Journal of Korean Academy of Oral Health 2011;35(1):41-48

"M ESITHSE X|MT}, "I MCHSII X| DTS} OffR| BBt A, *TUOtMHA TR RYAIME], ‘Sl FH=R21 oM X| | TfSHALIE!

=

Antibacterial effect caused by the combination of xanthorrhizol and
several surfactants

Hae-Sun Kim'?, Si-Mook Kang®®, Ho-Keun Kwon?*4, Baek-Il Kim***

"Department of Dental Hygiene, Baekseok Culture University, ZDepan‘mem‘ of Preventive Dentistry & Public Oral Health, College
of Dentistry, Yonsei University, >Research Center for Orofacial Hard Tissue Regeneration, “Brain Korea 21 Project

Objectives. The aim of this study was to evaluate the antibacterial effect caused by a combination of Xanthorrhizol (Xan) and
several surfactants on planktonic and biofilm of S, mutans. An additional aim was to confirm the safety of a combined solution
as a MTT cell viability assay.

Methods. The Xan, isolated from Indonesian folk medicinal plants, was used at concentrations of 12.5 and 25 ppm. Ethanol (12.5%)
was used as a solvent, while sodium lauryl sulfate (SLS; 200, 250 ppm) and sodium methyl cocoyl taurate (Tau; 250, 300 ppm)
were used as surfactants. The planktonic S, mutans ATCC 25175 (2% 10" CFU/ml) was mixed with Xan containing surfactant
and ethanol for 5 minutes, and counted as colonies of live cells. The antibacterial effect of Xan was tested by a biofilm model
with S mutans, which was used with the saliva-media, hydroxyapatite (HA) disc and BHI broth. The cultured biofilm on HA
disc was exposed to the treatment solutions mixed with Xan, surfactants, and ethanol for 5 minutes. This process was repeated
at 16, 40, 64 hours later. MTT assays were carried out to evaluate cell viability and cell proliferation after exposure of Xan.
Results. Antibacterial effect of Xan on planktonic .S, mutans significantly increased when applied with 200 ppm SLS and 300 ppm
Tau (p<0.05). The formation of S mutans biofilm was inhibited by 25 ppm Xan mixed with 250 ppm SLS or 300 ppm Tau.
In addition, the cytotoxicity of Xan was similar to that of 0.2% chlorhexidine oral rinse.

Conclusions. The solutions of Xanthorrhizol with surfactants such as SLS and Tau showed significant antimicrobial effect on
planktonic and biofilm cells of S mutans (p<0.05). These solutions also exhibited biological safety similar to chlorhexidine oral
rinse.
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Curcuma xanthorrhiza®] ¥+2] F- oA FE3 JEYS
(Xanthorrhizol, 1,3,5,10-bisabolatetraen-3-ol, Xan)©]t}. Zk
EfEe 74 Ul A= g8 Hold FwaHE Y
ERH, 53] Xol-alF WU dFQ Sweptococcus
mutans (S, mutans)®l| oG A EHE 7= o=
Ao, e Ee ulo] P E9| gtol= A}
Zo|oA S mutans ¥Fo] LB E-<] 0.025 mg/ml =9 7+
EHES 583 =321 AT 61.9% vAEo] A
313083 =EAIE B 80.99%7HA] TAaEE Aom &
A4 Ao, a8y FEIZL sesquiterpenoid Al G <]
S} EM A4 (hydrophobic)©] 5A4E ket 4yt
Aoz oFE2 GalHo] e AT FYAES
ek 7 Qo= A5 54 A
o] FaaIdE Yeh Al 3] HsliAe= A N
71- 8w E ARE-3te] 7HE-3F AlACkstAL, ol gt FElE
dH o= FAete= Blo] HQslth o] & faiA = 2
A3 fF3HA 9] A-g-o] sy, eSS F5 A
2 AT AME FE dimethyl sulfoxide (DMSO)S A&
ot 2y EESS A AFllA FAFER] A 9
g2 &8317] feiAe e 22 ko] R
F fF718m o] ARgo] ettt ey JEYEY A
G AdEERe 2 7R AL & we ALFER AL
B3lof atH, ol FAUERFTS HIES 4 FAES
Z

