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Study on activity changes of a—amylase inhibitor from
white kidney beans during processing and digestion
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Abstract ; Activity changes of a—amylase inhibitor ( o—Al) from white kidney beans during processing and digestion
were investigated, which were determined after «— Al of different concentrations were treated by heat, acid, alkali
and simulating gastrointestinal environment. When o— Al was at lower concentrations ( < 6.00 mg/mL) ,a dose—
dependent relationship between the concentration and the activity of oc— Al was observed, while o— Al activity
increased slightly with the concentration when a—Al was at higher concentrations( > 6.00 mg/mL).Heat treatment
under 60 °C had no significant influence on o—Al activity(p >0.05).Heat treatment over 80 °C greatly damaged or
even destroied o - Al. Heat treatment at 70 °C caused an activity loss which increased with the extension of
time.Acid and alkali treatment ( pH3.0 ~ 10.0) significantly affected the activity of a-Al(p <0.05),the loss of the
activity was decreased with the extension of time.During digestion, o— Al activity suffered from an enormous loss
and stomach accounted for the majority of the loss. Low concentration ( < 8.00 mg/mL) of «— Al was nearly
inactivated. Nonetheless, high concentration ( > 10.00 mg/mL) of « - Al could better perform its physiological

functions.
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B a— Al PRI A 22 S Pl s vy, A BRSP4 0, gl
T4 SR RN AAR N T8 9 o — T8 A 1l R R AR R
5 NI T I A v W, 30 B2 K HLAE Sl PR A & & B A T
TIER

e 25 4t 2= 22 BT ) v kR, FR DR PR AR 1Y
NBABAEBAER 2 I A 25 5 o— AT 7535 b
PRI 7 T A A 26 R B ) o SR, AE F 25
SR TR, - AT — B2 28 5 AS [a) 1 5 g B Ah
T TR e A PR SRR JCBE S35 A B oo — AT NG PR
PRIt , 75 E 25 S0 n TR H A S AT R A998 A X a— AL
PR , AN BB H v ™ i 1 BREIAEL, Tim B B 5K
HZE SRR SR

ARSI T 25 a— Al ZEH0 T A9 4k i F2
ARG PEAS Al I AT R ST - AL R E  BAAL B | PR T Ah B
AL T 1) 45 PRI 2R X ao— AT 35 M R R Wi Sfe R e o— AT
TEJN T A2 v iy 35 PR AR Ak, I 3 o A4 g 18 Ak 31
I, 3T ZEE0P a— AL ZETH b A9 36 AR b i 4T
THEFT, B FE A T G- S B 25 SRR Y £ A R A
AL SARYE .
1 #MEEFE
1.1 Rl 5EE

ZMALEAZEST W,
Y , JC9e B E FIHLARER AT o

IR o— VE BB (PPA) : #5 /8 BifF 1% 30 units/mg;
EEE; TIEPEVER ;3,5 s SL KM (DNS)
Folin— M350 . i FHiUHI 29 S oAy sl sl A 4t

UV-1100 BUEEAPAT DLA-E56 T i Se ik
AR A PR A F) s PK-820 R FVE IR K i IR &
LA A R F  MP-501 A B UEIRIE A |
RS A PR W] DS—1 5 2H 2L R AL
IERASEL R R . HL 38 E Beckman 4N F]
K525 pH i METTLER TOLEDO,
1.2 LWHE
1.2.1  a— AT KEEPIHIFE  HWEHZEE 100 g, 250
JKIZHL 8 h J5 T T i, F i i SR LIk B 3
if 140 HIBIRHH AR FMLEF 45 K00 T E 1 h fil
TR FESIUIRE" IS 2T 4 °C,5000 1/min
B30 20 min, i U8 PSR, PR IRV pH 2 6.9 )5 BN1R
o— Al KLY (R U JE S/ 48~53 mg/mL)
122 a—-AL REXT a— AL {EPEMEm K& AR E
>k 50.00 mg/mL [ o— Al K34 F 0.2 mol/L. PBS
(pH6.9) 43 Wil %5 F& &= 24.00 ,16.00 . 12.00 ,8.00 ,6.00
4.00.2.00 .1.00 .0.50 .0.25 mg/mL J5 Il & o— Al 7K 2
Pt o TE A5 ) P A6 232
1.23  FACFREEST a— AL JEHEMO R BUER e

