™ El O v LR 3010 8 1 gl 5 H 5 30l
' M Scopus M ek D91
2 b 3 @DOAT @1 ERR M
M EBSCO O i R B D FICSTPCD

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA M EBOEARBITIRCCSE A*
@FSTA @ ISR % (WICD Hif
FAT - ISSN 1002-0306  CN 11-1759/TS  msr 1 B 5 RSB BRI P8 F T

2 AWM KRB A EEZRT 2R T S E i

F%A, T W, &£ F, X W, KR, L B, KFE, £ £, £ B, K #%

Process Optimization and Antioxidant Activity Analysis of White Kidney Bean Polypeptides Prepared by Composite
Strain Fermentation

LI Sinan, WANG Meng, AN Yu, WANG Qing, XU Kaiyuan, WANG Jia, ZHANG Zhihui, WANG Xi, WANG Ying, and ZHANG Lu

TELRRIEE View online: https://doi.org/10.13386/].issn1002-0306.2024010304

FAT RIS HA SO

Articles you may be interested in

Z A BER R R Th A o) e BT AT RERIT 5T
Components and Antioxidant Activity during the Fermentation Process of Kidney Bean Jiaosu

i TR 2021, 42(18): 18-24  https://doi.org/10.13386/j.issn1002-0306.2020120042
RAR TN 25 B AR VERE 41 4% (25 5 B AR A TR 32 i

Effect of Particle Size and Phenolics Bounded-Insoluble Dietary Fiber on the in Vitro Fermentation Properties of White Kidney Bean
Skin

B T RHE. 2024, 45(1): 118-127  https://doi.org/10.13386/j.issn1002-0306.2023040250
G Z AR N MU TS PRI

Antioxidant Activity of Egg White Polypeptide in Vitro/Vivo

Bhin TR, 2019, 40(22): 40-43,48  https://doi.org/10.13386/j.issn1002-0306.2019.22.007

S BRI K i i s e T AR 2 IR
Preparation of Mung Bean Antioxidant Polypeptide by Complex Enzyme Synergistic Hydrolysis
B TkEHE. 2019, 40(15): 161-165,183  https://doi.org/10.13386/1.issn1002-0306.2019.15.026

M 57 TR DI A A5 o T o 2 BB AR TG ik B HA T SR BE T g 58
Optimization of Fermentative Technic by Response Surface and Determination of Antioxidant Capacity of Grape—Rose Compound
Strains Fermentative Beverage

i Tl BHE. 2019, 40(15): 311-317  https:/doi.org/10.13386/j.issn1002-0306.2019.15.051
T[S R 22 IR il 28 T2 Ak B AR S il A 7

Preparation Optimization of Hetao Wheat Germ Polypeptide and Its in Vitro Hypolipidemic Activity
B in Tl BHE. 2024, 45(17): 174-180  https://doi.org/10.13386/j.issn1002-0306.2023090197

KVEAE


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2024010304
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020120042
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023040250
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.22.007
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.15.026
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.15.051
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023090197

5 46 % 4 3 4] i Tl B Vol. 46 No. 3
2025 4F 2 H Science and Technology of Food Industry Feb. 2025

IO, T, 2T, S EA AR & = B2 R TR M B (], B A TR, 2025, 46(3): 213-221.
doi: 10.13386/j.issn11002-0306.2024010304

LI Sinan, WANG Meng, AN Yu, et al. Process Optimization and Antioxidant Activity Analysis of White Kidney Bean Polypeptides
Prepared by Composite Strain Fermentation[J]. Science and Technology of Food Industry, 2025, 46(3): 213—221. (in Chinese with
English abstract). doi: 10.13386/j.issn1002-0306.2024010304

RARMRERSHEEZIR T2
NHEDLEATE T

FEME, £ BLR F,E BLHRFAEE FEREE,E £,F &Y,k B
(LERIN—REXFRZBFRE, LEITKIK 163319;
2. B dn R B L LA IR A PG, Zh ik 22000 5 R g i T A i
5 52F, LT 100015;
3.E R AR TARBA PO, ZAITKIK 163319;
4. BIVEFIR LR TR, %A 1 361100)

