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Evaluation of Radical Scavenging and a-Glucosidase Inhibitory
Effects of Gallic Acid Reactants Using Polyphenol Oxidase

Yun Hee Jeong and Tae Hoon Kim

Department of Food Science and Biotechnology, Daegu University

ABSTRACT Gallic acid is a representative hydroxybenzoic acid and is found in free form in several plants and
in various esterified forms as a part of hydolyzable tannins. Convenient enzymatic transformation of trihydroxylated
gallic acid with polyphenol oxidase originating from pear was evaluated to investigate whether polyphenol oxidase
can be used as a valuable compound to improve the biological activity of gallic acid. Enzymatic oxidation processing
of gallic acid using polyphenol oxidase was carried out for five different reaction times. The antioxidant effects of
transformed gallic acid for different reaction times were evaluated via radical scavenging assays using 1,1-diphenyl-
2-picrylhydrazyl and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radicals. In addition, the anti-diabetic prop-
erty of the transformed gallic acid was measured based on a-glucosidase. Gallic acid reacted for 5 h showed significantly
higher antioxidant and a-glucosidase inhibitory activities compared to the tested positive control substances. Biotransfor-
mation of simple gallic acid induced by polyphenol oxidase might be responsible for enhancing the biological activity

of gallic acid.
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oF=TH(13). HEAQl a-

2 voglibose7} Al #E 1L

glucosidase A& A= acarbose
Rou ol EE FV| B8 AT
uld 2 AF FALE o71E 7 glo] ARE-o] AgH(14,15)
ol Bt} bdatH mso] e dA 71 LAl gAY
o] I3t Aot}

=z}l &= (-)-epigallocatechin gallate(EGCG) 5 ++%
Hom fARE HE R FEElEel oF 14% o T+
o ali=dl oI5 3gr=E2 Ak ol £A)8k= polyphenol
oxidase®l 93l 7}el712] catechol®} pyrogallol F-&#¢] 4t
3}5 1L benzotropolone?] M ZE F+ZZ 717 theaflavin
I ZE FHES A o5 FFES FAY Ha A

oA v gl S HATA6). & Al M= ol

=

ATl Bk A= sEEe] aa4 wke 4bks A EC]
FAFT 25 H7HE Y A9Y s PHADLE )
212l polyphenol oxidaseE &Aoo 7 3lo] H=A 3}
=] gallic acid9] AFsh WES-S Faste] A5 A =

= gallic acid 2+s} S t)a)] 343t 2 a-glucosi-
dase A&l &/ #3 A4S FA5HA

AlgF 2 7)7]

B AH|A] AFLH Ao R gallic acid, 2,2'-azino-
bis—3-ethylbenzothiazoline-6-sulfonic acid(ABTS), 1,
1-diphenyl-2-picrylhydrazyl(DPPH), (+)-catechin %
tacrine< Sigma-Aldrich Co.(St. Louis, MO, USA)®l A]
TFte] AREE R aL, 1 9o AREE &m) F Aok R
AT o] TS AHE38I8Ith HPLCE Shimadzu LC-
10A(Tokyo, Japan)E A3 ow, o]5Akel MeCN,
MeOH¥E Sigma-Aldrich Co. #| %S AF&3le] M3 &S &
A8kt

Gallic acid At3tE2| Mz H &4

AE A FESA 11€el A4k w200 905 F
<7 200 mLol| Wol ZA njate] 723 o3, 5319
AR oIgt & o] FAPE N (200 mL)ol| FFH5(40 mL)
2 9] gallic acid(200 mg)E #H7}sta A4 1, 3, 5,
7, 10213+ &t HP/\V o} o] oFAS- 10% ™ EH2(100
mL)ol] HEAZ] T EtOAcE F33}o] ZF EtOAc 7853
180.9 mg, 173.9 mg, 184.2 mg, 165.3 mg, 170.9 mg<
PR, 974 HPLCE A 35te] sh3hE9] A S Eelstad
t}. HPLC #49] o]&4 &ul&Z= 0.1% HCOOH(solvent
A)S} acetonitrile(solvent B)S AF&38}o] gradient elution
S o #Zo] Faskdth. 0~20 min, 95% A:5% B;

Ru)
ol

21~30 min, 50% A :50% Be] &u] 2oz & §4
9 B & si5on o549 f42 1.0 mL/ming A48
A3 280 nmell A S3HES AE3sIiTh HPLC #4418 724
2 YMC-Pack ODS A-302 column(4.6 mm i.d.<X150 mm;
YMC Co., Ltd., Tokyo, Japan)S Ah&&to] #2481t}

