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Emulsifying Properties and Antioxidant Activities of Black Kidney Bean
Protein Modified by Chlorogenic Acid
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Abstract; In order to investigate the effects of covalent interaction of black kidney bean protein isolate
(BKPI) and different concentrations of chlorogenic acid (CA) on the function of the protein, the effects
of the covalent interaction of BKPI and different concentrations of CA on protein structure were studied.
The relationship between structural change and the functional properties of the complexes was analyzed
through dynamic light scattering, fluorescence spectroscopy and Fourier transform infrared (FT — IR)
spectroscopy. The results showed that the turbidity and the bonding content of CA in the complexes were
increased, and its content of free amino group was decreased with the increase of CA concentration, the
covalent interaction made the distribution of droplets in the solution more uniform. The secondary
structure of BKPI was changed and the contents of a-helix and unordered decreased, while the contents of
B-sheet were increased, and resulting in its conformational change. The decrease in fluorescence intensity
with the increase of CA concentration, indicating the unfolding of the protein structure. The addition of
CA improved the antioxidant activities and emulsification properties of BKPI. When the concentration of
CA was 0.25 g/(100 mL), the antioxidant activities (168.95 pumol/g) and emulsifying properties of
BKPI were the best. These results suggested that CA — BKPI complexes could be used as efficient
antioxidants and potential emulsifiers in emulsion-food systems.
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3 B 45 H ( Black kidney bean protein isolate , BKPI)
e—MamEn, &4 8 MAKLTEALERS F5
Ak B oKL G Y R 2 MR T R SFE R Y,
HA AR & 25 O A, J& — FhOB 2% R W) AR
VR SR B TR T 4R By 3K A ek s B A
BKPI 5 A B8 B AR E TR 5 BE IR S 1, (H ZL AL
e B T AR A Tl A

WF5E R W, R 8 U5 v AR A 10 1 2810 5 W T LA
(VS R i - S el INE R PR £ NS 2 O W D1 1
JER PRSI A Y, 4 IR ( Chlorogenic
acid, CA) JE g 7 WL I 7K ¥ 1k 22 B, a6 5 mT A D 1 R
FIB MBI R XSmRS AR R
S B8 22 M S P e A U L IR T LB B R AR B
Ll g 3 (C—N 8 C—S) s i 5 & 1 i & %
(g R o SCHR LT ]9 B, B 2 Ak & vl
T8 3 A SR 2 4R v TR Y LA T PR R BRI AR
RTETE . R, By 26 A 5 W AT LA 5E 2 2 Y 32 Bk
A, HEARMEAEREREENEGY, X825
X A R B R AR B — e

AR WERE X E S Z MR E ST T
KW W, SCHR[9 ] BF5T 1 &% I IR AN B L 2 1 Y
HAEPLE, A g IR T DL i 2 R T AR A s S
BRLS TR 5T & B, AR e 2 1 2 it IRl ot A 5 3 1 o
1) 45 FE A6 1 B 06 2 w5 A0 U5 3 10 JUL s 7 48 2 1 6 e
Rt o SCHRL 10 58 & B, BC1E 45 1F K & R 5 5L
BEAES, EH R R EUUE, AL A
SR o AT UL, S JRURR S B 45 R Y 8 i T LA B A B
FRNREREVE . XM R Z MR E T W ER X
TR EEATERAE AT 5 2 WA R W58 AR L
RIE .

A SCHE AN BT i vk BE CA L TEBPESRF T S
BKPI HAELUE K CA — BKPL 2 &9, il id e B it 5
F 0 K P B AR AR B A 2 S 2 I Y A R 0 K
PEJG 2 G W St 22 A JEAT WE T, 48 /s S5 A0 0 FL AL
P BT S 5T R AL R RS2, DU Sy e LA RS R
et CA — BKPT BT A AR HEBOAR SR 5 BB SR