UL R /NI —, T HR

BE A7 12.00 mg/mL [ a— Al 7K #£4 100 mL, 4> 3 7E
40 .50 .60 .70 .80 .90 100 °C [ {H iz 7K V& 48 # l 4b
H 20 min J5 , REF KBS EZEE, T 5000 r/min T
0 20 min, WOEE VB, I A2 HEXT oo T8 A 1 B9 0 461
1.2.4  BROEALBERT o— AT 3G PERO R BUE Bk )E
A1 12.00 mg/mL ) a—Al 7K 4249 100 mL, il 1 mol/L
HCI 5% 1 mol/L NaOH J4H pH FZ= R T 40585 =
3.0.4.0.5.0.6.0.8.0.9.0 .10.0 F-32e 8+ 20 min, #&
JESz B pH 3E [0l = 6.9, F 5000 r/min | & 0>
20 min, AL VB, I H o T8 B3 i A I 1) 332
1.2.5 AbEERHEIXT o— AL VPRGN BUER PR
A 12.00 mg/mL [ a— AL ZK 324 200 mL, 4351 #4b B
FUFRHH AL B 60 min, 76 4L B4 F2 A 45 15 min HUEE
20 mL, /KR E B =R JE Y pH 2 6.9 )5, T
5000 r/min F B .0» 20 min, W 4E b 75 W, I 52 6
o— JEBY A5, HALPRIE SR H 70 °C, BR A Ak
B pH SR 4.0 F110.0,
1.2.6 HBHEFEMEE B—E & a- Al K$z
YT 37 CHINE SR &% T JF T DLIE i £E, 7F a— Al
JKEE W 4 VR FE & 37 °C B, 1 mol/L HCI &%,
1 mol/L. NaOH H H.JH 2= pH2.0 SRR DL H B, I8 =
pHS.2 MUz FREE " . a— AT KR 241 B
IE I BE AL I — o B[R] J5 Gl K e A = =R, Y
pH %= 6.9 J5, T 5000 r/min F&.0> 20 min, Y4E 7
W, D2 HL X o— P8R I 3P %R
1.2.7  AEHLE 18 b BT A W 8] M o— AL 3G 4
MUSENE KR B 50.00 mg/mL 1Y a— AT JK $2
# 0.2 mol/L PBS( pH6.9) 4 #H B = 20.00 ,16.00 .
12.00 .10.00 .8.00 mg/ml., ZA5 4L E i iE AL B 20 min Ji5
WK H E =G, Y pH = 6.9, F 5000 1/min
B0 20 min, AR ISR, D e HXE oo— DE A g 14 1)
il
1.2.8 FHEAWERME SR Lowry 3" LI 18K
EPSLRGAE R
1.2.9  a- Al JKIEYIXT a—TEKBFIN IR E =
B8 Yang 25 9 7 30 % 025 mL o — ¥E WY EE WK
(4 units/mL) F10.25 mL a—Al 7K¥E4n A %] 0.5 mL
0.2 mol/L PBS(pH6.9) # , F 37 C/K¥ 10 min J5 , 5N
A 1% AT EPEVERY TR 0.5 mL R S8 5 min J5 i1
A1 mL DNS 5], # 7K % 10 min J5 #4624
MRS , 1 540 nm P I E ROGAE . % IRAS PR
N o— FERY B ( LAEMAFR PBS b2 ) , Hifth 5 4 i 51
BAHR], F AR R R 1 R,

a— Al ZKIEY T o— TER F PN f Z Al 2K (1)

F 1 o TEMEHD AR E AR

Table 1  Determination system for inhibition rate on a—amylase
TiH fit (mL) a=Al K4EH) (mL) PBS(mL) JEHE M (mL) DNS(mL)
2 HE 0.25 - 0.5 0.5 1
23 I IR A - - 0.5 0.5 1
i 0.25 0.25 0.5 0.5 1
O A - 0.25 0.5 0.5 1

54 20155 F17H



@ésﬂﬁl’&l

* [
m n E?{r\t Vol.36,No.17,2015
e 100
i) = (1-775) <100 (1) 0f =
S A, A, A 1A, SR 540 nm R AS EAE < 60
25 0 TSR S50 R FRI I I £ 4]
1.2.10 Z¥eab3Jrek  Z9R 40 F R H SPSS17.0 4%
F3EAT ANOVA PR 28 J5 22 53 7 & Ducan’ s £ H % 20
4 (p <0.05) 0

