B8, B2 5 7E 8. 0 Y
UT, R T ML M2, MR 3R 58 K (44 )
pH AL i BEAS R, SR 4ER7E 7.0 ~ 7.4, M2 K
& pH AL IR EE /N, AR 4E SRR 7.2 B o

FEARH 1A M3 [R5 K I 28.4 Tl
FRTF M1 A M2 5258 Kl (P <0.05) ,MI 7K i
(24.4 CYRBERXT M2 KR (23.1 T) (P <
0.05), %52 4~ H Bf, M3 {1 572 58 /K il B 2 30 C
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KE 4 A R A, B3 KT MR M2(P <
0.05) ;5 MI #H tb, M2 JK IR FEAK, (R JC I B 25 57
(P>0.05), %53 4 H M1 KR HAL ;M3 KRR
K AR 3R 30 C, B3 & T M1(P <0.05) ;M2
KR BT 11.8% , .3 & T M1 KR (P <0.05),
AN ,3 AW IR KR YR E T
30 C,EBFEMZEF (P >0.05), 45 KW, M3
FeHH AT B K IR AE 28 TLL E, WSS 2 AT 5
BAANH KIRHETE 30 CTAA; HA 1 M 2 4
J K 2 P = M1 FT M2 (P <0.05) , M
A M2 FEF T 2 A HKIRTE 28 CTLLF L5 3 fsg
4 ~FHKiE28 TLLE,

N R A 2R B, ML I DR R R i
T M2 Hl M3 (P <0.05) , H A % 10 A e A1
M2 55 2 A H RS 4 A 1 k&R 80 AR
T M1 F1 M3 (P <0.05), M3 {5kt R BAE S 3
MHBBZFRT M2(P <0.05), 45REH], M2
SRR T R AR
2.2 FEEAWNTFEEEABEENTIE

FRAEMEE 1A, H B B TS /MR IR
M2 >M3>MLIFHBEGREEZR (P <
0.05) ;45 2 M5 3 N M2, M3 115 B & B G
PES KT MI(P <0.05) ,M2 #l M3 X [H]
KRN RFEMEZES (P >0.05) ; F355 4 AW,
3AEAM S RSN EEER
(P>0.05), MEEANZBES FE ML EE
RN AL R R E AR K M2 A
55 1A B KA TV T R 2] — AN R 1K
FLEE A H Ak B R/ME . M3 AR fbk B 5 B
—APIRT LTRSS 3 A AR, A 2 M 4
MNHEARE )

FIHAETESE 1 ~4 A ML g B O
PEIRZ R K P EX M2 S H A B M 225 (P <
0.05),55 1 N H B &M KT M3(P<0.05);M3
) J B B S PEAE SR 4 S H B R T M2
(P<0.05), Hofh oy o] —F A EA B EHEZES
(P>0.05)(&2), MWEA A L KB, ML 1)1
SV G M R B TR R 4 AN AW
Bp o 38 3] B /B s M2 FE T 3 A4S H I 1 B8 g
PR BE A 1R RS E  (H [FIREAE S 4 A 1 i g )
R B R/ ME M3 2L EIHE R R
S AN EESEE S 1 H A Y

5 1A H A 4 0 M3 E A T R E S

HEE G Y RF M1 FI M2 (P <0.05), {H2&
552 AN RES 3 A 1 X A T NE S A e R
K/ANRF M2 >ML >M3, HEFHEER (P <
0.05) . M2 if JIRZRT ML, BR 755 1 A5k,
HiA M AR R EME2ZR(P<0.05) (K 3),
A A BB A R B, ML R M2 ) G R 28 Ak 2R
LN LA AR5 3 A H R BT 315
4 T B B ARAE s M3 RS BETE RS 1 AT HY
e E 5 3 A H ZRIE N R, 25 4 A4 H K
B2 K

RS FRFEE M1

AP IS TR AR M2

o~ HRR IR IR M4
—

* *
e *
2 3 4
FHEA% A
breeding month
Bl 3#fERXTEaELE0BmERILE
AR B AP0 = bR R (n =3) B Z ML A A 2