1 HESEE

1.1 #R5iE7
BIEG T E SRR (4 99% V1), L

il

WA YRR RS R s AR AR R, 1, - R R -2
s F M (1, 1-diphenyl-2-pycrylhydrazyl, DPPH) , 35 &
Sigma — Aldrich /A ] ; L-25 2 % A8 2K — H it (OPA) |
IR VA EALE BERR AN BRI A A W RE (Y
A al) b ECH Ak Tk ) Hee il o 4y
Mrédi
1.2 UBE5EF

AL204 B4 53 B KV, # 8 F — 48 ) 2404 ( 1
) A B A s PHS - 3C RISE G = pH 1, o [ 11
AT F —4500 B5EE366 T, H A4S Hitachi
23 d) 5 TU = 1800 #Y 58 Ah—1] W43 506 BE i, db 5t i #r
A R BT 2 /500 — 1 B8 7 e S i £ 4%
VL5 4 3l AR A T 5 Allegra64 R B & 2 5y 3 42 7R
BLOHL, 32 E D5 2\ ] s IRTracer — 100 7 {d B i
L AN, B A B A .
1.3 A&
L3.1 BEGHEEANH &

MAESCER 1] ok R EE ELEN, T
60 H i, FHIE C B¢ i i , # BEAS =08 7 BT 2585
K WOREEE 10 mL/g, AT 2 mol/L NaOH %5 & i 775
pH (% 9.0, #+F 1 h,9 000 r/min &.> 30 min, Bt
LW, ARG H 2 mol/L HCL W8 15 pHHE 4.5,
MEEOVEY, ¥ EATEYKBE 3 X,
6 500 r/min .0 30 min £5 2 YTHEY , K U0 TE P 15
J5 , 2 mol/L NaOH YAy 817 pH (52 Wk, % T,
RIS R 2 Sar s e Al B IR AU 2 S A
TR B0 (90.62 £0.59) %
1.3.2 HEH-ZBHIEME S &

Z: WOCHR [ 12 ] i 55 2ot 52 & W0 0 O v AR 1B
Mo B 1 g BKPL A R T 50 mL £ &K,
5 pH fH 2 9.0, 7 4°C T HHE 24 h, U ) 5 42K
A BRI/ BI 0.05 0. 15 .0. 25 g CA 7T 50 mL
EE TR IR K pH BT E] 9.0, 58800,
HESEMEEOBRRS ZWEW 1 15 EBUR
G B PRI OR A TR R (20°C) T i 2L R N
24 h JIF4ERE pH {E4 9.0, /1A 0. 02% & A AN LA
Bii 1R SR W i A K SR 05 3 000 W3 BT 4% 7E 4°C
T8 Tk BN 48 h LABR £ R 45 & a5, %
BEAETHFRE GG T BAEA-ZHILNE
Y E T TERS S &, /454818 0.05CA -
BKPI 0. 15CA — BKPI 0. 25CA — BKPI,
1.3.3  ZPpp e

SR FH AR b 1 3 0 RE R Rk JRURR B A
56, BT mL ARG (1 mg/mL) FIXE N, WA
5 mL g BRI (IR B3 88 10% ) T iR ), i i
5 min J5, /il A 4 mL Na,CO, ¥ ¥ (0.075 g/mL) , Jig
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WIS, BT 25COKI PR % 2 h J5 , £ 765 nm
WA AT W 2 WO B2, I X IR 4 Ji 1R A v ol 2k 1
AR P AR R IR Y 5
1.3.4  ZOLikN =

MG STk [ 14 ] 19 07 ¥, A 18 5. %) BKPI,
CA — BKPI #E47 = 4 9 56635 W 5E , {1 F — 4500
TG BE 31, 76 3 25 1 R ST, R G e 8 B
200 ~ 500 nm , 3 & P K ¥ E S 200 ~ 350 nm, I # 4T
AL 16 WA, AT OIS 43 o
1.3.5 fi E AR 2T Ap ol ik

