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Preparation, in Vitro Gastrointestinal Digestion and Antioxidant
Activity of Ginkgo biloba Peptides-Zinc Chelate

ZHENG Yi?, LI Shiying', LI Chuang', ZHOU Xiaorui', CHEN Yanan', ZHANG Xiuyun', ZHANG Yinyu'

(1.School of Food and Biological Engineering, Xuzhou University of Technology, Xuzhou 221018, China;
2.Jiangsu Key Construction Laboratory of Food Resource Development and Quality Safe, Xuzhou 221018, China)

Abstract: The aim of this study was to optimize the preparation process of Ginkgo biloba peptides-zinc chelate (Zn-GBP),
and analyze its in vitro gastrointestinal digestion and antioxidant activity. The preparation process of Zn-GBP was
optimized by single factor test and response surface method. The bioavailability of zinc ions in the Zn-GBP was determined
by in vitro simulated gastrointestinal digestion. Furthermore, the in vitro antioxidant activity of Zn-GBP was evaluated
using DPPH free radical scavenging ability, ABTS" free radical scavenging ability and reducing ability. The results showed
that the optimum preparation parameters were as follows: mass ratio of Ginkgo biloba peptides to zinc 3:1, chelating pH
8.2, chelating temperature 70 °C, and chelating time 2 h. Under these parameters, the chelation rate was 49.23%+0.35%,
and the chelate yield was 42.34%+0.45%. The solubility and permeability of zinc ions in Zn-GBP were significantly higher
than those in inorganic zinc salts (P<0.05), indicating that Zn-GBP had better bioavailability. Zn-GBP showed strong
scavenging activities against DPPH free radical and ABTS" free radical, with ECy, values of 101.0 and 83.6 mg/L,
respectively, and it also has strong reducing ability. Moreover, the in vitro antioxidant activity of Zn-GBP was higher than
that of Ginkgo biloba peptides.
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AT (Ginkgo biloba) P~ (L) g TARZE A0
25 B RRY R, <A H Y id R B A bR | 1k
% . U, PR SEDI R AR TSP SR A S R
13.2%", LR A3, J8 TR H®., B
BIFREIXTER AT SR H R F AL T RIS B, H T4
AR, A&, KESHRGIR 2%, 10 VTR R AR
AN T =50, RIS AR (Ginkgo biloba peptides,
GBP) AR 8 A& 8 A B /K A5 B IR &
Wy, B3 AR T S XU AR I T . PR AR e . O
JREE ARG, B E AR —iE 5 E AN, AP
AR BEIMUEY, BEIMUBES ., RIS ARyl 45
YER, BRI, HA T 1z N R S .

PR NSRRI EITER Z —, ZEE A 58
fRE k. AR AT . AT O @A 4w
RGBS A EEAEAN . ARk, FRELA
FEETIE 0 AT 3B, (RS AR B A T AR AN R R
BEREREE, AR AU ™Y, ABSE R ToH LRI
HHLREFANFEFR ) 5 B 0B RR . AH IR 3548 Bt
TE, B AR HZREAR, HAA —EEIvERD.
b AR R T K i 20 4 HL AR W) SR s i EE A
o WFFEREA, YIS IR T E R AL . 2, W
FEAE R P 5 8 2 T IO B AR e AT I PR IR &
Wy, — 7 A S R i PR RV E R S A s AR
A TEPE, O3 — 7 EIREFES G LUK T ki 1k
W, TR AR AR R, BRSNS LA
S R A YTEME IR S B A R B RO il a5 K
PEECE YIS RAE . Wang 45l 8 T —FP H F#b
RSB R IR EEES S K ks, R4 MEHL S iz
THALBBUS IR 40% MRS T DIIKEEES ST
FAATEN S Liu 55 2R FH 3k 85 28 1 B F XUBR 2R 1 i 5
IR AR AAR ST T 18X B I AR IR, iE— 25
B eI IR SR r A il A5 T AT AR EEE B4,
SR R AN EEES G o AR R S vy TR, W 3E
byl /U b I 24 LRI AR BN X5 Yy 1 s T O i i g 2B
Kol BB AEE T Alcalase 7K i K 54 B A
[HE-NIZE 4 WO ENITE ) S R K 25 g s =y s IVA
HEREEEE G, G5 TR BHEF S Tl LIS Z Rk
FFRIL | LA S, &, DIMTIE R O 2 IKErEE &
Pt A WS HGE AR TE B S T 5 IR A S S 2
I BREFES A W E AR IR 04 A )R FH S AN 1 S5 ) A,
K] 1 i 7 il e AN e BT B IR RS B . FRIEARAT BT
PEEE, B INEA T Z YRS TE, DRI R
Jel il AR AT BKEFES 59 (Ginkgo biloba peptides-zinc
chelate, Zn-GBP) B s A5 X 5 AR5, H
Wi Zn-GBP [UHIFFEAR ILHRAHE .

