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Antibacterial Activity of Terminalia chebula Retz. Extract Against
Food Spoilage Microorganisms
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Antibacterial activities of water and 70% ethanol extracts of Terminalia chebula Retz were investigated. Fractions
were prepared by step-wise fractionation of water and 70% ethanol extracts using acetone, hexane, chloroform
and butanol. Butanol fraction showed best antibacterial activities. Water and 70% ethanol extracts of T. chebula
Retz. had significantly high pyrogallol content among 13 phenolic compound analysed by HPLC, and pyrogallol
(standard) showed highest activities against several food spoilage microorganism.
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& chebulic, chebulin 2 tannino] FARSZ 1 F tannine
20-40% AEZ 2L o] gHHol A HoZ HIHI Q)
o, FBA Holt HAE dAH Urk9). B AP
72 B, 70% NEEESES HPLCEA 2 B33y g8
e ZAEIAT

Mz W U

AEME & ¥ 24

B Ago) A3 7KK (Terminalia chebula Retz.y= 2003 5
o Azxg Az F2eERA(Geumsan, Korea)oll A 79331
ARt TS Baeked 103 SRS 70% o'
< 7bete 247 B¢ BFFZE, d3Ete(Whatman No 2),
Evaporator(Heidolph 4000, Germany)2 7%t %% ¥, 54
Azste AP AH2EAe} A B FEET AdBEFEE
50g& zhzh 1L9] FFFl Yol 5% F, acetone, hexane,
chloroform, butanol®] FAEAE o|&sle w=AFHOE K, A

£ AZSYHFig 1)

ABEF X X

Aol AR @55 Escherichia coli KCTC 1682, Sal-
monella typhimurium ATCC 14028, Pseudomonas aeruginosa
ATCC 15522, Bacillus subtilis ATCC 14593, Staphylococcus
aureus ATCC 12692, Listeria monocytogenes ATCC 191119
67 43FE 22 Z AT Y(KFRI, Seongnam, Korea)oll Al &
opdto} Alg&tth AMES wlXE BHI®E Tryptic soy(Difco,
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Medicinal herbs * Terminalia chebula Retz.

acetone | H0
centrifugation 4000 * g/40 min

Acetone fraction
water: 6.3 ¢ Aqueous layer

EtOH: 1.1 g

3 % 300 mL hexane

Hexane fraction
water © 04 ¢
EtOH : 003 g

Aqueous laver

3 % 500 ml. chloroform

Chioroform fraction
water © 02 g
FiOH 057 g

Aqueous layer

3 * 500 ml. butanol

[
Butanaol fraction
water © M4 g
FEiOH @ 339 u

Water fraction
water ¢ 14.2 g
FIOH @ 243 ¢

Fig. 1. The procedure for the solvent fraction of water and
ethanol extract from the Terminalia chebula Retz.

MD, USAYE AHE-3l9th

UTOHY &3

gt A A AHEE dF T slant BiR oA WSS &
F 1 WFelE 3l Zkzke] 10mLe] broth iAo HF31a,
37°C9] incubatorol|X] 18-24X1 7+ F<F v ksle] AME-3IATE &
o B4 Al HoiR e Al Zhzhe] QSR E Bl
71%4 viA|(agar 1.5%)8 petridisholl 232AZ &, Z+ 78
1% HFd EFE F58 WA (agar 0.75%)F °lol £53}
o AMZaAct 7kt &9l £YES 0mgml F=E Az}
o, paper disc(¢ 8 mm, Advantec, Toyo Roshi Kaisha, Ltd,
Tokyo, Japan)* 20 uL A7}8}3L, 37°C incubatorel] 18-24A]7F
F¢t vkt &, A1 mm) FHR PREAEE F3AT
(10,11). polyphenot®] &84 A ¥-2 phioroglucinol, pyro-
gallol, siniapic acid, vanillic acid, frans-4-hydroxy-3-methoxy-
cinnamic acid€ 10, 5, 2.5, 1mgmLe] FE2 A3l Ay
&tk 7H2 HPLC(AKTA) 28 &9 a84 d82 AAu)
7] AWM g spectrophotometer(Jasco, Tokyo, JapanyE AR}
& 650 nmoA A3t

