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O WIS T RESOR Il | RN S AN R A B T AR T, DL AR K FORE R (0%
5% 10% \15% 20% ) X WESUART7 il (41.06 +1.98) g [ 1A BREEFLEE (U AG ORIKAG A JRJIKES B H &M
ity I LA S G SE RS BEHE PR ORI . 45 SRR (1) B8ORSl P bR B A IS 1 R 5K T
L, FABTA ARG A2 3 5 T BRI BRAEZE A (P < 0. 05) 5 15 LA B 15 2 11 Al LA S HL At 9 A0 5 41 4
BAKe (2) BOKE FM RS I SOR J7 Sl i AR P 0 50 DA A B O R 648 50 TR AL 10% S 36 21 15 1
K s JBRBREFL AR F G R A B2 IR 4 B T K B R T 8 i T e, 24 TR 3R 0 ik 20% i i
FIRTXIRH (P <0.05) . BHEANHENE 10% S5 4H 02w T HABS L (P <0.05) 5 FOKREE FB RESR mi i f
JFF PR AFE ZEL £R0 I i T R Mo R 95 1, 10% SCU0 2 3 s T IRAL (P < 0.05) o 4518 : RS BUR Iy Sl I AL Bl 1
DU 2R FP iy e, 1 2040 PR Qi AR P 5 5 T O B 1 Sl 5 33 T IR SR 7 B AL 05 1, AR S AR 1
FRIE Ry Sy 10% I IS 7R 7 Sl 1 AL B g B

K EAREEN; HACEEM; WHS, HHS,; HEIEHR

FESES: S963 XHEFRERD: A

UEARA, Ry BT IR A Bk = HESh T S A
BRI ST R . MPWEA b TN 2 T
PAFFI R 2 B KA S8 FR T S F AT G o
LR R B AR AR R AR R ) R TR K AR S R
HR S A I R BB AT oK A Bl i R
K2 AR L A AR R e O A R
T EE 1 72 K A 3 W A AR B IS, B
H1 AN T £8 (Mylopharyngodon piceus ) T 1L T
T G R W AR R AR X T ( Cyprinus
carpio Var. Jian) TS AT P 1 5 EKRER
B X 7 B AR ( Carassius auratus gibelio)
TPl TS P i A S [ Y e 2 A T
WERRM T 2% AR 250 I Ak
Hh b B E S VR RS A AR e A ) R
F X8 7K Az Sl W A TR T 8 522 o ke B K A 3l
Yo G B R RE T, T AR TS M T o #2880t
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1.1 W EpEs

IS 0 2R 5t g T 3 K 7RI 9 I K P R
KR, oK OBy Hh o S 8 A AL B A BR 2
AL, AT IR T AR K = s W) 37 5 T R S
5628 B IR R /K546 (0.7 m x 0.6 m x0.5 m)
P, BEPE RIS — B0 F ALK 20 1 5 A1, AL 3
AEE,BAEK 1 BA, SRR IR 2
JEV G AR R SRR, 0 WG AR 5 Rl (41,26 +
1.09) g, KR (12.94 +0.22) em, 43517 e £
KBRS 0% 5% 10% 15% F1 20% f 4%
RCSFRERLA R (R 1) B HR K53 1R
0% 7.4% 14.8% 22.2% F129. 6% , K&t o
3 ) Ak A o BR AL, 4] 37 60 do R RL A B
e, SIS AR R R, R B
PEATHEE, LA T h R PR e, B R AR 2 IR
(8:30,16:00) , #& &5 1 h FI/NE B BRI,
ICSRARIH AL, SCEG AR IR (25 £1) C,24 h
HEEFER, BERWTE— IR K 173, FF 5 0[] pH
7£7.8 ~8.5 Z[i],D0 >7 mg/L ,NH,-N <0.5
mg/L,
1.2 B

ARSI TF AR T RE LI 9 Kk fA, ] MS-222
(100 mg/L) BREEJE , T ok B, Bos B I
JERAE A g, S0 BR Bs s 41 2L Fn s &R JE, 4 C
0.65% A= PRERIK I 5 vh ik, WIS B H A i
EWIE  FURAN TR oy, B 45 i 18 IRk 0
A 1 ANRESL TN =20 CUKFE PR AE . S256
SEART, R R (98. 54 £4.19) g, SE4F
124 h FRAPEYLE 9 kfa (BAEE 3 K),5
S5 IF IR B ORE— A, S8 MS-222 (100 mg/L)
FR I FRIRURE , A =20 °C kAR RAE
1.3 EENE
13,1 gl

Va4l BRI R AIERE 5, S0 B B 19 i &R
JE, 25 B TR B B A9, LA R i S |
S RRIEAE N 1 A FEA, BORE 100 mg 2247
AORESh (LB JFLEY) A 10 f5 R FR T v &
KK (0 ~4 C) FEVKIBE AN 15 min, F5KM
£ Sigma 1215 K A S AR B0 HL(0 ~4 C) LA
10 000 r/min B.0> 15 min, B F 15 RAE R BEHK , 75
0 ~4 CARIE T IRTF,24 h NI E 585
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F1 IBAMPERMEZZTFRS

Tab.1 Formulation and proximate chemical

composition of tested diets %
JERL 843 Ingredient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
FhE- i) Peru fish meal 54.00 50.00 46.00 42.00 38.00
a-JEH Starch 22.00 22.00 22.00 21.20 20.06

FKEEH Corn gluten meal 0.00 5.00 10.00 15.00 20.00
Py K Poultry meal 8.00 8.00 8.00 8.00 8.00
SRR H) Soybean meal 8.00 8.00 8.00 8.00 8.00
SALJEGH Choline chloride  0.50 0.50 0.50 0.50 0.50

.
j}itiﬁ;d mineral premix* 2.22 2.22 2.22 2.22 2.22
3 Fish oil 2.50 2.70 2.90 3.08 3.22
i Wheat flour 2.78 1.58 0.38 0.00 0.00
(G Riae iyl

