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I : LU PR T (6. 26 £0. 10) g 65 €61 ( Lateolabrax japonicus Cuvier) JyFFE 4 G , #1567 ok it 5 J K A2 G ( PY )
AV 22 BB WX T V) (WX A S8 BB A R 0 52 2 W ), VP Ol £ 4 2 5 8 7 44 2 5 A0 38 g 1
Il 2 AR ) 5 2 K 2L A B T R AL B RE OB L DL 36. 1% B AN 18. 0% 4 7 I
CIME: PR FEAH SORORT =40 3020 1 3 VRIS MR 35 22 1 3 5 0 R L 400 400 0 0 75 S0 R 4 it ) 19 1
Sk S HE R BRE ( Diet 1), 5 1 4 T 5 60k 564 7 1 200me PY ( Diet 2) 11 400 mg VP +800mg WX ( Diet 3) , il
Hy 3 R S CHLER 19 43% ) % B (20k)/g) FOSX S DR, 92007 1. Sm x 1. Sm x 2. Om (7% 2 15 7K J60 o 0 A7, 454 &b
HEYE 3 AT, T TR 60 FE 65 i 4 K ML £ B 2 1 (0600 Al 18:00) S I A S W 27.529.5 C, 4k
FE g 25%0-28%0 , W AR ALK T Tmg / Lo S0 4% S5 9 0 Gk o 5 0 9158 A X B 0 R 28 0 35 B 0 (92% -95% )
FLH0 05 0 75 T 55 6 1 466 T 77 40 (A 859. 3% 41 % F1) 947. 2% A 905. 2% ) RIS 5 4k 4 % (M 4.0 B2 15 B 4.2
A1) (p<0.01) . S5 HERTRHLAR He , Do I A T 2 4 Al B9 £ 0 M K 4 L2 11 KA D IR S B % B 1
SRS TE 3 B Rk o R AL B 6 g K S KL DT 0 L % P R UL T R L AR T
6 P AL BB 1R 5 A ik (p < 0..05) o A 6h o S AR I 1R Vi 2 W U , B9 €6 3 0 3000 A B T b T 38
i A A K 5, A A o B O 0 T L R T A
{035 1 (52 3 M 0. 74U/me B2 255 1. 02 U/me A 1. 09U/meg B2 58] 1. 71U /mg) (p <0.01) . T4 b v I Ik v 4 &
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0.05U/mg &5 5] 0. 16U/mg 1 0. 12U/mg 25 %] 0. 21U/mg) (p <0.01) ,
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JEI SR | PR AR B S, 2 T AR A oo A R L, R R AR
Koo SR, AR fofs €2 T 7 PO 4 % G MUBE AN W 7 R 4R
PR B R W 4 o, FLIC A RDRE R T & AR 20 ¢
Ab TR o i JE RS, A G B 8 IR T SR B AR ST AT
R S s A R VA S U R o ) ok
1 Jo 0 X AR R ) A G R R R DTG i o R A
KAIWEFE I R W ARGH o AR 52 56 78 © A7 BF 5 /Y 6 Al
3 A A ARDRE R A TnRE R AA TE 22 B T, F 5T
S s i A4 1 LA K T ORI i 3 T Al R O P B S, LA
$1 g fiys 1 gy I 5 R 9 O B Al
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1.1 Rief Sy (Ll AR 00 & Y 48 i 4 1Y )
— b, IE S g, T 0 K A (3. 0m o x
3.0m x 3.0m) $% 32 14 d, IFLLILRL R B ( Diet 1)
T R MR A 2 32 W N ST DAL A R B PR

1.2 Lw@Est DakmAmgaEn (o WE
Ky AECEMI: SERFRT =4:3:2:0 1(BiE M) IR U N
0. 77 % 8 2 % 0. 95% & % 1R Fl 0. 44% 7 5 5 1R 15
PR T IR & ) Oy FEAE IR, Ml A S
WM E BRI, IF S 0N 22 0y | R N I Ry | B
F IR WENE A R A L 4E AR ORI ) Jo I T Al
BE(Diet 1) (£ 1) o 43 5I4E 1 T 58 FLfilt im) kL b 78
200mg A1 8 B ( PY ) ( Diet 2) £l 400mg VP + 800mg
WX (Diet 3) (VP 2 £F 4k K il 2 2 4k 5 Wl 3 2R W
il T SR i T 1 R D ), WX A R SR OB e A R
il 04 52 G il o R, B IR ) o ) TR A A S
55 1Ak

