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53R 8% 1 8% ,0.5% F1 2% ,8% F1 8% ,8% F1 8% ., FEAH[FIEEE AP T , & AN LEC AR R H
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JE IR 24 eI T A R
1.2 ZWHHE
12,1 FERES

FHT- 20 AW T fa A SR T K 43, T fa A
Jo e A, 98 F5Fe S 30 f R I 5 T UK 43 B R
HALSE , ) B IS, 3 B A B I IBENE | Y
TE R It 5 T Ak 18 259 J5 Pk e R
Ko T I 2B K oh gk T4 J5 By AR 2L 2, T
A9 fEREE R TS £ 8 1K, AR5 e m i A
ZUSHUARIR S0, P T e 4 50 R T g %
HEELOHLFLL 10 000 r/min 4 °C B0 30 min, B
FIEWCT 4 CURAf#AE 24 h NarHroete.
1.2.2 RIIRSTHAE L0 &

S R M 1 05 5 AT I AR TE 1R B0
IS « b T JR e S5 (R g U Joit A 45 44 o i 2
Fo) , b S B (8 B SRR 2 b)), FUEd [ )5
(S REEZ ), e (g a
SRBTEZ L), b A IS (NI 5 A
Z) k(K S5kkzi) .

1.2.3  JEM RS PRI

SKHU3,5- 5K 8 (3, 5-Dinitrosalicylic
acid , K DNS) i JFRE I & , 2 BB Ak 01y 7
BT M 0.5 mL 7 pHL I Y AT VAL TE ) I
W (pH 2 7.5) 5 1 mL 55 B (% BEZH S0
KT IRA  JF AR (40 C) 7K v Bk S
W 15 min, 485 57BN 2 mol/L ) NaOH A% 1
mL Z& 1k 07, BRI 1 mL DNS &g 4551, & ik 5
min JGT7EVKIAE RS AT, HANA 9 mL ZE1EK,
MBS 2 12,5 mL, SR J5 FH 5 Ao 6ot e
520 nm g OD fH, JEMBEHGETEE LT ¢
BTG 2 rp BT ) E A B 15 min AR E A G
PR 1 mg A2 ZEE O — AN PR, T U/g R
L
1.3 BEEMEERGNTR
1.3.1 R

SR i, S0 TR W
ARyl P Y R 3 Dy 25 ~ 70 €, AR 9 BB EE, B
W@ S °C, IR W) AT PE VE M VR R 2l 2%,
pH 7.5 BYBEERSZ R IC
1.3.2 pHiXE

ST 1y i, (AN [ % o Ak R
BRI AT EVERY , MR A 0. 4 1 E R B VE
sE pH YN 5.2 ~8.0, 4k 8 A B2 (Hrh pH

5.2 ~5.6 RHABEIR A8 ~ Frig RS ik, pH
6.0 ~8.0 R HBEIR A —4h-W MR — A% 0k 5
JHUE o BRI P 0 7 Y B Ok 6.0 ~ 8.0, 3k 6 B
(R A AN R — AN R P T T
PEVE RGPVl 5.6 ~ 8.8, 1 9 ANBEEE (pH
5.2 ~5.6 KBRS ~ Fri& R %% il , pH
6.0 ~ 8.0 >R FH#E MR A —4h-wh i — SN %% v,
pH 8.4 ~ 8.8 KA H AMR-+h R 2% th il ) ; W € ¥
BTG PRI pH I 6.0 ~8. 8,38 9 ANH fiF
(pH 6.0 ~8.0 RIS —4H-0 M — A 2% np
Wi, pH 8.4 ~8.8 KA H &AM-HhM % thil) . B
ff S R BE R 40 °C, i W AT P E R TR
2% ,
1.3.3  JRYIMRE R E

SRR TE W7, W S ] T
WAL E T DNWREELL, 439 R 0. 5% 0. 8%
1% 2% 4% 8% H1 10% ( B fif 52 o7 Tk & hy 40
C IR AT VE R B R pH 7.5 IR IR 9%
PRIRC ) o
1.4 HESH