ASHHFE R FH = A XK R 1 i 7K ff AR 25 28 1 il A5
AT RK, AR T IR S B iR e A T8 A I B £ Zn-
GBP, >R W W LA Zn-GBP 1yl T2, i
{ARAMEAL S I8 AL T Zn-GBP HEEES T i)
FIFH 3, LAY % DPPH Fil ABTS' [ H 3L ERGE ) .

W IERE 1 AR, YEHT T Zn-GBP HUIASNITE LTS
T, B MR SR I ZFIH, i Zn-GBP Tk
FEALRLAAK G

1 #MR55E%

1.1 MRS5S

AT 2021 4F 10 HRWFILIRE TN 25
KRR ABE(1.5%10* U/g)  PHEHAEE AR BEMA
i ( EC 3.4.23.1, 1.2x10* U/g) . B & 1 1 ( EC
3.4.21.4, 5.0x10* U/g) [HZHEHF{b2&i5FE R
Al 5 8 JE A B H AR (glutathione, GSH) . DPPH FI
ABTS ZE[H Sigma-Aldrich 23 7] HoAh 5] 4
FErRTali,

DCTZ-1000 £ HigEiEAAFHREPL  JbRTsAsE
BEAEWIF ARTT KA RS T]; Labscale /N W) 8 3&
F4 ZEHE Millipore 2\ F]; 723C W WA GEE T
_RRRA A A FRS 7] Alpha 1-2 LD plus & 74
HL  FE2[E Christ 2 Al ; 3K30 % %R & .01 72 [F
Sigma ZyFl
1.2 XFEE
1.2.1 GBP myiilds  RAE A B EERR DT T &
RATER AU, 5 D n WA 4l Sl 84.35% . R
JFHEE A AR ZE P /K AR A 2 1 il A AR A KT, i
TRV A AR ER > B — K — 250 5 —
HBUERE Sy 58— R T8 —GBP #i.

1.2.2 Zn-GBP ikl HX GBP &, i@ = L& 1
IR, FERE I AGE - L /KRR, 7 TR S G s
TE 100 W, B[] 3 min), £—E (Y pH FIREE S5 44
TEG—ERE], BEIEZER, 4500 r/min Z.0 15 min,
B _EVEW, N S AR AEFRTIR 1Y 95% L%, 4 C T
BT 12 he 4500 r/min 5.0 15 min, YEETLIE, FATC
IK R DTTE 2~3 IR, R T, 155 Zn-GBP,

123 EAHERE5ESWHERMME RH(GB
5009.14-2017 & fZe & E RprvE & 5 EE I e )
) AR L, MIERE S TR B R ARBEEENY
Jri, TR G R E G5,

7ééf’a‘%(%):%xloo & (D

AH: m o Zn-GBP H B Y T i, mg; m, A
GBP U BERY BT i, mg; my S WA FR Y ST A,

mg.

BAEMER%) = % % 100 @)

b my AR RS W BTEE, mgs mg S ROV
YIE) R, mg.
1.2.4 FRPRIZRIES SRR LI Z LR L (BR
RS b)) | B pH L B AR ANES A st
B R LB G AR5, U P KSR 1
iR o BRI ERE 3 K.