HPLC #4
713 &, 70% oehg 3&E9] polyphenol ¥4 2} &
4e] calibration curve® A& F, AR HHE B3t A

Table 1. Operate condition of HPLC

Requester Condition

Instrument pump Jasco model PU-980
detector Jasco UV-975 UV/VIS
column oven Jasco model CO-965

Column Nova pack C18 UG120 (Shiseido Co., Ltd., Tokyo,
Japan)

Guard column 10 X 4.0 mm i.d

Flow rate 0.5 mL/min

Mobile phase A: 7% Methanol and 50 mM sodium phosphate (pH

3.3-HCl) in water
B: 100% methanol

F 248 7 FAARES 1 mgmlE AZRF F, 045
um membrane filter(Sartorius AG, Germany)&. oJ#sted F-Aj3}
fck, 4o AM-€E polyphenol EFEAIFE-S phloroglucinol,
pyrogallol, protocatechuic acid, p-hydroxybenzoic acid, catechin,
vanillic acid, syringic acid, 4-methylcatechol, p-coumarilic acid,
trans-4-hydroxy-3-methoxycinnamic  acid, siniapic acid, 3,4-
dimethoxybenzoic acid ¥ p-anisic acid(Sigma, St. Louis, MO,
USAYE AME3FE T HPLCEA] Al Jasco system AME-&}
Hew, Haof AL gradientys A 0] 270 100%04]
A12Fate) 40mindl 25%7F =% linear program ARE-E1H.C.
™, 45 min®l 0%, 50 min®l 50%, 60min°ll 100%Z 3Tt
o]uf injection volume 20 uL. ©]HtH(Table 1).

HPLC(AKTA) #4)

7HF B F2E2] butanolFE £ AKTA explorer systemn
(Amersham Pharmacia, Uppsala, Sweden)yg AM&-319.29, col-
umne Vydac 218(Hesperia, USAYS ARE3Ic) £38) gojol
ZAE& A £9, 7% methanol®] FFE 50mM sodium phos-
phate(pH 3.3-HCI) in water32™, B £94-& 100% methanol&
AHEEIR O T, §42 2ml/min, X 40°Co|9t}. Gradient
© B &Yo] 7] 0%olA AlZ+ste] 80 mindll 75%7F HE
£ linear program& AM-3}30H, UV 280 nmellA &elstach
oo} injection volume< 10%FEZ ART A& 500puLE
injectiondt T},

- i -y

715t EgEel SuiEs % g

7t @€ blender= widE ¥, & F 70% LS AL
3t v]g-olA 2417 B}t &3 A, 3238g I 3956
< AUt F 505 70% S§E FEFE 60gS acetone, hex-
ane, chloroform, butanol®.2 =4 B33 Z3 & F2E9] 7
% acetone 6.8g, hexane 04g chloroform 02g, butanol
284g, E 142g° = butanold & #-FEo| dFEE A3}
Hew, 70% olehg FEES] A% acetone 1.1g, hexane 0.03
g, chloroform 0.57 g, butanol 33.9g, & 24322 & F&E3}
FAHE 23S JeERUTHFig 1). ol 7FF 70% methanol &
ZE 30g2 7FAI3L n-hexane, chloroform, butanol® E 4 #
&l p-hexane 032g, chloroform 041g, butanol 17.6g,
water 9.98 go] Aol fAMS AFAE VERAATH(12).
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Table 2. Antibacterial effects of each fraction from the Terminalia chebula Retz. (Unit: mm)
Extract Separate Microorganism Strains
condition condition Ec Bs Pa Sa St L.m
Water Ry - - 9 15 -
Acetone - 10 11 10 12 10
Hexane - - 12 - 15 10
waler extract Butanol 25 21 26 25 28 23
Chloroform - - 10 13 18 -
Control - - - - - -
Water 15 9 14 16 16 11
Acetone 9 - - - 9 -
70% ethanol Hexane 14 20 17 11 16 15
extract Butanol 23 20 23 25 26 24
Chloroform 13 - 9 9 14 9
Control - - - - - .

