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Antioxidant and a-amylase inhibitory activities and starch hydrolysis

kinetics of kidney bean by simulating digestion in vitro
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Abstract: Objective:
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To evaluate the physiological effects of
whole kidney been food and develop functional resources of differ-
ent color kidney beans. Methods: The contents of total polyphe-
nols, flavonoids and acid polysaccharides, and antioxidant and
a-amylase inhibitory activities of digestive solution and starch
hydrolysis kinetics and glucose diffusion properties of three
kidney bean were investigated through in vitro simulated gastro-

intestinal digestion. Results: The contents of total polyphenols,
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flavonoids and acid polysaccharides, and antioxidant and
a-amylase inhibitory activities were black kidney bean > red
kidney bean™white kidney bean (P <C0.05). The kinetic rate of
first order reaction of starch hydrolysis, rapidly digestible starch
contents and glucose diffusion rate were black kidney bean<Cred
kidney bean<Cwhite kidney bean (P <(0.05). Additionally, the
contents of bioactive components of kidney bean digestive juices
were positively correlated with the antioxidant activities, but neg-
atively correlated with the rates of glucose diffusion (P<C0.05).
Conclusion: The digestive juices of kidney bean were rich in phe-
nolic compounds and exhibited excellent antioxidant activity and
certain a-amylase inhibitory ability.

Keywords: kidney bean; simulated digestion in vitro; antioxi-

dant; a-amylase; hydrolysis kinetics; glucose diffusion

ZE0 A Y 2 RS A BRI AR I B TR
JEFCAE U [ ZE R 32 L T 0 7 L ELAE D B M
LGEgamtt, ZEEFRREA ER . E AR,
YA R M R F 2R E A ST . SHRE
TR AT S TE A A LE L 5 TR R (C-HDD B B i BB
R A O A B A BB B IR 52 AR T R AR R
L RIE Rt SN X: S o /N g =N (S ERTER L7
g NI £ 2 1 A0 O 5ok YR EL A I AL I 1 8 A 1 By
Fe 2 BUBHIRG B A 55 2 R 5 400 o A, YR L 26 8
Bl LS R ANRAESE RS M4H & 507 2 25 TFFR £ 2 Y
B 264k & W - B RGBT A | I IR L B0 28 L4 3 Ik ok
FEBE AL HU MR R b 2 S T

FURG A RS R R P e B FR A 5 e
TR T A R e L3 2 % T R
BRSSO, KA ERES R AL NEE T



F&M | Vol.38, No.11

EWHAARMOES 5 R, A e R #EH BRI
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1.1 w5 EE
111 A5

TS P Oy B VLA MR T L K (9.82 £
0.79) mm, 58 J¥ (5.7640.56) mm, R (0.204-0.03) g
(n=50),T&;

LUZE T I VA R R T, KB (16,12 +
1.33) mm, % & (7.28£0.78) mm, Bk 8 (0.54+0.10) g
(n=50),TH&;

EE M WAL BN AT, KR
(25.244+2.08) mm, 7 J& (16.34 = 1.35) mm, B i &
(1.824+0.36) g(n=>50), i t;

o VEM B (A3176), B 2 A # (P7000), JH i+ #H
(48305) . ik B (P7545) . o7 % B 17 B (G5003) . 3 [
Sigma-Aldrich 23 7 5

2, 2-BRE A HE-1-95 L F 56 (DPPHD . 2, 2 -BR R - XL (3-2
B2 1 WAk k-6t 12 ) — B CABTS) L A-filf 3k W3-~ D1k
W 4 2 BETF (pNPG) .2, 4, 6- =ML IE 3 = W (TPTZ) . | g
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TR YR K B 8% SHA-B B, [ 1 R FB VG A48 ) 4%
A RRA T

B4 LDO-9070A B, I fp BR AN 2 S & A
MR 5

LS a] WA E B LS U, EIERE AR R A
MR 5

gli7K Al . Milli-Q #!, 2% [ Millipore 24 #] ,

1.2 REAHZE

1.2.1 FERTALIE RS SE KT R L BT Y A) e ki 4
AR BT 2 L R i 60 H O L BB A I (— 20 °C)
#MA. Hh AZTH AETH R BETHEN 25
A (46,84 +0.31)%, (49.44 + 0.55) %, (48.49 £+
0.82) % 3 /K 43 & B 43 ) R (10,31 4 0.26) %, (9.35 +
0.21)%,(9.82£0.18) % s & 1 i & & 4+ 5 K (22.27 +
0.52) % ,(24.0020.37) %, (23.5240.49) % ; A% Wi & & 4>
B4 (1.86420.04) %, (1.6140.06) %, (2.1140.08) % ; K
S e BN (4.0140.07) %, (4.55+0.15) %, (4.16 +
0.1 %,

1.2.2 MRAMERINEE 2B Minckus 09 17 ¥ 3F B
M. WERIFREL 0.5 ¢ TR, N A %A 5 mL ZRIW/KMIE L
RES, FEBABE 10 min, JE % H 1,95 CTKREB
20 min, 37 “C{H /K82 HI15 T B .

