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ABSTRACT

Paeonia lactiflora Pall.is distributed in southern Taiwan and widely cultivated in
China. The stems of Paeonia lactiflora Pall. have long been used for the treatments of
enteritis, dysentery and itch in oriental medicine. Investigations were conducted to the
effects of tannase-modify Paeonia lactiflora Pall. on the chemical compositions and
biological activities. Paconia lactiflora Pall. stems were extracted with ethanol at
25 °C for 24 hours, and the Paeonia lactiflora Pall. was hydrolyzed with tannase at 37
‘C for 30 mins. The antioxidant capacity of antioxidants in vitro was evaluated by
using the assays of DPPH, superoxide anion, TEAC, hydrogen peroxide, and chelating
metal ions. The results show that tannase-treated Paeonia lactiflora Pall has a higher
antioxidant capacity than the untreated analog at a concentration of 200 ppm, with
greater superoxide anion, hydrogen peroxide and 2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging effects (92%, 85% and 65%, respectively). At a concentration of 100 ppm,
the tannase-treated Paeonia lactiflora Pall also had significantly higher TEAC
antioxidant activity compared to the untreated Paeonia lactiflora Pall (2.4 % vs. 1.0 %).
Furthermore, at 150 ppm the chelating activity of the treated Paeonia lactiflora Pall. for
Fe*?/Cu*? ions was higher compared to the untreated (42.6/33.5 % vs. 14.6/7.6 %,
respectively). The viability of RAW 264.7 cells incubated with tannase-treated Paeonia
lactiflora Pal. for 144 h was higher compared to analogs incubated with untreated
Paeonia lactiflora Pal. Our results demonstrated that antioxidant activity in flavonoids
varies, and that the presence of galloyl residues decreased the antioxidant activity of
Paeonia lactiflora Pal., and more low toxicity effects.

Key words: Paeonia lactiflora Pall; Tannase; Antioxidant capacity
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HATHVRFIERIAEBRIIRE - A8 E 5 piir R E e TR AR R E A - i
AR EIE DT EARE R EEE R - A 1 K2 Y Ry 7im A » 1 B2 B AT it DL RE AR Ry Ay B o
AR BB ERE ) TVEATEE o FEMARE] - BHA -~ BEE o EFFEAE R LIS
LA HEAREE S B2 FARTRA » & 60-80 [EK » FRAEARE » 1995) -
AT AR B A DS R - (19 K RRET KRN EEY) - (RS ED iR 28 - [ As -
AT ANREA T (Xu et al., 2007; Hseih et al., 2006: Yang et al., 2004: Lee et al.,
2002 ) FHEH - REEEEW e 0N iR AEI B AR (LIER - BrAE A5
ZEHURAME = R ED - TN — AN REE - A F=Rr 566 (1,2,3,4,6-
penta-O-galloyl-beta-d-glucose ) » 5y LL glucose B0 F 1, 2, 3.4, 6 IFEFEFG & T
% (gallicacid ) §#4% > B Hydrolysable BEZEHY—F&E - Basavraj 55 (2012) #15%
fath > MR EEE BERpKESES  IREd B TIRER - AENEL
R ES A ARSI E 2 - BRGSO £ B5GG A5 R—fEE
BT o A [EERY BRSO HEAER R N AR B e A A ERYR2 2 o B D e A
REEELEERT ) 1 N SR SR R » (RIS B SR I 3 A RS A B D RE MR R e AN B B
WH9CEERE o IR #E PGB L AR Y B SR BR R 3 1 A7 AV SGG >\ DAEL#R /K R 1%
gallatey 5GG /2 & AE M58 HTE A LS S AR 14 - 5 QAT R HUR AL RE 2=
BEERT% o AR E I EEE B o DR S Rete = A B DRE -