E.c: Escherichia coli, B.s: Bacillus subtilis, P.a: Pseudomonas aeruginosa, S.a: Staphylococcus aureus, S.t. Salmonella typhimurium, L.m: Listeria

monocytogenes.
"Not detected.

Table 3. Antibacterial effects of butanol fraction from Terminalia chebula Retz. (Unit: mm)
Concentration Microorganism Strains
Sample L

(ng/mL) Ec B.s Pa S.a St L.m

5,000 15 15 16 15 15 15

3,000 14 14 14 14 13 14

water extract 1,000 10 9 13 13 11 12

500 9 D 10 9 - 10

Terminalia 100 B - 9 9 N 9
chebula 5,000 14 14 14 14 16 14
. 3,000 14 13 13 13 14 13

70%ethanol ) 44 12 12 10 10 12 10

extract

500 9 9 9 9 9 9

100 9 9 9 9 9 9

Penicillin® 10,000 unit/mL 27 27 41 67 30 27

E.c: Escherichia coli, B.s: Bacillus subtilis, P.a: Pseudomonas aeruginosa, S.a: Staphylococcus aureus, S.t: Salmonella typhimurium, L.m: Listeria

monocytogenes.
"Not detected.

PPrepared with 10,000 uinit/m] penicillin G sodium and 10,000 pg/ml streptomycin sulfate in 0.85% saline.

7kt 8o el #w %Y

M & FE2E 50g8 0% AEEFEE 60g2 1LY F
F5o =9 &, acetone, hexane, chloroform, butanol®] &uljE
s os BEsld 30mgmle] FES AZH H, 20uL H
7Fated, 3648717 Bt 659 vl EOl i3 dFEAES AE
). 2 A3} butanolEEEo| 7MY Hojd sFEAdS U
Utk &, & 259 7% E coli25mm), S. typhimurium
(28 mm), P aeruginosa(26 mm), B. subtilis21 mm), S. aureus
(25 mm), L. monocytogenes(23 mm)?] 84S vERN IO,
70% ethanol 2 &, E coli23mm), S. fyphimurium(26 mm),
P aeruginosa(23 mm), B. subtilis20mm), S aureus(25 mm),

L. monocytogenesQ4 mm)E & F5E9] ¥4 H FARE &
A3& YERNtHTable 2). =3 butanol-3 &2 FEHEZE AZ,
20 ul Hriste, FFEHES AFE F3, 5000 pgmLe] BT
A iE-E 15mm o] FFEE HERILH, 100 ng/
mL & FENME 0% ethanolFEE2] butanolEF E0] 6&

9] wAE thal] 9mm ©de] FFEE YERNUTKTable
3). Lee S(9)2] 9+ Az w29, 72} methanolFEE-8 »-
hexane, ethylether, ethyl acetate® #3|3}] T @A A¥2 2
A& A3}, 100-2,000 pg/mLe] =2 A ZH 712 methanol3:
ZE°| Bacteriodes fragilus, Salmonella typhimurimn, Eubacte-
rium limosum, Clostridium perfringens®} 42 A58 HAA|
How, guf BEE] oJM= Escherichia coli, Staphylococ-
cus aureus, Eubacterium limosum, Bacteriodes fragilus, Salmo-
nella tphimurimn®] 50 EhA SlEZETY] {98
zlolE Holx ggkthy HEct. o8 Axks 7HAE &
EE REsle] YR8AE HAENE F3, 7 spectrumo]
A AR vetwtew, AU O2EE Clostidium
perfringens®] A& AAE AN Az} &, acetone, ethyl ace-
tate ¥ butanol FEE°] 5 IFELE eERHUT T 4
EAUd ERlshs dad EFEL Ui 9d E4do] oy
7] Wi o2 FFH fr)Emd osiM FEEy Bas)
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Table 4. Antibacterial effect of various standard polyphenol
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(Unit: mm)