N 5 AT, oA A& ALE-3 A TR

ofr

241 HaE-de - oA LS 7HESA17)7] 9
3A 20% ©)’¢e) Aee-& AHE-8L7] w2l o2 U
TR A= B oj-o] 59 kAL Fo] A7 o
Qe mebq eSS TAEN A JH M
a3z o g &ga7] feiMe dderE e s Haw
st oAldede s =Y & de =R 7T
&3} Wilo] dag Aol

oy T8l & A e S 7HeE o=
HO 2= AAEAA (surfactant) & ©]-&-8F vlo] A= o
F19 A, T8l (cosolvent)©] A, F44 EZHO
7}, AtolE 2 H = E ™ (cyclodextrin) #42] B4 &4,
A4} (solid-state) ©. 2 o] WH3F 2 = 2 = & (prodrug) FA
T T W EC] 3t olE F HMEAH 2R 78St
71 ol AR AMEAdAl= & el mlo]Ad
(micelle)-& FAJsto] H8743 oF=9] 7H-3lE w=t vt
o] e & oA FHAAHFAEFA) EAbel s
FEHE dAeld. &% 35 A (amphiphilic block
copolymer):= 8- Aol A 3)gtste] W2 2 9
A3t oo M 9oz FAEE vholde ¥4
gt o] vho] A Witol] 25 oFES BAFCeEMN Tt
83p7} o] Fol Xt

olof]| B AT EA-L Curcuma xanthorrhizao| Al =
& 384 Fa e FEYES 7HE717] S8
AEEe] eSS AR 5o AUBYAE B

F3t0] 718818 A17)E PHE BASHE Aotk B

N

~
~

e

= T
S mutans 5~ 2d7) vlo] 9 WE 2l S o]85}e] A
& AEo gd9 gt AHE Hrlslal, MIT AlZ5
4 ARo=E MRS Hrtste Aotk

1. A=

1.1. ZtE2|E(Xanthorrhizol): ¥ Aol A A}8-3F Xan
2 vlo] 414 AFA(AAN )N FF AT
Xane oF& 21801 O zanthorrhiza RoxbS W EFHE-S- o] &
st F=3F ¥ flash A AZvfETH T o 2831
AR Fo 7 AT} Alsilica gel)S AHESFAL, ©] 57
o 2 " o}A|H o] E(ethyl acetate) S AF-8-3}o] A5}
AP, £ ATl o83 REE FEE 125, 250
ppme] QY. FEHZE 99| A2 Rola &

an



7] S13) |A 100% o eSS ]88t 1259} 250 ppm©]
A 78N (stock solution)S A| =3k Fof 3]st A8}
At

1.2. AHEdH|(surfactants): & ATollA= FHEE
Z 7H3HE flelA] A ool A ﬁl%%‘ézﬂi g ARE
T 31 ¢+ sodium lauryl sulfate (SLS, Sigma Chemical Co.,
UsA) 9} Ax=A AWMEAAAZ 4R Sodium methyl
cocoyl taurate (Tau, Durae Co., Korea)S A}-8-3}93t}
EfE9] 718355 95 21& &E4317] S& FEE
o] e 28N ARLA XS T3t
HF AMSIA Y] F=E 2H2F SLS= 2003 250 ppm,
Tau= 2503 300 ppmo] H == 311, o] uf o e-2-2]
e 12.5%0] Atk

2. A

2.1. 239 i APl AHES FAPAEEE S
mutans ATCC 25175 @55 =483 std74 AEat
AAY ZHE Fol ALEstR e, o] #55 BHI
(Brain Heart Infusion, Difco Co., USA) agar Bj X|o| A <=4~
B ATt 484171 St @71 Hl (5% COy) ¥ 2 2
H g 2~3NE WFo]2 AHste] BHI HAu|R] ol 3
E3te] 37°C w710l A 241 7F vl Fat Tk vl g &
F2 2% 2x10' CFU/mI®] E %2 10% glycerol solution
o o} —80°Cell Hyste] Ayl o8&ttt

22. 59 M S mutanse| st ¥d HIL AEDE
A Z/d A (SLS: 200, 250 ppm, Tau: 250, 300 ppm)Q]- %
= 5 12.5% olg-Zell JEHE2] =7} 125, 250 ppm
o] QCE‘ 233t ATh Z42te] E3HE-2 1.5 ml microtube
o ¥i & £ F URE ofFet £¢E 43
/-8 800 19} 2x10" CFU/ml S mutans 200 ;15 1.5 ml
microtubed]] 2o] 73} fHo] 17 X O] T2 3 5 58
9] W S Folshelnt 5% 5 AP Ee) HE

2 7S HF 10 7R FAsiden A8 g9 20

A3 iHH 3l 15% X}‘jr(sucrose)ol &4 % MSB agar

% o Het T(CFU/ml)—g ﬁﬂ’s}%t}.

