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Dyeing Property and Antimicrobial activity of Protein Fiber Using
Terminalia chebula Retzius Extract

Ki Yeon Nam and Jung Soon Leef
Dept. of Clothing and Textiles, Chungnam National University; Daejeon, Korea

Abstract : The purpose of this study was to investigate the dyeing properties and anti-microbial ability of silk and wool
fabrics dyed with Terminalia chebula Retzius(TCR) extract using two extraction solvent, hot water and methanol. Dyeing
properties of fabrics were studied by investigating the characteristics of colorant, changes in dye uptake under different
dyeing conditions, and by investigating color change when mordants were applied. Also, color fastness, and antimicrobial
activity of dyed fabrics were estimated. Regardless of extraction solvent type, colorant showed maximum absorption
wavelength at 280 nm and 578 nm, which implied that tannin was the major pigment component of TCR. Also, through
FT-IR spectrum result, it was confirmed that tannin of TCR methanol extract was hydrolysable tannin. But for the hot
water extract, it was only assumed that its tannin was condenced tannin. Fabric dyed with hot water solvent extract
showed higher dye uptake than fabric dyed with methanol solvent extract, dye uptake increasing by higher concentration
of the dye, longer dyeing time and higher dyeing temperature. And the absorption curve between TCR extract and protein
fiber was shaped in the form of Langmuir adsorption isotherm. Fabric dyed without mordant was yellow in color, and when
dyed with mordant, fabric showed various colors depending on mordant types except Sn. Color fastness to washing was
generally fine and color fastness to light was moderate. But color fastness to rubbing and dry cleaning was outstanding.
Lastly, dyed fabrics showed very good antimicrobial activity of 99.9% against Staphylococcus aureus and Kiebsiella pneu-
moniae.

Key words : Terminalia chebula Retzius(7+2+ & v, hot water and methanol extracts(®E 9} ™l ¥+ %), hydrolysable
tannin(7}FE31 @ ), Condensed tannins(£ 3% ¥Hd), antimicrobial activity(3++4)
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= ol 20 Min et al., 2011). 7}Fe] A<3E Dujolx] A
£ AAs A5 2 Ag JERSelgt gt RS
(Terminalia chebula Retziusy> $HollA] QHFE A= AL
B3 el AAFE Ald hEgel A ARSEE
Aefow F= Qo] ofelal 7lsoleke] WA, old, Al &
FE A A=l gk awtEhe B gHlele] )] oigh &3
7F 9535 Ao 7 d#A] Urth(as cited in Kang et al., 2005).

7 Guj ol & 20~40%9] tannin©] T-F-Ho] Y&t (Lee,
2004), 2 Ad=oll thsliA Lee et al(1995) WghkE= =49 7}
7] BdS 7rREE Bl o o]9f AHE IIjHECde gallic
1,2,3,4,6-penta-O-galloyl-p-D-glucopyranose,  chebulagic
2 AFAE2(“Haritaki”,

=

5

acid,
acid, chebulinic acidS H373}%3L,
2005; Saleem et al,, 2002) 7}Ake] T8 s1FHES
argunglucoside I, arjungenin, chebuloside I 22|31 II7} A
™ coumarin®} ZAE chebulin, = polyphenol I}E F

H=E 5
ellagic acid, 2, 4-chebuly-B-D-glucopyranose, chebulinic acid,

triterpene

gallic acid, ethyl gallate, punicalagin, terflavin A, terchebin,

S FHEL Yk B vk gk 5
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luteolin, tannic acid



3] chebulinic acid= %+ o1& ZFolA € sy StE
o]th(Lee et al., 2010).
AF7HEA] 71kl tigh A9t o dEhe At kst
A 3 ksl tigk A7 FE2 FdE] g, &
574 (Saleem et al., 2002), 3 =Ed(Sabu & Kuttan, 2002),
=AHo|E A (Kaur et al, 2002), &-FE/d(Malekzadeh et al.,
2001), =32 & (Jagtap & Karkera, 1999) 5 th3l A2
AL TR JE Aew BRuEy Qo rREEE 3}
AFATO 20 HMRA] o] 87F5Ae] BarE7 % Frk(Koo
& Kim, 2011).