¢

DPPH BIC|Z AN &X
A g2 AAFFo] T2 Blois WH(18)90 wel SA 33t
ZF A g8 120 plell 0.45 mM9] 3413 DPPH &9 60
L2 93 wEke & 1587F U8k S 517 nmell A &%
Attt AAFol s A 5EN AUty FF
ztol & W& 2 YER

U

2 =
= =

HoH

ABTS' ZiC|Y A7s &H

Gallic acid A3} ¥H-8-E-2] ABTS radical 245 % Re
(199 s vyt o7 Zo] SA3GI 7 mM
ABTS(in water)®} 2.4 mM K058, 5HS &3 & AL,
Ao A 12412 W8] gz A S
ABTS" &)zt 848 8]43819 734 nmollA &
0.7~0.8 A&7} ¥ =5 843 T A}g-3lch 843 ABTS'
gzt 88 100 Lo} Ak 9H-g-E 100 uLE &3tste] A&

JI)|I

oA 7R WS AIZ] F 734 nmell A FFEE ZF3I3
olu FAWETFOEE (+)-cateching AFEsIgion Z
= AEE AR @2 ol Uik RS2 AT

a—Glucosidase X5l &M =X

a-Glucosidase A8l%5< Eom 5(20)°] 33k Wy W
83lo] Fa-7] AN S o] &8 BalA 3
At} = 1 U/mL a-glucosidase 90 pLol] A]
M SOdlle phosphate buffer(pH 6.8) 10 pL= % 7}3
&3 3 37°CollA 15% <t incubation AZ1T}, ®t
3 7122l 1 mM p-NPG(p-nitrophenyl-a-D-glucopyr-
anoside) 100 uL& 713k 3 5—r7J HE-§-A17]1 31 405 nmell
A] ELISA reader® ©]&3te] F3=g5 SAToZH 714
25 g o] Y2+ p-nitrophenols SASAH. &
A ZT o 2+ a-glucosidase Al A= I Acar-
boseE AF&3l90 0™ a-glucosidase A3 T ANE &
Ao M7 FHEIY FEE AEE UERSIT

