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Antimicrobial Activities of Organic Extracts from Fruit of Thuja orientalis 1.

Tae Hyun Youm and Heung Bin Lim'

Department of Industrial plant Science, Colleage of Agriculture, life & Environment Science,
Chungbuk National University, Cheongju 361-763, Korea.

ABSTRACT : This study was carried out to investigate the antimicrobial activities of organic extracts obtained from the
fruit of Thuja orientalis L. The native fruits in Korea were collected and extracted by 80% ethanol, and the extract was
sequentially fractionated with n-hexane, chloroform, ethylacetate, and butanol. The fraction yields of n-hexane, chloroform,
ethylacetate, butanol and water of ethanol extract were 10.15%, 10.05%, 1.45%, 45.35% and 27.55%, respectively. n-Hex-
ane-soluble fraction showed the highest antibacterial activity against gram positive bacteria, while the chloroform, ethylace-
tate, butanol and aqueous fractions did not show any antibacterial activity. Minimum inhibitory concentration (MICs) on
Staphyloycoccus aureus, Bacillus subtilis and Sateptococcus pneumoniae, n-hexane-soluble fraction were 100 zg, S00 g and
50 ug/disc, respectively. The antibacterial activity was not destroyed by heating at 80, 100, 120 C for 30 min and was not
affected by pH. In the inhibitory test against the Staphylococcus aureus, Bacillus subtilis and Sateptococcus pneumoniae, n-
hexane-soluble fraction showed potent growth inhibition at the concentration of 0.1 and 0.5 yg/mL for 12~24 hours and n-

hexane-soluble fraction did not show any mutagenic activity.
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o} ole} e AP EF FE AREske AEe] e
o gt A+2= F3}3 (Jeong et al, 2005), A5 (Kim
et al, 2001), 2P = (Koh, 2004) 5¢] 77} =)},
SR (Thuja orientalis Linny= S U (Cupressaceae)
Fofl Fshe 45 Q9 wEoE U7k 2 el EF (it
i), ¥1&E @), T8 @GE) 5o BAZ AR o]
kO™, sabinic acid, juniferic acid, hinokitiol, quercetin, saponin
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ARE a7} = AeFE HAEI It} (Yoon et al, 2008).
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2. NETZF

FZo| AFE3F ethanol % H3-8 n-hexane, chloroform,
ethylacetate, n-butanol> MERK (German)A}} Junsei (Japan)
Aol AdF AekS A&l o™ Paper disc$} membrane
filters= Advantec (USAFS] AFS ARESIAT Algol AL
¥ o= Bacillus subtilis, Staphylococcus aureus, Streptococcus
pneumoniae 5 1HIIT 35, E. coli, Salmonella 5 13
A 2%, 283 Saccharomyces cerevisice 2R 1% 5
T 652 AAste FEUThL 5845l BagolA
U Sg g Slol| A Egutol Aol ARSSITE o A5l
A2 nutrient brothi= DifcoA|F (USA)S agar= Sigma
(USA), potato dextrose brothi= DifcoA| &(USA)3} agar=
Sigma (USA)E ZHz} ARS-3FATH
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20809 &7/ 400 mLoll dE A7) ©S n-hexane2 1:1
&2 7kela & E3SE & 1~12A1702 W[ Sle] 53 F
8¢ 7 FOE UNEE it = &g EEska
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52 2.03 g, chloroform#gE-2 2.01 g, ethylacetatert2] &
9.07g 13 &
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Choi (2006) 52| gHulx] EPHS o] &3I3ith AIEE ollet
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ste] 100 pLA =TE plate’dol] SeEL 37CoA 2447
Bt mFEATt. 1B]aL disk 919 clear zone®] #73 (mm)
S A5 wAEe] SR e MICZ 274

ok,

Z =
HATEE

ol

7. MSKoll& (Growth inhibition)
89S UEFH n-hexane 8 Eo| PAE ASol| m]X]

E 9 AAIA 849 (broth dillution methodyS ©]-8-3}
o FAsA F, FEFES @S] &MA o
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Table 1. Yields (%) of various solvent layers fractionated from 80%
ethanol extracts of the fruit.

Fraction Yields (g) Yields (%)*
n-Hexane 2.03 10.15
Chloroform 2.01 10.05
Ethylacetate 0.30 1.45
n-butanol 9.07 45.35
Water 5.50 27.55

*Yield = solid extract or fraction (g)/raw material (dry weight) x 100

test (Mortelmans and Zeiger, 2000)2 =43} t}. Salmonella
typhimurium®] O]l TA 98 #5-5 A AME3IoH,
#7¢] JHIRIE histidin 274, fa EAR0]S] {4 o7,
uvr B 51 0], R-factor, sponraneous revertant’ld 5=
71802 ANSIRT, o vl 1 mLol DMSO 90 uLE 7}
3l —70Col| BaAsAAM ARSI S-9 mixture?} cofector-
12 27k Molecular Toxicol Inc (USA)2}F WAKO Pure
Chem Inc (Japan) A& AME-31%