F TRTracer — 100 7Y fdf BL i 72 48 73 56 5l BE 1 1
Z T ik BKPT 5 CA — BKPI LAt . 5 4F
5 KBriR & SRR IE A £E 500 ~ 4 000 em ™' 7
Bl PO AL SR IE T, A HE R 4 em ™', R ] Peakfit 4.0
AR, m i R WA I A UGS o IR BT B B-H
8 MG I I PO R 0 A L
1.3.6 [ & N E

HREPE TR [ 16 ] /9 07 1 0 5 B iy 2 0k 5 i, T
il AR — FEE (OPA ) ¥ K - E 5 R L 40 mg OPA ¥
T 1 mL R, 4210 A 0. 01 g/mL ffg SDS( -
e SEBRER AN ) WK 2.5 mL 0. 1 mol/L i) 0 ¥ VK
25 mL 100 wL B-%i Hk & W, 5 Ja 28 18 K € 45 3
50 mL Z5 i b, DU E I B OPA 53K 4 mIL T4
H, 2 A 200 WL A R, TR 2T R T 35°C
2 min, 7£ 340 nm ZE E H WG EE , PLAE OPA 385 v
JIA 200 L 7K Sy 25 R B 96 L~ 20 R il A A 1
i £, RS LR OE BE r  B  d SR
1.3.7  RIAR A I 2

F) F Mastersizer 2000 %38 67 B X %F BKPI Fl
CA — BKPI kA 52 & Wy ¥ WA o 0F A2 428 20 A1
E o WURLT ST F 1,45, S ORI 55 1,33, i =
$00.001, SEHGR AR B2 B AR D, R AL KL
JERNT
1.3.8 Zeta HL il B

K Zeta HL LAY GE AE A Zeta HL AL,
BKPT 5 CA — BKPT 34 & 5 Wy b A7 3 BE A B, B
AU 1 mL, W & 36 B2 Sy 25°C, ik B2 - i B[] oy
2 min'""’,
1.3.9 Mz

e A 0 RE O YRR ORE S CRE BT R MR R
5 mg/mL) B A A7 S A L, ) 58 40 23 0ot
THZEP K 600 nm 4b XA & #E 4700 4 , 72 25°C 14
T
1.3.10 LAl 5 FL AL AR e i 2

SCHRCLT TR 5 LS AR B 2 H5 O e i 7
PR 5 2 vh W0 B¢ (10 mmol/L, pH {H 7.0) =&

FLBCR O 1 mg/mL 5 7 B A RE i LA BUEE 31
W TR AL R G R BT D)X AL L 10 000 1/ min
gt 1 min JEBFL AR, S7 B G 7L AR 98 G i 4 B
50 pL AFLIB > BLT 0. 1% [ SDS ¥ 0% B 100 1 .
SR IR G 5 20 e BE L AE P K 500 nm 40
B B WOE BE Asqp o » FHAH TR B SDS 35 34 O =5
FOX IR . 28 10 min J5 FROCI & HROEEE . FLALTE
P B PR RS E TR BT R A A0
2 x2.3034,D

= 1
M 10 0006LC (1)
E, = 104, (2)
b AO_AIO

Xh E——F LIRS, m* /g
E—3L AT & Y48 %, min
D—Hi BeA% %, B 100
O———H AH AR FH 43 %5, B 0. 25
L—— AR BT em
C—HEH B, mg/mL
Ag Ay——7E 0,10 min FLIR I 0906 B
13,11 b i i
M4 SCHk [ 19 ] /9 75 1: W 5 DPPH [ ¢ 5 7 BR
W, FEAE B 2. A S BERC ] 0. 15 mmol () DPPH
W, 1.5 mL BRI AE] 1.5 mL ) DPPH Z i
VW, A L O SV 60 min, Fifi S5 A DU AE 517 nm
AL R S, A Trolox 2 il R vfE il 26 , DA Trolox Jifi &
JEE IR M BE (AL wmol/ g ) SR BB A AL RE
1.4 #HE\ESIT
JRA SR E A 3 W, LR R O bR
HE2ERIR o FIFH SPSS 20 4 i#17 ANOVA 2 5% 1
HVEGI T FAH S, P <0.05 B, 22 S 1k 1 %
FIH] Origin 2018 47 ] &