7= RS TSIl QLo WA Al A4S
Sretar 7] wiiel] Fuld HAEe] Migo] olgTHE: Wyl of
et 7He] A-stal FYsh 7t 9 Ao R A 5o
Ao da=A A8 AR HolA w9 Friwx
Atk 53] 7 HEekE FEEY G55FEES 9% 3+ s
F7F BRI HT Qlo](Kang et al, 2005) 7 282 34
< A 7158 AAGEZ AMTFsAl =k Bk HEE
248 AN EHE e Aoz dEA(Korea Patent
Application No.10-2000-7012075, 2000) ZFg419] o]gof =
83 Aoz 7€}, 7o) @A) #3E A2+ Han
and Lee(2009) 7FAfollA F&28 Alg mjzge Buks o]g
ste] A Eo| HAste] gAAdS A EQLS, Kumbasar et
al.(2009)y theFst lE HRE giA st 7ERte] A
< ZRATE
FE8vlo] WE A4 ST JA%
ol 7FsAdell tigt A= FolE & gl

e B AroMe 7REnE SRS WEee s &
st FE= AR A9 - THE FFAHER-RS FRIRS 5
Aot Ao FEAFH FE80 W 4 5
3, dde] T, ARE, FYAIZE o
7ot idsEE BisA BAET A2
o] Gt gl s ATEgLY, 487
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AAZ AR ZEEEE AT SeF RSN st
ALgEoH AEARE 100% ¥ &2, 2FE2S A 7y
gt} ARgSIl oM AlEe] 542 Table 19 YERITH

FEE E Tk GASAEE APEY] S8l SR(HL0),
HEE(CH,0HYS §HlE ARSI, 82 /T
AHEE Y PlEAZE  E(FeSO,7H,0), Z4H5(Cu(CH,
C00),H,0, &3} Al 154 (SnCI-2H,0)S ARt Aleke 4=

£ 1FE AT Adde BE 34 R4S Al

e FEES 05T B RS G AT 4TI

Table 1. Characteristics of fabrics

Fineness Fabric count

Weight Thickness

Fabric > warpxweft L
Warp Weft  (gm) (mm) (5 emx5 cm)
Wool  2/120's  1/60's 975 0.28+£0.02  145x140  87.84

Silk  53denier 53denier 532 0.12+0.01 378x228 95.63

21 7ol & Y MEEN

22.1. 5=

7EAFET] 200 g& FF<F 1Ll ¥ 100°ColA 1A17H8 3
3] FEal] et IS AFAR Qg & AT EEFT]
(RV10, IKA®, Germany)E ©]-§3} 2% 80~90°C, 3| &
T 250 pmOE 7 H 55 ¥ X, fxsle] ] ¢
E5 AMEsIh

222 MEREFE

7EFEH] 200 go] FEs] A WF wlEkEel] JAAA Fe
(ordinary temperature, 20+5°C)2] A-2(room temperature)ol|A]
4007+ FA S 23] HHE FE3le] oJHA| R oFet ¥, 3
Z5Z7|(RV10, IKA®, Germany)E ©]-83l] &% 50~60°C,
FAEE 200 pme R P EH F N, dxste] 2] o

223. 7RG FEE9] AE] - TRIF FESHEAUV/
Visible spectrum)

Sufol] wE 7R Er) FEES] AR EAS ATET]
13l 12,190 &J§k FEHl o8l FE2E et WeE F=
LS 2e], 7iAFA BEFFZ=A(UV/Visible spectrometer,
shimadzu, UV-2450, Japan)E ©]-&3t 200~700 nm3}s 9]
AA EFIEES SAgste] A AAe] = wskE A
D LER (=

for

224, 7EAEW FEE9 HM

oo w2 FRigul e FEES] AAgRe) 123 548
gelslr] Sl FE2E MAS KBl ZYAA 29A g
ZA(FLIR, FTS-175C, Cambridge, USA) 418 AA|3139T}.