Chemical analysis

F2E  Crude protein 45.52 45.40 45.38 45.43 45.64

HLIEWG Crude fat 7.54 7.49 7.58 7.61 7.64
7K 43 Mositure 7.35 7.15 7.08 7.02 6.92
K43 Ash 13.51 13.12 13.01 12.95 12.90

TE P S BHR R g/kg BURA) , 45 0. 055 41 2. 505 8%k 42. 15 8%
283.88 ;4 6. 52 ;0. 65; 4G 0. 10; %% 130. 93, ZiE X HIRK (g/
kg BUERL) BN R 0. 45 B 3. 1; A% 1. 05 D-Calcium 2R
5.0 KL 5. 05 /L% 0,051 0. 18 45/ % B, 0. 005 JILEE
5.0; FIZEMR 2. 03484 % A 20 000 000 1U ;44 % D 400 000 1U;
4R E8.0

Notes ; Trace mineral premix ( g/kg premix) , cobalt 0.05; copper
2.50; ferrous 42. 1; magnesium 283. 88; manganese 6. 52; iodide
0.65; selenium 0. 10; zinc 130.93. Vitamin premix ( g/kg premix) ,
thiamin 0. 4; riboflavin 3. 1; pyridoxine 1. 0; D - Calcium
pantothenic acid 5. 0; nicotinic acid 5. 0; biotin 0. 05; folic acid
0.18; vitamin By, 0. 005; inositol 5. 0; menadione 2. 0; vitamin A
20 000 000 IU; vitamin D5 400 000 IU; DL-a-tocopheryl acetate 8.0

1.3.2 JH LR P A i)

T P 35 1 = % T R o s
o ALY E L 7E pH 8.0.37 CKMT, &
Z v S A B R A B O B AR
1k 0.003 Rk —A~f i 7 57 .

Tt P T P A 0 0 A K 3 R 0
JrE) " RSNSOI S , DL - L R 2T
NI WEE J15E S pH S 7.8, TR 25 C
i, A5 K A 1 pmol 2 R -1~ 42 R 2 16 BT
R

WRKEF A W5 M 4R 2 CARCIA-CARRENO
SOV D7 R I BRI L DA PR I TN R
SRR, Bl B SO R BB 1 pumol/L
{1 7 I O

RAKEE B 3G Mk A9 M E . = BB CARCIA-
CARRENO 5" 05 g RS & 1F, L N-15 JR Fi-
L-AS /R NI, 76 25 CHaE T, B 1 s
SONBEYMIRENE 1 pmol /L ) 7= Wy ik T 5 2 ) i
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SER - NG 715 B MAROUX 21 A
KOTZAMANIS 252 07 w3 0 Ll sl < .
6 78 S AE 37 CHEET , B8P B 1 nmol (1)
PR T R B

T 1 M 4 e R ]
AR 2 o T L3S ) X B e VR 1 3T
CHRTMEAER 1 pg ZHEBRME YT 14>
BE 1B

A Tl I P 1 DN T A D A e KR
Rl R VE Y (R VA L Al sE R Y g
1E 37 CHIRYIMER 30 min, 7K 10 mg &8 & X
1A TEM B ) PR

gt I Tt 3 P 9 0 e T A e 7 e 1K)
UL B ERAE, B PRI S 7E 3T CAMEN, &
AR EATEARNRR T HEY N 1 min,
FRHAE 1 pmol JIEY)h— BS54

HEABEEE S 2k
1.4 HiEAbE

% SPSS 17. 5 for Windows fil Excel 347
one-way ANOVA B LSD HEE, 45 LA
B+ hREZ (M £SD) R

2 4

2.1 BHARBTRELRATESE B0 AR AE A
LrELERLL & E

H15% 2 R, S T 46 1if 95 SUAR T il 41 41
R 1 A i LA S0 5 0 9 A I 14 EE 3 0 EL AT
RAELHZA E AR i, I HER B (P <
0.05) o JIFBRME AR KA A | R EEFL 21 F Y LE
N5 B AR TR F 2 5, R B R IR
B 5 S - IR L IR U5 1 R I ) EE TS T
HRTHHAL(P<0.05), HAL T HEAMLL
02 TR BRAE R LA (P <0.05) .

R2 BLERAEATRENSAARMHLEEYE

Tab.2 The digestive enzyme activities in the intestine , hepatopancreas and stomach of Takifugu obscurus

HALEEFI2E Enzymes

72021 Intestine

T B AE 227 Hepatopancreas 202 Stomach

B4 1 i Trypsin/ ( U/mgprot )

fgElEFL & E ¥ Chymotrypsin/ ( U/mgprot )
BRI A Carboxypeptidase / ( U/mgprot ) )
K B Carboxypeptidase B/ ( U/mgprot )
S (724 #2 ) Aminopeptidase ( leucine ) /
(AA523mg - ! protein + h -
HHEH M Pepsin/U
HE Wi Lipase/ ( U/ gprot)
TERI i Amylase/ ( U/mgprot)

2 012.94 £255.46"
0.51 £0.04"
6.51 £0.45"
5.01 £0.07*

1.168 £0.003*

0.64 +0.18"
8.45 +1.43°
0.35 +£0.09*

1 698.53 +214.16" 581.56 +197.25°¢

0.18 £0.03" 0.16 +0.003"
2.25+0.19" 1.98 £0.09"
2.11 £0.03" 1.27 £0.03¢
0.866 +0.004" 0.612 +0.001°
0.07 £0.02¢ 1.25+0.77*
6.24 +2.12° 3.56 +1.63°¢
0.28 +0.06" 0.10 £0.06°

i RP R AR PR R ZR B3, P <0.05

Notes: Means in the line with a different superscript letter indicated difference at P <0.05

2.2 EAEAMWBURAEHEABILEAN
=AU

H12¢ 3 AT, AR I LU S T AE AL 4o A L
SIS IR, B LA 4 T S s o B
A KA R AR R = (0 3 B L
L2 R R P LU S AR R B SR
TR, 10% FOK 1 A AR I LTS ) o
= o

