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HR AT 36 S R A TR Tl A 0 A TE AL U

KGR AUPRME ; 0 W P AR A TR

HESES: Q955 X#EFRiREE:A X E4FS:0250-3263(2013)04-562-07
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Abstract; Phytase could enhance the activity of digestive enzymes because it could hydrolyze the salts of phytic acid
to release nutritional factors chelated by phytic acid, and eliminate the combination of phytic acid and endogenous
digestive enzymes. The experiments were conducted to evaluate the effects of phytase on protease and amylase

activities in Grass Carp ( Ctenopharyngodon idellus) and NEW GIFT Nile Tilapia ( Oreochromis niloticus) by feeding
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with plant-based diets supplemented with graded levels of phytase. Six isonitrogenous and isocaloric diets were
formulated : two control diets ( negative control diet: plant-based without calcium phosphate dibasic (DCP) and
phytase added, and positive control diet with DCP added but without phytase) , and the other four experimental diets
with graded levels of phytase (250, 500, 1 000, 2 000 U/kg). Grass Carp of robust and uniform size with body
weight 12.59 £0.09 g and NEW GIFT Nile Tilapia with body weight 9.59 +0. 12 g were randomly divided into six
groups respectively, 5 replicates per treatment with 20 fish. After 56 days breeding experiments, body weight of
Grass Carp and NEW GIFT Nile Tilapia reached 18.29 +0.63 g and 24.68 +1.34 g, respectively. The stomach,
hepatopancreas and intestine were randomly taken for analysis of endogenous protease and amylase activities. The
results showed that in no-stomach fish like Grass Carp and gastric fish like Tilapia, endogenous protease and amylase
activities were significantly enhanced by dietary phytase. By comparison, the sound effect of phytase in tilapia was
more obvious, for the protease and amylase activities were improved remarkably by phytase at a low level of 250 U/
kg for tilapia (P <0.05). Activities of these two digestive enzymes in Grass Carp and Tilapia tissues reached the
maximum value at the level of 1 000 U/kg, while in Tilapia the enzyme activity values were not markedly different
from those of the positive control (P >0.05). The protease activity in hepatopancreas of Grass Carp in 1 000 U/
kg phytase group was significantly higher than that of positive control (P <0.05). In addition, the protease and
amylase activities of Tilapia in 2 000 U/kg group was not significantly different from that of 1 000 U/kg group,
while the protease activity of hepatopancreas in Grass Carp was significantly declined (P < 0.05).
Consequently, the optimum phytase amount in manufactured feed was 1 000 U/kg not only for NEW GIFT Nile
Tilapia but also for Grass Carp under the condition of this experiment. The phytase could be used to replace
partly inorganic phosphorus sources in the fish feeding.

Key words: Phytase; Grass Carp ( Ctenopharyngodon idellus); New GIFT Nile Tilapia ( Oreochromis

niloticus) ; Protease; Amylase
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— PR WHUE RN T, AR ESRET),
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FFRPI T (Selle et al. 2009a) , 520 3y ) 1 1H A
fiE /1 (Denstadli et al. 2006), g 545 &K
BB R EL 72 A ) 20 21 v W A7 A 110 de B 0P 5
WMFhF R AH 75% )% LUAE R B 1B XAE 7R
(ZEEE %5 2009 ), 15 R £ ( pentaphosphate,
IP5) . DUfR £k (tetraphosphate, TP4) Fil = g £k
(triple phosphate, TP3) #FFK 4 4 R 35 ( Kumar et
al. 2010) . WFFEIA g hE R ERAR MEWE 51 15 3 ) A1
L, 555 BB i5 YL (Selle et al. 2009b) , /& 24 Hi
) A 5O A B T 5 o i A PR ) R )
Mz —,
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Tity | E 1 A 25, 4R o U b A R AR 1 G A 9
(fH 4245 2005, 4205 2008 ) . AH 2 i 75 7K
A B RS R, % 5 X (Cao et al.
2007 , PRt AR AE 2010) (FEAl 4R B 8 ( Cheng et
al. 2003 ) I AH i [ ok U5 ( Liebert et al. 2005,
2007) # 2 5 WA B T R ( Sajjadi et al.
2004) 5 A B Wy K N B AR R S T B S %
WAL E pH By 5w, o B W &M
( Ctenopharyngodon idellus) 316 pH fy 6 /£ 4,
AT A1 A R B A9 A) ] (Nwanna et al.
2007) , A P Dy E R B 3 ik, B8 AR AN IR 1
R il E AR Y pH 254 T A 2807 % ( Campbell
et al. 1992) . A SZEG DL w0 FIRT & AR
( Oreochromis niloticus) NI 3T 4 1E 2 HH W) &
U5 TC G ) ek v S AR R I T 9 A IR T XS
1 FUH T & 2R B A LGS ) i s e, A A
IR i A G B RA 8 ) B4R LR iR A 5 —
TR, N TF R B ALV BRI 22
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L1 SRmefAst LUK R K B S5 T 1
A AE Y P LR TR (B X B ), A Bl 4] )
O 2% # 1% A 45 ( dibasic  calcium
phosphate, DCP) F S B % B4, 4 ORI
B b R o R A BR 2 R A R T O
5000 U/g( Danisco 2 7, F7 J1 4 B Bl i 77 pH