2.3. S. mutans HIO|Q ZE0|| C{SH A3 Frh: AT
A AR A npo] B E FAES FEsHy] 8l A
01 e} (Gastric musin 4.4 g, NaCl 0.762 g, CaCl, 0.426
g, KH,PO, 1.476 g, KC1 2.228 ¢ in 2,000 ml distilled water)

Aol 2 AHSLME HIIE TEZES| Swrat 43

o 27 10.6 mm, ¥°] 1.3 mm9] $4+8}Q13]4 t]==
B 97 447 B9 37C FLI)NA TYSA A F
Bl o 2 FE T £213013 A t] A3 E QFEFH (300
11)°] 03% L= (HE L= F= 0.15%)°] e

BHI HAIA](800 «DE 1:1 HIERE 412 E‘r%‘-ﬂﬂﬂ
(saliva- med1a)°ﬂ 2ot HEH o R S mutans 200 p1E
HEAR F nlo] D Fo] FHHES 37°CH 7] v st
ATt 16, 40, 64X13F B F Al ol A= 5 Ebed-ul 2] (B}
(800 1) +0.15% =7} 0.15% A (HF 0.075% L=
F+0.075% Aol FHrEl BHL AR (800 D)) 2L
Aal FAet.

Hl g 5 16713 Aol = nle] @ HFo 1 e Haas
A EiA R £717] A3 FaEA 0 ml, Gl s E<t
AR F A AErE Hli*@}"c‘t}(3><2 ml, 10% &
W AHAIZD. AH 3 U225 A28 Py -H =
2 & wFBFATHBTC, 10% COy). ©1F &4
2 20, 24, 40, 64X = ThA] BHES) Q1A 4037
XA Ol = vl A a gk 2GS Ald s
RIS tazel] FAE nlo] L DF W dAIF
= SAs7] fal 1 me] A=A E57E E0lde TR
Haas ¥l 5% ¢ shsstdlen 2534471
o] g3l YA FAE Hojmmgn) Hobxl wAE 10
74 8 43te] MSB B Aol =dEle] 48A1%F F<F 37°C

oA 7] w ettt 48413 - MSB i Aol Uehd o
AL st HF CFUmIE ALkskadth

24. NE S44%7E 2 dTelxe Bk 45 A1E
S e] bAAS HrFstr] fsiA MIT A X254 H7t

£ A3AEATE APE9-e 12.5% ol e-&+200 ppm SLS
+250 ppm JEZZE, 12.5% L2 +250 ppm Tau+250
ppm AEHES A|FFOE 3P 12.5% &2, 200
ppm SLS, 250 ppm Tau, 12.59} 25.0 ppm ZHEHZ, 0.1%
F22IAH I obF AL HVeHA] e B5-E vl
o2 &tk 5X10° cells/ml 929 A EF" 200 p1S v A
(Roswell park memorial institute-1640, Gibco BRL, USA)¢]|
BaL 24A7F Rt A kS sHaATh 24X13F B3 3wl A
= AAN WALzt wellol] vi A&} A A1 84S H7F
& o 5% &< 37CAA WA 5B F 3-(4.5
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
20 15 2} wellol] 71 5= 4A]3F &< 37°Col A vl &F
stttk M F welld] 2E &A5 A ASIL DMSO
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200 plE F7Fete] thA] 308 FRF 37°Col A wi g F
H| A ZH (570 nm) O.2 M| 9] APEES S8t A
o) g =4 Hrlekdth
25. FARM: A998 T4 A& nle]
v 34 A a9 2 AEEA 8239 s flsiA
ANOVA ¥4& Alatdon, t5%782 Duncant
Tukey?] AFE H4 W oz 3RISHYTE 79 F5&