FH SPSS 18. 0 #5 {4 ik BEBCHE , 45 S F 2
{H + bR1fEZE (Mean +SD) 7R, F ¢ 46 50 ] T 19 41
TRHAE LG22 L 225, P <0.05 AR
WE,P>0.05 hEFAEE,

2 4k

2.1 AEERAXABRESHELERSHRM
AN TRVERDRE X DR 7 B A 3 45 X 52 0 45
R 1o m U n] g, Rk Lo T | FETF IR
U5 A L P S5 g T UK B AL (P < 0..05) T
Feli  EO AT ]S 0 o R 0 L 8 e A 9 2 22 1]
BEA BFEMIESR(P>0.05)
&1 AEAEARHELEEL

Tab. 1 Digestive tube index in different treatments %

28 NG TR
Parameter Chilled group Feed group

Lt Ratio of intestine to BL 0.89 +0.058 0.83 +0.09

[t 1% JFi /= Ratio of intestine to BW ~ 0.43 +£0.08 0.54 £0.05*
PO I 5 A .
Ratio of hepatopancreas to BW 0.76+0.15 1.42+0.30
FOHA T E 2

Ratio of pyloric caecum to BW 0.40£0.07 0.48 £0.13
I i & Ratio of stomach to BW ~ 1.38 £0.13  1.48 £0.13
v I E i He: Ratio viscera to BW 2.94+0.32  4.00+0.51"

1 :BW {83 Body weight; BL 3 Body Length; * /R [Al—4 780
ZE5 3 (P <0.05)
Notes: BW represents Body weight ; BL represents Body Length; *

indicates significant differences in the same line of data( P <0.05)
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2.2 AREEARMAKOBRYEMEIESTHE
1]

W1 IR oK EE 2 5 DR 2 TE A T
A —80 YN FRE > BT T E % > 1 > B 1k
AW HVER MG R 22 R B (P <
0.05) , vk 21 15 5 1 Rk | 1 11 2 13 AL B %
PEZ S W3 (P <0.05) , 55 g 1 1 i 4 0] 22
FAEEP>0.05),

45 d =B
) 40 T Stomach
CERES ¢ = TR
=
Sz 30 He]gatopancreas
N IR 3
.#_'1'451 25 : Pyloric caeca
S 20 1. =8
&2 : Intestine
Qgﬁ 10 a b
s i
usices:| i ST
Chilled group Feed group

1 ARAPHERIK AR EHEEE RS
Fig.1 The distribution of amylase activity of
largemouth bass fed with two kinds of feed
R NG SR R A E (P> 0. 05)  RRNG S

BpR 285w 23 (P < 0. 05)
Values with same small letter superscripts means no significant
difference( P > 0. 05), with different small letter superscripts

means significant difference( P < 0. 05)

2.3 SNRETFIEAERNZE
2,301 JRLEE XS A LA ] MR A DK I R 6 E A
TG PR

HI % 2 Al fRDRH B Tk Bl s MELE 25 ~ 55
CIEENIE & TrkEH (P <0.05) , BB
ZRAEE(P > 0.05) ; pKE A FRDEH B vEk
fitg A2 A A — 3, M 25 CH IR R 2 30 °C
I IR B de RGP T i it o et B T v T 1R 2 12 ik
/N, A UK 2H T VE K S PETE 45 C A B B
PEXER G, ARDRE A B JH e U Ve A9 T T 1 7E A%
MEE T IR0 2 T UK EEZH (P <0.05) 5 vk fif 20
IV AR 2 JBR A U 3 3 1 43 0 HE 35,30 C ik F|
K, Z S5 Y B8 A R FE T i W U0, K i 2
JERIE B 15 PEAE 45 °C Ja A B Botk 3G Kk, H4AE 70
CHPE M e/ Ne UK EEZL FVRDEL B ] 5 98 0E
MG S NRETHAREER (P <
0.05) , &L EE T YRR K Tk EF 4,
IV E 2ETE B TG 1 1% 728 A 7E K 2H R0 et 2H A
o G EEE Yo R s AN D) SR = s o B
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50,55 CIRFNEAK o (DAL TE 8 Bl 16 P 625 ~
60 °C i BH 2 5 T UK R 2L 5 FLIG PR Tt A hy
U, BN 25 CIF i S Wi K, 76 60 CikH|
RIS IR/ (P <0.05)