TE3 A o Sy 4 A (R IR I VAR R R BE T
S e, RYAE LAl R 23 0 S in 50,100,200
F1400 mg/kg (147 R B , HCAth 5Ok H &2 AR 35 A
AR A 45 S 06 21 AR RE H R R S T A o
250 U/kg 500 U/kg.1 000 U/kg 12 000 U/kg,
PO R Ao ) 0 BRZL DR Oy WL 1 R 2. BT A
SRR J5 2 60 H G, /N B SR AIL i 4 B
HAZ 1.5 mm BUTHERE, KT % 54 H .

x1 BEENRBRARAMET(%)

Table | Formulae and nutrient compositions of trial diets in control group of Ctenopharyngodon idellus
JOR} Ingredients 93 4 %of B 2 S Xof HE 24
The negative control group The positive control group
K EH1 Soybean meal 44. 40 45.10
KM Rape seed meal 5.80 5.80
KV K 25 1 Distillers dried grain with solubles DDGS 2.20 2.00
4 Wheat flour 8. 00 5.50
A Wheat-middlings 13.90 13.90
42 K Peanut meal 5.50 5.50
KB Rice bran 16. 00 16. 00
K &3l Soybean oil 1. 00 1. 00
B4 £ 4 Vitamins premix 0.50 0.50
24 %21 Minerals premix 0. 50 0.50
JR/R B Guar gum 0.50 0.50
#1418 L-Lysine 0.20 0.20
% % DL-Methionine 1. 40 1.40
=% 1k — 4% Chromic oxide Cr, 0O, 0.10 0.10
Wi R 455 Dibasic calcium phosphate DCP 0. 00 2.00
BRI 2 AE (T FE ) Nutrient ingredients ( dry samples)
% 1 Crude protein 32.72 32.64
JE W5 Crude lipid 7.09 7.14
JiLfig Gross energy(MJ/kg) 17.35 17. 15

®2 FEEXNBARMMEL (%)

Table 2 Formulae and nutrient compositions of trial diets in control group of Oreochromis niloticus