2B EY (FT-IR)

> I

=
GUEHS Aons] 98] GUEAS GEBE, G4 LE, 9
Table 2. Dyeing and mordanting conditions
Conc. Temp. Time Liquor
Methy . .
cthod o " wb) ©C) (min) ratio
Dyeing 0.1~10 20~100 10~70 1: 50
Mordanting 0.3 50 30 1: 50
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AR 7Y DAY EFRHE HIAA Table 29 2 27oE

FA g Fojds ANEAT d5eFEEY ueeSEE
5%(0.w.b) &2 pHE 27 2.86, 3.052 73 AHIAAE

R AT

GRS G A S48 Sl 2 D65, ASA0F 10°
Aokl 4] A2}A] (Color reader JS-555, C.T.S Corp., Japan)S A}
g3 400nmow 700 nm7HA] €] t”"low FRCE ZH 6]
Mmax 400 nmof| A EHVARES Z793F & Th29] Kubellka-
Munk2Jell e]&te] K/SEhe AMEste] g zo] dateo s &
o Brisldict. A 2792 33] RiE SAsl] HapS &St
ROm Munsell®] FEAA wighjor Ao| 3487 b A4t
H(Hue) H=V(Value), 2=C(Chroma)s =73} CIE Lab
Azle] oate] WwAS LY, A HE A a*, bre] 3t
Munsell®] 9] 3&4%] H, V/ICE 31
(1-R)’

K/S = R

K: absorption coefficient
S: scattering coefficient
R: reflectance coefficient(0 <R <1)

2.4, HMZAR|T

A A FEE vEe FE2ES o83

E«l A= H7FE 9% AlEe FuldE

4, FANEEE BF Frleiaion AE, 43

ﬂal‘%ﬂ gt AR EE st AlgdE| == KS K
ISO 105-C06:2007, A28l <]3ll, YF A==+ KS K ISO
105-B02:2010°1 2J3fl, nPAZ == KS K 0650:2011¢1 ]3],
=glo]ZY A2 EE KS K ISO 105-D01:20109) <J&) 7}
3

25 g5y "ot

71k g g gzr‘—:i‘%nﬂr HekEFEE U85S S5
HHE S8l 2, AXES 5%o.wb) FEZ Az|ste] mjdA|7t
A %S HH*”OV] Q8 mxE] el FajdEE vt
AEZ sIATh A=A (Staphylococeus aureus ATCC
6538)} = H(Klebsiella pneumoniae ATCC 4352y A
52 3l KS K 0693:2006 }\]_34”401] ol ABtd AlFHY iz
Hol| FAIFS et 18hr § AATE 78310 +F g
< 243l sisen A WrkE A o8 # A
(Yoy B+t &2A] tha 23 o] AlklsiaT

Mb— Mc

Antibacterial rate(%) = e x 100

Mb: the number of bacteria recovered from the inoculated

control specimen incubated for 18hours

Mc :the number of bacteria recovered from the inoculated

treated test specimen incubated for 18hours

3. #x A =9

3.1. 7}I}°ﬂuH ZEMAO| EN
Fig. 12 Z5F, WS fujz sl 7Adn)] 3259
74, 7}}‘]‘1‘ A ERS e Zot (a)2] AR

gL AR b el 2040%¢] e TP @
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aRzs) 43, 7}4% FroAERe Aho) 540
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(a) UV spectrum of Terminalia chebula Retzius

Fig. 1

extracts.
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(b) Visible spectrum of Terminalia chebula

Retzius extracts.

. UV/Visible spectrum of Terminalia chebula Retzius extracts.
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Fig. 2& 100°Ce] S75¢) 2o mehe-g g2 717k 5
3 7] FEH9] HoM FHHE ‘"%J(FTIR)OM Fig.
20)] vFeRt H}g} o] G4 FZE-S 3250 cm-3350 cm ' F-2o]]
A Z4st O-H &5 =S Yeh)] A4 2o EA5ks HiEA
S|EEAZ](-OH)E U= AE35S 21013% I ok =3
l630cm'1-t’"1°ﬂ7\1 ﬂef‘f‘ﬂ(c 0) 1470 cm™ 7—701]*1 P

iEﬂEﬂ(CO-O)A —?{%Oﬂ 46} sm=g saLol o 4 9
o} WERe S-S RS 3300 cm™ 2o 7S O-H W =
E Yeh) s S =2A7|(-0H)E, 1700cm” 23}
1625 cm™ F-2olA 7F2HA7](C=0), 1470 cm™ F-Zol|A] W
= AE(C=C), 1030 cm™ F-o)A 01]*EﬂE7I(CO-O)«] 2