(1) PRAMERL T 5 I A6 B B (SSE) - 1) 505 8 98
A 3.5 mL B B2 £k 28 v % W (0.05 mol/L, pH 7.0) A K&
3KLHIETR, 5B 1 min AKKIEIN 0.5 mL o & ¥ il &
(1 g a-JEH BEEIE T 10 mL 247K ,3 500 r/min &0
10 min) Al 150 pL CaCl, ¥ ¥ (50 mmol/L), & %J,
100 r/min.37 ‘C/K¥ 5 min,

(2) FE48L 5 007 AL B BE (SGE) .« i) B 481 17 3 33 Ak 3
FIA 5 mL ZEWEK . 35 1 mol/L HCI ¥ W i3 2 % 15 1K &
pH £ 3.0, % 1 mL B & HEEHE (1 %) M1 30 pL CaCl,
#i,100 r/min.37 ‘C/K¥A 2 h.

(3) A7 I I AL Y BE (STF) . 1 mol/L NaOH %
T T R T B LR R pH 2 7.0 4K KA 10 mL
WEWR EE 22 vh W WL 5 mL BB R I 3 IR G 0 MR OB g
20 mg/mL, 0 £k 50 mg/mL) 1 240 pl. CaCl, & ¥,
100 r/min.37 ‘C/K¥& 2 h, THILEE A B I 108 T kK
WA S 5 min, BEEFR. 5 000 r/min & .0 10 min
IS LIS, 2R IR K E 2 st dl 4 & & LBl
b 2 o R Tl AT A 355 P 0 L TR R L T Vi
e N3 T 4% v R AT RS ADLT 4 B ISR PR T
1.2.3 &P 02

(1) ST 5 AR 1L 7k,

(2) BHESE. = d Bk,

(3) MRk Z W& i GRIER TR IR EL (03517,
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(1) DPPH H fy & ¥ % i ¥ : & M Brand-Williams
R (7R

(2) ABTS" [ H 23 BRI 2 ] Re 1 177k

(3) BB F it )Ryt A 1k B8 71 (FRAP) : &/ Benzie
U
1.2.5  o-VEMY BN GG E S0 Tan 555019 )7 2k 5F
WEAEME M. R 0.1 mol/L BEMR 2% vh ¥ (pH 6.9) L il /1
FVERER RES BN 1% .3 Z W 15 min, o3 F i
W U/mL) & A 6.7 mmol/L NaCl 1% #5225 v ik
Bl . A 20 mL 3, 5-fF % K 4% #E (96 mmol/L) Fl
8 mL W f1 BRI 4M (5.31 mol/L,2 mol/L. NaOH fic &) , R
A1, 12 mL 8 F /K B il 4 DNS W . # 500 pL
a-TERY S 500 pL FESIRATL37 CHEE 10 min, A
500 pL JEMEW L, EF 10 min, M A 1 mL DNS KA, i
KK 5 min, B H LA 10 mL 28 Tk, B4, I E
540 nm ZbWEEEE L T4 3 (DB o T8 B B 5 VLS04 2K

o=[1—(A;—A)) /(A —A,)]X100%, (D

X

- VE MY I PR 2L 06

A0 AL, B R 2 O, VE R R TR K
DNS 7 R & 1 & 1 6 1H 5
25 X HR 2, B R 22 b R L UE M TR B DNS
BRI G R R Y OB (E 5

Ay —— T4 RIRE S V€ R L BER 2 DNS 3R

AR I OB 5

— T RN B, BIRE L E R W S DNS IR )R
B R MROGIE .
1.2.6 =S EMHEERENE 28 Zhang 9 W J7

BRI AR B, MUREIEL T 9 Ak & o B B BB T A
g By B DL KB L T T 4k By Bk (o, 10, 20, 30, 60, 90,
120 min) 43 0l S5 i B 0.1 mL AL B E A
0.9 mL 950 Z BRI B O A P L I SR IR TR B IR A L &
1E 5 12 000 r/min B0 5 min B F 3% - & GOP-
OD 325 8 35 T 2 V1 P VA v 88 I A 4 25 0 7 . IR 40 il
Fe20(2) ~ A G TR E M K i 2 (H ) DL R R T 1k 3 ¥
(Rps) NG WAL TE R (Sps) FIHLEEVER) (Rs) & B