2.3.2  pH X 5 o g Ak 4] PR A R 1T B S 3 )
T 1 R )

H12¢ 3 Jiom , IS AL I 1 V8 B Il 176 1 35 S 34
TR G 32 U /N, R A 2L 3 A A A e A —
B, VKO TR AR o TR T M L (R AE 45 pH
KPR EZER (P> 0.05), VKEFATE pH Ny
7.2 KA, R IG ZAB W/ . RDEHL7E pH 6. 0
~6.4 AN, 7E pH 2k 6. 8 Tt K, J5 18 #i
P/ o DI 2R A 2L P U TR s 8 O M A 4
A pH TR E 2R (P> 0.05) , fid pH 535
S pH 6.4 \pH 6. 8 ; falRHH 1 e KAE G B W/,
ZIEH TR, vkt 24 fe KARL IS S /N g 3
R, ZIGT AR WATTE 900 B 0076 M A2 1
FE VKt 4 AR5 — 3K, id& pH 43998 pH
6.4 . pH 6. 8; PIZH7E pH 7.2 Z Fif 44 S5 K5
ANCFE pH 7.2 S5, vK B4 e R A B B S d
JE RN TR — N . PR 1 R g
14 1 VE ¥y Bl i pH AH [R50 pH 6. 8, 251 4 M
pH 5.2 AWK, 38 B 50l (8 )5 13 8/
2.3.3  JERAHR X R GRL R R IR A R R
oy BRI 1 5

F 4 PR, PIALR) E e R B M AR TE B
225 (P> 0.05) , S BEE K B2 1 Tt i 1 1
K, BAENE BE 8% B ik B e KiG Pk, ZJG b &
SR FESE K, T UE B B VB W/ . I
JHE IR TR R S P — 1 2 5, DL AL 1 T
3 I VA 1 B I T 348 K, FE TR B Oy 2% R T A
BTG MR B K, HYREE Ry 2% B 26 55 35 (P <
0.05) , ZJoi G218 T B 3 5 Kk f 2 s 1 de K
(B IRAE S IVRE K 0. 5% , 2 J5 Bl =2 IS
3R TR [ VAN S e NN 37 i
T PETEAR R VR BE T 4R 2 3 3 T UK 41 (P
<0.05) , AP 4LiE AR fb e 3Aags — 3k, Widlsy
FEIC IR By 8% 35 BN e KIE M, JH A e B % 22
5(P<0.05) , b5 16 PR/ . P AL E A
PEAE S IR BT AR fh A5 Ry — 30, vk fif 241 0 s e
YLK T 2 5 A ) 1) S5l IS P VR B (W R
8% ) , S HAI] T B UE M Bl 1 — R4 G T
Peln 28 FokE41 (P <0.05)
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Tab.2 Effect of temperature on amylase activity of largemouth bass fed with two kinds of feed U/g
i H Item i Stomach W Intestine JIFJFEIE Hepatopancreas 415 %% Pyloric caeca
Vkfif2H Chilled group
25°C 3.42 £0.23% 3.78 £0.61°¢ 25.08 +0.73° 4.82+0.11°¢
30°C 3.78 £0.47° 4.24 £0.01% 26.70 +2.48* 5.43 £0.71°¢
35°C 3.70 £0.76 4.37 £0.14% 26.82 +3.28° 6.43 £0.78"
40°C 3.55 £0.44% 4.81 +0.43< 25.73 £1.26" 7.15 +0.93"
45°C 3.32 £0.43% 5.30 £0.40%" 24.59 +2.25° 8.47 +0.57"
50°C 3.51 £0.52% 5.53 £0.50% 26.07 +2.61° 9.29 +0. 69"
55C 3.37 £0.49% 5.68 £0.19° 24.90 +3.19° 9.27 £0.37"
60°C 3.61 £0.56 5.75 £0.30* 25.67 +2.46° 9.50 +£0.45"
65°C 3.22+0.55% 4.92 +0. 47" 25.64 £2.41° 7.09 +0. 14"
70°C 2.75 +0.32" 3.11 +0.28" 22.17 +3.90° 3.79 +0.19¢
TRk Feed group