- 422 - £ Tl B4

2023 4F 9 A

E WS E SR e Y ST ed

Table 1 Factors and levels of single factor experiment
HAFGE K I 7 PR 3R 2%
JIREELL 1:1,2:1,3:1.4:1,5:1 £pH 8.0, ZARIET0 °C, ZANH2.0 h
#4pH 6.0, 7.0, 8.0, 9.0, 10.0 JREEH3 1, ZAREETO °C, # AR H2.0 h
A CC) 50, 60, 70, 80, 90 JRAELE3 2 1, ZEApHS.0, ZXARTH2.0 h
FEAIHE (h) 1.0, 1.5,2.0,25.3.0 JIKEELE3 1, ZEApHB.0, B ATREETO

1.2.5 W AR EE:  FERA R R S n kAt L,
K FH ) 7 T8 25 FP B Box-Behnken iX56 511, DAES S
SO LA, B PR 2R =K, IR KSEanEE 2
BN

%2 Box-Behnken i35 K 2 /K 53

Table 2 Factors and levels of Box-Behnken experiments

HE

[

AJEEE BEYApH  CEARIE(C) DA (h)
-1 2:1 7.0 60 15
0 3:1 8.0 70 2.0
1 4:1 9.0 80 25

1.2.6 ARYMEIIE FiE AL SR Sun 6 HAE Y
J7iE, ARSI, 288 2015 MR E 24 ) — FRR 5%
I EECRI AN T H W S AN T . AN H W 3L
4 mol/L Ehi® 16.4 mL, INANZE/KZ) 800 mL . B E
i 10 g, JR21, INAZE/KELFZE 1000 mL, 4 mol/L £k
IR pH 2 1.2, N T HU: B 0.68 g B &4,
i 50 mL $ZE/K . 7.7 mL 0.2 mol/L ‘& &AL4N, Hn
A1 g R I, AWEE/K 452 100 mL, 0.2 mol/L
SAEAYE pH & 7.2, B 50 mg Zn-GBP, LA 10 mL
ANT B, IR51)G,37 C FIRE/KIG 2he AT H®
AL, J8 pH 2 7.2 K35 H &AW, 1A 10 mL A
TRk, B ABBENTEE (2000 Da) 1, 37 °C FIRHK
W2 he NTIHWIHALIS, B7KHE 10 min K. K
Zn-GBP Fde hyAH [F]J5 AR RR A A BH X HE

AR AE : 0 SO T8 WO T sk
J& BT AL, 10000 r/min B5.0> 15 min, % JH{GB
5009.14-2017 & e S E AR ME &5 PRI e )
HH 1 B B s 4 S R L T TR P AR S AN T AR
W R TR . ARYEEE AT A, TSR

iﬁﬁa’?%(%):%xloo #® 3

A mg N EIEWR PR TR, mg; m, Sl
AL T B AR, me.

BB E : N T IHRadib)s, 5 BIBUEMTAE
AN, SR FH Al Ee a2 43 i a2 PN & NS R e
BTG, MU RO RL, HESTR .

BIBEF(%) = %: x 100 & D

A mg B AT ARSI R T R B, mg;
my CALERTAEIN PR B TR iR, me.

1.2.7 WAMLAELLIEMEMNE LA DPPH H FH3EIERR
877, ABTS" H HH &G BREE ) IR IR J1 HRHR, 1
#v Zn-GBP FIERSMITEA LG TE. L GBP FE 4 1A]
XTRE, GSH 1E R BHMHEXTRE,

1.2.7.1 DPPH #l ABTS'H HH3LIFREE M E =
BB {GB/T 39100-2020 Z kP 1EN = DPPH F1
ABTS ).

A —A,
A

3

DPPH H H 25 B 2(%) = (1 - )X]OO

A (5
K A, HFEREER S DPPH IR G IR
TG A, AR TR S OB OR A R WG
A, & DPPH ¥R S5HE s GRIS mR - A oG R

. A, —A
ABTS' H HEEERE(%) = 4A >x100 A (6)
4
Aor: A, S ABTS M- SFE M RITR G

MO GRE s Ag SRR IS ABTS VSRR G I L
SR

K Origin #4714 log3pl BARY, X B PE 4T
JELRPERLG, A3 BN RIA D RR, TR E0A 28046 BE (half
maximal effective concentration, ECSO) °
1.2.7.2 BJFRESIIRE R Oraiza & 510
FREEPO, K 2 mL A SRIETR . 2 mL BEIRELSE IS TR
(0.2 mol/L, pH 6.6)5 2 mL 1% (m/V)ZEULEF AR
RA . FEMPER 50 °C FIFHE 20 min J&5, £ iR
REPRZ AT 2 mL 10% (m/V) =541, IR2,
3500 r/min &0 8 min, B0 5, B 2 mL i K
W5 0.4 mL 0.1% (m/V)E AL 2 mL X5 F/KIE
£, 50 °C B¥E 10 min, MXE 700 nm ZbMIRSGEE .
TR S R e AR RN I 25 B TR VE S as A R
1.3 IR