W 2 T K 2 R o P o A 388 o, A L
B 41403 Pl 20 rp R 7L B (AR Y 6 F1 5% 5% 41
ZAM R BRI N R (R 3) . 20% 41
Jo A 43 v g v L B 1 S ) e IR TR T
31.67% , i FE T XIRLL (P <0.05) . AFAEELH

LIMBHL P REEILE ORI 1S ERED
B3 AR I A DG A B &

BRI e 1% IR 5% 4 AT IHENE b 1L A e
FrEnsh, HAb A R R (% 3) . A
21 209 SEHGLH I 2 22 53 (P <0.05) 5 JiF
JRAIEZH 20 rp 45 ST 20 55 %) BR 40 e A B .
25 A0 5% H 8w T 20% 4 ; B HLU P & 525
YR KM EL IS 134 8 3 /INF X 4L (P <0.05)

WAZH 2 £ OK B B YR K B LG T )5
M e A, B 20% 24 LG T g bk HEZH R B LA SR, O
4% S 56 20 34 7 T X BR A, 5% 410 10% 43 5 B
YR 2= T 39.74% Fi1 55. 64 % , H PY i 2522
S (P <0.05) ; fFIRAE 2R E 420 R KBS B
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L
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¥ i 28 %

FR HE TG ) B0 B JE W B2

TRPRE R EORE A U8 I A 3 2 5 1 M
FIFFIRIEZH 21 v o S R - JIK T LG 3% ) 728 ¥ R
(%3), HA R FMTXIRA (P <0.05), H4l
b B R b R BT RSS2
NREER (H A 20% SR LS 1 E R T X
HE41 (P <0.05)

Wb B LT IR 10% 4 BT

®3 EXREOMMBELRAER TR S ARAEBELILE NN

S HRBSABAH PR, HESARE (P >
0.05) ; JHFJEE k28 2 v 1 2 1 g L T ) e 4% S5 5
A LR, 10% B3 = FXFRRAL(P <0.05) ;
B2 5% F1 10% 21 'H 8 1 GG 07 LT IR
Ay FERER T 26.89% Fi149. 66% , 53 5 T-%F BA4H
(P<0.05),15% 5%} B 2 0] % A3 22 5, 1M
20% 41 H BB LG Tl X RRA R B T

28.27% , BFEL T X IRAL (P <0.05) ,

Tab.3 The effects of corn gluten meal on protease activities in the intestine,

hepatopancreas and stomach of Takifugu obscurus

E i Protease 21 1 Group 2H 2 Intestine Hiigiﬂégiifas 1 ZHZH Stomach
Xif B2 2094. 94 +355.96" 1739.53 +354.26° 641.56 +187.95"
' 5% 4 2202.63 +157.95" 1550.98 +174.51% 627.36 +221.02°
ﬂﬁ%l‘?’/ﬁfggz“;m/ 10% 241 2627.22 +269.23° 1826.98 +196.51° 989.07 +179.06*
15% 4 1685.37 £353.52¢ 1545.69 £351.60"  474.28 +142.89"
20% 41 1471.05 £299.28¢ 1397. 17 +280. 56" 376.93 +70.19°
X B2 0.60 £0.03" 0.21 £0.02 0.19 £0.01
B ) 5% 0.62 +0.04" 0.24 +0.05 0.18 £0.05
%‘%’h@(%' Chyt‘;“”rypsm/ 10% 41 0.51 +0.01% 0.17 +0.02 0.18 +0.01
P 15% 41 0.53 £0.03* 0.22 £0.01 0.18 £0.02
20% 4 0.41 +0.01° 0.19 £0.02 0.17 £0.01
X R ZH 7.11 £0. 89" 2.88 +£0.27% 2.28 +0.09°
" . 5% 6.96 +0. 18 3.04 £0.04* 1.96 +0.08"
ki A(CU&/“)‘)"ng’t'da“ A 10% 241 6.59 +0.53% 2.79 +0.02 2.00 £0. 12"
epro 15% 4 6.06 +0.94% 2.83 +0.09% 1.99 +0.05"
20% 44 4.73 £0.71° 2.54 +0.16" 1.95 +0.10"
X B4 5.41 +0.06° 2.69 +0.05 1.57 £0.02
5% 4 7.56 0.65% 2.50 £0.15 1.51 £0.09
PR B( S;rh:’(yp:’)ptid“eB/ 10% ¢ 8.42+0.01° 2.67 +0.09 1.52£0.04
epro 15% 4 6.11£0.18" 2.51+0.18 1.56 +0.11
20% 41 5.17 £0.22° 2.62£0.16 1.58 +0.14
X R ZH 1.642 £0.075° 0.990 £0.051° 0.643 +0.005*
UK E08%) Aminopeptidase(leucine) 5% 4 1.339 £0.033" 0.834 £0.038" 0.586 =0.045°
(AAS23mg" protein - h ) 10% 41 1.329 £0.029" 0.812 +0.010" 0.532 +0.002*
15% 41 1.357 £0.065" 0.785 +0.057" 0.514 +0.089®
20% 2 1.230 £0.051" 0.779 £0.031" 0.442 £0.056"
X R ZH 0.70 +0.28" 0.09 +0.05" 1.45 +£0.37¢
5% 4 0.51 +0.09" 0.13 £0.09 1.84+0.11°
& [ Pepsin/U 109% 4 0.92 +0.28" 0.19 +0.11° 2.17 +0.38°
15% 4 0.58 +0.16" 0.14 +0.04% 1.60 +0.44"
20% 41 0.43 +0.22° 0.12 +0.05® 1.04 +0.10¢

T RPREAT AR FRERR 25 23, P <0.05

Notes; Means in the line with a different superscript letter indicated difference at P <0.05