2 HR5WR

2.1 sHERESREERASH

AL BKPT 45 R[] ¥k B2 CA fy &5 & &t Jil
AT o D R b A ot £, P R PR A I A2 5 b CA
IR G5 R R A RS RN, 5
BKPI 45 45 (4 Z By ot 8 BE /K ¥ 73 5l O (54.6 =
3.92) nmol/mg, (74.85 +£2.33) nmol/mg, (98.76 +
2.53) nmol/mg, 7] LA 153 A, & J5 B % &
0.25 &/ (100 mL) i , Hebt B FIRL A, SRR 7
A3 AEERIE 2 AWy R TR B AR E T R
FET LUy TR A TR ke Ak S, I B T A
AL i (C—N,C—S) , #E MMl CA 55 BKPT k4%

=7 [6,12]
e A o

T Z 7 pH {E 4 9.0 FA & 11500 F e 5
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AL R , 5 B R LS AR O B A R R
SRR A & A R, B 3R B (C—N, C—
)1 ORI B e Y CA — BKPLIEM &2 54 B
M RN ESREN, EO-ZHIENRE 5w
Az F R LT X & E, BKPLL0. 05CA —
BKPI 0. 15CA — BKPI . 0.25CA — BKPI [ Hi 4 3% i
BB R W B 5l (0.493 = 0.006 ) nmol/mg .
(0.381 £ 0.005) nmol/mg. (0.317 = 0.005) nmol/mg
(0.251 £0.003 ) nmol/mg, #H Lt X§ 8 BKPI, H 1 &
AR M T 22.72% 35.70% .49.09% , 3
W Wit 5 2t Ji R vk B 48 K, B 1 5 4 D R S i R R Y
KM EEEBER N, SCHR[20 ] 058 T B E A
K SE THEM S SFER, KAEANH B
HEE R, HAaZ ik T 1% SDS,SDS A L)
W IREE 11 22 Wy 22 18008 ) 0 Al 2 g, X0 vl 0, 2R
SREATS RS/ LINEN:ERE 35 Soa qiir e
e TH52mEELNEEEZEN.
2.2 BWHRIES

& 1 25 BKPIL 5 CA — BKPI = 458 56 % &,
peak a ( Ay, = Ay, ) A& Fi A HUSS 0§, peak b (22, =
Ny ) J2 B BCCSTU%  peak 1 (A, =280 nm, A,, =
330 nm ) 3= BAQ R AR 1 o K R Ak BRI 0 SR Bk Ak
A AR R A R A, SRR R K R R S
Koo EETRDE TR M A RAE T 8 A — R A5

(a) BKPI

200 250 300 350 400 450 500

Apy /nm

(¢) 0.15CA-BKPI
Bl 1 OR[E B k¥ CA — BKPL &5 &

Fig.1 Three-dimensional fluorescence spectral analysis of CA — BKPI complexes with different concentrations

Ay, /nm

BB, B T K BRI B R R A AR, Y
EASZMEREGYG , CRARBILREE, 20
2 Ak B R 5 S R R Rk R B N, T R
HOOCRBERAR " . W 1 TR, B R
3G, 5 e 4R 0 s W 1 B €6 AR 1, HAR 4 peak 1
b5 S BT AR N, 5 R Gk JE R 1 % BB 1 A
k:,0.05CA — BKPI.0. 15CA — BKPI 0. 25CA — BKPI
B peak 1 Kb %% Ot 58 BE 43 B BE AR T 72.32% |
83.46% \92. 17% , 3/~ MR 25 FL R H W9 G 5R B I &
SR SRR I T BEAIG, PR 2 R S S R R Y 4
G W, AN, peak 2(A,, =230 nm, A, =
330 nm) £ BN F 2 IRHE SR A AR AR 0 o PR Al
RS RIR R (145 & Z 5, W 0 TE BURN 8 B AR
55 ,0. 25CA — BKPI 5 't 3 BE AR By W 8, 3 3R
HH i 2 DR A, B 1) 22 BREE B AR AR Y R
5288 B3 2 A Wt SRR R 25 R &
2.3 OHRIES