25°C 4.93 £0.2%* 5.08 £0.43% 36.67 0. 84" 10.08 +0.92¢*
30°C 5.35+0.1%" 5.49 £0.19¢* 38.28 +0.97* 12.51 +0.60%*
35%C 5.14 £0.1%* 5.88 £0.77"* 37.85 +0.74° 13.12 +0. 18"
40°C 4.65 +0. 1" 6.18 +0.15" 37.37 £0.86"" 13.63 £0.30"*
45°C 4.59 +(.2¢" 6.71 £0.24° 37.31 £1.28%* 14.48 £1.16%*
50°C 4.46 £0.1%" 8.00 £1.21%* 36.70 0. 762~ 15.75 £1.77%*
55°C 4.24 £0.1°* 7.80 £0.34%* 35.99 +0. 54"~ 16.36 +1.88%*
60°C 4.25 +£0.19° 8.15 £0.52%* 35.92 +0.60" " 16.05 +1.71%*
65C 3.42 £0.03" 4.56 £0.53° 35.44 +0.78¢" 11.78 +3. 18"
70°C 3.41 £0.65" 3.71 £0.24" 34.97 +1.34°* 6.95+£0.23°"

T " R A — A B AN RE R 260 T AL B B VEZE 5 (P <0.05) o [RIZL N R ZI B IR A A A IR) /NG P iEROR 25 5 R B3
(P> 0. 05) , AARANGFRFRERTE(P< 0. 05), T

Notes: * represents the same digestive organs in the same temperature donate significant differences between treatments( P <0.05). Values with
the same small letter superscripts and the same precedence mean no significant difference (P > 0. 05), with different small letter superscripts

mean significant difference( P < 0. 05). The same below

£3 pHXIAMEARARE K O RE5EHEEE 00

Tab.3 Effect of pH on amylase activity of largemouth bass fed with two kinds of feed U/g
15 H Item H Stomach 1% Intestine A Hepatopancreas 4[] 5 %% Pyloric caeca
VK&E2H Chilled group

pH5.2 3.26 +0.234

pH5.6 3.50 +0.59¢ 6.12 £0.40
pH6.0 4.14 £0.26° 3.91 £0.63 35.50 £0.20° 7.49 £0.21¢
pH6.4 5.40 £0.50 4.61 £0.06" 35.29 0. 13° 9.67 £0.52°
pH6. 8 5.64 +0.13° 6.29 +0.17° 30.95 +1.09* 9.53 +0.31°
pH7.2 5.70 £0.74* 5.75 £0. 13 34.77 £0. 56" 9.32 +0.10°
pH7.6 5.43 £0.40% 5.32+0.13% 34.74 +0.60"™ 8.59 +0.02"
pHS.0 5.08 £0.23" 4.81 +0.11¢ 33.66 +0.87" 8.06 +0.35
pHS. 4 4.31 £0.11% 6.39 +0. 484
pHS. 8 3.36 +0.54' 4.88 £0.19°

ikt Feed group

pH5.2 2.86 0. 13°

pH5.6 3.12 £0% 12.32 +0.79%
pH6.0 4.01 £0.04 4.89 +0.52" 36.87 £0.43% 14.65 +0.33°
pH6. 4 4.08 +1.32%4 6.26 £0.45° 37.84 £0.48% 15.34 £2.67°
pH6. 8 5.55 +0.93" 6.66 +0.67° 40.58 +0.45° 14.58 +1.51°
pH7.2 5.33 £0.03" 6.63 £0.02° 38.21 +0.94® 14.85 +1.26°
pH7.6 4.95+0.07™" 5.82 +0.33" 34.05 £6.35" 13.78 +0.25**
pHS.0 5.01 £0.05% 5.79 £0.31% 35.06 +4.71% 15.17 +1.85*
pHS. 4 5.03 £0.84° 10.43 +1.79"
pHS. 8 3.82 +0.50° 9.33 +0.90"