=R WA

— ~ BAZERURAVREUE

iR Lu ZE (2007; 2008 ) HUHrfFERYHATHR100 g - ARG R Z & 0
A100 mIEY LR - > 25 "C REEHRA/NE > FHLUEMIETE - RIERIEE ~ 28
AL 100 ml ZEEAEHEREZERURI R > AT A2 BURAE #ET TRBR R4 2 1%
FEHELT 2 HRE RS2 5 AT A R > BCERK100 mg/ATR -

=~ BAEEEURAY KRS B
(—) BEZRKERIE

i Qizhen % (1994) HUEEEEfE (250 U/mg) - LUSXFEESRENRACE R
(100 mg/100 mI)JRSE - RIDARCE L BA 200K - 4237 C /K N IE305 # H
FIKIESERE > IHPLCHIE HATIY /KRR  Hh4'C M EamUKERREVEa AT - HE
ESEAIERImESEYs & SE T STE RN} 2
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(=) DUSsSee it i o i b &9

{icHZ Richard % (1999)4F 19 A7 /KR 43AT » &8 KUBOTA KS-5200C i #k
OB 0025 S (2270 X g) 1&LL Whitman # 1 JEARIEIE > HUE 73 BIE KA
0.45um FEJEREME JEiR - EREELLSUEEIREENT T o SR TR E
m JASCO /AH| LC-10A Z &%l » FUHIES(SPD-10A) &z LC-10AD/S EH

AN EE A BRI R -

1 SRE S AT R AT IR -
@A : 5 % acetic acid (SolventA) acetontrile(SolventB)

/}IL}E 0.8 ml/min

1§>‘EJ%§ : UV 280 nm
STEEE * Hypersil C18 column (Spum, 25  x 0.46 cm i.d.)

BEIEREE 4 FPR Time (min) A% B%

0 100 O
10 87 13
60 60 40

=~ KR EAEPELEERHE
(—) /Akx DPPH gEJTHVMIE

ffcie Shimada £(1992)HY757% - HUEA /K AEREHUIRG IR A [FURE > A
1 ml FEEFCE 100 uM a,a-Diphenyl-B-picrylhydrazyl (DPPH « ) ZF 757K » 14
EUREFFE 30 or#ElR > DUOEREETHIE 517 nm #YBOE(E » BOBEBYERSR
A FR(DPPH «) H HHARYRE T8GR - AR ERSH A ZERYIMZEaERZ &
¢ {E R 100 9 -

(=) EhiEEa bg H202 mygE JTHIE

K Ruch %:(1989) /772 « AU A /K g 2 HUR M A [FDRTE - A 0.4 ml
LL pH7.4 ~ phosphate buffer saline Jid#! 4mM 2~ hydrogen peroxide (H202)
IR E 20 SrgE(% 0 F0A 0.6 ml HRPase-phenol (peroxidase-phenol-red) sz
FER - REHAENEL - RKEEIKA10 r##d% EEE - DI ER
AE 610 nm VIRSEE - BB RRNERES(LSAETI 8 - DUREERRE
H A 2 {8 F5100% - Scavenging effects %=[(absorbance of control at 610 nm)-
(absorbance of sample at 610 nm)/(absorbance of control at 610 nm)] x 100 -

(=) Abrg Az rayHE
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<& Robak and Gryglewski (1988) 7574 - L 0.1 M phosphate buffer (pH 7.4)
fid #1120 uM 2 phenazinemethosulfate (PMS) - 936 uM _~ dihydronicoton-
amidadenin dinucleotide (NADH) 5z 300 uM 2~ nitro bluetrazolium (NBT) - 7A1%&
A EDRIE 2 A /KRR EL PMS ~ NADH ~ k2 NBT JARERERIGERES < 1F
ZOM NEFE 5 8B IZEILL 560 nm RIS {H o Tt {E YRR bR ST
58 o DIRINIIER BRI 2R A HIY) £y 1009