X%E 937 yeEgith € FEES EEFEES Y
S E= 30000014 3700A 0] WAL 7t & unuﬁ =R
o8 1o #lsA -0 EAE IIE =+ =, O

o mlo{

FHEE E5 FEEA 78 Wi 9325 Yepy ﬁittﬂ
= Aa Fxd SAske Fled -0H7]e] ASNFor
phenols®] H& FEE YERHER 7EAdnlel] = 58421
ehdo] Ao ¢ & FEEvE AE vepth 945559
NJJEE“’ WEkeFZ50] 1700 cm”, 1625cm™, 1452 cm™
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Fig. 2. FT-IR spectrum of Terminalia chebula Retzius extracts.
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Fig. 3. Effect of dye concentration of wool and silk fabrics dyed with
hot-water and methanol extracts from Terminalia chebula Retzius on the
K/S values(80°C, 30min.).

o2 Fl¥ri(Pantoja-Castro & Gonzalez-Rodriguez, 2011).
wEhA 7Rl dEFEES S BdeE FYE, Uﬂ
SEFEES YAl Bargh npel o] TlEaE

o7 IRIFAUT

32 7IXtdOl &80 My

32.1. FE W3l wE GAEA

7ib gl E5 FEEY vEe 3 o] Fho e
HAERS ARy S8 A 0.1
3, 5, 10%(0.w.b)= tﬂ:aw , SH] 1:50, GA= 80°C, EAY
AIZE 30, GASIFE 131 sl AHEI BAE o
of FRFe] WSS Fig. 300 UERSITH &, A ] A
WS AU ET, ¢ FEE WS FEE BT
o] F&7t vﬂz}n% A EL] K/SFre] F7tsle] dzbeo
7Vt 3% oPdellAe ket ZUHE Holi s%elARE
FAHE B 7IXEvls 49 FEES WEe FEE BT
Az FEe wE At WSl FEj7t Langmuird] &
FHFAT AR FEE UEhlo] oA AFo] J*O#E“’
04-,:13}(Trotman 1970).
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Oﬂ metre EFFEes @FPel ves FE=

‘:]' Hl ole G FEEC] SUF Bdo® 4 e
uie} o] F7AsE Fog BRIk F{o] o]Foix|aL o4
Ao} 2 ulH (phlobaphen)o 2 W3] 18 422 AL 9l
7] Wi}l e FgEnt. @ FEEM e A=
g dFEE YERET ol 2 FEE JEE de
879%1 ®ide] o zZ &M, Ao |4, 53] 74, |,
ed 5o do oigt Zt@]ﬁo] AX 'S fJA S o
2l Ao E HRlrh Hegg FEEAME A¥ERTD BRAE
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< 7Y Z(Kim & Lee, 2003) YA
7hrEElE wdoR gzl W 9 & vhde] dMeA

A= Aol =A BHAIE ul tiYoo et
al,, 1998). olsto|= EAX7} Az HIs|A WEL)Rke] 2
omz Al & wRFo K/Sge] ARERT A4 vehd A
o thh TS FUS 2o K

322, 9ELE WAl mE FUSY
Pt Gl G FEES TS 35 gole] GAeme) n
2 GU5YS HAuins) 96 G LEE 20°C 40°C,

gAe] F= 5%(0.w.b), &
50, FAAZHE 30, FMSITE 15E sto] AHE
H3LE Fig. 40 YeERISITE A%
g4 F2E YEE 228 25
Gt S7HRE Fae] S7RIEH], 60°C o7
£ 9 2712 Holg 60°C o|Fol FReko] IA 7t
ke AL & & 3tk olE 60°CE Holok T A5-2] mA|
T FEEIL EE FEE] AT 4
et 2eu e A= 85°C o)
3 A& &3] YR BER HAAES RAE