TE - H Ve RS PEIIE 59 pH Y 5.2 ~8.0, 3% 8 AR FFIBUIESEMY BTG 14 6.0 ~8. 0, 3k 6 N JiE s WA T 5 BEVE MY BB 1 5. 6 ~
8.8, 3k 9 AEBIE; I TE MR PN 6.0 ~ 8. 8,36 9 BRI

Notes; The range of pH for amylase activity in stomach is 5.2 —8.0, 8 gradients. The range of pH for amylase activity in hepatopancneas is 6.0 —
8.0, 6 gradients. The range of pH for amylase activity in pyloric caeca is 5.6 —8.8, 9 gradients. The range of pH for amylase activity in intestine

is 6.0 -8.8, 9 gradients
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Tab.4 Effect of concentration of substrate on amylase activity of largemouth bass fed with two kinds of feed U/g

TiH Item & Stomach % Intestine ATl Hepatopancreas 441 E %% Pyloric caeca
VKEE4H Chilled group
JEYIH B Concentration of substrate

0.5% 4.09 +0.02" 3.87 20.19' 34.19 £0.74° 4.96 +0.50°
0.8% 4.64 +0.80" 3.92 +0.04° 34.07 +0.67° 6.16 +0.63¢
1.0% 4.64 £0.12" 4.16 £0.05° 33.12 £0.70° 6.64 £0.10%
2.0% 4.66 +0.50" 4.97 +0.08¢ 33.21 £0.17° 7.38 +0.60°
4.0% 5.55£0.63" 6.00 +0.06° 33.38 £0.27° 8.85 +0.38"
8.0% 10.06 £2.99° 8.07 £0.12° 33.70 0. 62° 10.29 £1.07°
10.0% 6.37 £0.83" 6.75 £0.29" 28.99 +0.67" 6.52 £0.34<

TakF2H Feed group

JEEYIH B Concentration of substrate

0.5% 4.55+0.19¢ 5.47 £0.04°* 34.81 £2.61° 12.88 +0. 62~
0.8% 4.69 £0.35° 6.00 £0.33°* 38.28 +0.41%* 13.98 £0. 98~
1.0% 4.74 £0.36° 6.34 +0.10°" 38.22 +1.59° 14.44 £0.86°"
2.0% 5.56 +0.48¢ 7.42 +£0.07¢" 40.52 +1.82°%" 15.90 +0.42"~
4.0% 6.66 +0.70" 8.75 +0.41°" 40.12 £2.28° 16.81 £0.67°*
8.0% 7.85 +0.82° 10.72 £0. 24" 39.49 +1.78° 18.96 +1.13%"
10.0% 7.48 +0.80 9.83 +0.77"" 37.69 +0.22%* 17.14 +0.47°"