(9 EitEfbrEIHYIIE

fiKBERuchZE (1989) /574 » & 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS)/AfER R T/Kd - RER 7 mM - K IEIA/REBLIEL 2.45 mM
potassium persulfate 2% 787G > M AREFHVEDR € 12-16 /NEF - (HH
EARBEAESRT ABTS ™ [5G+ B A - AEFIA A K ZB2RF ABTS*+

(T H R ARWEZR 734nm U Je{H A 0.7(A743=0.700+0.020) - DL
Iml 7y ABTS*+ [+ HHASR  IIARER BmE 6 JrgE - 0 734
nm BOEE > BEBESCREREE - HPUAFRNRE Trolox HiiE(LiFER
ABTS*+ [GHf+ H HARE MU ARERR LR - Al B mERE A FEDRE S —
TAERRAR o 5TE Trolox KA mORIE SRR RAVRERILELE . o TRETDUR i
HER %/ Trolox RERERE B k& 1mg/mL HIESAEER S/ uM
f#y Trolox J&FFr ABTS*+ [5G+ H HA #E

(1) ST 2SR

£:7% Shimida F£(1992)Y7772% « BUE A 2 HURA R R A [F] 2 ( 0-150 ppm )
FUEES » oA 3.7ml BEEET7K . 0.1mLFeCl2.4H,0 (2 mM) » 30 FH&FEAIA
0.2mL #y ferrozine(5 mM) » [Z 1053 §81% » LR o0 e S a Al 562nm #YIR Y
1B - e G el FIVEE I LUBRRRROR - HEHE 70 * Scavenging effects
(%) = (1-(absorbance of sample at 562 nm)/(absorbance of control at 562 nm))x 100

9~ KRRy S AT I ERTR B —MTT etk
(—) ErEdifgdpEik RAW 264.cell line 25

fiKEE Lin 55 (2006) 7774 =i 80% 2 RAW  264.7 ElEiifgll PBS
Mo B 25 P ArRYERER S &R 0 BL 1000rpm B0y 10 3E o eER
EE® A ImL B ER A AT AR 0 B 100uL 4RI RN A
FBS/IDMEM 2 25 V5 orEEil > BN 37 C ~ 5% COx i -

(=) WA R iE R
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EEHVAMAE AR £ 909 confluence 2 75 T flask #HpEzEm » 48 3mL
Trypsin-EDTA JE{E/EA 3-5 478 - FHL N ARAVAIAE 2 B 0B > DABEC
J370(1000 rpm > 5min) ULEERAVARAE L. DMEM medium (2 10 %FBS - 10
% DMSO) 5% %1% > 4385 E cryotube (1.5 mL / tube) > EA-80 C 2 #E
BRI 2R ORT  FRRANNERER FRIARF -

(=) ZIIAEIRE (SO, 75, 100 ppm) B SR #E (1 A FEHUR

Rimi80 9% 2 RAW264.7 B4Rtk » /& 25 7 ArayitEmT &l |
Ll 10% FBS/DMEM GFEEEE Ky 1X106/ml - 73R 96 fEsrEE+ > JEA
100ul FEEIFANAEREERVANRR < 1Y 37°C ~5 %CO2 IFEF T IEE 24 /&
W FREEE - DL 200uLHy PBS J—2R - SEHARTEEESEIR » e =R
KE AL ug/mL Cu?® AR 37 C ~ 5% CO2 E2EfgHEsE 24, 48, 72, 144 /1
1% > IRERIEEE - WERPER PRV ETTMT TR G HE SRS -

(1) 4l ERAE-MTT Jetk

MTT At Stk - a4tk 4¢fe |~ dehydrogenase > T MTT
~tetrazoliumring FTEr 2k formazan - [H {5 o &5 Gl S e )25 BE (2 » FHEH acidic
isopropanolig; formazan(ZKA /A1) A H > LL ELISAreader JHI7E 540nm 1k E(E »
IR 4R - SHROSHAEEH -