e b | [e]
0052 At ZE 412 PSS 12.0 = 13 (SPSS
Inc. USA)S ©]&3tAth

1. 7}2815 XEZ|E follo] BOM S mutans©l LTt

YRl
BOM S mutans RS AR5l REZES] SdFE
BV A AR ST ASAUS AS 125% o

A

L}E}IH A Z3)tH(Table 1). 3&%3 SLS= I AA| 7} &

32
& BuleINE 323 7183 517 2ojel Fee
S

& RENE T

B7F QoA 250 ppme] 7

rJ

2. 7123tEl RHER|EQ| S, mutans Hio|Q T Eof| {5t g

Tan

ZHE 2 Z(25.0 ppm)S 1% DMSOd| 59S wj B k=
(Table 2) &7 AALHAE ) o]8-3) 7H8-314]
s W S mutans o] LBE /3 JA BT} frost
Al =4 Uelytth Z eSS d50 2 X5 4]
Y-8l Hrh= SLS B Taus 713 Al g8l A n}
o= A A a7} ZF2} 12.5% 9.3% S ATt
(p<0.05).

3 HE =4 I}
250 ppm FE9 FEIZE AA = 0. ]
of] nlal AME=/do] fFostAl kTt 553& NEYE

Table 1. Antibacterial effects of xanthorrhizol containing surfactants on planktonic S. mutans (Log [CFU/ml])

Concentration of Xanthorrhizol (ppm)

Solutions

0.0
Dstilled Water 7.72+0.02
None 7.48+0.14
12.5% SLS (200 ppm) 2.80+0.18"
EtOH SLS (250 ppm) 0.00+0.00
Tau (250 ppm) 4.01£0.13*
Tau (300 ppm) 3.61+0.12°

p-value
12.5 25.0
7.58+0.15 7.5240.12 0.470
1.80£0.17° 2.09+0.36° 0.007
0.000.00 0.002£0.00 -
0.90+1.56" 1.29+1.14° 0.028
0.00+0.00° 0.000.00° 0.000

The differences among the groups were analyzed by one way ANOVA and Duncan's post hoc analysis. Same letters are not
significantly different among the groups at the 5% level of significance. The data shown are the Mean+SD.
EtOH=ethanol; SLS=sodium lauryl sulfate; Tau=sodium methyl cocoyl taurate.

Table 2. Antibacterial effects of xanthorrhizol containing surfactants on S. mutans biofilm

EtOH (%) DMSO (%) Xan (ppm)
12.5 - -
- 1.0 25.0
12.5 - 25.0
12.5 - 25.0

SLS (ppm) Tau (ppm) Log (CFU/ml)
- - 7.9240.05"
- - 7.85+0.05°
250 - 6.87+0.02"
- 300 7.12+0.14°

The differences among the groups were analyzed by one way ANOVA and Duncan's post hoc analysis. Same letters are not
significantly different among the groups at the 5% level of significance. The data shown are the Mean+SD.
Xan=xanthorrhizol; EtOH=ethanol; SLS=sodium lauryl sulfate; Tau=sodium methyl cocoyl taurate.
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Fig. 1. Cytotoxicity of antibacterial agents by methyl thiazolyl
tetrazolium (MTT) assay. l=ethyl alcohol (EtOH, 12.5%);
2=cholrhexidine (CHX, 0.1%); 3=xanthorrhizol (XAN, 25 ppm);
4=sodium lauryl sulfate (SLS, 250 ppm); 5=SLS (250 ppm)+
EtOH (12.5%)+Xan (25 ppm); 6=sodium methyl cocoyl
taurate (Tau, 300 ppm); 7=Tau (300 ppm)+EtOH (12.5%)+
Xan (25 ppm).

92

S == Taus} 22 AASAAS o] L34 718314
Ay g ALE 0.1% FEEFHA o) H|s|A H]
gt 7o AE 545 JE i tHFg. 1).

M rﬁ

B AR E 24 U A4 T3 tisix &34
% E_Ti% o) Ty AJo} kg AR =
v I e = sty f1siA
AFEo oNe-2(12.5%) 2 AAZAA|(SLS or Tau)S H
&3to] 7R F FEEdE Hrksk
AEZo e Bud e Ay 434
A e 7H-EHE A8 1~10% T =] DMSOE At
£3H oY, 319k DMSOS] QHg Aol tl g A7 o)
A2 HA] giAEA] ealo] Fa 3t Aoz gl
] A5 AL LS 7HE3H1717] fleliA 21~25%
o] o ge-g AgSta Y. SA|k o] Y= FFo
g2 A9 B3 %7] "ol Zhesithd Bk A
Hgo] FiE ALY Ado] Pasip .