%_l F

2]
i o2 80°Crt AAdsitial g4 Uth

o e

7E Gl G FEE WEe FE G FAAZ| uf
= A GRS 10, 20, 30, 50, 70
Aol F& 5%(0.w.b), EH] 1:50, G2
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Fig. 4. Effect of dyeing temperature of wool and silk fabrics dyed with
hot-water and methanol extracts from Terminalia chebula Retzius on the
K/S values (5%(0.w.b), 30min.).
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Fig. 5. Effect of dyeing time of wool and silk fabrics dyed with hot-
water and methanol extracts from Terminalia chebula Retzius on the K/
S values(5%(o.w.b), 80°C).

TE 80°C, @M3ITE 132 3l AAE RAE 5]
o] FFe] WslE Fig soll UERNSITE GAA 7] WSt
e AZXEY BAEY AR AunY ¢ FEEY A
S AAES BAELS 108 F4 A GAE FHe] K/SHel
Z}zk 9.5172 7.423, 30 FMOZ K/SEHe] 13.1749} 10.356
2 A Fkeiied o ol He et F7He-S yEh
o] 702 FAo%= K/SEko] 14.1063 11.905 A=S e
o} WEke 228 AL AXEF RIAZS (08 94
Al GAIE FHO] K/SEEel ZHt 5.5159F 5.005, 308 HMS

T (}:1 N =

ge] Bdo] 7ed o= Al

324, WA wWE GY &

WA gl 5 FE2EI HEgE FEEE A% AFE
22Eo] gAY FFel mE GUEALS AEns] 93
H 1:50, AEE 5%(o.w.b), B
Cu, Fe, Sn MIEAE FE2 03%(0.wb)E 3] Zmjd Az
sk W Hells A wid, A, F vide] e
o g AMEZ 92 Mis A 2sdo] glonz S
doz A= 497 B, Tl A Aes Ande 3t

£ 7A$7 2o k(Kang et al, 2001), F2o] @ AlekAg
b 9] £ AAlE ol8El] AN mie A X
£ 3 F Jasly, A dees F5UgAe 28=e) 2] o
ol G&tefo] Eol dwtHoz Frjyd A2)E SLE(Kim et

al, 2007) SuldHES AAEIS T wgd] T A ES 23
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Table 3. Color characteristics of wool and silk fabrics dyed with hot-water and methanol extracts from Terminalia chebula Retzius by mordant
concentration and mordant type (dyeing: 5%(o.w.b), 80°C, 30min., mordanting: 50°C, 30min.)