A~ &Etotn

([ FH 45T M7 %40 (Statistical Analysis » SPSS)RH &S TE T EIE - #1T
SEEE FT(ANOVA > analysis of wvariance )EZ Duncan’s multiple range

test S » BEEFEFY 0<0.05 > DALLEES R SiaHEEE I -

2 ~ GEREET

— - HERyK#EO S HDIS EHRE
(—) BEEETIESRIE

br 7 BN - SEEET IR SR E BRI R B A E KGR
— BREESRBRENALEY) nlEe BT ES  Pi-AFEIY% L - Ferrozine
AEAER 45 A e ferrozine-Fe?* complex A 562 nm i KRR IIE » 50K
IRV NAHE R ZE & RE ST - AE RS Shimida F(1992)1Y777% - Ml
B R R B AT B T S B TRV RS S RE T 0 EEUSIRAEOEE 562nm |
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AV ERE YR > Fon it R T AV EE S F AR o 3R Sl T2 S il T
BN (el E S LIFHAVET TR B A B IR ER LA - NIt R mE AT H
ATARAEE SR R TV SR > RIS (BB A RIAR © Celander &
Ceh (1990) #5H —(HEHET A DNA, RNA &5&5 [REAIME N ZES - HE
A - Ao KR REHE R - ERE N R A ()
A (PZERIH ) ST ST 2 MESE R - &R BRI IR 2 (0-150ppm) &
SadHAIPERISHAE 562 nm HYROE(E B2 NE(p<0.05) Ui @ik T B B A2
BREST o [EEEE EBRIRE TR E A 150ppm AR S IRFZE A AE f A 1
BRI Fs 7.6 %, 14.6 % » AL E BB S 33.5%, 42.6 % A LLE T EERAA
PEHRHBFRSERA = f&58 -

(=) ¥f DPPH JEFRAVEE

HAETE S LB g 4 H A iR B A S FE 2 A T EHAE 2 &
(B LEEE R ERRE B R E I EHIE SR IE A AT - 3 RATHi b
ViR iR SOETRIEE B A LY B A MRS E S e LT - £
PLECHINTE - & H (1 DPPH « AR HIE(LRIFVHLEAES] - DPPH « 5—1H
EZENERE  HARRAKRAIE 517nm NHEHY - & DPPH - BlfiE(LEIR
JERS H S AE EOF S (Williams et al., 1995) » [NFEAE 517nm BEE KRR TRE
{ERIBLSAE ks - mTRELHET R e R A AR SE T LUSFRBE HE Z 88
fiE]— f BESEBR RE ER AV 1 AT R % DPPH H FHESEFRAVACE - HEITF G HEE R
FERYIS A - % DPPH AYEFRUEHLEE 2 3400 « BRI &AL 200ppm Hf EEE AR LR
BEERNGEIN AT > SERE R 62 %R 33 %R 4K Rl N (447 5 % DPPH
BE I8 Ry el 4HAYMAf% o Shimida Z£(1992) $5H ascorbic acid F E A8~ HiE/b
Mo K EEZRIEASIRERE T2 E88E(EE HE ERCOO - ) » HiHEH
FHAEHYEESE S IE » R HIE(ERER - BEFIRI G RPTE LA BHA, BHT J 2 DLE
R8T MR IE CRER A - AEEGEF BN DPPH g fjigsaH
AIREIRA > ZKAESERY AT Gallic acid BHEERYIENN < )2 & T R4S DAY FCRLREFE (it
DR T EEEE(LEAE ERCOO - ) EAERMERE HAENRES) > FARERES
(REEARREIA IE UV B9 2 (Richards & Adams 1987 ; Jun et al., 2003) - FHJHE45 5
R Z R A A BA RSN B REAERESE & 47 B AR -