2.3 EAREAMIBLURAHEEMELLENN
A

H 3R 4 TN, B A1 23 rh 38 A i LU TS 7 5% 4
SN 25, 10% 15% F1 20% 410 55 %
EEFXLBRAL(P <0.05) ; JIF BT 20 40 4% 55 3 41
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TEA T LU TG ) 38 2 T X IR (P <0.05) 3
A 5% F1 10% 21 5E ¥y Bl LU & 7 40 3 1
33.3% 1 40% , . 3% 75 T AT IRAH (P <0.05),
15% A4, (HBCA B & 22 5, 1 20% 4
W PR R T 33.3% , BEAL T X IRLH (P <
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0.05).

x4 EXREOMIRELURFE FTERAE
B AR HEGLL E N B0
Tab.4 The effects of corn gluten meal on
amylase activities in the intestine, hepatopancreas

and stomach of Takifugu obscurus

U/mgprot
205 I7EEEN JHF I HIE £ 2 HHA
Group Intestine  Hepatopancreas ~ Stomach

0.43 +0.03" 0.30£0.07" 0.15=0.06"

0.45+0.09" 0.36 £0.06* 0.20 =0.03*

0.52+0.06" 0.41 +0.06* 0.21 +0.04*
15% 2 15% group ~ 0.51 £0.04* 0.39 +0.04* 0.17 +0.06*
20% 21 20% group ~ 0.50 +0.04* 0.38 +0.05* 0.10 =0.02°¢

R AT AR TR 25 5 B3, P <0.05

Notes: Means in the line with a different superscript letter indicated

difference at P <0.05

2.4 EREAMIEELFRAEAERELENN
0

H128 5 AT, EOK A 0k T B 07 1 LU T ) 5%
Wi i . i A e 4% S5 A0 1R I e G O ) A
P&/ ,5% 1 10% 4108 17 1 LE I 7 43 590 Lo Xk B4
LB T 46. 73% 1 60. 84% , I3 2 5 T 4 FR 41
(P <0.05) ,15% F1 20% 21 5 %t B 4H %A o 21k
25 5% 5 IR 20 23 v g D5 16 1 LU 0t A A ()
R, Hop 10% 2 X BRI 5 T 54.47%
R T AL (P <0.05), HALH 5% Fi
10% 41 HR 5 B L 36 7 Lo X B 2H 5, 5% 41 L X R
B T 38.28% , 22 E (P <0.05) 1 15%
F120% 41 43 B L Xt B4 F B T 25. 52%
36.82% , R E LT XFHELL (P <0.05) .

X} BB 2H Control
5% 4 5% group
10% 2 10% group

x5 EAREOMIIELRFEN . ATERAE
B HA P RERAEE L & IR R20E
Tab.5 The effects of corn gluten meal on lipase

activities in the intestine , hepatopancreas and

stomach of Takifugu fasciatus U/ gprot
4151 I JF R e £H 21 [EEEN
Group Intestine Hepatopancreas Stomach
Xif 2 Control 10.70 £2.33¢  7.27 £2.42">  4.78 £2.43"

5% 2 5% group 15.70 £1.95" 10.63 +2.68™ 6.61 +2.58"
10% £ 10% group ~ 17.21 +4.77° 11.23 £2.28* 4.89 +2.67"
15% 20 15% group  13.31 £3.69" 10.30 £3.20" 3.56 +1.48"
20% #H 20% group  11.09 £1.86° 9.98 +1.81" 3.02 £0.90°
TR AR B3R R 22 5 3%, P <0.05

Notes: Means in the line with a different superscript letter indicated
difference at P <0.05

3 ifig

3.1 BYFRASHEIEHUEEERESH
S TH AL A B 2546 R ) RE 2 AH A N 1Y L TH
AT P 1 73 A B 5 B R 2R T AR
BRSSO , AN R AT A B A A W] Y
THALHLEE  THALBER) 0 A th B 2E 7o i SE R 2
SRR, I SR Ty 7 A BT R WL A g B Y
ANV B A 2 22 S, BR B A A, R AU TS
ff At 25 1S A T T A9 TR A 07 6 19 95 R
NI AR WA 22 > JIF IR ZH 2R > B 4 41,
5 ARl £ ( Silurus asotus ) )T AL 73 A1 A2
ARABL ) AEL 5 P S X 2 41 . Scortum
barcoo) 1 EEt ) i 45 ( Siniperca chuatsi) I
FEAERA—E, B PEAH ) T 8 P AR, 30 Ak Bl
TP ) 20 A R L AN TR A R 52 A 8 3 il
B B ECTS H /N I TE > B > B i
Wi th ( Pelteobagrus fulvidraco ) W H'E > i > IiF
BRI BB G ARSI A A 2 5, X FE A
SR JIT i) B A U R g iR A, i
AT AL T 45 A R D BB A E B 45 R
RSS2 [r) — £, ] — o 2 2L A AS ] RS 3 A T
(35 PE 0 A 22 ), E R T AT X S 4r iR
( Erythroculter ilishaeformis) , {5 75 3¢ 251 % ¥ 4a
( Ctenopharyngodon idellus) \#( Cyprinus carpio) Fl
% ( Hypophthalmichthys molitrix ) W55 & BLTE
L& BOH AL 15 PR A7 78 25 570 AR SR
A R, vl LU 5 S0 2R Oy 75 S ) Jo 3 52
TN ZUHATIA AW I, T v 3 £ 5 1) 2 1 o 45
BRI 3 A B AL AT
R BOH B 2R 2 A E B
g RN IR A SN 3N TR NN
ZA R i R BTG R B TR, &
TIE A O 10 28 58 0 I 5 e R AT AR Ry
Gy AS—3, QB 3 W 1) T 1 Ve 1% Tl i B 1 £k
W T 4H 8 T s AR T i HL g B A
Bl s AL >, DRt S AL 7 B L R A3
PR . AR A 1 R W Y TE TS M
7 B RRAEOE N RO A TR B B
iy, — M 8t A R e g R AR
AE HTEHLULE IR ARk, BEHE ORG
RERR A8/, 6 B2 R B B R 2 A 361 et
AR SN SN AR TN ki R 3D
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HoA T A Tl 0 5 PR AR