T Kol IHEPEo] 7}5@} HA B2 Aoz AAX
o 224 200 ppm SLSE 7V IEEE] FtE

Aol o : AHSLME HIe TEZ|ES| Sordt 45

00k

o] ZA YL o] SLF HEHES 7H-EAA
7l wo 2 ARATh EE Tae] 44 AEelEe] 2
7} 2503} 300 ppmS H7VEkAF e o] A S o
TEE] 7HEEAES & 5 Ik AW FEY
S 83 APATNNE ZEHSS 7183141717
8 DMSOZ F2 AHgdlog B Aol e 4%
o Axehs HRE A4 DMSO thal A&-ES AR

skt

IurE o 2 DMSOE dllehgol Hls| Hx9} 1311:7]_5_
Il g B 1]:]_16) welA DMSOE ER}7F 9
S Waste] A= AL oA A DMSOE
Sro) dnt ohy e} kol thk -3 wol A
U] ARg-o] AgkE] 31 )tk Jennifer 576 w217 A)
X7} DSMO9 718 0.2 =EF 7% M|AEAMH apoptosis)

U 5 vk ﬁ_ﬂé‘}ﬁﬂ e g de oF
o

= 2 8 EREA AREE Pk JIAE
AR 7E2E 2 ok S ARSYA = T8 ol A
vpo]d-S TAdtar ol FAE RIS Fdl FE
4 FEEEE S 8 el 1T FAEA &
o}, oA whold Wi i-el| EstE FEEES A2t
HESH = Al oz fd=o] 28-S yE
Wk @9 ARSGA = ol 25 5 9 @30 w=
lold Aol JeS etk viv 50 428 )

Al A A o of gk mlo]d o] F7]7} HAslE ] &
Zo] Zolevta Rusigith ek B dAFex Po
7 ZEYE 7183 a9 GI S AUSgA
o3 YA e vlo]d YRE FEZE0] FY= o
aHRA O R 7R3 He 713 wiolgtal oA

Hlo] @ W58 FA3haL e Al Ff ] A
AERT FAEA] g e WAL 2] o Fol
Blo] 2 FE Hrlo M= AEHES =+ 250 ppm=
At AFEAGA A o] FElskA e
b w25 Addste] Pristaith. 2 A# SLS 250 ppm©]
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A ATo] ot EYESH FE2IAAYS i
o7 Bae Ao S mutans® W3+ minimum inhibitory
concentration (MIC)S ¥ WP W] 44 2 pg/mlz}
1 pg/mlo 2 Hojd FFEFES Yehdtka SRy
=3 X}Etﬂ}——o— 5 pg/mle FXoA S mutans®] v}O]

n 63/\'] S 60% 77—}\}\]7:] ]]ﬂ1 ‘6:]/“] S ]H]—Tﬂ- 2= l

Aoz B © uk . &A1 5k o] @ BE o) gk
FATFoXM e EEo] vg] IR E FH nio] L
5ol 4= RS Adlshe ads KBl slola vt
LIE A A AA w3 FHo] uj&dk 96-well
microtiter plateE ©]-&3 7] W&o & Ao A AL8-3t
Ho] @ AE Rl e Zpo|7} lrk & ATl A o]
&3 vlo] e E B2 Xo} oz dezl F4tks)
A3 E ‘:]*i FE R A=ste] Bt AA| Z|opel] 7}
7he £ F2E A EEATE vlo| 8 F A4 A &
o} 53 ‘:H—‘lj—vt_"-q "%@ oq:rLc‘ﬂ/ﬂ% R ﬂ'Eﬂ%i

o

O e rlr %

&5 5wt =3 EHR Al B
E A8t o] AY HHQ 8918 wrgsh
2E dy nwd e siolgls HEAIZHE 183
S ] SLSS} Taudl] 93] 71838l9 A ETZ2] nlo] o
T 4 A 2= Hold Ao AAZ