2 FRE5WE
21 oAl FEMIEERMNFEETH
2.1.1  FEFIREEX) a- AL WG PER S & 1 TR 2
AR E IR BE 1Y o= AT ZK SR XT oo— TE A T (14 4100 1) iy
2. ME MR ELE 0.25~6.00 mg/mL B, o — Al X
o= FE WS B ] S ) TR AR A S AR U B M KT
6.00 mg/mL B, J1l1 ] 1 18 JO F B IR ZE . X S
T T B A G T R I X oc— TE R T U0 A 9 P 1 B
FELERA B . T IR IE A 12.00 mg/mL 1y
a— AT ZRKEE Wy LA Fae vy 08 400 i) 3 HL AR T 90 i) R4 <
55 R - LR R R X, S S S5 T o AT KR
WA M R 12.00 mg/mL., RAGAS 925 T
SRFHBEY a— Al KEE AR o— AL &l i, (5 i F =AY
FRIIAFAEAS L BE M ao— AT F oo — 3 095 Tl 4170 41 23 149 300
s R SR I a— AT K 3420 DA 25 B 1 U R R )
IRAE 1 e JBE 4 Jy 5, AT LA AR 4 M 45 3 R [6) R JE
o= AT, BETTHRTE o= AT 8 28 o A 375 4 O 5]
100

l’!/i
80 -

60

40

JMHIZ (%)

20 A

0
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S (mg/mL)
BT AT a- AT IEPERY 5
Fig.1 Effect of protein concentration on a—Al activity

2.1.2 AP BEXT a— Al FEPERISEI B 2 R
LN [F) L AL B 20 min 5 A9 o— AT 7K 359 %)
a—JEMIEEI AN HI £k . REGIALFRT) o— AL ZKEEY)
X o= GEREFROIN G 2Ny 81.15% KA A Ab PRIE JE
MITHET , o= AT PN PR . 2 PR AL PEIR AR T
60 CH},a— Al BYIE AR B3 (p >0.05) ;70 T
AL AR 73.61% |, 4G PR R 9.29% , 1%
PEARAE R 35 (p <0.05) 5 S EAL PR BF 5% T 70 “C i,
) % O R [ 80 C R AR B S, 41 il R
26.36% , 4 il 7% 4B K 67.529% 5 B AL BRI T
90 CH},a—Al 584K 1%, o— Al ZEBARIEE M RE
TAER il B2 T 2R 0% B9 7 o, W 5 AR BT g AS
A

2.1.3  PROSALFEXT o AT G PERURZNE & 3 Fios &
ZAN[R] pH Y ER O AL B 20 min J5 19 o— AT ZKE& P X)
o— JEM T 4 P ) 2 R 22 TR B A B (pH6.9) 1Y
a— ALK $2 4 H A &% & 0 40 &) 0% vE, 30 &) 5

40 50 60 70 8 90 100
iBE(C)
B2 LB XS o- AT FEME R0
Fig2 Effect of temperature on a—Al activity

86.13% . TEPRALEH Y, BEAE pH BYVE /N , 30 i 1% PR IR
PR )G# T R, pH3.0 B, 3 %y 53.89% , )
HTE AR 2 37.43% , TEBAL IR, BERE pH YRS R,
G PHEGE R R . pHB.0 B, 3 355 62.05% , 41
HIEPEBIJE 28.03% o FEAE pH B4R LEIE O, #0135
PETC I 25 284 (p > 0.05) o piy b AT UL, PR ek Ak R X6
o= ATFTEVEA 26 i 58 . X S5 A BRAE prfs 4
A B2 5, W RE 2 DN b HOAE R i Ah J b >R T 82
PR T AL BT BRI [E] (4h) o AR SCR T 1 mol/L
HC1 5% 1 mol/T. NaOH #47 i Bl b B, 5 SZBr N T ik
FRTE SRy 4230, A $HAH X S A B ] 0 B B ME A 1Y) Sk
PR OHAL PRXS oo~ AL FYEEIR o T UL, 72 P =2 S i
T.H7, >R HCI 5% NaOH ##77 pH B}, a— Al BY3EHEAT

I EABIK
100 -

80 -
60 - _
—

40 -

(%)

20

0

2 03 4 5 6 7 8 9 10 11
pH
3 FRBRALEEXT o— AT VE M50
Fig.3 Effect of acid and alkali treatment
on a—Al activity