>R SPSS 24.0 A4 T EHRSETHS 43T 156
B IR, G R USEIEREZE TR . SRV
2P AT 2 H BT, P<0.05 oGtk R
FE, P<0.01 BARGi#ESN R,
2 FBR59Hh
2.1 BEREERXEER
2.1.1 JREFLUXTES SR S G As R nsenm. aniE 1
FiaR, MK EbE i 1:1 #2380 3:1 B, B H R AH
B R IEE FUAE BRI o, S A
/=T 301 B, BGOSR MBS A R R A IR LU
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BOSEINNT R R . HCEE LA, R A2
TINVES S SN 2R FEARL R sk, P A SR AL BU
S, AR KRB RIS =, 2SR R R 28
ZIERAA R AR, VPRI L 311,

145
sol -= EAE
AR

451 i S 4 _
S X
S 401 1155 o
3 s Ll
4 20T ¥ 30
= 30 T aﬁ;&;

55| 125

20 20

1:1 2:1 3:1 4:1 5:1
AT IR S BB L
K1 AR IR S BB XS G R MBS B R R 15
Fig.1 Effect of mass ratio of Ginkgo biloba peptides to zinc on
the chelation rate and chelate yield

2.1.2 EA pH MEE G R RFES AR & 2
SMARRIES A pH X EE G R B A AR RN sE . 7

& pH 2l 6.0~8.0 B, B G 38 M B G A R A B
G pH M TFHmE N, HAEEE S pH Sy 8.0 Bk FI 5
FAE . TEESS pH N 8.0~10.0 ], B4R M B WAS
SRYHES A pH WM FEAK . 28 A pH i (KA,
H 55 8 92l 3L M, ANFI T 25 SO ik
175 24 pH o=}, KESFE 5 OH RV AE A
FEALERDIUTE, SRS 5B OV MR B s b 22
LEG T BB G R EE G AR R, PR ILE A pH
4 8.0,

501 _o B i 148

45 F T %é.zél&%?%ﬁ,’ \\‘ 442
= 40 ’ 36 D\\"/
x »
S35t iy
3 30 &
® 24 <8

25t Fc

20 ¢ 18

15 : 12

6 7 8 9 10
¥4 pH

K2 B pH MBS R B S YR
Fig.2 Effect of chelating pH on the chelation rate and chelate
yield

2.1.3 ZEHIEXE SR NEG AR 15 3
AN [RIVES S B X 25 R MBS AR . B
B RSB Y EIREES A IR R W T T S s B,
HAEZE G 70 °C IR FIRR(E . 2GRS
AT, B 2 G IRE R T, ROVAAR R BTz 3l
PR, BT AR RS S T R R LR, B R M
YR LT BEA R m R, B E G IRE R T
1, BT RS A4 T BERERRIR, /b T B G, s AR
IRHIKFEES S EHIATEDY . LG HIBEAG R

SOT o pesne . 145

oo | T EERE A "
S0t s 135 3¢
&t 30 ¥
Ec ﬁg{
%

30 \i 25

25 20

50 60 70 80 90
AT (C)
K3 B X E G R MBS YRR
Fig.3 Effect of chelating temperature on the chelation rate and
chelate yield

BE WS, SR G IR R 70 °C.

2.1.4 FEABHEIXTEE G R BT R T N
& 4 Ffrs, MYECGITEAE 1.0~2.0 h B, ZEE R MBS
YIRS AR IS Bt A B G TR e T T, 2SS aE
b 2.0 h 5, B G R MBS AR iR E T8
2%, FEEWTEI 2.0 h ZEK E 3.0 h A, BE R
BT R AT V% . SRR B BB R INEESY
135, PR E AR 2.0 he

SST L senw 145
ol A e - ¢ 1
i 35 30 ﬁg{
30 1os”

25 20

1.0 1.5 2.0 2.5 3.0
B (h)
K4 ZEEHRX SR MBS YRR
Fig.4 Effect of chelating time on the chelation rate and chelate
yield