. B 4 Xof L2 FH 4 %of BE 2
JEBL Ingredients
The negative control group Thepositive control group
K E M Soybean meal 49. 00 49. 50
KM Rape seed meal 5.00 5.00
T K WS Kl & Distillers dried grain with solubles DDGS 2.40 2.00
T ¥ Wheat flour 7.00 5.00
WK Wheat-middlings 14. 10 14. 00
K#E Rice bran 16. 30 16. 30
K &3 soybean oil 3.00 3.00
2 A £ 4k Vitamins premix 0.50 0. 50
A £ Minerals premix 0.50 0.50
JR/R E K Guar gum 0.50 0.50
Fi4 fR L-Lysine 0.20 0.20
% % 2 DL-Methionine 1. 40 1. 40
=44k — 4% Chromic oxide Cr, 0, 0.10 0.10
R 40 5% Dibasic calcium phosphate DCP 0. 00 2.00
BRI SZ I E (T FE) Nutrient ingredients (dry samples)
# H Crude protein 33.31 33.35
A& W5 Crude lipid 8.58 8.43
JfiE Gross energy(MJ/kg) 18. 37 18. 34
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1.2 SN Af S0E AR 4O AR A T
(R 21 AF ] St f0 o, JBCE b U R K 2 e T T
FROE ML, B W 2 AR 0 B R KR
BA RS A, PR BRI VR A U I R 4
BB F7 1 RE IR IER SR
1.3 fEFFEE Pkl AT PR
JihE R (12.59 £0.09) g i 5 0P 24 04 7
HF(9.59 £0.12) g W # & P AE AL A
200 L A9 SRHEN AR, 45 5 03 6 N2 B2 I
BSAHEE,HAHEL 20 B, BRI
ARSI 6 ) e £ A R R R B R R g R AR
M2 YR (07:30 [F(17:30 [ ) , 5 M 5 o 74 5 119
3% ~5% ,bifi A E i R AR BR B L
e, FRAH R A 8 JE, % A B, KR 25 ~
30°C,NH, -N < 0.4 mg/L, ¥ fi# % ( dissolved
oxygen,DO) >5 mg/L,
1.4 HRORESLHE  FHELELS AL
Wl d JE WU, g E A REALIR 3 B, 15 3
5 I R — D FEAS, WO BEIE W (2 BR N2
Y B (PR, ZERAEY) 73 BIA A 1.5 ml
BLLAE T, BT - 20°C PR A7, Tl IS I E I, pH
7.2 WY R 92 il 5 BT IO IEAE i LA 9 1 AR
M(ml): B (g) | B ALK, 4% 2 000 r/min
R EAE S ML 519K, 4 000 r/min 4°C B .0
10 min B EE , & T 4 CRAFEN 24 h NII5E
1.5 HUBILFEANNE &HABE R
FE AR v s, SR R A OB IR ) T
A 5wl o &L e S fE pH =7.2
(BHEAMN pH =2.5)40C £/ F , AT &
FEE 1 min KRB R R 1 pg BE =R E N
— A~ B LS 1 B (U/g prot) o

TE 93 I LU I g SR - by LUk D 5 3
G e e A TR BT . TER L
W HA P s ATE pH = 7.2 iR
37CHMT S5IEYAERM 30 min, K% 10 mg 3E
3 78 LR — > TE A Bl LY T3 5062 (U/g prot)
1.6 HEALIE  SCE R I (E « AR
oo HSPSS 17.0 kA 48 it , S kAT 5
K2 77 22 73 #7 (one-way analysis, ANOVA) | ¢
e {2 2% F U 4T Duncan’ s Z HE L ,P <0.05

FREFLE
2 4 R

2.1 HEREMEANTESEMNEBILLFIN
B %3 WoR, AN TE R RS ) 42 E
Toh 25 (P >0.05) A BH P X B2 I JB A
VE K T LU 7 0 i TR MEXT B (P <0.05) {0
51000 U/kg F12 000 U/ kg #5252 00 4H 2% H AN
B2 (P >0.05) ; JHFJBENEE R g L% 77 1 000 Us/kg
R Bl SE I 41 b ] M X R 4 250 U/kg A
500 U/kg 4 P& fifF 55 55 41 7 5 $2 &5 57.85% .
37.28% F150. 22% (P <0.05) ;2 000 U/kg5 1 000
U/ kg A TR it SI% 46 21 JHF TR JUE € A9 Tl L 3% 0 25 S A8
B (P >0.05) ;250 U/kg 1500 U/kg Hi fif iff 5
5 2H I 0T U 3 il 3% 0 B B X R 4 g T
L HERAREE (P >0.05),