F1 ZREMANRFREREAR(%TE)
Tab. 1 Formulation and proximate chemical composition of the

basal diets (% dry matter)

JE Bl Ingredients &g Contents (% )

11§} Fish meal 36. 1
24 % 1 Compound protein meal’ 18.0
it £a N IE A Squid viscera meal 5.0
% E:#y Yeast meal 3.5
1y Fish oil 2.0
& 3 Soybean oil 3.0
PR IE Lecithin 3.0
/N2 Wheat meal 2.4
M B A Sodium alginate 1.0
TEHLER IR A 4 Mineral premix® 2.0

Bk

& H Contents (% )

JE Rl Ingredients

4k 4 ZIR AW Vitamin premix3 2.0

F # Y, 43 Proximate chemical composition

HLZE [ Crude protein (% DM*) 43.2
FLHE S Crude lipid (% DM) 12.3
K45y Ash (% DM) 11.9
7K 43 Moisture (% ) 6.1
¥ i Gross energy (kJ/g DM) 20.3

TE:L DM PIERY FEAER SRRRI =4:3:2:0 1 (BRI O
BN 0. 77 % W 0. 95% HE AR AN 0. 44% 57 58 2 B M2 10 104 o 75
AL 2. VLRI 2 ISR [ 11] 53 2 A R AL 7 2 M Sk
(11754, T4

Note: 1. Soybean meal: meat and bone meal: groundnut meal: rape-
seed meal (4:3:2:1 in weight), adding crystalline L-methionine
(0.77% ), L-lysine (0.95% ) and L-isoleucine (0.44% ) to simulate
the essential amino acid profile of fish meal; 2. Mineral premix refers to

Ai, et al """ 3. Vitamin premix refers to Ai, et al "' ; 4. Dry matter

2 AR i B 5 ok 60 B Y R, o 2%
T JFORHE G 451 1 5K K S0 M fah se 4R AT,
XURFT 5 2L (AR R B T K 2%, F-26 (11 ) AY) Jin T 5%
B A5 B RDRHE 45°C HEAR v HE T 120 HE T 9 45
R AL 07 F5 4 00 A5 380 P o 0O DK /N R TR) ) e sk
(1.5mm (5. 0mm 1 2. 5mm (8. Omm) , ¥4 3 P Fofr 0 7
Tk 53 0 2 st 1 SRS AR AE-15C &
1.3 SNIWR SR AEmKMNAE kT, 2k 3 Nk
BLOEANGHEE 3AEE, LR AR R E, Pkt
HH AR fH: | R — B B £6 (((6.26 £0.10) g) Bl
LA 2, i 3% F e XK W48 (1.5m x 1.5m x
2.0m) IR B K 60 B/ 4., A Fh iR RE ML 4%
W3 O S 0, LA KR il ) e 5 R 1 B £ A Sy X R
Mo SEER A R AR R AR R S R 2 YK (06 :00
F18:00) . Horp 1-4 BB 1.5mm x 5.0mm [
ek, 5-8 JE £ ML 2. Smm x 8. Omm [ 18]k}, 52 5 #
[, KUK 27.529.5 C, L BE Ky 25%0-28%o , 75 it A
ETmg / L UL L, $0E 8 JAJS YLK 240, X 45 41 52 55
AT FRE IE TR, B AR B 20 8 B fa R AF T80
C KA, WE A% FF A B AR 20 BT o
L4 FHERASWMERZE FDRER kR 4w
BRI 52 SR L AOACH™ B 7 ok o bk 43 J2: 1
105°C HEAF rhfit 28 15 o MLEE R TR R L IROE A
OB A x6.25) BRI R FH R [ICH 2 1: ( 2 Tk R
TR, K 5y AR DA g v (600°C) K58 12h Ji5
TE o T RE R R Y B B8 A S AX ((Parr 1281,
USA) W45 o i 25 11 vk B 2 DL A I3 11 26 1 o A
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o, S IR LA SCue A RE S I 3 A R
BB RR N 3 AN EE R E £ FRifED