H,=[(A, —A)X0.9]/WX100%, (2
Rps=[(A;—A)X0.9]/WX100%, (3
Sps=[ (A —Au)X0.9]/WX100%, 4)
Rs=[1— (A5 —A)X0.9/W]X100%, (5
ftrfﬂ
—— PRS2 R R 1 T 4
%’mg;
Ay A o — BRI AE 20,120 min J5 B A9 3 4
Wi, mg;
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A—THACTTR A 1 3 BT 5 00 U 8 A 45 0 it . mg s

W ¥ B S i, mg

i Goni A5V BT 4 L V& K3 7K fifk i 28 SAG — 9 I
ST

C=C.[1—exp(—K) ], (6)

o

C—— K b ¢ B 2 Ve R K iR, 65

Coo— TEM K - vl i L %05

K—— %N 8 1% R F B min ™',
1.2.7 ML A MY B RED . & MR Zhang &P
B R R IR AR B, 5 T = W A B NTAS (i F R
B{E 3 500 Da) i, B T A A 450 mL B M & v W
(pH 6.8) AR, 37 “CHE IR KW, 451 F 0,10, 20,30,
60,90,120, 150,180 min = B 0.1 mL Z& ) ¢ &, 2R
GOPOD 12 7 & 0 7 32 1 W b 4 M vk B . Rk 5 1
MRS SR AN 0.1 mL BERR 28 ol T BeAR b, Jf
Fe 2D VT BT A0 WO A B R R

V=G,/t, (7

H

V—H &Y O % L pg/min;

G, — BN ot B b B 2B T b AR

iv}ig;

t— 3BT A, min,
1.2.8  HEALE PRSP 3 U, 85 R RN R
PIME 7%, R A Excel 2019 BPF 4T £ A B0 52 it 5
K SPSS 26.0 #4847 Duncan £ 5 58 K AH 61k 43 # 5
K ANOVA 53 1017 B K 28 5 22 43 B 5 2k F Origin 9.0
AT E R 2, B MK E P<<0.05,
2 #R55r
2.1 ETHUBAMEEESSE

M 1A, 3 Fh 25 B AL A A il 14,80 ~
17.47 mg GAE/g. i Efaf B 4577 04 0F 52 45 SR 5 5 2
SN 3.63~6.32 mg RE/g LI R E 2 0 & 4
34.00~39.38 mg AGE/g, H B 25 Gl MLl 19 Sl . &
B B R M M e 2 TR AR . Kan %0
ORI 26 Fh 25 F DB & & 0.19~7.05 mg RE/g. 5
TG I S (s A 22 L HL U JE0RE 2R TR P KA TR I R
2 2 (19 2 ZLE T 2 19 I 5 (0.15 % ~ 0. 60V)iE1E§T~iit
Uoaill ek e S N ORI R 1 . I Y Ly
EHN 7.3 mg GAE/g, BB & E N 2.4 mg Rh/g,ﬁ&ﬁﬂi
06 A R 25 O AW 0 I E fH (17.47 mg GAE/g
6.32 mg RE/g) ,iX Al IH B Tk 51 5 i L4008 16 ik R A )
F 25 TN P 2 ST B 2 S M AL A3 BT
2.2 EEHEUBEMNRELFEE

MR 27, 3F 2 B LW X DPPH H i £ 5
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Table 1  The contents of total phenolic, flavonoids and
acid polysaccharides of digestive solution of

kidney bean

=g S/ SR/ ik 2 h/
[i]3]

(mg GAE+ g ') (mgRE-g ') (mg AGE-+g™ 1)
H2EE 14.8040.48° 3.6340.12¢ 34.004-0.87"
41355 16.5440.53¢ 5.6040.22" 37.5641.08*
M2 17.4740.41° 6.3240.17% 39.38+1.62¢

T SRR R 3R 22 5 3 (P<C0.05)

A OBESEMMBBEURHRELT EHEMNHEERLER KB NZE

ABTS" H #5635 BR BE 1 J2 8k 5 38 I bt AL e ) 4330
6.74~8.75,45.74~49.75,4.39~19.82 mg AAE/g, H2:
OMAEEHARMBL A EE S AR T AZE, A7
TEREEER (P<T0.05), 5 FATAE 2 1450 (R +F —
B, TR iR TR AE €025 I AR TR P Y 2 1 L B 2 R R
PEZ WP R A TE R T 2 TR
2.3 EFHENEXT o-F 1 BE R HTE