B OEARTELSAM A & a3E 2 %k (White kidney bean polypeptides, WKBPs) # 5 1& L ¥ &4 A AR
AMER, AFRARFEFAF ARG EAH LBH, @3F R Ffevh 2 @iX %5 & WKBPs 89 T 2847448,
A RARBEBEFIT OB FH, WERE ST 2 WKBPs koML A F N, i FHRIFOOES, FERIMEREL
KA 2 F WG WKBPs R ShR AL E M T, R 40 A AN E 480, BE 37 C. #MF 9%,
Ky BAeAE L F AT L BB 1:1 54T WKBPs /5 4 63.47%; ARIEE T2 4% WKBPs-4 (Mw<3 kDa)
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Abstract: In order to investigate the optimal process conditions and in vitro antioxidant activity of white kidney bean

polypeptides (WKBPs) from complex strain fermentation, this study used Bacillus subtilis and Aspergillus oryzae as starter

culture, and optimized the process of preparing WKBPs through single factor and response surface experiments. The in

vitro antioxidant activity of WKBPs with different molecular weights was determined by ultrafiltration membrane

separation, and the most active components were screened. The changes in antioxidant activity of WKBPs after

gastrointestinal digestion were evaluated in combination with the simulated digestive system in vitro. The results showed
that the yield of WKBPs was 63.47% under the conditions of fermentation time 48 h, temperature 37 °C, inoculation

amount 9% and the ratio of Aspergillus aspergillus and Bacillus subtilis 1:1. The molecular weight component WKBPs-4

(Mw<3 kDa) had good antioxidant activity after ultrafiltration. The concentration of WKBPs-4 was dose-dependent in

the range of 0.2 tol.0 mg/mL, and the antioxidant capacity increased with the increase of WKBPs-4 concentration. The ICs

values of DPPH free radical clearance rate, ABTS" free radical clearance rate, hydroxyl free radical clearance rate and Fe**

reducing power were 0.47, 0.50, 0.46 and 0.66 mg/mL, respectively. After gastrointestinal digestion, WKBPs-4 still

maintained high antioxidant activity. At the end point of intestinal digestion 240 min, the DPPH free radical clearance rate

and ABTS" free radical clearance rate were 84.29% and 77.34%, respectively. This study can provide theoretical basis and

data support for high value utilization and deep processing of white kidney beans.
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O AF AP E T KRS il 2 Ik, Hor, Al
AT IRUR RS 2 DA N IR (A =, i KA

YIWrER BT R AREE LA A/ N 22 IR0, kit d &
P 2 DA s R A 32, YIBRER P BT 501 AR i 24
FER, IS BNE- S — 22y BT B TANE]

A=) A AR B SRR S, T i 22 KD RE
WEPEWANE] . Padhi 851 SR AR R 25 AOAT B A 1R
AR/ NG R, FEEERE AR NSRS RTINS Bk R,
1.1 ( Angiotensin converting enzyme, ACE) Il il 75

TN 45.73%, il I 3G 4 KA 4545 00 T X 4%
A g % JIK B¢ PFPIPPIPPIPLPP F1 IPFPPIPFLPPI 1E
ACE 455 SR RIFmIgs & 71 TR AR

T A ZEFRAT PR A 1 T Tl 5 RO 22 K, & A2
P 3%. KBFIEEE 37 °C. KTERTIA] 60 h 45440k
KNI RIAF] 88.12%, 48 K Z Ik HAA —
RE RS M AR R A P, REAEHIHI AT i A4
WA BRI TG . B AER SR LU BRI AT S 5t
BRI K 85 & il 22 AK, 2 R BERT ] 48 h, &1
R 28 C. b 5.5%. BHELL 1:1 &1 F, 20K
TN 59.97 mg/g, L ABERTIE N T 2.66 1%, DPPH
FI i EETE R R N 83.65%, FL R BERTIS N T 0.23 1% .
#Rani, BRTERNSNT TR E A R R B 8 255
£ Ik (White kidney bean polypeptides, WKBPs) i f
GEREAT LA o