FVEZR =« VIR (P <0.05) o IR IERER I

Fig.1 Comparison of total stomach protease

wn

(LA
L

BB R AREEYE / (U/egdE)
total stomach protease activity (SPA)

activity of tilapia among three farming modes
The data of histogram are presented as means + SE(n =3) , the
“ % 7 indicates significant difference between the data. The same

as the following

R4 375 M1
- E RIS SRR A M2
g 8 1 1=y =1 £ MR IR IR M3
g%q% 6 b T e
s 4
= a
i
HE{‘E 2 -
m &
2 1 2 3 4
IR A A

breeding month

B2 3#AxEAXFTFEaLEZ0HmERILE
Fig.2 Comparison of total intestinal protease

activity of tilapia among three farming modes
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z = G RAR M1
& - EP TR M2
KT IS o9 AIFRIAIABR M3
FE *
50.% * * * |L| *
Sgtof— 1 -
] — * *
g o —
ga
g2
B 2 0.5
=3
=2 0
= 1 2 3 4
2 FREA%/ A

breeding month

B3 3MFEEATEENRELIEAHEELER
Fig.3 Comparison of total hepatopancreas protease

activity of tilapia among three farming modes

2.3 AN T IE fa A5 B BEE M A R
FRE M 1A H M3 [ i 2 s T T
ELCBEMEAT M1 ORI M2(P <0.05) ;42 4 A
B, 3 A o ) A RS ME A XA 1 AN A AS BT T L
ZIREH B EMZER (P >0.05) ;55 3 > H A,
M1 Fl M3 (BTG PEAI XTS5 2 S H PR T, M3 R
M 2,1 M2 1 I 3% P SO B, I, 3 R
FCEHE PR R/IMK I Oy M2 > M1 > M3, Jf B AT i 3%
P2 H (P <0.05) ;58 4 4 M2 195 & ik i Bl
TERE— 2 ETE, 0 ML ORI M3 4 5 76 J5OR K-
G PE R NHEI 555 3 A H —FE (B 4) o BN
AR RS M1 R M3 A fi iR e 5 A AR 2
AN H BB R, B2 AW T R 5 i M2 i SR i Tl
RN NOF SF 08

G FREA M1
- E RIS TR M2

4r o~ AIFREFRFREMR M3 P
=

* *
-

o BRI R E / (U/gER)

total intestinal lipase activity (ILA)

1 2 3 4
FRIE A% A

breeding month

4 3MFEEXT LG SEHBEEILE
Fig.4 Comparison of total intestinal lipase

activity of tilapia among three farming modes

FREAMEE 1A, M2 (1 T 198 JIE 5 g 7 ity 0
PERZELT M1 A1 M3 (P <0.05) ;55 2 4~ ,M2
BTG PR LLES 1A A T i M3 S T
TRET M2 BEER KT M3(P <0.05) ;553
A H M2 T G A AN A M3 AS 2 A A
T M ARRTSE 2 AR R T, M3 i
BEME KT MI(P<0.05) ;4 4 4~ H,M1 fil M2
V) 8 3 PR AR A TR, T M3 i T S R AL, R
I, M1 FT M2 (il G P 3R T M3 (P <0.05),
M1 FI M2 Z [a] o 22 5% (P >0.05) . B
AR AL A, M1 FiE M3k SR8 D7 16 75 1k 2
PP IR & A BT BEAR A e, i M2 JH g I
I T Tt T 2 S T R R A (BT S)