WL A% (FTIR) 43 #r ok uE W i B 5 £ W
Z IR M 45 G, AN TR A S Y FTIR 6% an &l 2 fr
7%, BKPI 2 B JLANERAF 14,3 278. 63 em ' (BERE A
o, N—H B B A0 PR s AR A IR 0 ) |
1634.31 cm ™' (Mg | 451X, C—O ft 2 [a] 1 fih 45 4%
) A1 519.76 em ™' (WERE 1147 X, C—N 4 i F fif

300 350 400 450
Agy, /nm

(b) 0.05CA-BKPI

320
300
280
260
240

220
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Ay /M
(d) 0.25CA-BKPI
B D Simink]
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PRsh N—H #1925 di R 5h) . 55Xk B BKPT 4
Lt ,0. 05CA — BKPI,0. 15CA — BKPI.0. 25CA — BKPI
e TR W ol e Xy kR T R, 4 B
1634.31 em ' ZFE 1 635.10.1 639.00.1 639.01 cm ',
HoHr BEA 0. 25CA — BKPL B i e T 45 748 £k 5t o W]
B XEATZHMESEAMNESHEE T HAMAERL
R B% 3L , iX 5 2R (SRR AR 3L AR A i 45 ] — 3

100~ — BKPI )
—0.05CA-BKPI
90 —0.15CA-BKPI
—0.25CA-BKPI
80
701
& 60

= 50
%) 40+

30k
20+
10}
O L L 1 1 I L J
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B em !

2 BKPI 5 CA - BKPI &Z & W i 8 HLH AR S 2T A%

Fig.2 FTIR spectrum of BKPI and CA — BKPI complexes

BKPI J2 CA — BKPI 244 55 & Wy A i B9 A [/ —

WeERI A ST SN2 1 Tk, BKPL 545 17.74%
) o-BRE \28. 51% 1Y B-%% ff .32.79% 1 B-9T1 5 .
20. 95% 11 TR A5 iy, AS R ok B 1Y) 22 T S N AR 3R
HEMMN R AR EEI EEZBH N
ST, oW E 5 T AR DU A AR N B i BRI B-
B ff MG B R E i, AR AR 0. 25CA — BKPT %%
Bl R A R g B, A L X IR BKPT, -1 iE 5 JE M
D] il R X A0 0l B IR B 14,07 % (15,67 % , B-
B A AT & 1 3G B 37.79% o FE b 0.25CA -
BKPI 45 5 3 B A8 bt e oy W 35, 3% 5 92 6 10 4%
RAF R 285 & a0 45 & 0] DU & E g
P&, RS EALHEIF . T 13 ]k
THNEAMEEEE FROILNES,. EAM
TS o-IRTE S TR B il AE X A R R
o o-BRTET B A AR 2 Tk 52 26 O B% 1Y 43 1 =
H faf PR 2 Y B2 W, S5 A0 b P S A B R Ok AT S
BE TR 0B 0 X B-5% f 45 A BT B HL A A A
AL HE b, X — 7 EiE T CA — BKPL & &9

RIS

®1 ARARERE CA-BKPIEGY - REMBENZE

Tab.1 Secondary structure of CA — BKPI complexes with different concentrations %
FE it a-IR i B-¥: A B-9r & JC AL 5 i
BKPI (17.74 £0.23)* (28.51 £1.05)" (32.79 £0.14)* (20.95 +£0.26)*
0. 05CA — BKPI (15.50 £0.33)" (36.55£1.22)* (31.24 £0.61)" (16.23 +0.15)"
0. 15CA — BKPI (14.37 £0.12)° (38.22 £1.34)* (31.84 £0.85)™ (15.55+0.16)°
0.25CA — BKPI (14.07 £0.18) (37.79 1. 11)* (31.45 £0.34)" (15.67 £0.13)°