287 A T R Tl ) T Ak B I A i 4R
G, ARSI 25 B R N SUAR Ty il g a2 2
oy e P43 1 5 v T B A B 22, U B M
VRS TR AR e 1 fify
TE Y T 2 0 3 S WA 1Y) o A S 3 I SR T ft g
JUI7 T T PR P R R AR T I Y, LA ZH 5 1
JERJIFE H 1% o e, T P 2E v 118 i 017 R 9% A A 0 A
%, B 80 4R 7 6l A U 6 T il 5 £ ) L 4
(Acanthopagrus schlegelii) "> 2% {p] 3= B2 £ JiF Wk F1
/NI
3.2 EREEAHTSBREMNBLUERAHE
H B 14 B #2 Mi

I ARG 5 fRDRHAE BT 2 18] AT LUAH FL3E B
HEBHE VS PR Y r v S H A R
AR IS SO AR, Rk 2 1 YU 2 2 5 i) 1 26
AR B P A LR 2 —, LEE 2507 g giA
I G Sl =g = B/ L S A RSP O
( Litopenaeus vannamei ) 25 H BTG 1 W52 KT
I8 i I 3 SR s i, AR ) B BR E AT PR
FEIN TG0 2 (B A R T AR R
BERE AR RS AR . IEAh, A
SERRANY- Mt 2 A ) 25 195 0 2 1 TS PR B 2
FERZ—" L B, B S KT
WD S TR I = AR (N B Oncorhynchus
mykiss) "> g 38 9 K 11 AR FL R 1R TS P R
W o FERVG Pl (Salmo salar L) g i "
T s N — & BB R S H, S BUBR B IR
S W7 W T I A8 RE SO, DT s A5 Rt AR % )
P B8 TR T R M JOR TG 5 PR AR . AR SRR 5 2R R
RS I R OK 28 Ry 4 I8 SR O il 2R ) il
TP AR 32 Wik PR R 1 Rl ) o SIS TG e, TR R 1 TR
FRIKEE B RN R BE K B R B e Tt
[ a7 A S N 3N N
B K R 3G I S R SV T B
X A] B R K AR R R AR 40 R IS DR
FERRAH UK AR T ARk, WS BUR 7 i 40 1 5 5 3K
&R R E T B ISR B 7 2R T AR Ak, e i
1S ARG YER R 22 R
3.3 EREEMTLBREMIELFRAHIE
Wy i 1 B 2 0

2 JE By W TS PE S B A G, AGRAWAL
SEUSBESE T IR A A R £ 2 B

http: //www. shhydxxb. com

(25 5, DR A £ 2 ELA 5 1Y) U A9 1 0
PE, W B PR S  RDRH A P A 8 RS
SR KT B W TE R W A4 T P, DAS SR R R
i 2R AN o g 4y | I A X B
SR ( letalurus punetaus ) €3 B Y 1 7F 52 4L
BE T AR LA R FOE RS A 6
( Pagrosomus major ) HE £ () AF 5 K B0 U #3 1l 06 1
SR R E A A i R DA G, 2R BT
N BB RIRERL ) 8165 ( Monopterus albus) %jh,
VER G TG M B AR T AR A DR, i
LSRRG R A ZE BT ( Scophthalmus maximus ) JE
Yoy B 3 B SR R R B 2 T e . AR S
BBt T oK A 8 Y P S 1 0 vE by e T R AR
JOE KT HRZH 3 5, 4 B I 50 R 7 Bl 0 512 3 2 ) s}
A A A A
3.4 EREEAMTLSBEREMITELER T EAE
P g 7 1 Y 5 01

TENGJAROENKUL %)\ 2y — it 1A £ 1k 14
R NRNTHHE T s TR R E a2
S g A R FE A h £85I T O S A
SFNEARWT o T — T A M AN
HEE S B R R T & B e R i
WF2E & PR T £ ( Larimichthys crocea) 15K B 11 7%
A TE A RS 7 it 1 ) — BLAL T AAROK T HE
I B PR 2 R i D5 A i AR AR AY /)N 2 £ 55
6 335 VERL S 43 B A AR BT B 2R A T
P 00 £ R £ ) fek 20 R I Ak 2 79 g s 6 3%
3k v Y PERRZEL , R D T 1 TR b ) i
JI A OG o (EA A S SR e B, FER A B I
A, R 7 R A, an R
ARSI v B B K S R R0 1S I s 0 1 Y
WETERINSE T T R E SR, T S fmkH s
05 5 AT 22 5, DAL, G 07 T 0 e 110 22 57l g
JE A5 T RE R D o PR AN AR [ i 2, B 2 A
hy FE R T i — RS

4 g

AR T BEUR T7 B AL A 2 2
AR I A > IFRAE 4 > B A2 ok
HAFH R R R AR o £ T R SR 7 9
PRI PEA 25 R, KSR B A9 P RE Fe
1 i 30 7R 77 Ml ey T A 0 B ) 95 1, ELXT SR
Tit 147 52 ) DR 19 T ) b I T S, R A R IK



244

BB , A5 R HE OB A AR X I8 SR D S A R 1 4 52 ) 233

ik B A1 25 B R L BE EOKRE B 9 5 o
TR B RS FL A G ORI A A2 KR
) K S B 6 3 P B R R R

%O

SE

(1]

(3]

[4]

(7]

