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HEOMN, BEAOM, EEAYRH A,
DPPH \VC x4 & (ABTS, B T 38550 23 7 ; (T-
AOC) K 57 & , A6 3 R 5228 A1) 5 AL B 9
fRBR IRAGER S5 LT R o 4 B 4t
12 MNB{5EHF

BT AL, 75 E CHRISTA A #] ;U-2019 74
LA 0T WLAE BT, H A HITACHI 28 7] ;DY-
CZ-24K BRI KAYL , AbEis— =R A R A A
TENSOR27 fi L A5 e 21 AMETEAY, 78 [ Bruker
NN
1.3 REHZE
13.1 HHEGEAKPDIRH &G S D0
U T AR IS R, 2SR R B R
it 60 Hf G, A AR HE T =tk 1:12 5
KRG, pH EHIHE 9 i 90 min, #5005 I
TR, WTUTTE 2 PR E, WOk 2 R IS W pH (H A
F 45, BOJEWUINE LB FKROKME 3k, ¥ pH
{EH Z k| 2.0 )5 R 115 KPL,
1.3.2 RAMERLE st B s v i
(KPL) 43 H7E 25 85 7K H & A 50 mg/mL K,
DL PRl R 5 22 mioB VRIS R, B KPT 2 il 5 N
TR 28 (6.9 mmol/L KCI & #,0.9
mmol/L. KH,PO, & % ,25 mmol/L. NaHCO; & & ,
47.2 mmol/L. NaCl % # ,0.1 mmol/L. MgCl, (H,0 )
YW ,0.15 mmol/L. CaCl, (H,0), I ) AR
4, pHEEZ 3.0 5N E & AE,37 CHER
N 45 RS A S R RN TR LN B 2% vh i (6.8
mmol/L. KCI ¥ ¥ ,0.8 mmol/L. KH,PO, ¥ & ,85
mmol/L. NaHCO; & % ,38.4 mmol/L. NaCl & W& ,
0.33 mmol/L. MgCl,(H,0) % #& ,0.6 mmol/L. CaCl,
(H,0), %) ,pH I 2 7.0 J5 A R 1B 34
AR 1) 2 536 37 °C .pH fH 7.0 Fasg , X AS[R] s
[[](0.5,2,3 h) L35 WHEA T HURE | Kl 2 5 FIIG Ui
o O 5 U LB R R T, S DiE AT
CE
1.3.3 5025 AR 11 BT Ak W K il B R ik

e R FHRBIR — H i (OPA) 35 %F KPI i1 fbid 72
(K figp BEMIHEAT I SE o K 0.1 mol/L ) PR Wi 2 22
RS AN [T A B B A i B2 1 5 mg/mL %
(T, 5 OPA &5 (1:20)1R G )5 , #E Dt 3 min,
340 nm AR SE AR, KA (DH) #2220 (1) 35

DH(%):: 100 (1)

tot

2 h——F i 7K i B 5 B DR T DR
BKEE (25 H h,=7.72),

TR FE I 5E 2 2% Mirmoghtadaie 55438 i
2
1.3.4 BT HE A LAH ™ Wi a8 s
1.3.4.1 St fbre e Syia ke (T-
AOC) I 156 18 ) 8, 30 7 3 DL 6 A 45
1.3.42 JERES M E RS [T 1k B Be ) KPI
TEAB Al K FP e K 5 mg/mL AT, B 2 mLL i i
4F 19 0.1 mol/L R 5 28 vl FI 2 mIL 1% %8k 54k
B 2 mL 2 I REIK 40 CRIRAT, N 2 mL =&
TRV (10%) B0, F I 2 mL 5 #E 4liK (2
mL) AR W (1% ,0.6 mL) TR AT, £ I 3 5 (5
Hh B IS 700 nm AT WOGRE L DUR 4lK s H
Xif s
1.3.43 DPPH H Hi BLiE BRAE 1l & B KPI 14
b 0.5 mL #EA T 5 3.5 mL DPPH (1x107*
mol/L.,95% £ % )1 2], # # 30 min, 734 nm &b
WGCRE Ay, EBAK i KPI AL VEXT R4 A ,,
LB DPPH 1E25 A4 A9,

DPPH ##& A 3K (2)1H5:

DPPH H HIEEFRR (%)=(1-

AIA’A»* )x100 (2)