1.4.1 HUMEREE LRAVUR 240 5,5 M
FEHUS St fi I O B A IE SRR DT . #IIF B
Fiz B , Ve 2000 25 8 oK ph 6 T JF IR 400 1,
GIFEME, KRG 1:5 (w/v) T A 0-4C (1) L7
KGEHR L) R G h 29K (0-4C) . I8 R B0 AL
3000 r/min &0 30min j&5, BOHE 3BT 0-4°C vk 4
HhORAF A5 1T, 240 N A3 HT S8 BE

1.4.2 EABEYE SMoCEk[14] 77k, HgE
FI oA R 5 AR 38 5 T 2 % A R A 1 R ROR
JilE 05 Pk o B 1% 1Y K 2R ORI M 4 0. SmL, A
# 0. 5mL B ER 2 vl h (H G AE pH 2.2 Ul
5, i & A B pH 7.5 WA ) o 7E 30°C KB R
I 60min Ji BUH 57BN 20% 1) =& £ 1R 0. SmL
1B R, B 15min 5, 8.0 5min (13000r/min ),
185k 366nm Kb i W S AE 1 X BRI A, 2 o R,
M =8 m, A5 iR Iy s E . 78 30°C 41
T,y b e 2 v AR 1 OB AE T B R B Y — 1
fitg 3% 11 AL (U / mg)

1.4.3 BERAEGEM  FHOSCIR[15] ik, 78 37°CK
T A R R A O 53 A 9 R 2% v ( pH
7.5) S5mL R 2 BE I Y)W 4mL 20% A ik JH R
BNV 0. 4mL LA M2 B 0. ImL, Hovr, 2% (o b A
A 95% 1y £ B 15mL, =5 1 ORI AE i i 45 52 i
10min f& , ¥ Sz BRI A 95% & B 15mL, T A
19 B Bk e 0. 1mL, F &0 5 Ak B A HE 75 W0 A2 T g
TR & & o AE 3TCRAET , 403 b g 22 5o 28 Ak
72 Twmol B8 U7 BRAE A — ANl % 1 B4 (U/mg) o
1.4.4 EHEEFEME SMoEk[14] 071k % ik
i 55 2% vh i (pH 6. 9) FL B 1Y 1% MY JE R i WK 0. S5mL

5 0. 5mL YR 5], F 25°C /K ¥ 1 B 3min, Jil
A 3,5-T R K A BR 45 78 SR W 0. SmL, BTk K
TRk Smin J5, WO K2 H, W 540nm A Y
WG o 78 25°C AN, 550 i 4 2 5o 8 AL TE
B3 A2 B T wmol 22 ZF WE AR g — BTG ) B2 (U /
mg) .
L5 #WERZITHE

95 %R (% ) (Survival %) = (N,-N,)/ N, x
100%

WE K (%) (Weight gain, WG %) = (W,-
W)/ W, x 100%

BEAEKE(% / d) (Specific growth rate, SGR)
=(Ln W,-Ln W,) x 100 / ¢

Horb Ny FIUN, 53531 S 4 ) A 490 IR FAE T Y B
A, W, F43 i Sy A8 0 ) G K TR 24 OR AR
(g),t HEERE(d),

X SPSS 11. 5 for Windows Xf T 45 808 4t 47
2N A 22 B, W EAT Tukey 2 T AL, B35
PEIKF- N p <0.05,

2 # R

2.1 AR RMNERBANEENSEHBIGEE
KF7EE MR

B T ve SLAARDRE R 3 0 S i 200 mg PY AT 400
mg VP + 800 mg WX X fifi i1 i) % 15 R 4 TG f & 5%
M) (92.8.0%-94.4% ) ,{HH) i} & 52 W) 1 &5 6 1 /&
Koo U0 G R ALY B a0 3 R (947, 2% F
905.2% ) 4 KR (4. 2% /d 1 4.1% /d) ¥ |5
e I Al ] B 4 (859.3% /d F1 4.0 %/d) (p <
0.01) , fH 2 3 5 5 4R 2 2E K R AE A SN IR il 7R
Mz mEFABEFE(E2).,

®2 ARBFMERE(PY)MIERNSEE (WX M VP) M EIMER FERMBEEKRNZME'