R, THOT, M, S5 FRE KO- B EAA
53 LU S LT R AL B TS YRR SE m [T ] Sh s R
2, 2007, 19(2) . 182-187.
QIAN X, WANG G Q, ZHOU H Q, et al. Effect of dietary
protein on the activities of digestive enzymes of Topmouth
Culter ( Erythroculter Ilishaeformis Bleeker) [ J]. Chinese
Journal of Animal Nutrition, 2007, 19(2) . 182-187.
PO, W/ B B E SR DA bR R B
FIARCEXF AR RS ()], KA AR, 2002, 26(1)
57-65.
Al Q H, XIE X J. The nutrition of Silurus meridionalis :
effects of different levels of dietary soybean protein on growth
[J]. Acta Hydrobiologica Sinica, 2002, 26(1) : 57-65.
SULLIVAN J A, REIGH R C. Apparent digestibility of
selected feedstuffs in diets for hybrid striped bass ( Morone
saxatilis @ x Morone chrysops & ) [J]. Aquaculture, 1995,
138(1/4) . 313-322.
TR, MEEERS, B, . DR B BUKE 5E R
BEAF LRI AL B VEFILIA o B [T]. 28Rl
KA, 2009, 36(2) : 231-235.
SUS P, SHI P S, YANG Q C, et al. Effects of dietary
protein levels on the activities of digestive enzymes and the
muscle compositon of juvenile red swamp crayfish
Procambarus clarkii Girard[ J]. Journal of Anhui Agricultural
University, 2009, 36(2) : 231-235.
PV, ez, BREEM], S5 B0 TDRL T M SRR
FRAY T T 0T AL Tl G 7 R R AL R s [T, Wi
LA BE 4R (A ARBHERR) , 2008, 27(4) : 395-400.
SUNSM, YEJ Y, CHEN J M, et al. Effects of fishmeal
replacement by mixture of soybean meal and rapeseed meal on
digestive enzyme activities and apparent digestibility of the
Black Carp ( Mylopharyngodon piceus ) [ J]. Journal of
Zhejiang Ocean University ( Natural Science), 2008, 27
(4) : 395400.
Ik, S, RN, SF BEAR AR AR o0 A T
JBENE R TE K B B ARG PR S [T ], K= 23,
2008, 32(4): 608-613.
FENG L, YANG Y, ZHOU X Q, et al. Effects of vegetable
protein enzymatic hydrolysates on growth, hepatopancreas and
intestine development, digestive enzymes of Jian carp
( Cyprinus carpio Var. Jian) [ J]. Journal of Fisheries of
China, 2008, 32(4) : 608-613.
BRER, T, S0AE, 5. FREABBE AR FE
BRI A A  BERE E R A S ()], i sg

[10]

[11]

[12]

[13]

[14]

[15]

M RZAZAR (R BHERR) , 2009, 27(4) : 358-362, 367.
CHEN R, HUA X M, HUANG X X, et al. Effects of
replacement of fish meal by corn gluten meal in diets on
growth, protease activities and apparent digestibilities of
Allogynogenetic Silver Crucian carp[ J]. Journal of Shanghai
Jiaotong University ( Agricultural Science), 2009, 27 (4) .
358-362, 367.

KUMULU M, JONES D A. The effect of live and artificial
diets on growth, survival, and trypsin activity in larvae of
Penaeus indicus [ J]. Journal of the World Aquaculture
Society, 1995, 26(4) : 406415.

AR /R Ehbh. FEROINETIEIM]. S50, ¥ dEat:
R Tl A, 1992: 122-123.

STELLMACH B. Bestimmungsmethoden enzyme[ M ]. QIAN
J'Y, trans. Beijing: China Light Industry Press, 1992, 122-
133.

CARCIA-CARRENO F, HERNANDEZ-COTES M P, HAARD N
F. Enzymes with peptidase and proteinase activity from the
digestive systems of a freshwater and a marine decapod[J].
Journal of Agricultural and Food Chemistry, 1994, 42(7) .
1456-1461.

MAROUX S, LOUVARD D, BARATH J. The aminopeptidase
from hog intestinal brush border [ J ]. Biochimica et
Biophysica Acta ( BBA)-Enzymology, 1973, 321 (1) . 282-
295.

KOTZAMANIS Y P, GISBERT E, GATESOUPE F ], et al.
Effects of different dietary levels of fish protein hydrolysates
on growth, digestive enzymes, gut microbiota, and resistance
to Vibrio anguillarum in European sea bass ( Dicentrarchus
labrax ) larvae[ J]. Comparative Biochemistry and Physiology
Part A: Molecular & Integrative Physiology, 2007, 147.
205-214.

M5, mond, XA, S SEIEAYERERIBTSELT]. W
BT, 2005, 26(20) ; 24-27.

XIANG X, YE Y T, ZHOU X H, et al. Study of digestive
function for Silurus asotuslinnaeus[ J]. Feed Industry, 2005,
26(20) ; 24-27.

W, HLoEsR, BRPFbs, . WY S B SR A AN
B PERIBTFELI]. KRk, 2005, 24(5) « 23-25.
SHEN W Y, ZHU Y R, QIAN K L, et al. Approximate
compositions and activities of digestive enzymes in Jade Perch
(Scortum barcoo ) from Australia [ J ]. Fisheries Science,
2005, 24(5) : 23-25.

R, RV, SR A o B A G TR
MFFELI]. KR, 1994, 1(2) « 10-17.

WU T T, ZHU X M. Studies on the activity of digestive
enzymes in mandarin fish, black carp, grass carp, common
carp, crucian carp and silver carp[J]. Journal of Fishery
Sciences of China, 1994, 1(2) . 10-17.

JAXAE, TS, ot =R O TE ARG P LA
(I, AR, 2003, 12(6) : 19-21.

ZHOU X H, XIANG X, YE Y T. Compare of digestive

http: //www. shhydxxb. com



234 SR PN T 8%
enzyme “s activity of three famous kinds of fishes [ J]. enzymes of Carassius auratus glibelio[ J]. Journal of Shanghai
Guangdong Feed, 2003, 12(6) : 19-21. Fisheries University, 2002, 11 (3) : 193-198.