2
1.3.44 ABTSllE 2 Pihlanto %8171 J5 15 Al
PR E ABTS, 0.1 mL KPI(5 mg/mL)5 3.9 mL
ABTS TAEWIRE), 7E 734 nm AL, 6 min P58 8%
JCRE AL D AE ,95% & B AR KPT i W I 25 H A
Ao
ABTS R HIAZ(3) 115

ABTS+‘Z%F/%%§(%)=(1—3—I)><IOO (3)
0
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W W S AR SRR UE S g, R R o F R
KB IERE(100,50,30,10 ku) 23 B4y 2% .
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1.3.6 SDS-PAGE £ & Yadav " J7 i Jf &
MR 43 1.3.2 35 ) KPT 7 00 RN il A T 1
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WA 3 min, B0 5 R FIEWOH TRk, Ik
M HRAFIE 5% , 57 B R 14% , b A 10 pl,
H AN T
1.3.7  fHHL AR e i 21 /b (MIR-FTIR ) J6 1% 2
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B AL a7 T R 15 S RO IR
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B 1T 5 15 1 K A R SO R, e PR 200k

fitg U R VE R, oK i B 5 310 (21.30+1.05)% , 5
BRI A A LB K RS N T 120.27% . ZE
TR GY F B 7R A B T B G A B ) DH 3
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25 LR BB W T Ak K R 0 1A
2 R, AGE ST RS AE 66 ku LUK F
W45 ku WA EEJEERE A, 31~20 ku 4b 77
TEM LRS54, ATRe S L T /N F
BREPFAEYEERS, WE 2 AT X0E
F 2t B RENE AL S, B AR AR 45 ku 23
S B /N | (AT SR A7 AE R D A A BR B T, 3
Al SR B4 BR AR I 7E B AR A5 1N, DA TIRAK
R R EFAE, B RO LS4
K At BT B9, 78 31~20 ku A0 A7 7E (1 JL 4% 0 3 4577
20 8 8 B K <20 ku /N FRREE, (HEE K
fit AN AN A SR TE A T i EAL R TR
1 5 1R AR R P R AE R 45 ku BREE 1 IE AR
Foalr gk gy, JF BB RS 2R 31~20 ku
(R 5 5y s ks R A K RAVE T, fli<14.4 ku
LA A N B el A B R T A e o 34 4%
T 5 A H B R
23 EZENBEARBEAUFURESLEESH
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Fig.2 SDS-PAGE profile of purple kidney bean protein

and simulated gastrointestinal digestion products
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IR T 271.21% , & S IEAL S R G |, B4t
A AL AE J1 1K F (3.07+0.41 )mg prot/mL, 5 H ¥ i
A L ST AR RE S e — B4R T T 25.31%, =5
HAEAL T WL L RE ) (ABTS 5 BR R AE 4 1 B
A FEE AL A S B T TR, RS
S ESYTRE R R A I S ] R g BRI ES
TR E KL SRR, SRR K = G
P UK g 2R U 2 0/ F 2 MO REE T A
AR S R WA T A R Ny T 2
K5 ABTS* Bk 8 7 S 4f 1Y & AR 455 SO, 32 T+ 1
THAL =Y BB 5 RE JT  ABTSTE BR

5 E IS R PR AR L,
I AL IS 25 S FK ¥ i DPPH 18 B BE 7 i A7
ReAR, OF B2 etk 2 . X2 B K e , —
B JIR AL 53 A 1L/ P B 2 5 ) O3 K e R 1R AR
%5 ,DPPH A i SEp A2 e |, 11 28 5 W 35 0 Ak 5 i 7K
PEEERR I D | SR K P SRR Y 22 ) Mk DL 5 IRV 1k
DPPH A Hi 455, 1X 5 5% 3 Bk P2 SR 42 1k
—3,

=EEARBHUTMREANE

Table 1 Antioxidant determination of kidney bean protein and digested products

H o /3 A TR AT &I AACHE F /mg prot-mL! Fe*iZ 7 ft DPPH # & #/% ABTS # & #/%
Z2a%9 0.66 = 0.12° 0.187 = 0.05° 56.09 + 0.72° 27.24 + 0.98°
B2 h 2.45 +0.36" 0.288 + 0.08" 61.54 +0.74" 39.16 + 1.17°
W3R 4% 3 h 3.07 = 0.41° 0.535 +0.17° 59.68 + 0.89" 60.23 = 1.85°