Y R ) R R 2 5 B (P <0.05) .
2.4 RFEAASH

& 3k BKPI f1 CA — BKPI 4 &8 & Wy (1) k: 1%
Gy AT R A3 A AT DA R &R R e v, B BT
AN A YRR 2 B R B A A, 3 BB AR
MR RICARE o Bl AR 2 D R vk 8 0 3, e 4n &2 &
Wy 1 - 45k 4% 37N, BKPT 0. 05CA — BKPI 0. 15CA —
BKPI .0.25CA — BKPI i3 Y567 42 43 31 7 (203. 4 +
10.32)nm (180.8 +15.92) nm , (155.9 4.7 ) nm ,
(134.9+2.65)nm, CHER[26 ] AF5E R, HEH 5%

30

—=— BKPI
—o—(.05CA-BKPI
st —a—0.15CA-BKPI
—v—0.25CA-BKPI
< 201
e A
K15 /‘ t
E{é
=
10f /’ \ [
5 I Q
\ \
0
1 10 100 1000
Fifemm

B 3 BKPI 5 CA - BKPI fiHi 7243 7
Fig.3 Particle size distribution of BKPI and CA — BKPI

conjugates

Myt 52 5 fa AT U B EH R, B A YRR
¥— EH 52N EREZ MR, A5 5 H L
R—H,

EHSESYR AL R TR, RIS IR 1Y
AN AR, A A (-19.5 £1.01)mV, Bl
ORI B g, I 2 S R A B
)R X R TR TR LR IE A, AR
HALM 25 6 5 2 30 5 m i R v, B AL 4 o
(30.7 =£3.52) mV., (32.3 £3.19) mV, (38.7 =
1.74)mV, Y4 ERRTS NG K 0.25 ¢/ (100 mL) i, 3t
W &AW A Sk i B e, KL~ 22 (R A B )
W RN, SRR A G5 R — 3. SCHER[ 17 JF
RTREFEASEERZNILNE A EREN, N E
HIE B AR R B R R R —
2.5 HmESH

bR 3E H TR ST R A B K AR ) S 2 Ak
B 2z ) a4 s AR S A BRI R 21T R,
MM EEASSHAHENERELERER"S
AT BE Y CA e BKPT %5 W 1 bt i A% Ak 4%
AT, 76 600 nm &b 5 f9 BKPI.0. 05CA — BKPI,
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0.15CA — BKPI ,0.25CA — BKPI iy plt & 4% 51 K
0.07.0.411,0.895 1.138, #] L5 %0, 5 %f M 41
(BKPI) A Lt , Bl CA ¥ B W38 i, b B 8 25 3 0
TR A ML &R . X8 4K,
o RE B IR BT 2R AR S W R AR B 1 AR AT
oISy, SCk[28 J L3R W], CA Wl fE y —Fh 8K
FsZ A A BTN S R AR TR R K
R CA B 215 2 BR A Sl 5 mlg 220 55 00 41 3 oo 3t
#r C—S = C—N B il — RIS LM R A&, 1% 1
KEPM CA Z (a5 i 0 A0 BAE G S R4,
AT A3 S5k BE 1A,
2.6 AULBFEEEIAMBEESH