22 MEEGERIER

LSS S W AE, 2% H Box-Behnken i 5615
it, Ytfk Zn-GBP il £ T. 2.2 %, Box-Behnken
RIS LR AT 3 3 s
2.2.1 [IARERI ST 5550 FJH Design Expert
BRAEXE e 3 Fym it T 2 AL M A 43T, 15 28
ERY)HIRFELIL(A) 24 pH(B) . #HTREE(C)
FiEE A HFE (D) By YR £ 500 5] )9 5 F2 . Y=48.06+
1.00A+2.66B+1.24C+1.37D-1.78 AB+4.01 AC+0.20AD—
3.80BC+1.06BD-0.47CD-3.97A%-5.64B>-7.88C*—7.03D?,,
AHZ AN BB T 7 22550, G5 R ULER 4.

FHER 4 AT, AR IR B 35 7K S (P<0.01), 2R
A 2.2 (P>0.05) , MIEDRAE BB R\ 9 0.94,
FEZ A R EAA RS LG BERI(E R, IR
7N, B TSR Zn-GBP A9l T25s

— R I, A Y R W 2 (P<0.05), B, C.
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73 Box-Behnken iR #0511 M 45 8%

Table 3 Design and results of Box-Behnken experiment

WIS A IREFEE B: B8 pH C: 8GR D: BG M Y: 255 (%)

1 0 0 0 0 47.90
2 1 0 0 1 40.17
3 0 0 -1 1 3491
4 1 0 -1 0 31.69
5 0 0 1 -1 31.36
6 0 -1 0 1 31.88
7 -1 0 -1 0 36.29
8 1 -1 0 0 37.12
9 1 0 0 -1 37.06
10 0 -1 1 0 37.52
11 1 0 1 0 43.73
12 0 -1 -1 0 28.03
13 -1 1 0 0 42.37
14 0 0 0 0 48.63
15 0 0 0 0 46.43
16 0 1 -1 0 40.56
17 0 1 0 1 3891
18 -1 0 1 0 32.28
19 1 1 0 0 39.65
20 -1 0 0 -1 35.74
21 -1 -1 0 0 32.71
22 0 -1 0 -1 33.56
23 -1 0 0 1 38.05
24 0 0 1 1 35.5
25 0 0 0 0 48.63
26 0 1 1 0 34.86
27 0 1 0 -1 36.37
28 0 0 0 0 48.71
29 0 0 -1 -1 28.90

# 4 AR 22000

Table 4 Analysis of variance with regression model

SR F M AmE ¥ P Pl B

LAY 969.88 14 6928  33.85  <0.0001 o
A 11.96 1 1196 584  0.0299 *
B 84.80 1 84.80  41.44  <0.0001 o
C 18.43 1 1843  9.00  0.0095 o
D 22.50 1 2250 1099  0.0051 o
AB 12.71 1 1271 621  0.0259 *
AC 64.40 1 6440 3147  <0.0001 o
AD 0.16 1 0.16 0.08  0.7839

BC 57.68 1 57.68  28.19  0.0001 o
BD 445 1 445 218 0.1624

CcD 0.87 1 0.87 0427  0.5240

A? 102.40 1 102.40  50.039  <0.0001 o
B? 206.21 1 20621 100.76  <0.0001 o
c 402.48 1 402.48 196.66 <0.0001 o
D? 320.53 1 320.53  156.62  <0.0001 o

B2z 28.65 14 2.047

JeA 24.90 10 2.49 2,65  0.1800
R 3.75 4 0.94

eyl 998.53 28

2R B3, P<0.05; **F£/nil .3, P<0.01.

D 4 EH 2250 W 35 (P<0.01); —yRIFEY [EH 250
W i 35 (P<0.01); 2 H I, AB 19 [B] U9 2 805 3
(P<0.05), AC. BC fyIH 153 RE i % (P<0.01), &
PARREE L S 2GRS L IREF L 58S pHL 2 51T
558 pH SERZR AR H W AT B R A 550