Concentration Microorganism Strains
Samples

(mg/mL) Ec Bs Pa S.a L.m St

10 25 30 30 28 25 15

) 20 23 25 22 22 12

Pyrogallol 25 18 19 18 20 17 10

1 - - 10 - - .

10 - 9 10 9 10 10

) 5 - 9 9 9 10 9
Phlorogluchinol 25 ) 9 9 ) 9 9

1 - 9 - - 9

10 - - . - - 10

Trans-4-hydroxy- 5 R . - - - 10
3-methoxycin- 25 10

namic acid . ) ) ) i i

1 - - - - - 9

10 - 9 9 9 9 10

Sinapic acid 5 - 9 9 9 9 10
inapic aci 25 ) 9 ) 9 9 10

1 - 9 - - - 10

10 - - 9 10 - 10

Vanilic acid 5 - - 9 10 - 10
anilic aci 25 . . . 9 - 10

1 - - - - - 9

E.c: Escherichia coli, B.s: Bacillus subtilis, P.a: Pseudomonas aeruginosa, S.a: Staphylococcus aureus, S.t: Salmonella typhimurium, L.m: Listeria

monocytogenes.
"Not detected.

go, B drdME FA dFEAE el ti13-15).

Polyphenole] &7 %4

Eejvze] @AY AMS-E EFEELE phloroglucinol,
pyrogallol, siniapic acid, vanillic acid, trans-4-hydroxy-3-meth-
oxycinnamic acid2, 50% o|&t&& AME-3led 10, 5, 2.5, 1 mg/
mle] FEE Az g 488 H4AEAY 2 A5,
pyrogallolo] 10 mg/mLe] FXoNAM S nphimuriume] T8 A
A 5T FFolA 25mm oS AAEE vehlo] T
el e vis) 3] & A4S ehlATk(Table 4). 7t
A& methanols} acetone®. 8 FZ3ld MS9 NMREAIE 4
A8t A3}, caffeic acid, vanillic acid, p-coumaric acid, phloro-
glucinol & pyrogallol®] #RA=I2H, flavonoids$} catechin &
2] polyphenol FFE°] 328l Y FAE Husa 3
th(16). Do F(17) W=2H F H=3ES 559 vBEE
coli, B. subtillis, P. aeruginosa, S. typhimurium, L. plantarum)
7+e} gar@gdel g AIAAS 22 0.89, 0.79, 0.85, 0.78
H 085(p<005)°] R#oZ HEsgED FagP7ke] TH
& A de& Bt o

7%} &, 70% ethanol:fiie] HPLC #4

A8 AL&F polyphenol EFEAFE-S HPLC ¥4 % A,
phloroglucinol(2.89), pyrogallol(3.75), protocatechuic acid(7.52),
p-hydroxybenzoic  acid(10.93), catechin(11.65), wvanillic acid
(13.35), syringic acid(15.03), 4-methylcatechoi(15.58), p-cou-
marilic acid(17.70), trans-4-hydroxy-3-methoxycinnamic acid
(19.42), siniapic acid(19.82), 3,4-dimethoxybenzoic acid(19.96)

Table 5. The retention time of polyphenol standards

No. Polyphenol standard Retentx?n time

(min)
1 phloroglucinol 2.89
2 pyrogallol 3.75
3 protocatechuic acid 7.52
4  p-hydroxybenzoic acid 10.93
5 catechin 11.65
6  vanillic acid 1335
7 syringic acid 15.03
8 4-methylcatechol 15.58
9  p-coumarilic acid 17.70
10 trans-4-hydroxy-3-methoxycinnamic acid 19.42
11 siniapic acid 19.82
12 3,4-dimethoxybenzoic acid 19.96
13 p-anisic acid. 23.46