Tab.2 Weight gain (WG) , survival rate and specific growth rate (SGR) of Japanese seabass fed experimental diets supplemented with phytase

(PY) and non-starch polysaccharide enzymes (WX and VP)

i TEEs

Japanese seabass

Weight gain (% )

Diet 1 ( Control)

Diet 2 (200 mg/kg PY) 947.2 +4. 68"
Diet 3 (400 mg/kg VP + 800 mg/kg WX) 905.2 +14. 15"
ANOVA?®

p 0. 002

F (g 19. 524

859.3 +14. 90"

176 % e R R
Survival rate (% ) SGR (% / d)
92.8 +2.45 4.0 £0.03°
94.4 +1.80 4.2+0.01"
93.3+1.18 4.1+0.03"
0.769 0. 003

0.274 18. 640

el SRR TSR NP R 3 AEEMARER . LN 20 FEUR BAME EARI 8RR 2 H AR (p>0.05). LIFFE; 3.

ANOVA: B ZFE 25041 . LT

Note: 1. Values are means and standard errors of three replicates. The same below; 2. Means"ith same superscripts show no significant differences

(p>0.05). The same below; 3. ANOVA . One-way analysis of variance. The same below
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2.2 ARPRMEREBINIEENSEEXNGEE
B 53 B % 0

55 BE Rl ARDR LA L ARDRE R R0 AR TE R 22 B

xit iyt fi (ORLEE 0 CRLAE 17 L 7K 0 K 23 LEL RE 3

A S R 5 ALk e N R TR il X ' e £ (AR B s
KA FLEREAR A 3 R, (H ) B 4R S T
R R AR ORI R 3 B (430 N 16.9% 4 v F)
17.3% 4. 1% 3555 4.4% ) (p<0.05) (£ 3) .

3 ERPRMEERE(PY) MRS (WX M VP) a5 RS EBENY0E

Tab. 3  Carcass compositions and gross energy of Japanese seabass fed different experimental diets supplemented with phytase (PY) and non-starch

polysaccharide enzymes (WX and VP)

fiyi £y HLEH HLAR Vi ¥ix Ko PENci
Japanese seabass Protein (% ) Lipid (% ) Ash (%) Moisture (% ) Gross energy (kJ/g DM)

Diet 1 ( Control) 16.9 +0. 15° 7.3+0.11 4.1 +0.04° 70.9 £0. 11 7.1£0.03
Diet 2 (200 mg/kg PY) 17.3 £0. 12° 7.4 +£0.11 4.4 +0.04" 70.5 +0.29 7.1+0.02
Diet 3 (400 mg/kg VP + 800 mg/kg WX) 17.2 £0.07™ 7.4 £0.04 4.1 £0.04° 70.4 £0.27 7.1+0.03
ANOVA
p{E 0.043 0. 648 0.002 0.257 0.590
F{H 5.560 0. 467 22.333 1.716 0.577

1. {27 Wet weight

2.3 EARPRNEBRENIETHSEETY &Y
1k B i 1 B R T
e} T S o e ) R F G £ T RN g 1 A T
YA @ 0f B Y5 T sk i3 in 200mg PY
A B . 4R g T R R A 1 (A
0.74U/mg #% & %] 1.02U/mg, 1.09U/mg & &5 %

1.710/mg) (p <0.05) , & T 5 1 £l b %5 fil 400mg
VP +800mg WX i At 25 4t = 5 #0115 11 7 38 U ¥ il
B35 M (4> B M 0.05U/mg #2 & %] 0.16U/mg,
0.12U/mg $2 55 0. 21U/mg) (p <0.05) . 2R, &
81 5 R i T8 R P A 00 5 2 O VA 7 8 T R o 5 A
WEFm, (R4MES),