% | 0l E A Tl EL TS T B X REZH G AR
TBAMEXT FEZH (P <0. 05) ;250 U/kg #1500 U/kg
A TR Tt S 565 21 EL B M BR A s A T (H 2
ANEE(P>0.05);1 000 U/kg F1 2 000 U/kg
L T2 R 52 56 2H U o 1 LL 3% ) L B X TR 2 4 )
BB T 53.37% 1 51.17% (P <0.05) . JTJE
MEvE By B LL 36 S dH 2 W 273 K B F
(P>0.05) . 5 ¥EHELLIE 7, 16 R Bl 52 59 41
5T R 25 5 AN B A B TRk
X HE 40, 250 U/kg.500 U/kg.1 000 U/kg Fi
2 000 U/ kgt iR i 55 46 20 L B R XoF RE 21 43 51
B 27.15% 37.22% .39.48% Fl 26.54% (P <
0.05)(%£3),

2.2 HEBEBNEAMTEEEAEBILEAN
B £4 BoR, H A E TS S 250 U/kg
F1 500 U/kg A R i 55 560 41 55 B 1% X B 4 22 =
AN 1000 U/kg Fil 2 000 U/kg A8 iR il 52 56
H BT P R BRAH 4 B R T 15.33%
16.69% (P <0.05) , H 5 PH M X+ B 41 6 B 3% 1
25 (P >0.05), ®A0F PN A A LTS
250 U/kg A8 MR Mg 5 56 41 b B 1 X B 40 42 &
7.91% (P >0.05); 500 U/kg.1 000 U/kg Fl
2 000 U/ kgt iR i 55 46 20 L B PR XF RE2H 43 591 4
B 40.08% . 134.64% F1 58.21% (P <0.05);
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Table 3 Amylase activity in Ctenopharyngodon idellus and Oreochromis niloticus fed with
plant-based diets with graded levels of phytase
VEM B LI 71 Amylase specific activity (U/g prot)
Bl Ctenopharyngodon idellus W AE £ Oreochromis niloticus
434 Group
7] JIT I e 17} I R H
Intestine Hepatopancreas Intestine Hepatopancreas Stomach

B P X} B8 4 The negative control group — 75.42 +3. 88 41.71 £9. 10" 37.25 £10.30" 35.03 £10.68  57.34 £10.69°
[H A4 % & 2 The positive control group 78.95 £6.03 61.60 +4.08" 53.27 +6.92" 37.64 £7.10 75.72 +13. 49"
250 U/kg 69.24 +£10.28 47.96 £9.53" 51.16 +8. 10" 33.55£10.61  72.91 =10. 14"

PR TR i 52 6 2 . a |

500 U/kg 70.90 £2.93 43.83 £0.50" 41.66 £9.25% 40.60 +6. 84 78.68 £8.237

the experimental
1 000 U/kg 72.16 £9. 19 65.84 +7.21"° 57.13 £9.17° 45.15 £4.76 79.98 +5.59"
groups of phytase
2 000 U/kg 79.19 £9. 47 54.75 £9.95% 56.31 £12.08"  44.64 £9.75 72.56 +5.83"
e [ B bR A A TR R A ) 22 5 B 3 (P <0.05) .
Means with different letters in the same row indicated significant difference at P <0. 05.
x4 TEEBRBKENEEMFTEEEAEBLILENNZMN

Table 4 Protease activity in Ctenopharyngodon idellus and Oreochromis niloticus fed with

plant-based diets with graded levels of phytase

4320 Group

2 i L35 77 Protease specific activity (U/g prot)

i Af Ctenopharyngodon idellus

B HE 4. Oreochromis niloticus

7]

Intestine

JHF ek

Hepatopancreas

1%

Intestine

JHT I

Hepatopancreas

B
=

Stomach

B %F B8 2 The negative control group
BH:XT HEZH The positive control group

HOA Sl 2
500 U/kg

The experimental
1 000 U/kg

groups of phytase
) 2 000 U/kg

3688. 93 +359. 90°
4563. 86 +363. 60°
3512. 13 £303. 04*
4015. 20 +366. 96
4254. 54 +372.29™
4304. 60 +372. 29"

2115. 33 = 160. 06
3089. 66 +281. 07"
2282. 68 +232. 06
2963. 06 +376.37"
4963. 38 +330. 84°
3346. 71 £445. 55"