[17]  BrEriz, AT2%, o0 RELUR 6L Al R G (27] ChREHg, HMESER, MROBAR, S5 SREEW LR YRR 2L OF

MR T]. KA, 2004, 26(6) : 11-13. FELI]. AR AR A= ( Eé’k%4+}{)j) 2004, 33(2):

CHEN SF, REN Y L, HUA Y Y. The histologic study about 219-222.
the digestive system in the larvae of Takifugu obscurus[J]. MA Y M, MEIJ L, LIN S G, et al. Preliminary study on the
Reservoir Fisheries, 2004, 26(6) : 11-13. activities of digestive enzymes in black seabream, Sparus

(18] Mgy, #RJ5. W SUIR J7 fili &y £ 0 Ak 38 1 JE 25 2% A 4 41 macrocep [ ] ]. Journal of Fujian Agriculture and Forestry
2055 (T]. AKFIHl, 2007, 27(6) ; 12-14. University ( Natural Science Edition), 2004, 33(2): 219-
GUSY, CAI'Y. Studies on the morphology and histology of 222.
the alimentary tract of the young Takifugu obscurus [ ] ]. [28] LEEP G, SMITH L L, LAWRENCE A L. Digestive proteases of
Reservoir Fisheries, 2007, 27(6) ; 12-14. Penaeus wvannamei Boone: relationship between enzyme

[19]  FH:F, I, HEdh, 5. a0 L EE R BT activity, size and diet[ J]. Aquaculture, 1984, 42(3/4) ;
[J]. FMRALI K 2A24 4], 2006, 28(2) : 213-216, 221. 225-239.
WANG G Q, ZHOU H Q, YANG J G, et al. Study on [29] KROGDAHI A, BERG T, OLLI J J. Soybean proteinase
digestive enzyme activity of Culter alburnus Juveniles [ J]. inhibitors affect intestinal trypsin activities and amino acid
Journal of Jilin Agricultural University, 2006, 28(2) : 213- digestibilities in rainbow trout ( Oncorhynchus mykiss) [ J].
216, 221. Comparative Biochemistry and Physiology Part A. Physiology,

[20] i3, HOTH, Xiess. wofa 6 6 SiReY P AEfa 1994, 107(1) : 215-219.
JHE SR IE N 7 18 2R B TE YR B4R (], s ek, [30] BUREAU D P, HARRIS A M, CHO C Y. The effects of
1993, 39(2) : 160-168. purified alcohol extracts from soy products on feed intake and
NI S W, GUA Y M, LIU H L. Investigation on the growth of Chinook salmon ( Oncorhynchus tshawytscha) and
comparison of protease activities in grass carp, common carp, rainbow trout ( Oncorhynchus mykiss) [ J]. Aquaculture,
silver carp, big head carp and tilapia nilotica [ J]. Acta 1998, 161(1/4) . 2743.
Zoologica Sinica, 1993, 39(2) . 160-168. [31] BUTTLE L G, BURRELLS A C, GOOD J E, et al. the

[21]  JH5eFE, TRZEW, WA, &5 CHR A 5 5 f 15 e A 5T binding of soybean agglutinin ( SBA) to the intestinal

J]. BRg KA, 2000, 22(3) : 107-110. epithelium of Atlantic salmon, Salmo salar and rainbow

ZHOU J X, ZHANG D M, HUANG Q. Protease activites in trout, Oncorhynchus mykiss, fed high levels of soybean meal
digestive organs of walleye[ J]. Journal of Jilin Agricultural [J]. Veterinary Immunology and Immunopathology, 2001,
University, 2000, 22(3) : 107-110. 80(3/4) . 237-244.

[22] Jelsjull. 38RO EURB [M]. R, [32] %, X4, BReE, S5 ShREYIE O LT B I AL BTG
b BREEBOR I ARAL, 1983 45-56. PRI ], RS4RI, 2008(7) « 37-39.
OZAKI K X. Digestive physiology of fish[M]. WU S Z, XIANG X, ZHOU X H, CHEN J, et al. Effects of animal
trans. Shanghai: Shanghai Science and Technology Press, and vegetable protein ratio on activity of digestive enzymes in
1983 45-56. common carp[ J]. Cereal & Feed Industry, 2008 (7): 37-

[23] WAN Z Z, GAO T X, ZHANG X M, et al. Histological 39.
study on the digestive system development of Takifugu [33] 25w, JB/DEK. KE B B x4 @ it e &% & &
rubripes Larvae and Juvenile[ J]. Journal of Ocean University HALE B A RER s [ ]. 3K 7R 2R B E R,
of China, 2006, 5(1): 3944. 2005, 20(3) : 198-202.

[24] WREFIZ AT, E50HT. MESUR T AT T b R &0 JIANG G L, ZHOU X Q. The effects of soybean protein
HEWFFE[T]. KRk, 2004 ,24 (6) :11-13 . isolate on hepatopancreas weight and intestinal proteinase
CHEN S F, REN Y L, HUA Y Y. Histological study on the activity of juvenile Jian carp ( Cyprinus carpio Var. Jian)
digestive system development of Fugu obscurus Juvenile[ J]. [J]. Journal of Dalian Fisheries University, 2005, 20(3) :
Reservoir Fisheries, 2004, 24(6) :11-13. 198-202.

[25] MMFH 3k Rg B3 . 20 68 48 J7 il 4l 40 0 1k 1 1 41 20 [34] DIMES L E, GARCIA-CARRENO F L, HAARD N F. Esti-
LRSS T]. 8 3CHF5E, 1998 (4) 53-58. mation of protein digestibility-Ill : Studies on the digestive
CONG J R,ZHANG Z H, YAO S C. A study of the histology enzymes from the pyloric ceca of rainbow trout and salmon
and morphology of the digestive tract of the juvenile globe [J]. Comparative Biochemistry and Physiology Part A
ﬁsh, Fugu rubripes[ J]. Article, 1998 (4) :53-58. Physiology, 1994, 109(2) . 349-360.

[26] L FRHEDT, AT, S AREDIE LB S (T ], [35] KROGDAHL A M, BAKKE-MCKELLEP A M, BAEVERFJORD

Hﬁ}/kfﬁjt" £4%, 2002, 11(3): 193-198.
SHEN W Y, SHOU J X, JIN Y F, et al. Study on digestive

http: //www. shhydxxb. com

G. Effects of graded levels of standard soybean meal on

intestinal ~ structure, mucosal enzyme activities, and



244

BB , A5 R HE OB A AR X I8 SR D S A R 1 4 52 ) 235

[38]

[39]

[40]

[42]

pancreatic response in Atlantic salmon ( Salmos alar L.)
[J]. Aquaculture Nutrition, 2003, 9(6) ; 361-371.
BURRELLS C, WILLIAMS P D, SOUTHGATE P ], et al.
Immunological, Physiological and pathological responses of
rainbow trout ( Oncorhynchus mykiss) to increasing dietary
proteins [ J ].  Veterinary
Immunology and Immunopathology, 1999, 72 (3/4). 277-
288.