(=) HEEEET /AR

FEIEHEREEELT - AEAE - #E - WERRYERAR - BRIl
TES BT R R AL B SR T B A DUSPRAE
BAZ AR S Z e B B — e BHYE BEME R TEDS ~ {RERRAYR
s o EZFIRYIBIEIR R PIIRER BERIME ~ HE - 28 ERISAE - &
FELHEBT] - ATEAIEE - Bt gELA B A - — B ARG H S A RGHYIE
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P REE > g E A B AN E - REEAE - KEEY) - BEEFAE
EAIEREAE - B2 AL EGHRY B B - M ARGHIIIRE N IR HHRE - 18
PRI P2 22 (Tsai and Lee, 1997) o 82568 SR TR E TRV - (HEERHG
H E AR AIR S B R R 5 2 - B B AE 200 ppm HFEEROR SR SR R BRAY
AT o TERRERE 97 %Al 59 %R B ER R A BRAY (A7 J5 FikE S 1 H Az ]

(19) e ba @ ERSR

NS LS A S HEMAEYTE 735 (41 DNA ~ & 5 B BAREHAE 2 BEE R
E) BATRENGS - BRHEEAEEE RIEERY - OH ZJERE » 1L
BHVFE NG EEA: Fenton S & ARG AL B EEAY 5 (Halliwell, 1991) - HHFY
BEbEBNEEEN—E - EhsBElE TS EERPRERELMEZ - OH
WA DNA IS RHE S & DU NZRAE S S LS ERYETT - fE =HIER

FRERG R B RE R R b SR I R ERIHA M (515 - EJRE R 500 ppm
RFAIEPR S b EEYEE 100 %6 - BHEER BN 0 A BURERE S L aRE TETE
HilaH Ry -

GNDR <t 7k =K wwali ML

I ZFHWIs g E R mlE b2 A E % ST AEEIPEA FE B
HE > FIIPVE SRR B AR Z A RIREREH S TR R T - RN AEREA R
7KBEME > I A ABTS(2,2’-azinobis-[3-ethylbenzthalzoline]-6-sulfonic acid) » —
TEAKAVE E B EAE Re TG T LA B MERY 772 DA peroxidase/ABTS/H 02 Z 47 5KE5 4
ABTS EEABESRE ABTS [5f 1~ H i (Ruchetal.,1989) » A1 A Z BEAHEE(E
SO QIFORIUEALRE KGR - HIEA FERE ZHIE(bRETT » R LT
BRI RN F e DL ABTS ™ BEJ7/H2/0 mM R tolox
L AR T - (B0 5 B SRR FRAG [ A5 0t ABTS ' £ FR S AR I -
e AT B S AR I - ¥ ABTS AU SRt E > 00 - &R &
£ 100 ppm BFLEEARACBEEERGERIRAT AT  JEFRE Ry By 2.4 %R 0.7 % » BURES
PR £1 AT R TEAC I By - Chen & Chan (1996)f5:H4¢
R FR R BHA SR E BRI EAERER - KLl EGC &4 i HK
EGCG>EC>ECG « (51 &S5 M4 AR 45 S B 2 b LB A 5 A
> PRULAIE TEAC th BRI SS 5L - T e SO SR AT 14 Gallic
acid Fy /KR4y EFHIURE « TZ & T8 (Gallic acid) A5 BAREHIA LA
(Soong et al., 2006: Richards et al., 1987: Soarea et al., 1986) - [RIH:F M i1 & 5azEHH
e AL TEAC (IS5 1 -
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(73) 4EAESRE T2 NIl a2