1362. 56 +86. 62
1506. 18 +30. 45
1430. 87 +185. 07
1410. 32 +111.79
1568. 00 + 145. 39
1315.75 £127.72

3319. 75 £210. 80*
4153.15 +101. 80"
3295. 03 +206. 60*
3207. 47 +550. 22°
3523.43 £255. 93
3776.59 +184. 26"

1484. 16 +202. 23°
2230. 46 £392. 10"
1783. 47 +293. 87"
1888. 97 =444, 98"
2051. 24 +105. 80"
2094. 45 +301.24"

R 0 B bR AR R SRR R 4 W) 22 5 B3 (P <0.05)

Means with different letters in the same row indicated significant difference at P <0. 05.

1 000 U/ kgt % B 552 56 20 Lb BH 1 % I 21 42
60.64% (P <0.05) ,

% AR £ g 2 1 LIS 4% SE e 4 = [E] T
BEMEZESR(P>0.05), B HE M@ B & A i
LU 77 45 A T T AN 0 41155 B P X R A L 38 T8
B 2PEX (P >0.05) ;1 000 U/kg 12 000 U/kg
A T it S 56 21 W7 LA 3k 21 BH A X IR K F (P >
0.05), ¥4k B & [ B L% 71 250 U/kg,
500 U/kgtd iR B 52 55 2H W& &5 F B 1 % i 4
(P>0.05);1 000 U/kg F12 000 U/kg #t % i
SUEy A W m T OB M N R ZH 38.21% Al
41.12% (P <0.05) ,{H 5 PH M % B4 22 58 1B
E(P>0.05),4 A8 R 65256 4 2 8] 22 5 A

WE(P<0.05)(%4),

LT 2 L 400 20 6 B %) 2L ol s 7, AL T I )
TN E R e 200 I BE , 7 figp AL IR , Y B X A I 1)
TV R, A 22 3 Al i RS 0 A P (R e B 45
2004 ) 5 A 1R At S SR G 2 S N AE B8 i 2E I
AR P 2 8 (B 5 YR 25 2005 ) 5 ] A A 19 I 45
T Jo T 10 R A 2 A s 2 TR 4K 9 1 T AR
I A p AU R . TR B R A
SR BT RS A B IR A, B e
Ca’" Mg™" [Fe’ " 25X I 1 Wl FL A7 00 4 T (5%
i 8 1983) o AHA [ B9 <6 Ja 25 X AT R UE 5
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it (14 52 e A [ (5 35 55 45 2009) | [6] — 46 & #5 1
XS [ 35 47 4 1k i 0 52 m R TR (B i
2004) Bt A R T AR 0 A 4 3800, SRR S A Y
LB TR 4 R B T R, B EOR
TR SRy 0 R0 BT R (5 285 A 2009) o AR
TR 5 S PR, AL A ) 0 0 1 20 A o 4 54 1 I LU 7%
7 05 T B A T ek T 6 2R G A A A A AR
b, W A3 i EE 6 ) AE B A TR o N 2
rh AR Ak S 2 5 T AR P G O bR 2 AR £ i vh AR
U@NTE W ¥ | RN 9 = BV &R i
f B AE bt 25, A R 2 A R R T w R
PR A 1) 4 JE B T, i B 4 g B % R 2 3
0145 A TH AL T A R R TR BT B, 24 e R G
it —E R, T LIS 1 A b 2 R R N
SR HE I Ak 22 T R 3X AT Re T AL B AE 4 R B
T 410 00 R SRR A T R B R ]
TEPER 2R
3.1 EREYEaMTEAENEBLLEAN
BOME  ARSCESrh R E A LTS S A 2
) JC f 35k 25 S, i S 4 AR (2011) DAk 2
PR AR i35 3 1 000 U/kg 1), 7 € #3176 )
83 1 T AR X BR AL, 3 R 25 5 AT B A
P T it o ol B A0 RS AN TR BT B AR SE G,
£ 1T 1 IUE U R I L TR 7 1 000 U/kg Al 1R il 512
0 2H Fe v, 55 PH A T TR 4 A R A T 10 P A R
il 77 5L A0 v AT R A R AU, T AR )
b TP R 23 B2 R LS T o A TR A o e 3
ik 2 000 U/kg b, 552 g 38 A B A0E 3 0 it e
5715 1000 Uskg # % [ 52 56 41 b G 1 3% A8
Ak, 156 BH 10 YE A I EL T T 6T v K T A TR
A — B35 P