GRISDALE-HELLAND B, HELLAND S J, BAEVERFJORD

G, et al. Full-fat soybean meal in diets for Atlantic halibut:

concentrations of  soybean

growth, metabolism and intestinal histology[ J]. Aquaculture
Nutrition, 2002, 8(4) : 265-270.

AGRAWAL V P, SASTRY K V, KAUSHAB S K S. Digestive
enzymes of three teleost fish [ J ]. Acta Physiologica
Academiae Scientiarum Hungaricae, 1975, 46(2) : 93-98.
DAS K M, TRIPATHI S D. Studies on the digestive enzymes
of grass carp, Ctenopharyngodon idella ( Val.) [ ]J].
Aquaculture, 1991, 92 21-32.

. WIRESAHARELBEMFID]. TP 1
Aalb k2, 2005.

LI Q. Study on digestive system development of Pelteobagrus
vachelli[ D].
2005.

ZEPT, AWM. R TR PEDREX EC IR 0 fa HE f AE ORI A
BEHEPERZm )], kARSI, 2009, 2(1) : 98-102.
LI Q, DIAO X M. Growth and digestive enzyme activities of

Chongqing: Southwest Agricultural University,

Pelteobagrus vachelli juvenile fed on different diets [ J].
Journal of Hydroecology, 2009, 2(1) . 98-102.

B, RHL, A, SF. R EE SR AR X BE SO R i
THACEEE RS [ ], KA, 2008, 28(4) : 38-40.
HUANG F, LI H, LIU J, et al. Effects of replacement of fish

[43]

[44]

[45]

[46]

[47]

meal by fermented soybean meal on catfish digestive enzymes
[J]. Reservoir Fisheries, 28(4) ; 3840.

FEN, Bribfd, W5, 4. SR SHE T (L
TR RN [J]. TR, 1998, 20(4) ; 103-106.
WANG C G, CHEN P J, GU Y, et al. Effect of different
diets on digestive enzymes activity of Pagrosomus major
juvenile[ J]. Acta Oceanologica Sinica, 1998, 20(4) ; 103-
106.

ZEE, EGE, kU, SF. NIRRT SR L R SN
TERBEREPE R 2R [ ] AR DMk, 2002, 23 (12) @ 48-
50.

LIJ, HE R G, ZHANG S P, et al. The effect of different
feed on the amylase activity in the digestive system of young
zuiew[ J]. Feed Industry, 2002, 23(12) ; 48-50.

T, M, BEKWI, & JEEMR Gy EA
BRAB AT TR SEL ], MRk, 2008, 32(6) : 9-
12.

WANG H Y, SUN M, XUE C H, et al. The feasibility of
partial or total replacement of fish meal by soybean meal in
diet for turbot[ J]. Marine Sciences, 2008, 32(6) : 9-12.
TENGJAROENKUL B, SMITH B J, CACECI T, et al. Dis-
tribution of intestinal enzyme activities along the intestinal
tract of cultured Nile tilapia, Oreochromis niloticus 1.. [ J].
Aquaculture, 2000, 82(3/4) . 317-327.

i, MAR, EEE. KRR E R IR i )
LT HEAKT R, 2003, 10(4) : 301-304.

XI'F, LINLM, WANG Z Y. Activities of digestive enzymes
during development period in Pseudosciaena crocea [ ] ].
Journal of Fishery Sciences of China, 2003, 10 (4 ). 301-
304.

http: //www. shhydxxb. com



236 (SR (T E NI S S 1 28 45

Effect of corn gluten meal partially replaced fish meal on digestive enzymes
activities in puffer ( Fugu obscurus)

ZHONG Guofang'**, ZHOU Honggi', HUA Xueming'*”

(1. National Demonstration Center for Experimental Fisheries Science Education ,Shanghai Ocean University, Shanghai 201306,
China; 2. Cenire for Research on Environmental Ecology and Fish Nutrition of the Ministry of Agriculture, Shanghai Ocean
University, Shanghai 201306, China; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University,
Shanghai 201306, China)

Abstract; The present study was conducted to determine the activity of enzymes in intestine, stomach, and
hepatopancreas of puffer ( Fugu obscurus) and whether corn gluten meal (CGM) partially replaced fish meal
could affect the activity of trypisn, chymotrypsin, carboxypeptidase A, carboxypeptidase B, pepsin,
aminopeptidases, lipase and amylase. Five isonitrogenous and isoenergetic experimental diets were
formulated. Diets contained corn gluten meal from 0% to 20% . After 60 d, the activities of the enzymes were
measured. The results showed that; (1) The enzymes activity in the intestine were significantly higher than
those in stomach and hepatopancreas except pepsin. The enzymes activity of stomach were lower, except
pepsin; (2) The corn gluten meal impacts the enzymes activity of Fugu obscurus. Trypsin activity was highest
in 10% treatment. The activity of chymotrypsin, carboxypeptidase A and aminopeptidases were linearly
decreased with increasing CGM percentage from 5 to 20% , and it was significantly lower than that of the
control in 20% treatment. Pepsin activity of 10% treatment was significantly higher than that of other groups.
Lipase and amylase activities were increased in the trial groups, and it is significantly higher in 10%
treatment than that of the others (P <0.05). It was concluded that the activity of digestive enzymes was
highest in intestine, and the upper limit of corn gluten meal for optimal digestive enzymes activity in puffer
feed was 10% .

Key words: corn gluten meal ; digestive enzymes activity ; intestine; stomach; hepatopancreas
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