2 p-anisic acid(23.46)%] retention time2 YERAATHTable 5).
7B B FEES EEFEE-S HPLC 243 F3}, ¥ peak
wA ZoA 13709] polyphenol® & AT F e HEL E
F&E0] 2753%, 0% AEEFZE0] 2747%E HERIS
H, 2 F84¥- 92+ phloroglucinol, pyrogallol, protocatechuic
acid, catechin, vanillic acid, 4-methylcatechol, #rans-4-hydroxy-
3-methoxycinnamic acid ¥ siniapic acid® UEVstTh 7131e] &
FZE9 A% F peak(27.53%)2) 9%E A= pyrogallolo]
36,735 mghE 71} A4 e, srans-4-hydroxy-3-methoxy-
cinnamic acid(14,509 mg%), vanillic acid(7,428 mg%), protoate-
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Table 6. Polyphenols contents of Terminalia chebula Retz.
extracts using HPLC (unit: mg%)

Polyphenol content

Polyphenol
Water extract ~ Ethanol extract

phloroglucinol 5270116 2,149£89
pyrogallol 36,735+13 28,971£13
protocatechole 6,667 17 1,600+ 14
p-hydroxybenzoic acid 547135 885+22
catechine 2,011 £47 581410
vanillic acid 7,478 +30 3,076 £35
syringic acid 908 £ 10 82636
4-methylcatechole 1,028 +37 754 £ 65
p-comarilic acid 429126 89183
Zﬁfaﬁ;ﬁ?g"y Semethoxy- 4500419 24340483
siniapic acid 3,782+13 2,896+ 52
3,4-dimethoxybenzoic acid 21021 26170
p-anisic acid 844 £ 87 328+20

mAU ¢

N S

=20 [ 2] £1) B (] e

Fig. 2. HPLC (AKTA explorer system) chromatogram of
butanol fraction from Terminalia chebula Retz. water extracts.

chole(6,667 mg%%), phloroglucinol(5,270 mg%)2.2 el ow,
712} oerSEZE9] F peak(27.47%)1A pyrogallole] 7H &
£ 28,971 mg%% 2.1, T-4-hydroxy-3-methoxy cinnamon(24,340
mg%), catechin(5,814 mg%)2. 2 PG TH(Table 6). Nepka 5
(18)2] 7ol waw 7=} duje HPLCS} LC-MSE EA3h
Asp NMAEEEY] FAE-E tannin R0 24 chebulinic acid
7} butanobE-g A ERIHASE B8, tannine] 91l 67}
2] 59 polyphenold £ ATt L3 7hate] x| &
S MS9} NMREAS AAI8E A3} free phenolic acidoll=
caffeic acid, vanillic acid & p-coumaric acid’} £ =3, &
£ phenolic acid®lli= caffeic acid, phloroglucinol % pyro-

gallolo] ERAN=ATH(19).

HPLC 2NMge| ¥4y

712 B #ZE9] butanol FYES 10%EERE AXFH F
500 uLE AKTA explorer system(Amersham Pharmacia, Upp-
sala, Sweden)ol 9 3l Vydac 218(Hesperia, USA) column
o2 B39 7HA} butanol E¥ 9] chromatogram WS
3000 mAU ©1449] peakE E33l] 197]9] peakE WERIZIC
), 8 peakollA] Rt. 28.68 min, areag}, 12,004.0310 mAUR
7H =4 JebsthFig 2). ©|2 fraction I(peak 1,2), fraction

08

0.7 r

0.6
£

05 R
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S04 v Fraction? 1
° —a-Fraction 3 |
a 03 —e—Fraction 4 ——
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0 2 4 6 18
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Fig. 3. Inhibition effect of HPLC (AKTA explorer system)
separate of butanol fraction from Terminalia chebula Retz. water
extract on growth of Listeria monocytogenes.
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Fig. 4. Inhibition effect of HPLC (AKTA explorer system)
separate of butanol fraction from Terminalia chebula Retz. water
extract on growth of Escherichia coli.
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Fig. 5. Inhibition effect of HPLC (AKTA explorer system)
separate of butanol fraction from Terminalia chebula Retz. water
extract on growth of Staphylococcus aureus.