[ /N ER SRR &y 3.0 (mg/ml )54 Gallic acid jR5¢ £/KARSERL - BLEERRER
H 9 AR AR Z R R AN (1 578 RAW264.7 4RSS T 17AF N Em s
A B SRS RS E R B AR Cu®” (1 ng/mDAMEAAER(ER 40 % - Lhik
50-100 ppm A [FIRE B EE R BT 54T > AR0FY Cu2+ (1 pg/m) E gl in - R
R B AT E R - 4608 144 /Np SRR RISH AR A0 S 2 35 % » ££ 100
ppm R B SRR BN A (EERAH) A2 80 %6 o HILAEREEI R 2 /KERHY
ATRE AR AR S A 52 Cu®™ B o L4 S L /KRR (AT Z 5 251 Gallic
acid » BRI E IS4 B T At RAW264.7 4HfA HIS ISR - KEH
TKERIRHI I A) & 2% 8 HY Gallic acid - SRR & @ HE T L IHBARVECE KA Mori
F978)FHIAETEAN » #MAREH % E Gallic acid EEARUEFRE H
FEUARE AR - NI B B R 88 3R AR I 100 ppm BREER R PE (A7 ATHE
7l EIHERE S

P~ (E A [ERE B AR (0-150 ppm) /K ARRY HAT /RN & BRdH Yo 1 Aad 1

BEETIE

Samples Concentration Absorbance (chelating effects’, %)

Paeonia Fe' Cu'
(ppm)

lactiflora Pall

Control 2 0 0.623+0.08 ( 0.0)® 0.803+0.11 ( 0.0)®
50 0.601£0.11 ( 3.5)f 0.788+0.20 (1.9)°
100 0.571+0.07 ( 8.3)° 0.771+0.12 (4.0)¢
150 0.532+0.05 (14.6)¢ 0.742+0.09 (7.6)¢

Tannase-treated 0 0.613+0.12 ( 0.0)® 0.798+0.07( 0.0)2
50 0.502+0.14 ( 18.1)° 0.701+0.12( 12.1)°
100 0.411+0.10( 33.0)° 0.612+0.08( 23.3)°
150 0.352+0.13(42.6) * 0.531+0.21( 33.5)*

VEEER (%) = [(ADS. blank — ADbS. sample) / Abs. plank ] X 100.
P [E S TR S A A R i E R 0 ERKE (p<0.05)
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0 L I I L I
0 100 200 300 400 500 600

Scavenging effect (%)

ppm

[ — ~ {55 AR B &R (0-600 ppm) /KR AT/ ¥ DPPH JEFRF (%) &
(@RMEEZERs B ZHH > AForRidHEAEE =R B =5H&)

120

Scaveing effect ( % )

0 40 80 120 160 200

ppm

=~ (EFAR DR B EERR(0-200 ppm) /KA H AR EHE A HE TR FRFR (%)
2 (OFINEER ot - AT rMHHARE EZR > R =H&)
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120
~ 100
1S5S
2 80
260
=1)]

5
=z 40
A
20
0 | | | | |

0 100 200 300 400 500 600

pPpm

=~ [ERARREE B EERF(0-600 ppm)/KAEH HATRE @B A LB FRF (%)Y
s (IR @1Efla A ForHidE AR 2% BN =)

Trolox equivalent antioxidant capacity
( TEAC,mM )

0 20 40 60 30 100
ppm
[BPY {5 I [ BB (0- 100 ppm) KA (12570 TEAC SRR 2E

(@RNIIHER @ZHIH - AForMsHARE EZR > dR=E&)
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B 100ppm B 75ppm B 50ppm ® Oppm

90

80
70
60
50
40
30
20
10

24 48 72 144 hr
e 1~ B EpAH AR [FUR R BEEER(50-100 ppm) » FRIE/KAERTE AR > FIFZERI4HO
ppm)RIIAEHAEE T1EAE FEFEELS RAW 264.7 4T &RV s 28

gallic acid hydrolysis (mg/g)

0.5 1 1.5 2 2.5 3 3.5
L A

HERSRE (mg/ml)

(&7 ~ (A ERE B EEER(0.5-3.5 mg/ml)/KERH B AT RO & T RRAE AR

48



EFHE 552
2020 # 6 *
¥ # 37-50

SHERR

Basavaraj P. and Praannad B. (2012), Enhancing gallic acid content in green tea extract
by using novel cell-associated tannase of bacillus massiliensis. Journal of Food
Biochemistry, 37, 1745-4514.