T BEAT IR PO, 7 B AN [] 22 57 d 35 (P<0.05)
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Fig.3 Different molecular weight purple kidney bean protein simulates the antioxidant capacity

of gastrointestinal digestive products
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TH A0 [ i e P AR, 5 25 R A 8-
B2 B3, i 41.14%98 /0 3 34.63% 8- i
i KRR, 2R AR R O K R A
PR TT, 25 M 2540 b Aol B s 1Y B3 & 9
I 578 BN B BTG e fr R e A B =

AR T PRI A TR] | Bl 9 T B ) A2 HLIE
R85 SRR M AR e, SO R AR E S
K E B~ B 34.63%34 M%) 41.29%, 3
SEPAIESE pH (E AL B B T4 B AR 45 A ]
BB, pH E 35 R M 2 W 4 T 2 bk, R
T - & & i 3 LI XS AR SO R 45 21
—F,

x2 BRIGTHUAZEZARBUTM ZREMAR

Table 2 Amide I band fitting kidney bean protein and digestion product secondary structure composition

Ea AR a—3R % %5 /% B4 A % H1% B- & L H1% T AL & /%
EiZa&a(KPI) 18.74 £ 0.03" 19.05 £ 0.04¢ 41.14 £0.02 21.06 £ 0.01*
KPI #2417 3R % 14 (2 h) 19.80 + 0.01* 25.25 £ 0.05 34.63 + 0.05° 20.32 + 0.04"
KPT #2401 18 74 4 (3 h) 17.58 £ 0.02° 21.63 +0.03 41.29 £ 0.01° 19.51 £ 0.04¢
TE  HEAT IR 2 He A, 7 BE AN [R] 22 57 4 35 (P<0.05)
141
26 HMEREUBEAETEEBLEDRE 1

EETLSH

M 4 nJ L 58S G E A L AR
RERHA D HE S AW T & H B IHALE R
RS BT EN (5.8520.29) pmol/g,
(7.1120.37)pmol/g, 15 25 LA FIAH LU T % 40.12%,
36.69% ,iX j& i T7E B BRI AL R, 2 E 21 K i
JE A R Ay S L i B R R R
ME5H, P EOR SR B A RN
St BT ARG AL 1 0 B R | S R
% (4.940.23) pumol/g , (6.14+0.20) pmol/g, iX 7] fiE
SETEIREE L EEE TS B ik — a7 e Hi Ak
LA ) 25 (0] BEL A5 4 M B, W S s 2 1) 5 T L —
T S, R T B e R AR, WA R R R
JoE 2R (Cys) & A 16 PE i, &0 B i S iH ks
FPEEIR (Cys) T HEBEMRESFEHESTET
REDS G 53R 3 2R I R i AR AL AR TR
27 EHBEUHEAEZEEABHEXTYHE
SEBREETUSW

ZEOE KRS, R A SR B R
i3k, Chen %FP9% B His Tyr,Cys %1 2 & 3 R
FHATEY BA R TR A h AR X
KR bR YA —E R THE T . KPL
FAEAR T Wi B8 2 B R i AR N SR 3 B

&3 A, 28 MEAE, SE0EAM
B, b e A FH K et B 22 1 U0 B8 G2 DR, 0 7 AR Ok
PR B o S 2 R B B Y L 14.903% 3 in #)

protein/pmol - ¢!

e A by 25 A
ZOR PSS A

Sulfhydryl content of kidney bean

&)

HEEE FIBHALL R (2h)  FBILLE G
SEAE 25 AR P BBLI A TR A A 0 1) 22 1

Changes of kidney bean protein in different stages
after simulated digestion/h

TR PO E e e e N S NIE ST E e eL

. 3% (P<0.05) .