BUE R E Rk A T TE R R L AR
A BB = PR hy I Y TE B B R S T, W
AEYIS, B AV R pH 43 v, B A HER
VEM RN S K EAER, —H B H NAEY Y pH
ARAy 4.5 VE S R TR (DR AR 1987)
B NS pH FREEASF T 3 By B A AR F, B, A
SREAF T W HE AR A B A 32 BRI IR R A0
4 JE A9 T B 2 AR T AR . P R e R R
250 U/kg 48 2 B , I V€ ¥ B 1L & ) W 3 4

i, ISR A ) 1000 U/kg B, iz € B il LG TG
1B 2 W AR 1 BH P BR AL, b BB S i E ML B
U5 80 T U0 W) R U A I LU I L R
A G} T P A TR il 4 Al 1R S A T AT
[ o 55 A AR BR S i 5 78 1 000 U/kg B,
B e % AR i vE K EE S M B (kG AR
2008) , ik HAMFFE A R AL, H 1 500 Uskg F0
2 000 U/ kg Hi iR iff 77) 0 41 0% 17 o 3 o % 77 Sk
F BRI 5 AR S50 A VE R BTG 14 2 000 U/kg
R 2 5 A5 2 A 45 SRS — B, AT RE R IR R 1 L
T4 s vh 52O 4 5 43 A1, 1 W 04 T8 AR g S ) JF:
AR FE 2 (K% E5 2010)

3.2 EEBEBENEAMTEEEAMBITFTIN
B ARSI h R R TS B > T
JiE . 1000 U/kg 2H Ay fe A4 W45 A, JHCJHF B U 2
A 3 ) 8 v T PE X IR e R
TCHL B P50 &80 SR B 4, e 45 2R 0 D fE 4R
(2011) 7¢ Bt P B A 9T 45 S — 3, P AR R
P LS ) AR IEE > 8 > B, B B A0 AT R
U 2 A LU TG ) R 45 R R R S 56 4 R B X TR
22 B AT 2 5, U I A R il e 2 R A
i 25 11 Tk R T U R AR SRR OF 1T B A
A UG A0 A 3 T o 1 TR S 0 e T i A R
FIVER 1T R 1 ) 55 (5 7 2258 2005 ) , 310 5 AR
12 i 28 ok B B, 76 rb R A R 0 [ A SR IS
Yok B B o . B ORI T I ARVE Y
HEG T, HNREEAA § R, EEIRR W E
FEM . ASE % AR E & A S A
1 000 U/kgf12 000 U/kg A8 % fiff 52 56 40 15 5]
R U A R % I A R LTS
B 52 ) L % A e R T AR P A AR R A R
B B S AR D9 S B R I g SRR
i 2 I LGS ) FEAE R I 1 000 U/kg Hif ik
3 Je K (Wi I5 55 2008) S5 RA —E 257, H
J5PEL AT RE 5 X Y A e 14 5 e AR AL, B R A T
LR TG S AR FE W .

3.3 BXAMMNERBEASRNEN £
YIE AL R EAR R a2 KA — S5
M) 47158 8 1 S A A o R U ) R G
Bk, Hatadi et ain thmE R,
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LRI o 0 6 B AR K, LV 0B %
35 TR ACHE 338 (BT % 2011) R H7E 5 463 £
S S 25T AR 7 B4 ) 4 2 £
/N ELBE 2 A 1 60 0 B 2, s 2 B
TR HCTE 7 AR S0 R R () 2 EEPEAT B 12
X2 A T 04 6 K 2 1
9 h(FABE % 2011) ,BF B3 LI I 454 7 Fi
TARRREEAO IR o 3 T HE 00T k3R 55 5 1 £
I YR B £ 1 D AL o B
95 {338 P O A £

5 % X W
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