ST, AT R FH A F LR O AT IR AR [t 25 Ry
JR WS, A PR 2R SR04 B e B T A PR AL WKBPs
M A BRRD il 88 1 254540, FREs SR MRS L
SIS WKBPs TG R T b etk is M A8 1k, LA
W25 5 m BRI AT e & S IT & N H PR e
KA
1 MR5RE
1.1 MR5E

250, B2 40250 SRAE 2N W qE=S
T RIBVIAR TR IR T B B B PR \; Rl 2R
T B ( Bacillus subtilis) . >k il % ( Aspergillus
o [ MY A A M R AP 0 s PUAK (Gly-
Gly-Tyr-Arg) . L-B8&E2 . 1,1- "2 HKe-2- =Rl M
(DPPH) ., 2,2"-BX 4 -X -3- 2, FL 2 I 158 e npk -6t 192
(ABTS) . B HEF(>250 U/mg) . JBE V5 HE (90 U/
mg) . MEVRTERIE(>5 U/mg) . JHERF(4xUSP) £
Sigma ZvHE]; 3 SHER Vg AR AR I A
PR F]; =8O AR (AB W) . L2
FEAAT AR

BSA124S =48 BEME % 3 AT i F R fEE
Sartorius Bl YA A R F]; PHS-25 & pH i1 75

oryzae)
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B SY R T T S PTE A R L &K R LA - 215 -

B AR A BR S F]; UV1902PC $841 1] UL 43
O g BT RSN ER AT BR 4 W] HSX-
250 fH IR E R B 3240 LG ECAN AR A BR AN A/l
Thermo Sorvall ST16 FHEEHREOHL g 7R
R A PR E]; BKQ-Z2751 B EZE7 KR A
TERPR A G A F] o

1.2 EWHE

1.2.1 FEAEFERME SFSEENEAR.
B K Gy L K SRR & & A AR PE GB 5009.5-
2016€E P EFFATINGE Y. GB 5009.9-2023 (&,
FEERY I E Y. GB 5009.3-2016 £ & K 43 iyl
FE ). GB 5009.4-2016E & A1 K43 B 52 Y A1 GB
5009.6-2016 CEL i AR A YA 7007 o

1.2.2 BEAIEAL OB R AR 0 A B R ST T
1% 2R 7 LB MAAEE 3R, F 37 °C. 200 r/min
U2 R EGFE 12 h, PARKIZR S T 37 °C 555 24 h,
BB U A BRI 5 L 2 2 LB MR IR 3R 2%
1, 200 r/min. 37 °C }53% 24 h J5 5 BRSO
R o K N B 2 R T TS AR S R PRSP A R 2R 4
(30 °C, 96 h) B B 5%, FIJCHZKBE T A5l 25 i
AR, b, ket T ki B, A B ZE AT
PRSP 330 T280, JRI R 45 B B & B B 1.0%
10’ CFU/mL, 5.

1.2.3 HZEGMHARMHIE  PREBUSURARETE 1 25 5
Ve E BT, YRR R4, 100 H k0, FHZEm k2
EoBrE 1:10(m/V) 19 e R A, B E 30 mL,
121 °C KB 20 min J5 %80, 75 &K B aR R dp 3 A
9% MITRA THMR CR AR : A B ZE1EAT IR=1: 1), 37 C..
180 r/min JE¥5HE5FE 48 h, WWEE K T#H, 1.0<10* r/min
—4 °C ARIELES.C 15 min, W FIFWRHEI TR T,
53] WKBPs ¥4

1.2.4 PARRZRSG  [EE HALS Y, PEASASE A st
[A] (24, 36. 48, 60, 72 h) . AR BE (23, 30, 37,
44,51 °C) . Bl A (3:1, 2:1, 1:1, 1:0, 0:1,
1:2, 1:3) 3R (3%. 6%. 9%. 12%. 15%) X
WKBPs 155 F1E ARG 71105200 .