2(peak 3,4,5,6,7), fraction 3(peak 8), fraction 4(peak 9), frac-
tion S(peak 10,11,12,13,14,15), fraction 6(peak 16,17,18,192] 6
b o2 BFHaE 10mLE &3 H, E coli, S aureus,
L. monocytogenesE T2 1827 F9F AAMIR] sMHo
2 8L sy, 1 A3, L monocyrogenes HE
6MZHESH viFElS o) 3% 3ol 0.6-0.88 JERNYCH, 18
A7t e h2TFE AL ZE fractiondl A FFE 06 o 2
ARSE gro g A&o] AAHYSH, fraction7te] & Aol R
o]z Utk E coli dFE 6MN7H B9 WY A, gy
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€ AAF fractiono X 02 olate] FF= e Yehiglon,
187 ZHllM= fraction 3>5>2>1>4>6> control 0.8 A&
AAE e AE. T8, S awensd 59 AHAE E coli B
o FARE FE BHow, 1807 v} fraction 4> 1>6>
5>3>2>control ¢ AEGA P JeHATHFig. 3, 4,
5). °olet 22 A= 747he) peakel FHHo] U polyphenol
o] g B3l z WY PAEY) oS FFEA o)
Uelde A02 ALSED. Ammar 5(12)9] 93 BYo m=
H, 7F 70% methanol FZ2EL p-hexane, chloroform,
butanol& ©]-&3te] ¢AH o2 BYF ¥, sephadex LH-20
coumno2 55 gA3 A}, HF9 B FEM ellagic acid
(120mg)E I& 4 AN e, butanol EFA chebulinic acid
(141 mg), 2,4-Chebuloyl-B-D-glucopyranose(85 mg)E A& 4 <l
& BRI dow, 7129 butanol Y9 tannink) &
chebulinic acid7} € A& & ZguE ARSo] vl g
fFEo] Sloha Basla Qrk(is). £ olzidt Zeiuwe |
B PES] e FO4 v ASEAE JeRit()).

2 o

7t & FEEH 0% AEL #ZEL acetone, hexane,
chioroform, butanol®] &wl& £} B3t v 3} 23
2% butanol¥-BE°| E coli, S typhimurium, P aeruginosa,
B. subtilis, S. aureus, L. monocytogenesd-E9 ths] 713 F&
Fa89H FE5TEE YERIUY. E£§ polyphenol EFEA
S pyrogallole] B84 HAY¥Fs 7 £ 48 eI
o 7FAe] & $2EH ogd F2EL 1K EREL A}
&3t HPLC ¥4% d3, pyrogallol?] X7} 7H8 %A
2548

= #®

1.Lee SH, Lim YS. Antimicrobial effects of Schizandra chinensis
extract on pathogenic microorganism. J. Korean Soc. Food Sci.
Nutr. 27: 239-243 (1998)

2.Kim MS, Lee DC, Hong JE, Chang KS, Cho HY, Kwon YK,
Kim HY. Antimicrobial effects of ethanol extracts from Korean
and Indonesian plants. Korean J. Food Sci. Technol. 32: 949.958
(2000)

3. Baratta MT, Dorman HID, Deans SG, Figueiredo AC, Barroso
JG, Ruberto G. Antimicrobial and antioxidant properties of some
commercial essential oils. Flavour Fragr. J. 13: 235-244 (1998)