Fabric Extract Mordant K/S(400 nm) L a* b* H Vv/C
None 10.42 58.66 6.17 33.56 262Y 5.70/5.30
DW Cu 21.32 30.99 5.86 16.72 1.45Y 3.02/3.03
Fe 12.09 45.36 0.40 17.79 6.57Y 4.40/2.84
Wool Sn 11.37 60.49 7.47 33.75 1.96Y 5.88/5.45
None 7.89 68.27 3.18 36.06 406 Y 6.66/5.57
MeOH Cu 15.50 3943 4.03 20.13 333 Y 3.83/3.26
Fe 9.80 46.80 -1.89 12.70 023 GY 4.54/2.25
Sn 10.82 66.41 8.67 3525 1433 Y 6.47/5.81
None 13.17 51.69 597 26.24 237Y 5.01/4.24
Cu 21.13 30.34 7.98 17.10 9.836YR 2.60/1.28
bW Fe 18.44 26.63 1.31 5.86 6.18Y 5.20/4.42
. Sn 14.04 53.57 4.13 28.18 3.56Y 3.78/4.35
Silk None 6.81 70.63 2.78 29.08 414Y 6.90/4.61
MeOH Cu 18.57 37.89 8.47 2333 054'Y 3.68/3.98
Fe 14.54 30.49 1.24 2.62 787 Y 2.97/0.78
Sn 9.50 68.98 1.92 32.39 462 Y 6.73/5.01
=9 A A 545 Table 30 WeERAiIT. - w2 Table 4. Washing fastness of wool and silk fabrics dye with hot-water
AXEY BAEY Ao I FEEH WEE FE2E EF Y and methanol extracts from Terminalia chebula Retzius(dyeing:
Adz =@oz gt mjdd] wE AZES} nE 5%(0.w.b). 80°C, 30min., mordanting: 0.3%(0.w.b), 50°C, 30min.)
o 9 st e Avn Y S ST KIS Fabric  Extract Mordant Color Stain
ol S7tete] widel oJa) o] Fmrb AojHE g change  Cotton Silk
= Cu HES] H2FFe] 7P S7HTE WA A None 23 45 45
o] AAHSE AWRY Cu WPEE a*ghe] Wshks 34 DW Cu 3 4-5 4-5
o} prgre] Asrb A VER) 27 u7F SR AL, Fe Fe 23 4-5 4-5
PhAEE asglst bege] o] JA AshEln Awst viokd = Wl Sn 4 45 45
Mslsh YA} 7107k geA B471 2] AdstE ek None 4 45 45
o, Sn WUTE aghd} biglol 2 Aelrh gl FejdEe ot 4 45 45
Aol vigslel 5ol £ A AL Rk G2 ) Feo 23 45 45
A Gu) 95 F2 D RS FHES @B gl Cush Sn 4 45 45
Fe MiA1E g3kl TlFe A3 B3R 2] /b5 4 None 4 = =
o= vheth, GbE ARV FEg0e met e pge] A oy G 3 45 45
25 F& F AJYNam & Lee, 2013a; Nam & Lee, Fe 1-2 4-5 4-5
2013b) 2= 92 7 Guls FEgolo] we) 43e] Fol - sn 4 45 45
= Yeh A gt None 4-5 4-5 4-5
3 4-5 4-5
33 oA HAZE MO g 12 45 45
Table 4 712 &l S FEE3} vEe FEEE 94E Sn 4 4-5 4-5
A% B gaxe] AgAZes Jepdidey. Feide] 49 A
FAUEE ZHF FEES 4, WEE FE2ES 452, TFF AAAE AL F7) Fe] Aol olsf AlslE o] FAR AlolEH L
FEuolA 2-3, Wigke FEE0lA 41 RPN E B} 95eet 2 Fo] 7=t 7Hhel olsiM®= o] Alolddew Hh
Al Yepsttt, 2y Mas sl =W AGAze] AR|wrF & (as cited in Sul et al, 1995). ©]&{3t o]HF= F&Y3 2138}
s8] WA W7F J9ew 53] Fe MiHE] A= A7t A dol 7] Fe mjHAle] F2fe] &olgk A&Eo] Algtel s A
Al el F53e] ko g gallshs g 94 AlYEAGo] W37 ZA] vebz] WEd] Aos ARt e9Ee AT
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Table 5. Light fastness, rubbing fastness, and dry cleaning fastness of o)
wool and silk fabrics dye with hot-water and methanol extracts from ez A v Tod s o

A e Fujdxe] 4 g5t o
Terminalia chebula Retzius(dyeing: 5%(0.w.b). 80°C, 30min, mordanting: 2 ] o] B A5t e