1.2.5 mapElss AR RS, RHP O E S
BT, I Design-Expert 8.06 FAFi5 110 17 1]
G, DA 2R A R EEET A (h) s B & B RS
(°C); C R (%) Sy A AR B, WKBPs 155.(% ) A7
NAE, T E & A T. 2380 G HEE RIS KF
W3R 1.

1 MR R K

Table 1 Experimental factors and levels of response surface
(SES
KF¥ S e ,
AR (h) B BE(C) CHERIE (%)
-1 36 30 6
0 48 37 9
60 44 12

1.2.6 ZFRMEENE SFHEARP NIk,
SR FH A 4 R 25 I 78 2 Bk 2 . LA Gly-Gly-Tyr-
Arg VAR APRAES,, 22 IRH R AL bR x(mg/mL),
OD H AL br Y, Ll bR £ . [l )3 J5 #2 hy
y=0.1234x+0.0253, R>=0.9985. X} B Hx i pli k15
BRI W b 2 Ik A, IR AR R A XD 1A
WKBPs FHIEIS3

2 AR 2 (%) = Civ £ (D

or: C: B Z R E (mg/mL); V: KR
BAAFI(mL); m: A2 FAR FTT R (mg) -
1.2.7 FEHEBESE SIIE KPR GB/T 28715-2012K%K
PRS0 ), SR FHAR ARG 00 2 WKBPs £ 11
BfENG 71 LA L-Bg2RR M ARUESh, £y hilbriiEih<R, B)=
JrEE R y=0.0101x+0.0094, R*>=0.9998 .
1.2.8 #uE (HHARCAE AFEEIER(3, 5. 10 kDa) iy
FRUEE XTI A A P 25 SRR T4 g 3 B, $iRE
5r T8RNy A WKBPs-1(Mw>10 kDa) . WKBPs-
2( 5 kDa<Mw<10 kDa) . WKBPs-3( 3 kDa<Mw<
5 kDa) . WKBPs-4(Mw<3 kDa) PU-{~4H 45, ¥ PU-i~2H
S AU 4E I R T, 2RI OK B AN R A 4y
WKBPs, Bt il i 1 mg/mL, 8 35 I & RSP SE Ak ih
M (DPPH A I HEAT ABTS' H 375 5% T vk e/
E2E G2 8
1.2.9 B LG THENE
1.2.9.1 DPPH HHEHERE =% Zhu HFP Wy
WEMSA B, FJC/K 2B 45 0.25 mmol/L DPPH
VSR, ZENRIKIZ 15 WKBPs-4, Tt AN G139 BERE S s
# (0.2, 0.4, 0.6, 0.8, 1.0 mg/mL) 35 DPPH &
11 W HRENR G35, =3 B R )Y 30 min, LA
0.1 mg/mL V. 2R BHMXT R, e TR -G WAE 517 nm
WAL OD fH. A R(2):
A -A,

A

0

x 100

i%@%(%):(l_ )xlOO £

b A SN O N SRR SR OD A A,
SHASTIR AT OD 1H; Ay MASHIEE R OD fH.
1.2.9.2 ABTS'HHEIERFE =% Xiang FEP 1Y
JFEmEA G, B 2.9 mL FB)S 19 ABTS 7 5
0.1 mL AR E (0.2, 0.4, 0.6, 0.8, 1.0 mg/mL) i
WKBPs-4 #£iE IR A, Z i F#GR NV 6 min, LA
0.1 mg/mL V. A BHHEXT IR, 76 734 nm &b 5 35
OD B, IHEIA=(2),