2.1.4  KCFREFE]X) a- AL JEVER W & 4 R 2
70 °C FhAb I FNFR fdAb ¥ ( pH4.0, pH10.0 ) o — AT 7K 32
) 60 min (1L A2 RN HI G PERERT A B S ik . &
70 CHIHALFLFNFRHFALEL G o— AL [0 1 3% M 24 e
TR, TEPALFRIII] o — AT B9 310 1 355 Pk s T R,
15 minff a— AT B4 35 76.34% , 4110 il 145 14 451 2k
10.84% ;£ 15~30 min Py 3G PTG 2 25251k (p >
0.05) . #£ 30 min J& , a— AL B30 Hi 75 PE 2 7 FEAIG , 31
60 min B ,70 C #A AL BELH N HI F Ny 72.44% , 3 &
PEFRZR 15.39% , TEMRALIRBTI] o— AT 41 175 P 8
AR, 78 15 min B, a— AT B30 2K 64.61% , 411
T PEFR IR 26.47 % 5 B 25 B[R] B0 3E K, J00 5830 90 14 4 35
mFH(p <0.05), 7 30 min B}, o — AT B4 310 4 3 2R
76.82% AW 75 P P 12.58% ;30 min J5 31 15 4
218 I e, B 60 min B a— AT (115K >y 80.99% , 111
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MG PEIIR O 7.83% o FEARAL BRI oo~ AT B4 3 4] 1007
1EVE A AL 5 R Ak BRAH PE B ¥ 2%, 76 15 min B, 80 —a— b

oa— AT %R 73.38% , MG 1 2% 15.64% 5 B
F5 I 8] Y E A, A0 0 1 22 12 8] T, 3] 60 min B,
a— AL 52 80.00% , 411 il 1 PE 451 2k 8.02% . Hh
e UL, o= AT HAT 84 Y PARUE PR A pH AR E 1, 3X
SHAER A T AR L B A5 R 3 A 4 ]
I, BEAE B TR A SE G, PRA FEXT oo — AT 375 P4 385 5 1 45
RESASWIHG I, TR R AL BRXT - AT 33 P 3t il A 458 2
2PN X TTRE S a— AT FEAS [R) A BRI A2 A i iy 2
A %, RILTE F 28 a9 n T2, JH HCL 5 NaOH
VA pH J& , 4EFFIE S AR E] A BT o AL IR PERPK
52, BRI PG L 2 AN ATk B i S R A 7 R Y
100 1
90
80 7 W
— 70
S? 60
= a0 ——70°C
g 30 —e— pH4.0
20 —— pH10.0

10 1
0

6 1I0 2I0 3I0 4I0 SIO 6I()
I 16] (min)
B4 LbFEE XS o— AL TG A 20

Fig4 Effect of treatment time on a—Al activity

22 o-AlFEHEKITERAFEEZK

2.2.1  BEIUE Wi AL BE XN R R AR o— AL 3 PR
sz & 5 BT s g2 AR R EE 43 5l oA 8.00,10.00
12.00 ,16.00 .20.00 mg/mL [{] a— ATl 7K 324 2 A1 H
J7 B AL FE 20 min J5 X oo— T A0S B 4 310 1 9 PR 5 O
2k REBHLYE I A B, X o— TE Ry B A4 0
2y ) Ky 82.15% . 82.68% . 84.72% . 86.16% .
87.49% . ZARIUE WmiBALFRIG o— AT AN HI 3G 11
A, H AR E . MERREST
10.00 mg/mLA, 310 37 04 3 2 Bl A 71 vk B (19 345
2218yl /b, 2R R BE 2l 10.00 mg/mL B, 7E H i 18
Hr J S PR O 55 R 34.89% Fil 44.42% 5 4 FR A
e BEAIRT 10.00 mg/mL B, 31 3% PR 14 2 O Bl A 1 ik
B G in i G vek 2L S TR BE Sl 8.00 mg/mL B, TE
B W38 P I P e 55 31l 88.94% F183.21%
FHUETT WL, ao— AL B4R A R E o— AL FER A
TEPERASAE 36 200 a— AT A & &/ a— AT FEN
PR PSR B BV T B AT —