SAX2|

214 A= SPSS package program(version 20.0,
SPSS Inc., Chicago, IL, USA)S o|&-3lo] Hi#3 F+H
=

Fehgdom APE 1 2Folo oYL one-way
ANOVA©°] 2J&te] X0.05 oA AFsAh
Ao o D

Polyphenol oxidase0| 2|gt gallic acide| M=Xzt 4
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2M Table 1. Relative amounts of individual unidentified metabolite
A seEe Ado B et A, E3] 1t in the different reacted mixtures
&, ob 25, A AR % kel Sol gl BN EA compounds Relnion _sonem
o A F4tst 24 o, 1ol A polyphenol:> HAl ol —
TN 1 e wed pxd ey sges Glold 260 I 27 @2 372 310
- dHA Jqoh2]). HE dFNAE Lax, &, FuE UIL-2 9:32 02 04 2:9 2:2 2:3
9 kel Sol 2 % ester FE|R EA3H= gallic acid7} UI-3 10.32 0.1 03 01 01 06
Ao WARIE R MEste] gallic acid®] COOH7| 7L 2etat gi‘s‘ }é;f) o 8§ gg gi 0s
Al methyl”], glucuronic acid %O] ‘@féﬂ“ﬂ ols 3eh= UL6 1345 200 37 325 331 343
& gallic acid®} FAMSE Ao kst S48 vERd = 2 UI-7 15.00 00 06 23 21 07
o7 Wiud QOori(22), gallic acid?] 2t3tE Heje] A UI-8 25.03 0.3 1.4 0.4 43 4.0
2o o3k aikal 2 e S e A BEd A YUI is unidentified.
Golrh, & AFrel M Hdol FRASA EAlste T
Hz 424 gallic acid®] Abst 3= 753 Bt st st Aozl 7k AnpEel viste] DPPH etz
o] dsgto = v {2 polyphenol oxidaseE &-&3}e] 7+ 27 &8 Hrsk 243 gallic acide] 7Z-$- 100 pg/mL2
Azt a404 Absl wbg-& A20A 1, 3, 5, 7, 1043+ &<t Fol A 98.3%9] T ~A %S YERH A3 HluLsle]
Frieatlom, Aksk Nkg-E-E EtOAcE w8 sto] 35 A7 AR ¥hEE e FXolA 94.6%, 3AIF WHEES
sl W3sle AES 1% formic acid ¥ MeCNS o] 54to 94.1%9] 2tz &7 48 JERAT ¢k, 5AI7F Bk
2 3o 280 nmol Al 9% HPLCE &858t E438k3ith 29 739 100 pg/mLe] FXxolA 84.9%¢] od 427
71 A3} Table 164 VER 213} o] gallic acid®] ¥ 3o 4L vehilom 7ARE WEES 79.9% B 10A13E v
o7t Aol HEHJ M, 2Tl = gallic acid®] 54 e 73.2%0 HHE 271 @45 UEhdo] 2ol A}
g Eol A wX o] A 8F(UI 1-8)2] AYAdo] A= Hdadte AEs e o] At BE whSE
3L gallic acid# e SAIRE WS 2w AAaTs Aol etz a7 242 PAdET o R AREE A At
gelatdnt E31 13.580 4 A& 3gEL 547 vk 3} A2l (+)-catechin®] 100 pg/mLe] =N 57.3%
ol Fdighrol oF 32.5%% S7letiom, 743 B 10 o] gzt &7 ST 53 24 S vl S skl
AR HEG- 5ot A% S7FHE FR1Eitk(Table 1, Fig. D). . #< DPPH @HZt 275 A stde 3
Ak ATAAZE vk Ba(19)0] &4 s gallic acid
DPPH 2iC|Z A7 s &FH 2] polyphenol oxidase ¥Fg-o 2 A E WHil&E o gak3}
Heldo] DPPH o)z aksl 4o e &7 vt D3 d=A shgte el dddS W7k 29, Fig
SoHAl HH MR FElR SobbiaA e F3% i) 1 8 2004 yebdll vpel ol gallic acid®] 4Hsh A/ & 9]
0] Fashed o] YEl(23)F o] &3 - Ao A= Fig DPPH &tz AA L 413&53 w02 AAFE A3t
2ol ERIATE. Aol A gallic acidE ¥l F1<] poly- 3 e Fxet de #AVE d5S ARSIt
phenol oxidaseE &-8&3ate] 23} vk-&-5 1, 3, 5, 7, 104]3F =2}k9] polyphenol oxidase®ll &3k &4~ 4ks} vb-g-&
A B o
1 Gallic acid UI-6
ul-4
UM U2 um\Ulﬁ U7 ul-8
] 0 @ 0 2 T
L 8 5 o6 &R @ 8
\ S F A T 8
T I I 1 I T I T 1 1 I
\
B UL-6
] ul-2
Gallic acid ul-?
Fig. 1. HPLC chromatograms of treat-
| Ul8 ed gallic acid with polyphenol oxidase
. during 5 h. A, original chromatogram;
%'TA.‘“‘L,—# {LL—‘“—“” B, expanded chromatogram.
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Fig. 2. Comparison of DPPH radical scavenging activity of gal-
lic acid via oxidation processing with polyphenol oxidase. Data
represent the mean+SD of three replications and means with
different letters (a-d) differ significantly (P<0.05). (+)-Catechin
was used as a positive control.
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slo] catechin® B-ring®] 48} 53d Jeje] ohefst
e EA7E AALEISl e, o] F FEL] W wAY
Zo] BaFEATH16,24). HZ HNA gallic acide] tALE
&3] gallic acid®] COOH717} €83}l methyl”], glu-
curonic acid 59| A%to 2 A ¥ gallic acid 2H3} ¥4
AEY e s 55S UEE Ba(22)9F 2ol &
AT A gallic acid?] 2+3 A E2 ¥ E 53 DPPH

o 2 B4 AR FAHol "Besita Azteit
ABTS' 2iC|Zt A7 s =X
ABTS" 2tz &2A 4L Al59 sl os)