H3% 2 A4, 3 Al 2 AR o-JE B A —E 1
AR 7 3 IR R 20.99% ~31.22% , BE G Ik
WA A8 ) i, T E HR L A 2E T  E , EURE S R

K2 ZEHABNRENFES o« EWEIHIFL

Table 2 Antioxidant and a-amylase inhibitory activities of digestive solution of kidney bean

. DPPH HHEIERR®/ ABTS' [ 3 ER R/ FRAP/ - VE WY Tl i %/
" (mg AAE+ g 1) (mg AAE+g ) (mg AAE- gD %
HEW 6.7440.13¢ 45.74+1.62" 4.3940.14¢ 20.99+0.54¢
A=A 8.1340.21° 48.6140.88" 15.504-0.42° 24.0440.67°
REY 8.7540.27¢ 49.7541.57° 19.82+0.57¢ 31.2241.02°

T B RN [ R 22 57 3 (P <<0.05)

il % 22 5 W3 (P<<0.05) , AT IH N FEEAR P E F o IE
3BT A 3R 0 AR AR SN T AL R B ) 5 o-TE K
00T 3000 P A A 08 B IR R T B o T B A A
TR,
2.4 EEEMEMELHAZE

M1 R L FE 0~ 5 min B4R B T 4K By Bt (SSF)
55 125~245 min B4 T 16 B Bt (SIE) , BT 3E 4 W 19 17
FE A 8 A K AR R T FE 5~ 125 min AEH1E H Ak
By BL (SGF) , BT 0€ B i 19 Bk 54K pH M58, F B M
KA G, SSF AL B 25 AT KRBT
) T T AL K A 3843 R 5.75% ,4.34%,3.79% 5 SIF 114
fRg5 BRI, 3 B 2% 570 B K i 2 4 0 42 T & 52,73 %,
49.11%,47.28 % . A5 480 b 3 1k B BL (SIF) 1 20 min Y,
3 Tl 2 T v R T Ak SR R, B S e A T Ak i e T

601
_ Sof
x
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Figure 1 In vitro simulated digestion of kidney

bean starch

VL, HHETM I, O350 5 B IE TR K ff S AE SIF
My Bf 20 min B4 50 F % T 15.46 % ,19.37 % , #F SIF 4k
BBz 120 min B 4350 F BT 6.87%,10.34 %,

B3 3 TN, 3 b 25 T T M A o AR il 2R At R
(R*>>0.96), 2% &3¢ # [ K ft 3 1 2 3 % % B K
9 0.061~0.081 min ', HP L ET 5BIETH K HK
AN TR R L0 T 5 B2 U T kR
HRMFAZEE., THESEC TR L. 25 SA R 401
TR WAL R K 7 0.000 1 min~ ', WALTREE R 4.21%,
TR TS0 45 5, 3= 202 o HOR A% 9 e Ak 1 e A A
IR R R 550 B0 A8 25 AN S AL A
MAfAAE o 2 T T, A2 bR e &
(RDS) #% @ h 42.05%, 22 18 1M 1k 7€ # & & (SDS,
10.67 %) FHMETEH (RS, 47.28 %) & B A AT 8%, M 41 2%
75 B ZET RDS & i AH A AR (35.55 %6 Fll 33.91 %) ,SDS
5 RS & A B (13.55% Fl 13.37%, 50.90%
52.72%) ., BRI LM 10 MERFREHM
RDS ¥ /R 61.2% ~70.6 % . B & 5 Tl 56 45 51, 7T fig 2
Hy IR & ROk TR R ik G A A Y A T A O XS TR
Bk,
2.5 EEHENEPEEET BT

TP 2 WL 3 MT R b A A R B R P TR
B0 7 % 1) s A T T 2 B 4T HICH R 5 S D PR IR S B
TG s, BH 0~20 min, 3 Fl25 T 10 W 35 4
BEHLAE J) 8008 L (H B BT 20~ 180 min, 7 45 BE 9 #l58 &
BRI . M4BTI A 10 min I, 125 4025 T fIR
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Table 3 Characteristic parameters of simulated digestion of kidney bean starch in vitro

FE i Ce/% K /min ! R? RDS/ % SDS/ % RS/ % Viso/(pg + min~")
M25E 52.7321.65°  0.0810.006°  0.9883  42.05+1.07*  10.672-0.19>  47.28=+1.26" 283.69+6.88"
U355 49.1141.04>  0.063420.004>  0.967 4  35.55+0.77"  13.5574:0.28*  50.90=1.05" 263.88+4.09"
MIEE 47.2841.12%  0.06140.003>  0.966 7  33.91+0.61"  13.37+0.26"  52.7240.87° 254.42+4.74%