F4 AMPRMERE(PY)MIEEHSER(WX W VP) Meia EhEAM. S EMENBESEN T

Tab. 4 Protease, lipase and amylase activity in stomach of Japanese seabass fed different experimental diets supplemented with phytase (PY)

and non-starch polysaccharide enzymes (WX and VP)

fiyi £y & Jig 107 it TE B i
Japanese seabass Protease activity (U/mg) Lipase activity (U/mg) Amylase activity (U/mg)
Diet 1 ( Control) 0.74 £0.02° 0.03 +0.01 0.05 +0. 00"
Diet 2(200mg/kg PY) 1.02 0. 07" 0.04 £0. 00 0.06 +£0.01°
Diet 3 (400mg/kg VP +800mg/kg WX) 0.380 £0. 04" 0.04 +£0.01 0.16 +0.02"
ANOVA
P i 0. 006 0.586 0. 001
F1{a 13.136 0.585 28.379
£5 HERPFRMERE(PY)MIEEHMSHERE(WXH VP)Mei&FEhEAm. 5B ERBEENEm

Tab. 5 Protease, lipase and amylase activity in intestines of Japanese seabass fed different experimental diets supplemented with phytase (PY) and

non-starch polysaccharide enzymes (WX and VP)

fiyi 1y

Japanese seabass

& H i

Protease activity (U/mg)

Diet 1 ( Control) 1.09 +0. 06"
Diet 2(200mg/kg PY) 1.71 0. 14"
Diet 3 (400mg/kg VP +800mg/kg WX) 1.14 £0.05°
ANOVA

p1a 0. 002

F Ay 21.090

I 1 T TE T
Lipase activity (U/mg) Amylase activity (U/mg)
0.08 +£0.01 0.12 +0. 00"
0.10 0. 01 0.13 +£0.01°
0.11 +£0.01 0.21 +0.05"
0. 102 0.023
3.418 7.555
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A SR, TR S 200 mg/ kg AH R i BE
% . 35 i i B £ 00 AR IR X 5 DL Y — SE BF 5T
MIZEAL ™ o A Sl T 412 o0F £ 2 2 K 22 M B
AR R TE TS A TR T R v £ 2 R A W SRR SR W T I
F A 0T A Bl 7 BE PR A R il X £ 28 A K
SR IR R 22 W IR ST R I DR
N IR 192 T RE 2 =g B £ T JBR R AR 11 A 9 P, AT
P & 1 B R AR AR S R S ARDRE HR S
T TR G B W i B £ S g 3 v AR e A
P, DT 4R ey f 008 2 1 5T 9 T AR IR ik B
AR B SN R T A G ) £ AOR AR
W T MR axX 5 6 £ 15 RN i 0 AR 1 Y A 1k
i Ol = — B .

B Zh ) LIRE Y AR O R EOR PRI, K
(R R P IR T b 22 A AL TE IS 5 1 T I 2 RN
JET R o ARTE N 22 B B 1 VS I, — T T B T 45
B A0 BE K H R 3R 0 SO A (VE
il 25 ) R R, B 1 H A Tl (R R TE R ) 1Y
WP 5 55— O T A] (R VE #2208 b i R R AR B
SROMEFR 53 K A Ry A0 SRR, DA T e A1 I A 3 P9 2 0 1Y
R EE B 1 R AL B 15 5 SR o 1Y 45 G R
IR RES R R PR Mk P L A
HESET A AR TE R 22 0 T 5 0 Ak S Ak I
PR 1Y H A 53 (AR R s TC ML B 155 ) 45 &

SR AL A 5 P A SEIG R W A 6 £ TR
AN A 1 R TE b 2 W Tl R 2 e a1 A
T JE 3 TR A TS 1 L X 5 0 T A 0 T Y 4 R 2
—E Y SR SRR R T A A R 2 I B A
HSAFRR/INZZ K3, VA Bl 1 1) 2 s A By T £
S b 0 A AR 1R R T 1 B KA S, A o 6 £ AR
K,

Vielma, et al. 219 %0 Jackson, et al. (22] iFE B, A
e S IR 2 it B I 5 R v T R R SR £ [l R
R oy it o ARSEEG rh, AR S AR R I . 2 A
fe 1l AR O Gy i XU ARk b S A R
M fE—E R L4 7o i Y B R (E 2
) Y 2 W R T8, DTS B AR AR R 53 1) T i

fiy £ ) ek Hb S 0 A0 U5 I A R L G A 1E R
G DR R VE R B S A BB X
5 Bakine ™ (1) % UL — B[, Bakine IA A JLF I 1k
Tit 10 v 28 8 DR AR A5 AT I 0GR, 25— O Ak Bl S
PESR e I, LA T Al i A P 2 Bl 3R s 2 — b