ABTS' 7k 2 5]0] 2ehe] A4l B=Ajo] g5 91e)
B o g3 P Y S PHOE WA Fu)
o}

g =4 LS Sgk AT FH LA ol &y a 31
(19). L 2% Fig. 3914 Yed A

@19 polyphenol oxidaseZE &
3,5, 7, 10A13F &< 3ste] Aozl 7 aﬂrgoﬂ o3t
ABTS" #t)zte 283t ghatsl 24 & Hrhsioleh 1 4
T}, 12,5 pg/mLe] XA BRZA|ZEe] 1A7RY] H§-
94.6%, 3A7F2] 749- 94.6%, 5A17F2] 749- 94.0%, TA17F2)]
A9 71.6%, 10A17Ee] 4% 57.3%9] S &2H E4S
golslg o, ]% %“é% OJ*JWZL—I—OJ (+)—catechin91
12.5 pg/mL2] &
3t ghAj ol s §L01~}0i1:} v 1,3, 5
g &S YERgl oy 7TAIZE g EREHE guZ ’\74
o] A4S 389l e, Table 17} Fig. 1914 Ye}
W vke} 7o) wll %219 polyphenol oxidaseo] <3 A4 5]
= B4 F AR v EA 34 F7HE YEd UI-6
e 9 7 3lgEo] ABTS' ﬂ-‘ﬂ Z a7 A e
S AAERGTh flol A 153 ek uhel o] ABTS' #ht]
2o 5A4& Aste] &8 2 77l

Jo] g

shehar 7.

>
N,
12
M,
—{o
Dt
1o
Ho
>~
>

F

o
o

=
=

120 1 M 12.5 pg/mL
H1.25 pg/mL
a

K8 6.25 pg/mL
[40.78 pg/mL

B 3.125 ug/mL
100 +
80 -
60 -
40 4

20 A

ABTS" radical scavenging activity (%)

04
0& N o & N
c?\\ ¢

Fig. 3. Comparison of ABTS" radical scavenging activity of gal-
lic acid via oxidation processing with polyphenol oxidase. Data
represent the mean+SD of three replications and means with dif-
ferent letters (a-d) differ significantly (P<0.05). (+)-Catechin was
used as a positive control.
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3] a—glucomdase/] %*é% Al 71z AT A
¥ acarbose®} voglibose(25) 5& o HEx o7 A

dE xR el E3F < AsAe|th 22y o]F
FuAFAE G710 583 A FE, AAME HxE 55
At o Ae FAES U £ lenm B gk
st AlSe d Aeke] a%5o] Hold dALAZ ] o
Al e Aol F8do] tifFala Arh26). ol B9
Al EAEE A= A4 HHE S8 A=A
3He Eote] ks B e AEE2d S SRR Sy
gallic acidE A4 1, 3, 5, 7, 1047} =<} polyphenol
sbsta s whgo] A E diste] d9n 487t FH
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fol
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tlo

98+ A &85+ a-glucosidase A& A S
2 A3} gallic acid®] 4% 250 pg/mlL2]
o] W2 A3l &4S YEI e
o]8f] Wk-5-3+ gallic acid 250 ug/mLO]
£ A% 43.9%, 3AZF HFEE2] A9 66.9%2] FAHS
L}'];]'LH}J\E]' TS S5AIZE HES R A9 T2 sRoA 874
= 7V s A 248 JEhglen o] Ed2 oAl
Z+ acarbose®] 81.8%9 A3 &dnct 73k A4S e

5 713}l o},
FLoA 15.6%

i, polyphenol oxidase©l|
Lo A 1A Wk

Witk 7212 wkSEe] A 44.6% 2L 10A13Fe] A
42.0%°] A sl &4 Ehe], vhgAIREe] SA1HS 23}
st g4do] A om% A& Fig. 4014 vebdl vep 2o

ghelakol o, Table 10141 WhEbl wle} ko] UI-6 3t3H%
BAIZE BN SRR FAT TIte 2
jol ],\} HAtth o4 A= HE gallic acid
S E9 a-glucosidase A3l A&
Ul 229 »xm AAbEQon olE Bde] 2 )
o

TZ AAe] dasirta Azhei
T HAE] AEHES B3 2y 9 F34 A5S
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Fig. 4. Comparison of a-glucosidase inhibitory activity of gal-
lic acid via oxidation processing with polyphenol oxidase. Data
represent the mean+SD three replications and means with differ-
ent letters (a-d) differ significantly (P<0.05). (+)-Catechin was
used as a positive control.
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A F5ol gk vt AFo] o] FolA AL YL o
Hete] . AFtol M &= gallic acid A8} W&o tjgh &
Arsl 798 DPPH, ABTS' &0 &A%< &85t A
Faom, ddn &g 13 iﬂﬂ‘éoﬂ 85 a-
glucosidase A3l &4 #7134 polyphenol oxidaseZ
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