1.2.93 A HIEERE =3 Hui 55 17 AR
AU AT WKBPs-4 ££51E 7 (0.2, 0.4,
0.6. 0.8. 1.0 mg/mL)5 9 mmol/L FeSO,-7H,0 ¥# &
F1 8.8 mmol/L H,O, % 1:1:1 B L BIR G, 18
37 °C FWE 10 min, /)5 1 mL 9 mmol/L 7K4%
RS, IREG A, 78 37 °C T % & 30 min, LA
0.1 mg/mL V. Ry FHPEXT R, ¥ 510 nm &b M) 52 % )
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OD fH. HHENMAZ(2),
1.2.9.4 WFESME =75 Gu 5P 1 AR &
W . 7E 1 mL A [E) % B WKBPs-4 &£ 55 # (0.2,
0.4. 0.6. 0.8. 1.0 mg/mL) F7 % jil 2.5 mL 1%
K;[Fe(CN)] A1 2.5 mL 0.2 mol/L pH7.0 BiEREh 2% vh
W, IRAYIZA], F 50 °C /KW 20 min, 2R N
A 2.5 mL 10% TCA #¢ 1k )%, T 4000 r/min 5.0
10 min B B35, LA 0.1 mg/mL V. S BHMAXT RE,
RETRGHW (2.5 mL _EiEW+2.5 mL Z8187K+0.5 mL
FeCly) 7E 700 nm 4b ¥ OD fH . OD {HEI, £ 519
ISR R
1.2.10 {ESMEFITHIL 208 Chen 2527 By A FEAE
e, AL B U : 5 7500 U M Y& UE B Tt n A 2]
100 mL I Jias FL i B4 % (0.75 mmol/L CaCl,-2H,0.
2 mol/L KCI #11 0.5 mol/L KH,PO,) 1, == i $it 3
10 min, FH 2 mol/L. NaOH ¥ pH 875 & 7.0; 15
UHE: ¥ 2x10° U HEARFINAZF] 100 mL & Hfi#
JR W (0.5 mol/L KC1. 1 mol/L NaHCO;. 2 mol/L
NaCl #1 0.15 mol/L CaCl,) H*, = i+t 10 min,
2 mol/L HC1 ¥ ¥ # pH P37 = 2.0; B3 iz . K
5x10* U Ji& A8 W7 B i A %] 200 mL iz 5, f#: 51 %5 1R
(40 mmol/L fH JT £k . 0.5 mol/L KCI1. 1.5 mmol/L
CaCl, 2H,0. 0.8% JB ¥k ) ', Z i+ 10 min, H
2 mol/L NaOH 45 pH V435 = 7.0, ¥ 1 mg/mL
WKBPs #£ S 5 H B EAR 1:10V/V) LEBINER
4, T 37 °C.. 200 r/min ¥&i% 2 min, SZ.EIAIA 2 mol/L
HCl 75 pH = 2.0 LISk O EEERIE k. BEJE N
A 10 mL B, T 37 °C. 200 t/min R FEWFH 2 h,
B ST RRJINAC 2 mol/L NaOH 715 pH7.0 LA45 1k
FERIE L. 2 FiEfeEZ P n A 10 mL BB,
200 r/min. 37 C R MFH 2 ho 435 T B I LATIE]
> 0. 30, 60, 90, 120 min LA X % WAL B (8] A O,
30. 60. 90, 120 min AW HGE EAE S, T8k
P 10 min FEATKBFELEFE, 5000 r/min 5.0 10 min 5
B 3R, 2 B imiEE kS WKBPs IUPTE L.
1.3 HUEAIE

RSO TERE 3 IR, SEELE IR A ER i
# (X£SD) 7, f#i JH Graphpad Prism 8 Fll Design-
Expert.V8.0.6.1 FAEE], it SPSS 20 X ¥ ymiiAT
et
2 HBRESH
21 B=EEFRNEE

125 B E | AR IS S M AAEZE
55 PO RS A A 25 USSR AT S B AN ER 2 TR,
MR LUE Y, SHE SRS OAE L, =T
oL B B B N 23.94%+0.19%; U Ky AR UT & B A
B, 535N 40.69%+0.34% FT 1.32%+0.06%; /K43 &
W EMN T (P<0.05) BZ5E. SIS0 PHath=:
5, 2N 8.44%%0.07%, K435 i KT (P<0.05) &
£, N 3.76%+£0.02%. LI &5 REV, HEE R