SHH ZHE A A A8 Y] 3t eS %713 Takarada
5] ATtel o8} Manuka ol 0.25%, Tea tree oil,
Eucalyptus oil 1.0%, Lavandula oil, Romarious oil- 1.0%
o] MICE Yebytth. B3} Mentha piperita =+ Cuminum
cyminum essential 0il-S ©]-8-3F Shayegh 5°22] K 310 uw}
2 olg EZEY S mutans®| ™3+ minimum bacte-
ricidal concentration(MBC)7} Z+2} 6,000 ppm EE+ 4,000
ppmO 2 JEDZ °ﬂ Hlsl ghgo] dA3] v As
&5 ek 3, e A 33 eUEe A9 77
W 44 H}Oloén S AAlst7] M= FEs] L
SEe] FRAEC] dady ol&S 7183} 517 sl
32 71 &ul B ARG A 7} AR o] of st Al

§2 o

7k giek webA & A5 B3 =EE Hes e

ol&3t JEFHES BT A5 W2 sEA=E =7
53l
=

s ElP"* Sl ?%%kil"%‘ YEEY] A B4 A
Al = triclosan 52 TAELE TS A
Hlo]| @ & A A &g &35 YER AL
FEZE &840 v =5 A
e x5S A2 DA
A w A Fol gt o] mrhe AL B E A X 54
Al 55 F Uthe AS onigith 18 EE A2
o daixe MEFAY AALE B3l LS RiEA]
a7t Aok AlEs5A Jr A3 JFEZS T8
A gl AFEE A 0.1% FE2E2HAIHY
d BTt A9 fFAFSHA YEbstth whd o g
AU GA 7t 2FEHA] e =53 AELE] A
0.1% 223 A do|| vlg] MEmAdo] EA
ot SHARE Al A o S H-
ol & Ao Hol IEIHE TFEH AE=5A4
T2 AMGAA ] G AR HAXT 53] S
A 7HA ol Hold A AR X oFo A 7}%
AFEE T Q= A A A oIt} 1L} SLSe
% Z a‘_{_} %_1111. o]_]/]a}_ ZHB]—/H o],_z.E].}H ;q]olz J=19 g g
77l AleZ deA] Qo] A=A gk A7t
a ‘ﬂ% 2 40142“5) ayeE 2 Oﬂ%“ﬂ*i“
7 Taugs AHE-S

=

M 12 o
dit rlo m?L'

3)

/\ﬂ kv E/\-]

O

uZi &” N
N 12 O ro Wy

l
|

(¢}

. ol ANE BB AT AEA A2
T2 FAAR Bl zHe] 23 Y AU Aol
£ ARG FEEN gl AY FHEX A

AEE Fhsstele AR
& APAAE AR AP FE 27

0}“:1 O}Efﬂ ﬂﬁﬁ}fﬂ FEZS T 2
QIATE Bash mE GF olekLo] 43 WA
H FX Y s Q] A gl 43} A

2 < (Polyoxyethylene hydrogenated caster oil) 5
& 3 sk o] Wasit 9, WA



A 9 7Hgt AA AYE FRAME FAG F

|
85 =R ASel 223 37 Alsdrh
ARHo R F&Ad A EAR] FEHZ SLS
o} Taus WEE A 32 438 FHFS 710 &9
R 7HESAE 4 dlem, o §HL S mutansol
A e FHERE BoluA 7| 48 22
2IAAHHR FARE A2 AEEHS RHole AoR
vebth olgf st A7 Ao &8 A9 T 7Y
TG Yol zt= FAE-S HAsAF] HAE JE
&S 8T 7RI A AxTt s Agoln,
obd fohd AAAES zha = Fxke] TR

of B 5 AF AR Fhssele s

22

2 Aol e F8A oFEQl IAEYEE o] &3 +
FEA Y s QA 73 Ves gl on o
Ft 7Hest WhH T AU AAA Y a8l gk
B94E Fi4 2 vlo]dE B H83te] o3
42 A9E 4%l

1. B4 S mutansl| g 322 Tauol] HI3) SLS
7} XA, FHEGEHY A||A &= Taudl| A B =2

Al YERst

2. vloledE v Jridy, B4 2dd fAkst
A ZEZET AHSGA ol o dwtHo] s
He d44S Elsith

3. vpo]eBE Tdlof ik el 12.5% ek +
250 ppm SLS+25 ppm Xan 243 9] Egtlo A 7} =7
EFGTHp<0.05).

4. AUBAAA S 0] &3 FEYZE 7183} S99 AE
EAL 71E0) 7 G ERER gol ALS
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