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Abstract: The purpose of this study was to develop a new enzyme for industrial production.A kind of marine cold-
adapted o — amylase was adopted to hydrolyze corn starch. Some factors which could influence enzymatic
hydrolysis were studied.The optimal conditions of corn starch hydrolysis with the a—amylase: temperature 30 °C,
hydrolysis time 90 min, substrate concentration 4.5% , enzyme amount 8 U/g and pH6.5. The amylase could
hydrolyze raw starch into maltose , maltotriose , isomaltotriose , maltotetraose and maltopentaose by TLC and HPLC
of analysis. The quantity of maltotetraose and maltopentaose was 69.62% . The hydrolyzate had the scavenging
effect on the hydroxyl radical and DPPH radical. The scavenging effect of the hydroxyl radical was better than the
DPPH radical.
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H AT 1Y ao— TE 8 Rl 3222 02 b Sy IR 0E ) g (5
WEAVEFIREZ S 50 C LA 1) |, ik Se i UG 78 58 = TR
BET A BA B IREALIE M o oo— T8 A3 B AK fife 02 K3 AT
FEARIAAR 2 22 By by " T R A
BRSO R RO TER Y 4%
BEGRERY  AIAR SR 0 K i I T, AE R 4 SR
HIR AT IR o TE Y Bl , K A B 2R DE R >R T AR IR
a—VERI K F Sigma 23 W] (1Y BEAE F R BE 4 40 C 1Y
R a—TERHE S

A SR 1 EWF AR IR o BERSIE " /K
KIEM , B TR S A4 LA BoK S 7 1 14 A S R, LA
R A JE AR o V8 A Bl ) Tk 7 FH ER ARSI -

1 #MRl5FE
1.1 5SS

FKTER  TERILEREE 100% ,ZEEERTA RA
FEREH EEIEAES) A7 0 GF254 fikJichi , JBE 3
24 0.20~0.25 mm; Tris ¢ ERFR 3 ,5- i FoKm R . TG
IRV BRFREN AR VST KIRTR BRI 1T I 4EAE
= C EEMAIRAAA R A F ; DPPH - Sigma 4y
A ;iMarK680 FUAR{Y 35 [E BioRAD 4\ 7] ; DK-S24
B PER K BB PR S Se iR A& A BRA F
SevenEasy (S20) pH % [ VAR5 1) — FC R 2 AU A
FRZS W 5 BS323S AUHL 7 K7 bt T 2 ARl L
R GA RN | 3 BR4i multifunction centrifuge 7Y %%
RE DAL ¥ Thermo 23 W] A PG vERs i
B A IR T & A0 T AR Bl
g AL E A RAR
12 SKBHE
12,1 WARIR a— VEMY G H i vE 328 IR SR S
GS230 ( Pseudoalteromonas arctica ) 4 2.5% ¥ £z Ff
BT R R R FE S, 180 r/min 20 °C By 3%
24 h,10000 r/min B5.0> 10 min, VSR H—J7 B IE K
AT REUE , PR B U8 W HEAT ¥ R TR R SR i VAR
a—TEWI
1.22 [EfR T2 WA HaRR—ERETHEREY,
Hn KA BRI F R IR0 e — e B R AR T R AT E pHBA
18R ARB5R P e T RN — E F KB o B B A B —
BT 18] J5 Bk R B 3 427 i AL ik — & DE AL,

1.23 DE{EMx % H3,5- ZfHILKipm
(DNS) 35 52 34 JEOME , 7K i v 3 JEOHE L 4 %5 Bl 3t
hi TSRS E 53 e DE {E.

1.2.4 IR ERGER T 2Ptk

1.2.4.1 BARIZR S 43 I BF ST B a) hn B & 38 # e
JBE GRLEEF pH X 3 K R K i ) R, S 6 B =
APAT o BARZFAT

B TRT %) 7K 6 A 8 M3 14 5 ) < 5% T8 H We B2, i
Wit b 2 G oy 4 B B B v ARG L E R T 4 U, JD
4 U/g, 7E 30 °C 4% 317K At 30 .60 .90 .120 150 min, jil]
A OBl B B