2.2.2  AS[EIEGTH] AR 0L i 1 AL BEXT o— AT 3 PR
s & 6 i B HLE B iE AN o - AT K2
120 minfy 1 B2 oo — AT 3900 1) 355 14 Bl B 1] 09 22 4k il
o a— AL KEEYIRIER U BEE DN 12.00 mg/mL, 45
B IHiE AL FE 120 min J& , a— AL A9 30 HI 3G P B 35 1%
K (p <0.05) . FEALHLE LB 47307, 400 ) 375 PR LG
B%, 7€ 15 min B, a— AT B3I RN 64.83% , #1l Hill 7%
P 24.83% ; 7F 15~60 min PP TE M T B 348
th(p >0.05) ; 7£ 60 min J5 Pl 3 4 P UGG T B,
Z 120 min B} a— AT Y4 HIZK 52.55% , Jd]i6 4R
43 39.07% . FEALILIZIE Ak FE 497 3, 310 10 36 L i AR 1k
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Fig.5 Effect of simulating gastrointestinal treatment

on a—Al activity of different protein concentrations

T O S AR Ab BRI AR — 340, {HAE 30 min B 410 i V%
PER I T, H— E AR, 2 120 min B - AT 1)
I ER R 72.26% , 315 MER < 16.50% , T4
B AL S5 F )8 T i pH, BRI X o= AT 35 530 B9 8
HMELIW A, X S5 4 i3 g5ie IF AT I, REH
B NAFEE FEAEE, (HAZEE T a—Al A2 AKY
T 1t A 1 T A s o A B R B TR e L AR
P T ) Tl At LA o e o e RS I, oo AT 3 R
TEB WA B R, i SR e a8 I & S O FE Ak /Y
a— AL iy, HAE PR TT RE £ o a4

100 7
90

80 1
70 1
60

50
40 1
20 A —e— B Ab 3
10 1
0

IR (%)

(') 2'0 4'0 6'0 8'0 1(')0 liO
FJ 8] (min)
B 6 I [E] T (AR 1 i T b IR o AT I 1 1) B2
Fig.6 Effect of simulating gastrointestinal treatment time
on a—Al activity

223 SFEIE ARG o— AT TERHLUZ IE H 09 3%
PEAEAL BT s 2SI E AL PR 2 h JE Y a— AT JK
$2 W) AL I T AL B 120 min A5 AR o— AT 0076
TG PEBERT A ) AE AL T 2R . oo— AT ZK 29 09 85 1 vk 3
27 12.00 mg/mL, SR IEANHE 120 min J5, a—Al
A G A BT T TEA U i AL PRI, o AT
9 P 2 BT (p < 0.05) L 7E 30 min i a— Al
A G P 60.00% , 30 il 35 4 42 5 10.68% , IF—
B, ML T W, & B A5 3 A B iE
o— AT, HE AT DATR 4 M PR 457 B s 1S 5 . Rk
Bz B SRR a—- AT AT LLs 3 T 09 A= BAL
e, 3X 5 M.A.Tormo “5 YR FE A5 S A —50™ .
3 &g

TEAZ G TR H b, 285 2svb B8 BR
PRAFAL B[] B 2 22 R RO & B VR ] S
AT A (1 () T, 3k SR ER 2 52 i 2 1 22 5 o AL
BYIEPE, I E AR 25T o AT 7EIX e 5 782 vh 19 48
ABTE O, 7T LU b v 8 - 11 25 A SEBR AR 7 FTSE o
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Fig.7  Activity changes of a—Al pretreated by
simulating gastric in simulating intestine

ARSI AFIE o— AT ZKEEY) 28 AL B P2 il Ak 21
UL R AL i 3 Ak LIS (0 P AR A ke B e =5
a— AL 7EIN T A AL #2 p B 36 PE 28 . o= AT X
o—VE Ky B 09 4 WA TR BRI ek
( <6.00 mg/mL) &7 K OCHR . =T 80 CHY
PAEPRAE o — AT JEHE T FH S 230,70 C it
o— AT T4 2%, Bl A Ta) 1) S8 4 3% P40 R 1 O
BLIFTA] ( <30 min) AR AL B ( pH3.0~10.0) 23 {2 3%
M a— AL 93P (p <0.05) o FETHLE R, a— Al
B PE L WA (R (p <0.05) , Hgm P e E2AE
WL IRE AU ( <8.00 mg/mL) 1Y a— AT FEAR N LT
Rl o MEFAHE (> 10.00 mg/mL) [ a— AT A LI
U MO AEAR N R AR BRAE . ART 60 °C il kb BN
SREFZW a— Al FYTE M (p > 0.05) . BN (A
( >30 min) PYERHEALFE( pH3.0~10.0) X} o— AT {EPER)
MR/ o BRI, AR SCI AT 9E AT LAAR G- b oy 1 =2 5211
ST A FHPEBAR S AR T 28 SRR ZE S AU
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