Ix
o,

o,
o
)
Al
k1
rr
olN
-
L)
rr
m

1
i
y T
3‘.“,
,{l
jasi
%
2°
—
%
B
e

r—-_ TEE —L-T

0.3%(0.w.b), SOOC, 30min) ﬁ}—@' /B]'EHQP g“‘ﬂ' }6]'3101]}“1 455 ]}‘ joz ¢ °]’7'" L]'E]’
1H [e=] = X
Rubbing Dry cleaning Mq Cu9,]— Fe UH TZI»(—)EL- U]'Ezj_ ] ]' Xi O]’ o]-L]- Sn UH ]
Fabric E Mordant _€ht Fastness Fastness Aole 2 498 ,3_ wkx] grol 7|z} dnf FEHE FGM¥EL n}
apric tract ordant - - -
: fastness T Color e AR EE PAHoR $58 Aow FrhEdet. AsATe]
Change Solution AME(Khan et al, 2005) W2t Aihg JAE DA Eo)
None 3 4-5 4 4-5 4-5 nRAEE =4 HrEd)
py w3423 4 cajolZey AEE Awun d59) vee 2EE w
feo 4438 T AR YEE BAEL 457 ol ANELS 4553S
Wool Sn 4 4 4 43 Uehflo] 953 EejolZeld AFEE /HKTE RS & &
None 3 454 4549 Ak 8AS] QUE BF 4SEFOR S5 UeRgTh
3-4 4 4 4-5 4-5
MeMeOH
Fe 3 34 3 4 4-5 3.4, YMzo| A
S e B P ol L5 FEED RS FEES o18% A, R
Nome 4 4 4 45 45 Aol FATERTE, dFde] e dadRst dve
C 45 34 4 4.5 4-5
DW ! Table 6o YERIIT. mHe] A, RA%e] A9E & 4
o @ s s o] 15| HolX] ggrort FALEY THol e B A%
S 3-4 4 45 45 4-5 -
silk . 2 Ay 7t Qe 5 F2E HEs FEE2 Jud
None 4445448 A, 2 GNE BT 99.9% e AvE vehon] v
C 45 4 4 45 4-5 o _
MeOH Aol 3 FAAE BE RN 99.9%= e 053 A
A O 28 et HAELN FEE YR FREde v
. . - Aol o oje] 7k BjgHEe] BHow 2hgs] dojuhs
Aow wBuHoe]l QEd ZFJAAE phenold 33EFH
WY QoA 4-55HOF S Ao g YeRt alkaloid/F7} 2 #33l=t|(as cited in Kang et al, 2005),
TR ) 95 2B viEe 2R a8 A, 2 535 Zvze Wl nAEse daaed fo4 s 4
axe] ABAHE, seolZeld AYE, ulAANE A BAAES Uehle Ao Buso] UtkDo et al, 2004). 7}

(e}
Table 50 “ERJATE. 2] BPAdAE-S chebulinic acid’} ¥ A&y tlE Z8¥Hs

UFAZ =S AvHH Frjdxe] 4 BENzE I} dEE0] E}% Hrelo] ATl Barso] 1B R (as cited in
HEe FEE IF 35539 AYNEE 459 A= 92 4 Kim et al, 2005) 7} Gull 9 FE2E53 Weke FE2ES
F=E eI WG9S o RANEE 345, AR o]-g-gt %‘*A‘E% There] BRdgie] ofgh Aafe] W o]
£ 4559 =2 o ke AES Jeldh giAlz vt e dHAS el AoE AlRHE FNEEA e
2 G 2289 dFAFEE TX) ¥ AoE BiHo] Q) olEy FHY FAAN =2 VSR HEHY, d=ES F
£dl(Han & Lee, 2009; Khan et al, 2005), "idog AQM A E 5 YRldee2s dEA] i, dkdS "IATE A

Table 6. Antimicrobial abilities of different conditions of hot-water and methanol extracts from Terminalia chebula Retzius treated on wool and silk
fabrics against Staphylococcus aureus andf Kiebsiella pneumoniae(5%(o.w.b). 80°C, 30min.)

Reduction of bacterial(%)

Fabric Extract Staphylococcus aureus Kiebsiella pneumoniae

0(hr) 18(hr) 0(hr) 18(hr)

Blank - 2.6x10* 2.1x10° - 1.8x10* 1.4x107 -
Untreated wool - 1.9x10* 2.4x10° 0 1.8x10* 1.7x107 0
Untreated silk - 2.3x10* 3.0x10° 0 2.5x10* 2.0x107 0

DW 2.6x10* <10 99.9 1.8x10* <10 99.9

Wool 4 "

MeOH 2.6x10 <10 99.9 1.8x10 <10 99.9
Silk DW 1.9x10* <10 99.9 1.8x10* <10 99.9
1

MeOH 2.6x10* <10 99.9 1.8x10* <10 99.9
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