Chih-Cheng Lin, Su-Chen He, Min-Jer Lu, Shen-Jen Chen, (2006), “Heavy Fementation
Impacts NO-Superessing Activity of Tea in Lps activated RAW 264.7
Macrophages,”Food Chemistry, 98, No. 3. 483-489.

Celander, D.W. and Ceh, T.R., (1990), Iron(Il)-ethylenediaminetetraacetic acid
catalyzed cleavage of RNA and DNA oligonucleotides: similar reactivity toward
single- and double- stranded forms. Biochemistry, 29, 1355-1361.

Chen, Z.Y. and Chan, P.T., (1996), Antioxidative activity of green tea catechins in
canola oil. Chemistry and Physics of Lipids, 82, 163-172.

Hseih, CL., Cheng, CY., Ysa., etal., (2006), Paconol reduced cerebal infarction involving
the superoxide anion and microglia activation in ischemia reperfusion injuredrats.
Journal of Ethnopharmacology, 106, 208-215.

Halliwell, B., (1991), Reactive oxygen species in living system: Source, biochemistry,
and role in human disease. American Journal of Medicine 91, 14-22.

Lee, SM., Tse, YC., et al, (2002), Panonaia Radix, a Chinese herbal
extract, inhibition hepatoma cells growth by inducing apotosis in a p53
independent pathway. Life Science, 71, 2267-2277.

Min-Jer Lu., Chinshuh Chen., (2007), “Enzymatic treatment of green tea by tannase
increases the in vitro inhibitory activity against N-nitrosation of
dimethylamine,”Process Biochemical, 42, 1285-1290.

Min-Jer Lu., Chinshuh Chen., (2008), “Enzymatic modification by tannase increases the
antioxidant activity of green tea,”Food Research International, 41, 130-137

Mori, Y. and Mitani, A., (1978). Antioxidative activity in black tea. Kaesigaku Zasshi,
29: 148.

Richards, J. and Adams, F., (1987), Study of reaction rates of the antioxidant gallic acid,
BHA and BHT using the technique of plus radiolysis. International Journal of Food
Science and Technology 22, 501-508.

Ruch, R. J., Cheng, S.J. and Klauning, J.E., (1989), Prevention of cytotoxicity and
inhibition of intercellular communication by antioxidant catechins isolated from
Chinese tea. Carcinogenesis, 10, 1003-1008.

Richards, J. and Adams, F., (1987), Study of reaction rates of the antioxidant gallic acid,
BHA and BHT using the technique of plus radiolysis. International Journal of Food
Science and Technology, 22, 501-508.

Shimida, K., Fujikawa, K., Yahara, K. and Nakamura, T., (1992), Antioxidative
49



‘i’»%@ BaF ¥ 5248
2020 # 6 *
B #1c 37-50
properties of xanthan on the autoxidation of soybean oil in cyclodextrin emulsion.

Journal of Agricultural and Food Chemistry, 40, 945-953.

Soong, Y. Y. and Barlow, P. J., (2006), Quantification gallic acid and ellagic from longan
seed and mango kernel and their effects on antioxidant activity. Food Chemistry,
97, 524-530.

Soares, J.R., Dins, T.C.P. and Cunha, A.P., (1997), Antioxidant activity of some
extracted of Thymus zygis. Free Radical Research, 26, 669-678.

Tsai, L. Y. and Lee, K. T., (1997), Evidance for accelerated generation of hydroxyl
radicals in experimental obstructive jaundice of rats. Free Radical Biology and
Medicine 24, 732-737.

Xu, HM., Wei., W., Jia, XY., Chang, Zhang, L., (2007), Effect and mechanisms of
total glucosidase of paeony on adjuvant arthritis in rats. Journal of
Ethnophamacology, 109, 442-448.

50