3 B 3.2 HIRWAARAREXOESTENEEE
e ST

3.1 RIRFMHARAMEAOZRFEULEREY
2437

AU TE SRR, R B i | EEAF
FER I S5 | B AT IR S5 2 R T K e 2 T
AN TRV X R PR A AR B S A T — E Y
M o KRBT BT R S BB ok ik
ErPI KO- B AR SRR SR
FERM AR I KA S P12 R H
TRy ZH SR TR B0™ A S R,
SRR 20 T8 O™ A2 B . AR PSR
PR R BA AN R Bk KA 5 oK AR
BEZE L T R E o i 25 7 W 5 . o B SR W TR
THACHY 322237 i, S 9 25 2L s P A4 LU Ji T it
FC AR i 22 5 S 2, — T T nT RE S O R 4T 4
S, A WFTE A W M 2 4 A T e
SRR i AU S 6 3 4 ALl A AR
T, 5 EL e €5 4 5 i (4 ARDREAS (Bl i J5 2 19 A
X AR ER AT A o AR
R SR A Ak Hh KL 2T A v vk fef £ o
AT BRI SR BT T3 N £ RGBT A
BOR AT AR BT
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PR T A 2H R 20T U 3 e I A R ) B
B SERAE IR R VKB A2 R B 7R
At BTG R A — 2, T e e D oy il 1 M e e
U R TR T A D AT 33 BH A [ Aotk o O 1
TEAD T35 1 2 A1 52 W /0N o T R IEE 0 o il 45
FRerey , DO TE R T 4 O Ay 32 A o L BT BRI, T
PR 2 O 11 R B Ay ) 2 20 IR AR . KX
SV EN A YA 2 DAL ) ol AN [ 1 77 A
2SR AHVE R B O3 WA 1) TS A B T IR AN
1, SARTEGAE R — B, AN IR 2 ek B 43
AT — 0 25 57, T — Rl B 0288 15 U8 b S
PERGARST i 0 KD B Y T K 35 BE
( Scophthalmus maximus ) JERY BTG 404, 45 R 0
RETERE > > B, BEET Bk E
(Sciaenops ocellatus ) £ AL A% B VE B BTG V7>
A, 2 WITE R BRI R/ D BT IR JE > T iz > 7]
B> G > 8o AR H TR B R A,
5 EIRGIR 5, — b - 8 28 T by i 1) e
pH JEHI7E 7.0 ~ 8.0, 10 B N FEH B & pH N
5.0 ~7.0, JysgmR e b, 1 Y pH I £ 5
PRI, — 7 F BE MR 5 D€ o il 00 005 A, DAL T 18 9
Ty BiHG PE— A
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3.3 BEMEHERHARE A OB e T M EE
e

T R B 1 e Sh AR URR ™ A B ge R
028 Y AL — 5 T BB P, A IS 3
5 IR T v T DI, 52 38 B 5 R T 11 Y
SH A P B L, 244 52 7 T 5 v I Ak
BT LA, FLIG AR T " S0 2% 5L ¢ A vk fif
ZEL VG Ak 2L VE Mo T 0 A A A i B
R 8 231 A B IE 0 22 1, T 0 T o3 L 3L
FE K 25 ~60 °C . ARS8 % S 3 W v st 20 i e
2 A T A5 L 2 R 30 °C, B 3 U
FE4351 28 35,30 °C, 1 B 28 R 14 B 36 1L £
H 50 ~ 60 °C, 74— M 02 1 A i B IR B
A0 2 A T R VA R R
JRUIT 5 A AR A o A S 36 445 - 5 Y U i £ i 1)
YR 2L VM TR 1 5 345 YL FEE 6 — 0, LR 0% e 2 S
R TR 1 B f £ A [ A o 4% 0 A 7 B
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Effects of different feed on digestive tract index and amylase activity of
Micropterus salmoides

OU Hongxia'*, WANG Guangjun', XIE Jun', YU Deguang', ZHANG Kai'
(1. Pearl River Fishery Research Institute, Chinese Academy of Fisheries Sciences, Guangzhou 510380, Guangdong, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; To study the effect of different diets on digestive tract index and amylase activity of largemouth
bass, digestive tract index and amylase activity of largemouth bass fed the formulated feed (feed group) and the
ice fish (chilled group) were analyzed comparatively. The results indicated that the intestinal weight/body
weight, hepatopancreas weight/body weight, splanchnic weight/body weight of feed group were significantly
higher than those of the chilled group (P <0.05). The amylase activities in different organs were sequenced
as follows ; hepatopancreas > pyloric caeca > intestine > stomach in two groups. The amylase activities in
hepatopancreas were significantly higher than those in other organs (P <0.05). For the amylase activities of
chilled group and feed group, the optimum pH were 7.2 and 6.8 ,6.4 and 6.8,6.4 and 6.8,6.8 and 6.8 in
stomach, hepatopancreas, pyloric caeca and intestine, respectively. The optimum temperature were 30 °C
and 30 °C,35 °C and 30 C,50 C and 55 °C,60 C and 60 °C, respectively. The concentration of starch
were 8% and 8% ,0.5% and 2% ,8% and 8% ,8% and 8% , respectively. The amylase activity of digestive
organs in the feed group was significantly higher than that of the chilled group at same temperature and
concentration of starch (P <0.05). The results would provide some reference for adding enzyme preparations
and optimizing artificial feed formulation in the process of artificial feed preparation.

Key words: Micropterus salmoides ; ice fish; formulated feed ; digestive tract index; amylase activity
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