JITUTGE e X 7K i K TE 3 119 52 0] < SE A UK BE 5%
S350 S 2.4 .68 .10 U/g, 78 30 °C 43 5l /K fifg
90 min , M4 AR5 B

TEAY TR JRE X 7K i T K TE Moy B9 5 W) < T 3 K RE 41
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W 1% 2% 3% 4% 5% 6% , G HE N 4 U/g, 7E
30 C 437K f# 90 min A JFOMH &
T X 7K it R K TE R AU 2 IR - TE RN R B 4% |, i
R4 U/g, 55 5IFE 20 25 30 35 .40 °C 7K f#90 min, M
pH T AR i oK B3 B4 52 0 < K AR 4 19 4% 11
ETERY S HIVE AT pH A 5.0.5.5.6.0.6.5.7.0.7.5,
8.0, Nk 4 U/g, 7 30 °C 43 B 7K fi# W f#% 90 min,
3R MR B 2
1.2.4.2 IEASSCE:  FERRRZRSCIG M EAL L, =1 IE
AESYe Ly (3%) , SEER RZK -3 1,

F 1 GE - TR IE SR N K-

Table 1  Factor and level of orthogonal test of the
cold—-adapted a—amylase
SES
K AWAR Bk CEE
(U/g) (%) () '
1 4 35 25 5.5
2 6 4.0 30 6.0
3 8 45 35 6.5
1.2.5 K@=y
1.2.5.1  ZR)ZMTE(TLC)  FIE S 95045 31 1Y B

A S5 Ak AR S A, TR0 Bk ARG 0 B 1] X5 7= 4 #4582 W), 7K
B 43530 °A 1.3 .5 ho P2 A B RN 72 0 S R i AT
$oxe o BN AFBIAIAE SR BE 5 min, FH 75% . BEHE
W BT R, 10000 1/min .0 15 min, K745 FiFE R
JHREER AR GF254 , FshAl A5 VKB IR /K =5:7:1, &
AP 2 20 % MR 1Y £ a5, FEA 100 °C 4t
FEHET 3 min, 15545 5
1252 S0 02 (HPLC) bR S Ab R . i 45
SRR EU BRI RN A 2R (2R b L R A2 R
DU | FOBE 0 7S 0, A8 4l K 7 o IO 75 S50 TR A I 3
FE AL ER N 8 U/g JEMMRIE 4.5% JREE30 C |
pH6.5 , K fi# 90 min J5 , B S mL, P =5 50 AH 3% . (5,
%5 0 4% 44 & Waters Sugar — Pakl (300 mm x
7.8 mm) , ¥ s AH UK, H A~ 0.4 mL/min, 478 A
85 °C .
1.2.6 HEfE=PoEierE
1.2.6.1 KA ZHER I Pofb Bk i &< 1
KA KT, T TR T2 3 00 5 K At TP B Ao
DNS 323 18 JFOME ' FH 22 W8 25 T RO o 25 308 JO0 .
A= 28 C AV BHMEXT IR 0] 52 7K v B sS4k o
1.2.6.2 X[ HHZEEC-OH) IEERFMME  H10 mL
HLoeias , # RN A 5 mmol/L 4 — % 3E 1.5 mL,
0.5 mol/L .pH7.4 AR 2% vh i 3 mL,7.5 mmol/L Ay
FeSO,,1 mL, A 6] 2 B ife FEEE % % 3 mL, 1 mL {&KFR
5348 0.1% 1) H,0, , FHE ZE/KF5 BEF] 10 mL,37 °C 4
& 60 min,‘])”JJ Asm(ﬂ‘jA\) 955 EI'A:E'-@(AI,)KjJH Hzoz &H@
PRI, X HEAE (A,) o H,0, AS g > .