P T O A 5383 R, Al 97 e T ) 35 1 A B 2 s
FE i 5 LB Sl 2 % 0 g 0 5 A 75 BT R 9 4538

S BT T A A T LSS R R AL PL RS 2
AR BB, T A B R ALV R R B R BT AR
HLREAT LB R TG PE b & AW Wiy 22 500
T YRR RIS A T L, B P R s
T AGIE 1, VE by B 1R 5 e B M A 2R AE K
JEE I A G VE 3 4 F 2 2 A0, S i TR
(Y PR B PR A8 2, FE 1 R0 38 b A R Y B T R T
P TN 5 Tl R0 R oy T ) 9% P R X A, xS A
STk R AR AR ) BT 9 45 R AR — 3K
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EFFECTS OF PHYTASE AND NON-STARCH POLYSACCHARIDE ENZYME
SUPPLEMENTATION IN DIETS ON GROWTH AND DIGESTIVE ENZYME ACTIVITY
FOR JAPANESE SEABASS ,LATEOLABRAX JAPONICUS C.

ZHANG Lu'?, Al Qing-Hui' ,MAI Kang-Sen',LI Jing' ,LI Hui-Tao' ,ZHANG Chun-Xiao' and ZHENG Shi-Xuan®

(1.

The Key Laboratory of Mariculture ( Education Ministry of China) , Ocean University of China, Qingdao 266003 ; 2. Zhanjiang Yuehai Feed Co.

Lid. , Zhanjiang 524017)

Abstract: A feeding experiment was conducted to investigate the effects of dietary exogenous enzymes ( Phytase, non-

starch polysaccharide enzymes: WX and VP) on growth, body composition and digestive enzymes activitives of Japanese

seabass, Lateolabrax japonicus C. (initial weight (6.26 + 0.10) g). A basal diet was used as the control (Diet 1),
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which contained 36. 1% fish meal and 18.0% compound protein source (soybean meal: meat and bone meal: peanut
meal ; rapeseed meal = 4:3:2:1, and crystalline lysine, methionine and isoleucine were supplemented to simulate the es-
sential amino acid profile of fish meal). Two other diets were supplemented with 200 mg phytase and the combination of
800 mg WX and 400 mg VP per kilogram diet, respectively. Each diet was fed to triplicate groups of fish in seawater float-
ing cages (1.5 m x 1.5 m x 2.0 m), and each cage was stocked with 60 fish. Fish were fed twice daily (06:00 and
18:00) to apparent satiation for 8 weeks. The water temperature fluctuated from 27. 5°C to 29. 5°C | the salinity from 25 to
28%o and dissolved oxygen content was above 7 mg / L during the experimental period. Results showed that exogenous en-
zymes supplementation did not significantly influence the survival of Japanese seabass (92% -95% ) , but significantly im-
proved the growth (weight gain (WG) increasing from 859.3% to 947.2% and 905.2% , specific growth rate (SGR)
from4.0t04.2 and 4. 1% /d) (p <0.01). Dietary non-starch polysaccharide enzymes did not significantly affect the car-
cass moisture, crude protein, crude lipid, ash and gross energy of Japanese seabass. Dietary phytase also had no influence
on the carcass moisture, crude lipid and gross energy of Japanese seabass, but significant influence on the carcass crude
protein and ash (p <0.05). The digestive enzymes activitives in stomach and intestine of fish supplemented with exoge-
nous enzymes showed increasing trend when supplied with exogenous enzymes compared with the control group (Diet 1).
The amylase activity of stomach and intestine significantly increasing from 0. 05 to 0. 16 U/mg and 0. 12 to 0. 21 U/mg re-
spectively by the supplementation of non-starch polysaccharide enzyme (p <0.01), but no significant differences in prote-
ase and lipase were observed. Similarly, dietary supplementation of phytase significantly increased the protease activity of
stomach and intestine from 0. 74 to 1. 02 U/mg and 1. 09 to 1. 71 U/mg respectively (p <0.01), but no significant differ-

ences in lipase and amylase were observed.

Key words: Lateolabrax japonicus C. ; Phytase; Non-starch polysaccharide enzymes; Digestive enzyme; Growth