2.2.2 ZZHBBUNSIHT RN AT R RN, 2SR K
ZE 0] (38 AR BE A R AR R . & SA AR
BELL S EEG pH MEC HSUN AT EE G252, 2K
BEEL 201 _ETFE 301 B, G R B B0 IRET He
i 3:1 )5, BAHRMZ TR, 24 pH M 7.0 25
F| 8.0 B, B G RBEZ B n; 24 pH T 8.0 Ja,
BB N, KB 5B MIREE L S B AIREE R sE H
SN EE AR . MAREE LR 301 A2, BA
WA 70 °C 24T, G REm . B 5C hES
pH 5EARE A HAEFAXTE G R ysEm . 2
G pH AbTHARAK S, B 2GR E R, 26
HRAE LRI IS SRS RIS 242G pH AL T /K
Bt Bt 2 TR R PG R, B A RSB IS BN s 2]
FFA

HAHE (%) w

EER (%) o

C: gy 70 T 80
2 65 - 75
Qﬁ”]/f?( .. 6070 B?ﬁ‘/ﬁ?“

K5 SCH UM IR RS 5 AR 5 R
Fig.5 Interactive effect on the chelation rate of Ginkgo biloba
peptides-zinc

2.2.3 FAURECT 200 e A R SR X ke
U7 #sK B im 5, 153 Zn-GBP BYEAERIE T2
RO BRBELE 3.11:1, #4 pH 8.21, ZE G IR
70.51 °C . ZEA W] 2.06 h, TR S R B3GR B
WAE N 49.50%. FHE T SCBREVE, Bt T 20341
VAR AREELEL 3:1., S pH 8.2, EH A/ IRE 70 C.
FAWE 2 he FEMMMBIESMFE T, 2B & %A
49.23%+0.35%(n=3), SHISIE %, FEHH iRy
AT A2 R TR, BEE5WisR




844k 1T

B A BRI S A ROME L ST RS T - 425 -

>k 42.34%+0.45%(n=3) ,
2.3 RIMEIAB BEHIL T

&l 6 & Zn-GBP 5 ZnSO, 43 5l 2 A48 8 iz it
HALE B BS T . Zn-GBP 5 ZnSO, &L N\ T
B W IE 1k S5 1 B B T8 R R 5 0 D 99.23%+
2.4% F1 90.86%+2.3%, 17 1E ik 35 22 5 (P<0.05) ; &
N LW E A IS B 2 1 B i 3R 53 50 2 69.47 %+
2.3% Fll 45.83%+2.1%, JRAT-TE .35 22 5% (P<0.05) .
Zn-GBP £ N T B IEAL G R R AR T35
i, JE R A fE )2 Zn-GBP HLAA BUFmfa e, 765
A B K ik 72 v BOR B G ah A R B R IR . Zn-
GBP £ N T W iE A0S B8 3 T i R A8 — 2 1 %
I, AIRESE N A Zn-GBP BOES & 4578l P 25 1A
Sy KA, U B B T e A S b AR i A R
ULIER?, ZnSO, & N T IS AL IS 0O B8 T iR
TMRREAI, PR E MBS FIE AR T UT3E

a

1004 b Zn-S%BP
~ ] % 2 ZnSO,
s 80 a
ﬁ 60 1 % b
M- 40
ANTHBHEAE  NTmiiiEis
2
6 MAMKEEAY S ZnS0, LM E il HIL/E B T
RSN R

Fig.6 Comparison of dissolution rates of zinc ions from Zn-
GBP and zinc sulfate after in vitro simulated
gastrointestinal digestion

L FAAR/ NG TR 225 8% (P<0.05) . &1 7 [A].

& 7 & Zn-GBP 5 ZnSO, 43 1 2e N\ T 7 38 i
G B IHE#R . Zn-GBP 5 ZnSO, 2 N\ T it
J5 BB B R4 N 47.57%+1.8% Fll 23.42%+1.3%,
TEAFAE WBIE2E R (P<0.05) . Zn-GBP B 5 R
+ ZnSO, IIEHE Zn-GBP £ H i ks HAa 5

504 ?

40
g 304
¥ :
%\ 2

104

0 T .

Zn-GBP ZnSO,
it
B 7 HREREEESYS ZnSo, 2B 5IEHE LS
BB RN A

Fig.7 Comparison of permeabilities of zinc ions from Zn-GBP
and zinc sulfate after in vitro simulated intestinal digestion

SRS, PIAEA LSBT KRB T IER T UIE,
ToHEIEHTASC Y, LE L, B TR R NS S R A
R, Zn-GBP 7 B IHid i bl B b BAT R4 ifa
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Fig.8 Scavenging effects of Zn-GBP and GBP against
DPPH radicals
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