5 AP TP RS B R R S, HA RS R E IR
BrEL, I T IRSE ] & WKBPs.

K2 NEEFRARURIT TR (2/100 g)
Table 2 Analysis of nutritional components of kidney bean
powder (g/100 g)

R TER Neli Wy LS K4y
255 42.37+0.11° 2.17£0.06" 3.49£0.07 22.03£0.11° 7.14+0.02°
TSN 41.28+0.10° 1.75£0.05° 4.13+0.05° 22.13+0.15° 10.54+0.05°

.

al

. 40.69+0.34% 1.32+0.06° 3.76+0.02° 23.94+0.19° 8.44+0.07°
EITEE 42.96£0.88° 1.91+0.04° 3.84+0.07° 20.17+0.12° 9.16+0.04°
WAAEZET 44.32+0.18° 1.5440.05¢ 3.64+0.04° 20.56+0.17° 11.46+0.05

T R A TR AN R 2 T A [A] (1 3R i 22 57 .25 (P<0.05)

2.2 BFERSEER

RBEIFTR] R | BEh AN e ORI A Al
EEEEHAT ) FLg%T WKBPs 15185 [ S J1 195
MEANE 1 . HE 1A A%, WKBPs 153135
FitgiG 7 RS (] ARG T T 55, 7 48 h ik BIHKAH, 43
A 61.89% FN1 499.10 U/mL, A8t 48 h 52 T 4
e, XA HBE T AE R RS A, Al 2R AT o oK
AR B AT, PRIARSET -3 B T PR A 25
U, S HEOTHFRE TR B, BEERES, WKBPs 15305
/PSR, PR R WAL A 48 h M TS SRS

H1 &l 1B AT 1, WKBPs 15 F185 [ B S 1 Bt
KPR B3I S Se TS ka3, 78 37 °C BikE]
B RAH, 4379 R 63.24% F1 511.56 U/mL., #A=44E
R 5 A I R A G, AR YR B S N B)) T2,
TR T i AR M S ) SO S ) AT AR G 7K,
AT v A R 3, (RR R o i & S U ISR, R
N A PB4, S5 WKBPs 153 R [5P, FHtk, ¥
PR AR Sy 37 C AT LS55,

HH & 1C %0, WKBPs 19 3R FIE (A B 1 &
RPN T, BERh R 9% Bk B R RAEL, 47
BN 63.21% 1 518.99 U/mL, FERPH#ET 9% Jo i)
LR R, MRS IR PEGESEZ | WM IOE
AR B FBOLIR, YT S B ys b, FE BRI,
WKBPs 153y /00 R, s fh i 9% 347

tH & 1D AT, TR PRAR E XK il 25 S A o 25
TP E A KI5 T #& Z I B2 b WKBPs 7595
FEE AT S e o B i, A& R s SR T
Al B ZEFAT B A M B2 A A2 1% . B Al 5 2R AT
DA LU 35 i, WKBPs £5- 5 F 18 (B /152 LT
e, TN B SRR AAT R LU R 11 B i 3 iR
IABL, 43 BM 62.64% Fl1 515.84 U/mL. #E—2E340
A ZEHUAF B 9 L], WKBPs 1583/ 075E [ G /152
RS, WIS HT AT R R A R S HAT IR bR i AR
K& B RPNMIEFE T 209355, Il T RIhEEmy
A, FEOK B 53 DA R PR s D, TS B
IR, WKBPs #3800 I, se IR G B
ek 101 7205 .



5465 3 2= L 55 E A TR R BRI 250 2T 2O R R A o 217 -
A 600 170 Fe 3 ma A BT S e 2
500 F 160 Table 3 Response surface test design and test results
— —~
£ so0t 1S i A B C Y: WKBPs#% (%)
= 300 14 @ 1 -1 -1 48.16
ot 130 & 2 1 -1 0 5223
ook o L Z 3 -1 1 0 54.83
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