< o SRR M
QE 200 wm AL M2 X
§z SN AIMRFRFEEA M3
Sz 15) ot
=3 o
9 x
;;EESEL 1o
9z 5
;?j £ 057
=
E S
== I 2 3 4
2 FHAK A

breeding month

BS 3fFxERXTIEAFRELSEHEEEELR
Fig.5 Comparison of total hepatopancreas lipase

activity of tilapia among three farming modes

2.4 FE&NANT EETENEEENFIT

M2 FE55 1A H 25 3 A A 8] i 5 B i
WEPEROR AR5 1A H i 235 1R F ML R M3
(P<0.05),5 3 AR EFMEKT M3(P <
0.05) ;%5 4 /> , M2 [y £ T, 10 M1 AT M3
B P T, M2OR T 9 PR 3 IR ML I M3
(P<0.05), BAXAZLEERE, M1 A M3 iz &
TE R Tl I P AE I = A AR R MRS 4 A A
N 3 3 i R E s M2 1Y i 6 D€ Hy T O R LR T =
HBEARANAL A 4 A H IR RARE(E 6) .

FREEASE 1A, ML FI M2 R E S 3 )
WEVEAE, HAB 2R T M3 (P <0.05) 55 2 4
H ML I M3 [ S PEA S 1A A Tk, ML Y
i 3G P 28 KT M2 Fi M3 (P <0.05) ,M2 1 M3
ZIRTC 2 5 (P >0.05) 55 3 A~ H M 4
A H B BLIEALL, M1 FT M2 [ I P2 AR O, [ i 2
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FRKTF M3 (HREFIEPE (P <0.05) ; B4k M1 F1 M2 P A E= AT

JHF R R S TR o Al il 5 78 S 2% KT M3 (P <0.05),
M= FZ AL 2 D HARFEZESR (P <
0.05) . LA fb e #52 , MT R M3 i B U &
Ay 8 3 SR TN R il ) A N D A <
FEH 4 A I 2k B g5 K s M2 I I UE B2 3 A9 i
Bt PR S BN I B TF R A AL 1E S 4 A A it
BE R (7)o

(B S FR 5 M1
- AR SR AR M2
. 400 =< £ FYR IR FRFEAR A M3 *
3| ERE
\N\E L *
502 300 | FH I
)
o E 200 F
@ <
$Tws
BE 100 | § §
=2
g 9
8 1 2 3 4
FRF A% A

breeding month

E6 3#MFEEXFTEEN D EMBEEILR
Fig.6 Comparison of total intestinal amylase

activity of tilapia among three farming modes

~ = SRR M1
Z - M2
§79507 coomiFRREFEEAM 2y
§z * i
S8 400 r * — *
g — l
2 *
> 300 - ———
28 200
Prals]
= 5100 f
g
=2
£ 1 2 3 4

FRE A% A

breeding month

B7 3FFEKRNTIEERESENEEELER
Fig.7 Comparison of total hepatopancreas amylase

activity of tilapia among three farming modes

3 e

AT S B A X T 1 i I R A A R e 22
S, [a) — R A S, AN [R) A 4y 9 78 A Bl 5 1 e e AR
AL, 8545 DAL ROBIESE A B, 77 A5 0 1 Tl 7
AT 32 532 B K BRI il BE A ARDRL Fh 458 37 ) S5

MR a] DUE Y, M3 7K w3
Tl Fho 2, T M3 SV H S PR BT
HC Al Ao 5 X5 R ) e A T R R T ML, = A
R3] 2 22 S CHT = H e M3 R 7K 23 51
k4.0 C 3.6 C.1.4C), 3 MG EAEA
il 15 PEAE 26 °C Z 5 H 543807 T e la %, i Ml
4 M S T O ¢ T A AR SO HL KR
PR T HAd AL, 3 15 W1 27 I £0 i S 2R 1 O
7E 26 C J5 B B T1 im0 R, M1 5% 58 58 50A A
FIRL B AL 0 & 1 bl b A e R
Xf KA B2 88 ( Songpu mirror carp) BIWEFE K BL, A
[l 7K i (18,23 28 °C ) o 81 i 3 45 11 I | i€ ) il D
JIG 7 T 0 R A A B W, R 4k )
417 3k 24 R84} ( Huso huso x Acipenser ruthenus )
B o Ak B K B, TE 20 ~ 40 CHE [N, R
o % P B R %) T o 3, v ks Bl R U
BTE 35 CHI25 CAb ik KEGIEME . AW
o S A I R R R K I R KR TE 28, 4 ~
29.4 °C, IR HE 0 A8 I PR e K AL P 1 K I A
EE 4 A AR (30 T) o 2% B
55 T 2R ( Carassius auratus Pengze ) 1) 2 H B .
VE R BB 7 S R, 3 R Y AR Al R AR Il
35 .30 25 €. Hofer 2" #ff 5% T $l## ( Myxobolus
rutilus) | 21 IR £ ( Scardinius erythrophthalmus) ¥
H OB VR EER 2= AL, R )
JR PR 2 eh B 55 R AR AR R 4H R Y AS ] i
LY o