T BN NG A R R 22 5 3 (P<T0.05) 5 Vigo HIENT 180 min J& (144 4 Bl ™ HLHE 26 .
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Figure 2 Glucose diffusion ability of kidney bean digestive solution

250035 M W AR BT S vk BE 43 i Ol 78.60, 71,07,
68.54 mg/ L. A0 I 1) 7 45 A5 9 #C 3 4 B ok 3 536..80,
3198.07,3 084.52 pg/min, BEHTLE A, 3 Fl 25 G BT
e BT A e 4 BT R R 4 4R R 113.48,105.55,
101.77 mg/ L, {HAH 0 1) 48] %5 b5 ™ 1055 28 (283.69, 263.88,
254.42 pg/min) HPREFEML T 91X L L. SHZEHM
B HT 180 min i, 4125 5 5 B 2% 5 3% 7 Y 88 70 0 ok
ST T 6.99%0,10.32% , KA E 5 BT HLK
PR AREY AR RS TAHZEY ., X RS H LR
A Z P T PR T A B B i 25 R G, Zhang Y
W R B, B R R R BB e 0 K TR B 4 4 (2
WD A ) T HIE 2 4 1 T8 750 31 A A A T e 5 e e
2.6 FEXMESH

o8 4 W7, 25 U AR 80T M 41 43 R L R I % e
WL Rs 3 Myl AbimEy 2 B XG>
0.99,P<C0.05) , B 25 T &R 40 H Mg 540035 1k 5 B ik i
ST | A B TR B T T o B S R M AL A T A R Y

LA TE R B AR A, SR AT B — B
25 AR VRO PR 2 4 5 R A B RO Vg 2 3 A
Ktk (r>>0.99, P<C0.05) , 3 W] 25 T AR S35 PR 4 43 X A
WA AR O B T — R E L AT R F .
© 25 AP AL 9 10] B 25 0I5 S W ¢, — o AR B 1 Uk
597 V€ b 0 T 0 B AL S 0T R O 40 I 2 A R
JEE AR B2 T Ak 5 TS UKL ) RS FH B3R TR AR I B R
@ TH AR R B KV 2R 5 T B F IH AL T G
FE (1 58 DA I 00 76 4 25 0 A BT O mIIAE R
F Yk 3% T W R A0 L B A AE €0 T S S 5 A A T
PEIR L AE 25 A, A2 E T 4 M 0 W BRE R T 2 OE T R
T, 2 A OE M AL 5 5 o TS WA 1] 3 B UE B K
it 38 R R (KO B9 A 56 R 8. 2 L {2 Pearson A 56 R &L
38 0.88 LA b, AT RE AR M T 25 AR & rh A 41 4 (]
B A 2R B Il B R R (B K
LWy — 2 BEAE) X o-VE oy T 0 1) 3 P AN UE A T A R it
FEAE T EE R 0 B L, B RO 2 T R AT

R4 ZETHABREEEDSEMIENT EREIMEFERERHLISESHOEXME

Table 4 Pearson correlation analysis between bioactive components of kidney bean digestive solution with antioxidant

and a-amylase inhibitory activities and characteristic parameters of starch digestion

et DPPH H Hi 55 B % ABTST A fi S iEBRE FRAP a-VE K T 41 1] 2% K Viso
PEN e e 0.998 9~ 0.997 5* 0.997 2~ 0.920 1 —0.966 6 —0.999 6~
SV 0.999 0~ 0.999 4~ 0.999 3~ 0.881 8 —0.985 5 —0.998 2~
i P 22 05 o i 0.999 5* 0.998 2* 0.997 9 0.915 7 —0.969 4 —0.999 8%

t Viso NBENT 180 min J5 (198 A5 M #H R ; x RR P<<0.05,
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PP S B M 455 10 A BE B BF 5 T 3 Bl 25 538 1L
O T A R R R A 5 A i 0 SR 0 M B o
035 1 O % 8 T M UK A B AR B 2 5 A R
HOHERE . ZESR DI 3 R TR B A R B R M
5 0 o O AR D2 O R
S T O 2 A R - O 4 L K R 1
TR TR R VA A BB T R K R R — Sk B S o
S KA R R e Y A A A T L AL R
WA O R O R AR, Pearson 1 5 1k 41 B
FW] WA AL B i S SR R B
S, 500 M B sk R L A . T — 4
P2 25 7 S0 PR P 0 AL i B op AT I I T 4 (2
B 2B 28 E (SO % I 38 10N 6 25
TR 3 4 T 6 T R T A O B B
HLA

5% Lk
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