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Research on mechanism of polyphenols from black soybean hulls

regulating digestion characteristics of bread

ZHU Shuiwang' WANG Le' FAN Mingcong® LI Yan® QIAN Haifeng® WANG L7’

(1. Tangyou Baobao (Hangzhou) Health Food Co., Ltd., Hangzhou, Zhejiang 311222, China;
2. Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [ Objective] This study aimed to investigate the functional characteristics of polyphenols from black soybean hulls (a by-product
of black soybean) and their application in bread. [ Methods] The polyphenol extracts were obtained from black soybean hulls via ultrasonic-
assisted solvent extraction, followed by the isolation of free and bound polyphenols. The regulatory effect of these polyphenols on the starch
digestion characteristics of bread was further analyzed. [ Results] Free and bound polyphenols were isolated from polyphenols from black
soybean hulls, with contents of 20.42 mg GAE/g and 9.47 mg GAE/g, respectively. The ABTS and DPPH radical scavenging rates of free
polyphenols reached 88.85% and 80.04%, respectively. The addition of 0.25% polyphenol extracts decreased the rapidly digestible starch
content in bread crumb and crust from 43.75% and 40.23% to 31.25% and 27.93%, respectively, while the resistant starch content increased
to 45.32% and 50.59%, respectively. Molecular docking analysis revealed that components such as chlorogenic acid in polyphenols from
black soybean hulls exerted competitive and noncompetitive mixed inhibition on a-glucosidase through hydrogen bonding and hydrophobic
interactions. [ Conclusion] Polyphenols from black soybean hulls can retard bread digestion by inhibiting a -glucosidase activity and
modifying starch structure.
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Table 1 Qualitative and quantitative analysis results of main phenolic substances in polyphenol extract from black bean
shells
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Table 2

Texture analysis of bread

Fhi&TE/(N-s)
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Z RN /Y #E & B /mm /N e 8 /N
0.000 13.0340.05" 1.9140.29" 1.914-0.29°
0.125 12.9240.08°
0.250 12.8140.11° 2.7040.34° 2.704-0.34°

—0.0520.02° 0.6220.06" 0.67+0.04* 1.49+0.22* 0.74=0.15* 0.35+0.02°
2.16+0.27" 2.16+0.27° —0.06+0.02" 0.58+0.05" 0.63-0.03" 1.814+0.25" 0.88+0.16" 0.32+0.02°
—0.0740.03° 0.5320.04° 0.60+0.02° 2.26+0.27° 1.08-£0.19¢ 0.28+0.02°

T RSN TR R 22 5 W (P<20.05)
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Figure 2 Electron microscope scanning results of freeze-

dried powder of dough and bread
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Table 3 Numerical values of in vitro digestion
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Figure 3 Bread digestion characteristic curve
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Figure 4 Variation trend of inhibition rate of a-glucosidase
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Figure 5 Kinetic curve of inhibition on a-glucosidase by free polyphenols from black bean shells
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Figure 6 Kinetic curve of inhibition on a-glucosidase by bound polyphenols from black bean shells

WEEH, B 22 13 JOT S VA J3E 485 m Ak 5 38 vl , & I 00 o) 4 1 AT
W, X — IR UL W] R TP 2 O R i R Y K A MR
FC TR P 0 M | I ST < iy oo RS R | ] 12
Lineweaver-Burk & ([ 5~ 6)H LB HL& X T4 4R,
UL B N SS G 2 X o s etk S AR SE R Y IR & AL
Ho BRUCZWASIRE SR oA TS P
REF—mMERNESY Wi SI—IKWE S S E R
= OCSAY D[R] I 52 0 i 556 0 1 45 A R0R Rt Al
B, M S (o) AEN S (d) , F B £ 1 () K=
(25.074+1.33) mmol/L,K/=(71.214+2.04) mmol/L. K{H
AL 2% 75 410 ) 4 T 5, 2 W R 7 Wi S 22 T 1] T
o R PR SR W e A 4 G AL, R TR Y
S e PR R AR AR 6 (c) AN 6(d) , 45 A 2T ) K=
(29.91+2.72) mmol/L, K/=(98.03+2.13) mmol/L, % B
H U TE by 0 BRI LLSE G v am il oy 32 4,
BH K5 KA S T e 20, O 456 2 8 5 850
G55 SRR RS AR AL BRI

233 A RTEERTIL TEDROE R ST 2 X o1 4 B
it 0 ) 4 P B R b, A 23 X Ak — 20 T A
AL . R 5T 2 B 00 i o L AT S R R
()RR R LER T HR KETR METR) S

Q- TR AT Y 45 5 L5 B85 6 RE R VR FH 28 B AT T
X AL, S5 SR U 7 R, PR AS R LK 4.

454 e B BRI R X A R (—2.6 X 10* J/mol) >
L JE R (—2.3X 10" J/mol) > T & R (—2.2X10* J/mol) >
JFILASHR (—2.1 X 10" J/mo) > & TR (— 1.9 10" J/mol),
2 WAV 7 5 R AR B B e MR DD AR G

Xt A G ER n] #E ILE A: 13, TYR A:46.LYS A: 48,
ARG A 17107 15 T8 BEURE T 45 (4 4~ SURE) | ik S8 25 A 7 45
TR T o W A0 G0 R POy, 5 VAL A7 W - Sk
PE TSt 5] & FE bl AE R, 25 6 e e 300 1 8OR B .
23 DR R BT 3n 0t 2 A4 A (ASP A: 777 .LYS A: 776 ILE
A 523 55 ) BH T o7 %45 B 16 09 4 1 D g TR - B4R
JH (ARG A:520 ALA A:285) fi 45 JIK ¥ 3 8 A [, i L fk
U (HIS A - 645) i B AR #9427 80 2 (37 03 (] 410 o] il
PRSP B L B T 58 T B M b e,
WK T ELR, THEMREH(SERA:47.LYS A:
48 . SER A: 155) [f] # 2 35 f 1k o0 30 % (R S 8 (ILE
A:156 .GLY A: 157) R B & P L 3T , m-o fE I (LYS A
48) 1Y ot Wk A FR  [5) I 5 K 1 Bk 2 5 A o s8R A
JEILAAR 5% & F 0y 2 B80S i (R LAS AR : TYR
A:46 LYS A:48 SER A:155 ARG A:171) 8t = B /K 32



F&M | Vol.41, No.l1

JFLZRR

KKEE:-BEXSHETEGEASENIE

PHE
A+520 i
BYS |
| A776
i, g}\ﬁ |
A:523 PN @
TN EIN |
ALA ARG - -
A Aes0 oy
HTS  A:286 |
A: 645 :
YS
A:48 TYR
y o A:46
Y=l s
AS%E"S "x
s VAL
ARG !
A 171 -
GLY
1S A: 157
A:48
SER
» A:47

BT

a7

ARG
ILE, AL171
A3

T T/
a6 -
VAL A: 156 IsYS
AT A48

A7 a-WHBFHLEZRM RILER . THER ERETR AFLRY THETALER

Figure 7 Visualization results of molecular docking of a-glucosidase with chlorogenic acid, protocatechin acid, syringic

acid, gallic acid, and p-coumaric acid
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