e B AR P AR AR MR A S — A B 2 IR R R T
P K- 52, Herb Dk v 2 KX 9 A T
SRR . ARAT A N R R R K
o 2 0t LA T M U A T AT N O W
e 5[] — 7K IR T B AR)RE AR 1 B K 19 T 1
A UE by I S T 1 R S T S R
A A8 Al 3 ) — Rl 1 BOK R L i 4 A
Tt 1T E 3 TR0 1 S YR T R T o R U e
PR K I B TR T R AR . AEASBIE ST R, M2
30% FLEE 17 7K F T HoAth 5 Fh i =X 28 % KL B
IR, H— 47 A T 8 0 S 7 I T
Z R Oy im T H AR P R A, U8B 30% ML K
V-4 2 A f GE A Il AR U7 e O P 5 [ AR BIF 5
SR FRW] A —1RRHE B BOUKE T BEE BEE K
T A T T S P T T R IR T R O
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PEBA B TE B S T IR S D5 B SR T R —
A T 3 A X T SR T TR 3 e T v T A 7 e 8 X
1V £ R I T R I

BB T xS W %k fa ((GIFT
Oreochromis niloticus) [{) %)) 1 5556 F B, 1A R
R 23.1% FTFF] 47.9% 20 6] 735 H 3 5
B, e R BCTRE SRR WA E R RN
LU 3k g % Ak 0 ( Oreochromis niloticus x O.
aureus ) T 10 19 WF 58 2 W1, BB B BOK F 7R
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Comparison of the digestive enzyme activity of Nile tilapia
( Oreochromis niloticus ) in different farming modes

LIN Jiansheng, ZHANG Qiuping, LI Wensheng®
(State Key Laboratory of Biocontrol ,Institute of Aquatic Economic Animals and Guangzhou Provincial Key Laboratory for

Aquatic Economic Animals,School of Life Sciences,Sun Yai-Sen University , Guangzhou 510275, China)

Abstract; To understand the impact of farming mode on digestive enzyme activity of tilapia, we selected
three familiar breeding patterns in Guangdong province,i. e. traditional farming mode ( M1) ,twice harvest a
year farming mode ( M2 ) and polyculture of fish and shrimp farming mode ( M3 ). We performed water
quality monitoring and digestive enzyme activity detection through the four months observation. M2 model
showed the highest stomach protease activity ( SPA ) in both 1™ and 2™ months. M1 mode displayed the
highest intestinal protease activity (IPA ) during the whole observation period. For the hepatopancreas protease
activity (HPPA ) ,M2 mode was rather high in the 2"'month as well as the 3"“month, while M3 model showed
the highest level in both 1* and 4™ months. In terms of each model, the protease activity displayed in the
order of IPA > SPA > HPPA. Lipase activity and amylase activity of intestine and hepatopancreas were
overall highest in M2 mode. The ability of protein digestion of tilapia in different organs is different, but no
significant difference for total protein digestion ability among the three breeding patterns. On the other hand,
M2 mode showed advantage in digestion of fat and starch which would reduce the demand of protein in feed
composition and further improve the feed conversion ratio and cut down the cost of feed.

Key words: Oreochromis niloticus; farming mode; protease; lipase; amylase; feed conversion ratio
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