B4 STETEARERCELEEELEHN
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Fig4 Changes in sulfhydryl content of purple kidney
bean protein and digested products
during simulated digestion

37.853%, i fm 2 AL B itk h 2.73 wglg /b
2.67 pglg, X 5 5 AR A (B 4) T FE—
B, HKMEEIIR S =GR, il 10.98 we/g 3
JNE) 21.59 we/e , ik 62 FL R RE 9% 1 58 1K 5 15 7 1
B A AR, R AR I A P AR e
J1. 5 EMIEAH L, 2 BE A EHE S R TE
77 Wy i 2 R R S i 2,67 pgfg 4 R 2.08
nelg, Wil IR N e 2 X IR R S A
BRI IR (SR R ) R S A R K R
KRB, [a] Iy, B A AR AL A Y i K M = R R
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Table 3 Kidney bean protein and digestive products free amino acid content

Rk EAR £ *2%alg g’ ABEDE A IHAL 2 hipg-g! AL A 3 hipg- g
Asp R A &R 10.6925 0.1133 0.0825
Thr 7 2 B 7.9574 23.6058 4.7650
Ser % Z B 4.6807 3.8712 1.1876
His 48 & 8% 3.9807 6.4714 2.2557
Tle 5% 5% 2B 2.6268 2.0634 2.1391
Met ¥ #2827 1.9467 2.6556 2.0707
Pro Ji & B2 1.8848 2.0868 0.0107
Arg 4% BB 1.8538 4.2569 1.6722
Ala & & B 1.6927 12.1099 3.2986
Phe X /A & B8R 1.5895 1.4319 0.9640
Tyr B 28R 1.0572 1.4279 0.8467
Val #5128 0.7825 1.0068 0.4700
Cys “F BE AR 0.7804 0.0158 0.0095
Glu & &R 0.2751 0.2321 0.1022
Gly H &8, 0.2336 0.2378 0.1015
Leu 7% & B 0.2113 0.2235 0.2084
Lys #i #82 0.2085 7.0896 6.8114
elt (%) 14.9029 37.8530 39.4519
ST 2.7271 2.6714 2.0802
HAA 10.9824 21.5897 9.0537

TE e/t 75 BIER B B SR 5 4k 09 L) 5 ST 35 R & RE R B ik s HAA - K PR R 1R

AL SRR T DPPH [ 5L 15 bR A2 Ak 4 Ar
Al (3% 1), R BN e s
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The Antioxidant Activity and Structural Characteristics of Purple Kidney Bean Protein

during Different Digestive Stages of Gastrointestinal
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Abstract The antioxidant activity and structural changes of kidney bean protein hydrolysates during different digestive
periods were analyzed by using kidney bean protein as raw material through gastrointestinal simulation model. The results
showed that the solubility and hydrolysis degree of kidney bean protein were significantly increased after digestion with
gastrointestinal protease. Compared with gastric digestion, the proteolysis degree of kidney bean was increased by 120.27%
and the solubility was decreased by 3.46% in gastrointestinal digestion. It was found by electrophoresis pattern and an-
tioxidant activity analysis. After intestinal digestion, the protein subunit hydrolysis was enhanced with the continued action
of trypsin, resulting in an increase in low—molecular weight peptides. The subunit bands with molecular weight <14.4 ku
were significantly deepened. Compared with simulated gastric digestion, the antioxidant capacity of hydrolysates was sig-
nificantly enhanced. Total antioxidant capacity, Fe reduction capacity and ABTS clearance rate were increased by

25.31%, 85.76% and 53.80%, respectively. To classify hydrolysates by ultrafiltration, which are produced by the contin-
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uous digestion of the gastrointestinal tract respectively for 0.5, 2 and 3 hours. With the prolonging of digestion time, the
hydrolysates showed strong antioxidant capacity due to the increase of digestible products with molecular weight less than
10 ku. Fourier transform infrared spectroscopy (FTIR) analysis showed that the hydrolysis of pepsin unfolds the protein
structure. The relatively compact B—fold in spatial structure is broken and transformed into a looser B—corner. The stable
structure of kidney bean protein was restored after intestinal digestion, and the B—fold increased from 34.63% to 41.29%.
The contents of sulfhydryl group, total sulfthydryl group and total sulfur—containing amino acids in gastrointestinal diges-
tions decreased continuously with increasing degree of hydrolysis. After intestinal digestion, the content of exposed
sulthydryl group, total sulthydryl group and total sulfur—containing amino acids decreased to (4.94+0.23) pmol/g, (6.14+
0.20) pmol/g and 2.08 wglg, respectively. SEM scanning analysis showed that flocculent aggregation occurred during hy-
drolysis of kidney bean protein. After simulated digestion through the intestines compared to gastric digestion. The order
of the protein microstructure was increased and the surface of the digested product was fine and granular.

Keywords kidney bean protein; antioxidant activity; in vitro gastrointestinal digestion; secondary structure