4. Golovinsky EV, Maneva LS, Angelov 1 1, Veljanova KD, Sniker
DJ, Stankevich EK. Antibacterial and antitumor activity of some
derivatives of ureidosuccinic acid. Neoplasma 23: 43-46(1976)

5.Orrjala J, Erdelmeier CA, Wright AD, Rali T, Sticher O. Five
new prenylated p-hydroxybenzonic acid derivatives with antimi-
crobial and molluscicidal activity from Piper aduncum leaves.
Planta Med. 59: 546-551 (1993)

6. Ayres HM, Payne DN, Furr JR, Russell AD. Use of Malthus-AT
system to assess the efficacy of permeabilizing agents on the
activity of antibacterial agents Pseudomonas aeruginosa. Lett.
Appl. Microbiol. 26: 422-426 (1998)

. Mitzoeva OK, Grishanin RN, Calder PC. Antimicrobial action of
propolis and some of its components: the effects on growth,
membrane potential and motility of bacteria. Microbiol. Res. 152:
239-245 (1997)

8. Oguni I, Yamada M. Protection against cancer risk by green tea
and antibacterial activity of tea catechin against Helicobacter
pylori. September 3, Lotte Hotel, Seoul, Korea. 4th Intl. Sympo-
sium on green tea, Seoul, Korea. The Korean Society of Food
Science and Technology, Seoul, Korea (1997)

9.Lee K8, Kim SH, Sim KC, Park CS, Shin YS. Antimicrobial
activity of Terminalia chebula retz. extract against intestinal
pathogens. Korean J. Food Nutr. 10; 559-563 (1997)

10. Conner DE, Beuchat LR. Effect of essential oils from plants on
growth of food spoilage yeast. J. Food Sci. 49: 429-437 (1984)

11. Branen AL, Go HC, Genske RP. Purification and properties of
antimicrobial substances produced by Streptococcus diacetiliactis
and Luconostoc citrovorum. J. Food Sci. 40: 446-453 (1975)

12. Ammar S, Michael H, Pirkko H, Kalevi P. Inhibition of cancer
cell growth by crude extract and the phenolics of Terminalia che-
bula retz. fruit. J. Ethnopharmacol. 81: 327-336 (2002)

13. Mori A, Nishino C, Enoki N, Tawata S. Antibacterial activity and
mode of action of plant flavonoids against Plotgus rulgaris and
Staphytococcus aures. Phytochem. 26: 2231-2240 (1987)

14.Ravn H, Brimer 1. Structure and antibacterial activity of plan-
tamajoside, a caffeic acid sugar ester from Plantage major subsp.
major. Phytochem. 27: 3433-3441 (1988)

15. Tomas-Barberan FA, Msonthi JD, Hostettann K. Antifungal epi-
cuticular methylated flavonoids from Helichrysum intens. Phy-
tochem. 27: 753-760 (1988)

16. Ikigai H, Nakae T, Hara Y, Shimamura T. Bactericidal catechins
damage the lipid bilayer. Biochim. Biophys. Acta 1147: 132-136
(1993)

17. Do JR, Kang SN, Kim KJ, Jo JH, Lee SW. Antimicrobial, anti-
oxidant activity and phenolic compounds in the medical plant
water extracts. Food Sci. Biotechnol. 13: 640-645 (2004)

18. Nepka C, Sivridis E, Antonoglou O, Kortsaris A, Georgellis A,
Taitzoglou I, Hytoroglou P, Papadimitriou C, Zintzaras I, Koure-
tas D. Chemopreventive activity of very low dose dietary tannic
acid administration in hepatoma bearing C3H male mice. Cancer
Letters 141: 57-62 (1999)

19.Kim JS, Lee GD, Kwon JH, Yoon HS. Identification of phenolic
antioxidative components in Terminalia Chebula Retz. J. Korean
Agric. Chem. Soc. 36: 239-243 (1993)

~3

(20051 3% 39 A4 20059 49 299 A=)