FLATE 45 £ (EAT) 5 LA RS 14 45 £ (EST)
S35 s CA — BKPL 52 & W) I 1 — 7K 5T 1 fig
R BN PR AR RE T . B AWMLk tEZ £
PR Z R, 2 W ss & BN mg™
BKPI 5 CA — BKPI [ LA FF 1 an 14 4 (oA A K
AN B 430 2 AR RS E T 4 L 2L AR S P TE 4k
ZSRRE)Uin, bEE CA BN, ILHhEZ5W
) EAL ESI #3958 , i1 T CA 5§ BKPI Ly 25 5,
M) G REE Y R AR | B K S R R A A
Bi RO, 22 IR EE R A 2R 1A SR K 8 I P
58, T REARR 1 il AH 5 K A 22 18] 3L 1 5K 0, T8 g A
SE R P 8 R R A B SR E L SR R R IR
T4 0.25 ¢/(100 mL) B, & A Wi ESI EAL 53
g H 1 AH B A3 B3 T 29. 06% ,72. 88% , ix 5 i
12 HLE I F 5% 45 R — 31, 0. 25CA — BKPL H A7 #5 54
F14) 70 B far AT /N (A R4S, DTG LA B 58 1 FL Ak T P
ke e R, HFL b IS k0. 15CA —
BKPT B A5 b 25 5 AN Ik 35, 3 A BB A2 4 it 2 W48 I = oy
0.25 g/ (100 mL) B} , 8 R 2 1 26 K PE 2 B 48

200 140
207 A 2
1801 gl 7| fhe s A i 120

FUALTR TS BU/min

O""BKPI  005CA-  0.15CA-  025CA- ©
BKPI BKPI BKPI
B
Kl 4  BKPI 5 CA - BKPT & 4G ¥ 1 FL AL M98 BORI
FLALT E PR L

Fig.4 EAI and ESI of BKPI and CA — BKPI conjugates

TR EENNE K, 5 AR T I AT B T 2L AR
o GiRECHEL6 R —3,ER S 2 Wi
524 AT AR B I &5 R RN 2% T E far , DAT 4R R R
BRI LA R E . SCHR [ 28 J iR R W, 24 4 JEL R 1 ¥k
JEFE — 7 70 [ PN R 2 1 0 s, R I 3 B 1 i K M R
I, 5 M3 & B i LA TE PR fE AN B i, ZLAR RS
FEGEHN.
2.7 HEMAENH

DPPH J™ 3z F F ¥F Al & 11 ot i 0 4 10 16 1.
BKPI ) DPPH [ d J& ¥ BR 16 4 g 00 2, xF 8 2
(BKPI) [y DPPH [ th 3535 B3 3% 7y 82. 57 pmol/g.
bfi CA Ui (3% i, BKPIL ) DPPH H H &3 B
TR BRI, 4 5] 95.79 142,43 168.95 wmol/g
(P <0.05) . DPPH [ Hy 38 b 1 1 1 38 5 3R B,
B BRI G S 7R CEEN, &
HH L EE SO 1 26k, DT B0 1 T A R R A
PR B, 25 R, CA werE BKPT A DLE i
SIAFRIER UL TRk % DPPH [ | 2535 bR 6 1,
AT 3 5 A I ) Ak . STk [ 28 ] & B 4% I 3K
A PSR R AT DL i A huE e 5 A
I A — 3
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(1) B CA IR 380, 54590 10 2 W 45 A
R U A R D, RS B
(C—N.C—S) WyIB i, & & Wy i FL A 34 5tk , R A2 0
A AEAT R 2 T IR R TR 58

(2) FTIR H1 986 Y635 3% 73 Br & B, CA — BKPI
S S G Y IR IR S O E TR T A AR R BT
AR A8 e PR T 0 K, 20 T A R DA TR A
THEARMHE S, CA & 38 BKPL 1) o 1RE 5
LI h 45 44 AR X 25 i B A, B A 45 A A X 5
BN B-RE AR HA AL TR A SRR I, A5k
Ty e AR AR R 2 T R W) BRPT (9 55¢ 1 4 Jo , 15
W] CA fy 52 %) BKPT [y 5 I 1 Jot [ 8 A 1) — 9 2
55 ¥ G 5 A AN R AL R0

(3) FULHFVE AP A AL R L 70 A 25 SR W, Bl
CA W SERIIE I, S5 Wi FLAL PRI 35 . P R
CA ¥4 0.25 g/ (100 mL) i, 52 45 W FLAC AR E P e
He, FLilicAE g o (R, DPPH {5351, CA 55 BKPT & /E
S Z AU RACERE CA B A3 i 3%
5o HIMERTIL, CA RS n] A 3 25 9 A DT A Ae
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