o B A (%) = 7 x 100
1.2.6.3 DPPH H H3LEFRFMIME 76 LA K
YA 3.5 mL 6.5 x 10~ mol/L DPPH %% 1 0.5 mL
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90 min Z §{if, DE {E b B+ 18] 4% 2E < 28 b %2 K, 90 min
2 J& ,DE [HA5fb#a T 2%, &% )5 DE [HE ARG E A
23% ~25% Z [a], SyHTREEE, BT BE S R N B i & vh
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Fig.1  Effect of time on the

degree of hydrolysis corn starch
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Fig2 Effect of enzyme dosage on the
degree of hydrolysis corn starch
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Fig.3 Effect of substrate concentration on the
degree of hydrolysis corn starch
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Fig4 Effects of temperature on the
degree of hydrolysis corn starch
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Fig.5 Effect of pH on the
degree of hydrolysis corn starch
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Table 2 Orthogonal experiment of corn starch L, (3*)

A%

A N : DE {f

TRTAMBR BB CHIE )

(Ve) (%) ()

1 3 2 3 1 39.10
2 3 3 1 2 52.07
3 2 1 3 2 46.66
4 2 3 2 1 45.89
5 2 2 1 3 50.75
6 1 3 3 3 42.07
7 1 1 1 1 28.14
8 3 1 2 3 57.40
9 1 2 2 2 28.23
k, 33.15 44.07 45.32 37.71
k, 47.71 39.36 43.84 42.31
k, 49.52 46.68 42.61 50.07
R 16.37 7.32 2.71 12.36

B3RS HCYE T SPSS 17 Statisties F{4F 347 )7 22
ST 3
w3 ORI ZT

Table 3 Orthogonal experiment analysis of variance

MAFf df 35 F Sig.
e 17161.000 1 17161.000 5058.611  0.000
TnfigE A 540.637 2 270.319 79.683 0.012
pH D 271.902 2 135.951 40.075 0.024
Bl L B 87.866 2 43.933 12.950 0.072
B C 6.785 2 3.392

M3 H A H, 45 B 32 XF S 56 245 M 1 B IR
¥k A>D>B>C, 5T, Infgm (A) i
pH (D) X 3 K 3& B3 14 7K M . 25 PRS2 i (p < 0.05) .,
MR K AR 225007, 398 552 T K 3 M5 7K 0 B A 554
A A3 BLC, Dy, B AL R A 44 R - JINEfE 8 U/g 38
B B 4.5% R E 25 °C (pH6.5, FEMLEEIF T, #E4T
ISHESZE , 155 DE {58 57.98, k)5 414 A
FFXF K TE By B9 7K o
2.3 EXREMKBEUSHT
2.3.1 HPZREHTI(TLC)  HE 6 Al A, TR TER K
PR R EOCE DUR, 4300 S 22 AR IR R A
A T, 3 h B UG A 2 i A A e, e
Y RFEZFERSFZZZE =, 5 h N8R KPR EZF
SHEANZE ZFE MR A E B0, {5 AR AR Y Ee ]
SkFE, B RIS AL, R, 7K Afe A fa] (938 24 3 KA
FIFSERER =4
232 ERMEAH S (HPLC) @it HPLC X
AUEAN T O T 7 7= W) 1) 28 SR A3, K R PR ) A 7
2 I S N Sk N~ R LA
FE, Hrh oK R e T 2 ZEROME S AR . A R g
AR T 55, 22 2F DU OBE RN 22 ZF HOME 09 8 Fn ik F)]
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Fig.6 Corn starch hydrolyzate TLC
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Fig.7 HPLC of hydrolyzate
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Fig.8 Scavenging rate of hydroxyl radical from
hydrolyzed corn starch

2.42 DPPH H i EERRA W& 9 AT, fgesk &R
C AHLL , B K TER K T DPPH H B BE 1115 BRBE 71
Aol d AR S TR K AR B K W AT LTS BR 30% Ry

20155 55234 155



I@%:ﬂ%&

Tt

Science and Technology of Food Industry

DPPH [ 2. X ] B S N D K i i 2 800 1 L
B I ISP AT e Ak 5 DPPH [ bl 5 5 1 Y S

RAEF S5 o
100 "N - &
- v
80 1
£ 60
E 40
20- {/‘
0 T T T 1
0 5 10 15 20
W& (mg/mL)

B9 FORTER K™Y DPPH [ BT BR 3
Fig9 Scavenging rate of DPPH radical from
hydrolyzed corn starch
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