Aol A AR ISHE7] Hetdt top agar 100
mLel| histidin/biotin solution 10 mLS 7}3le] 2 &3l 5
2mL? HEd ¥ grass cap tubed FH3FIL 100, 250, 500,
1000 1g/mL =2 FZE 100 pLoll vl2] viFAIA 600 nmol|
A FHEIE 030] HEE 4T TA 98 #9100 g 7}
3k o2 S-9 mixture 0.5mLE 7182l SA] vortex mixer=
2~3%7+ 2 ST o] 32 minimal glucose agar
plateel] o] Z3LF HAA st £3] tha, petri dishs F
Fo] 37CelA 48A17F Bt vldet & AE plaed HHAE
Aol colony 75 A3 EAEAH] g 471 &
A8 T8I W FHoE Ao, FAEAMe] J
2 7 AR Blsl dAs] ASRS W Aol
Atk At

2t Y oA
1. 72 FE29| #8
Zu ol AxBur |22 HE 2235 80% oeke
z} GujEEE $82 Table 1o YepAT Axd B
200 g2] 80% oS FEE-S 651502 AA Ax S
326%°] =& F& FES UERIIYH g dEs FEE

20 g0 ZHE guje] S48 o3t FAH R 8% n-
hexane Z°4] 2.03 g, chloroform &4 2.01 g, ethylacetate
oA 0.3 g, n-butanol oA 9.07 g Z8]3L T84 FollA
55¢8] HEES ATt dekE FEE s 74 =AEY
HHE FE0] 145%% 7P YI9kAL, butanol

TS UEpG

=% ethylacetate
B EC] 4535%= 7P e



Table 2. Antibacterial activities of various solvent layer fractionated from 80% ethanol extracts (n = 5).

Diameter of clear zone (mm)*

Solvent Con.c. Strains

(mg/disk)

E. coli Salmonella Bacillus subtilis S. aureus S. pneumoniae S cerevisiae

0.5 - - - _ _ _xx
1 _ _ _ _ _ _
80% Ethanol 2.5 - - 8.6 - 9.0 -
5 — — 9.6 — 9.7 —
10 - - 11.0 9.3 11.0 -

0.5 - - 9.0 8.0 9.2 -

1 - - 9.8 8.2 9.7 -

n-Hexane 2.5 - - 10.2 8.5 10.2 -
5 - - 10.5 8.7 10.5 -

10 - - 11.7 9.5 11.5 -

0.5 - - - - - -

1 _ _ _ _ _ _

Chloro form 2.5 - - - — — _
5 _ _ _ _ _ _

10 - - - - - -

0.5 - - - — — _

1 _ _ _ _ _ _

Ethyl acetate 2.5 - - - - — _
5 - - - - - -

10 - - - _ _ _

0.5 - - - - - -

1 - - - - - -

n-Butanol 2.5 - - - - - -
5 - - - - - -

10 - - - - - -

0.5 - - - - - -
1 _ _ _ _ _ _

Water 2.5 - - - - - -
5 — — — — — —
10 - - - - - -

*Diameter of paper disc was 8 mm. **Not detected.

2. 2} 28 FE=29| g Suhrdnl =xbA g Ee] dhuiA] EMPHS ol &%

g e WA Al 2 3R i d¥EI= Table G edS n-hexane B850l 7 V‘*ﬁ“ﬂ EHEHH‘?_ 3}
20 YER Stk 80% ollehE FEES] dES ERlgh 4 428 e, a8 24 2 3= deide
3} Bacillus  subtilis, Staphylococcus aureus, Streptococcus e UeRRR] goitt. ol =FEE FEE9 n-hexane &
pneumoniae 59 T) oA Aol YeRdTE &4} _ﬁ_}%o] 2} 9K+ Bacillus subtilis®l] T3l % &3 o
Z BRI EZE nhexane £ ZoA Aol Yo A8 Yyepie v O3 AT E colidME E8ES
chloroform, ethylacetate butanol 2 84 Hﬁ&f’ﬂ/ﬂ“ UrEMV] BAUTHE A7k A Hstt s JERSIH
o FeAH 289+ 2 AR tate] B s yER (Park et al., 2006).

A exskeh. 2 dstell ek n-hexane w839 %“I'f%*é wEba] STl 80% olehE FEES 2Rl
< TYEY TEIt VS ASsAs ] A7t Skt A4S R, ol Fuluy o FEE9|
= 202 Kol o= n-hexane £ E2] Aol T= 9 100~150 ppm ©]4e] FwolA 23 ok, 24, 33| 2 1
THo® Frtehe ZloR dAdsiith B 59 UL 9] nAEe tiste] S-S Btk
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Table 3. Minimum inhibitory conentration (MIC) of the n-hexane layer fractionated from 80% ethanol extracts.

] Diameter of clear zone (mm)* at various concentration (ug/disc) MIC
Strains .
C 10 50 100 200 300 (ug/disc)
Bacillus subtilis - - —x* 8.0+0.0 8.2+0.1 8.2+0.1 100
Staphylococcus aureus - - 8.0%0.1 8.1=0.1 8.2+0.1 8.2x0.1 50
Streptococcus pneumoniae - - - - 8.1+0.1 8.3x0.1 200
*Diameter of paper disc was 8 mn. **no clear zone
Table 4. Heat stability on the antibacterial activities of the n-hexane layer fractionated from 80% ethanol extracts (n = 3).
Diameter of clear zone (mm)*
Strains Temperature (C)

Control 80 100 120
Bacillus subtilis 10.1%0.1 10.1+0.2 10.2+0.1 10.1£0.1
Staphylococcus aureus 8.1=0.1 8.2+0.1 8.2+0.1 8.1x0.2
Streptococcus pneumoniae 11.2%0.2 11.8x0.2 11.2x0.3 11.2x0.1
*Diameter of paper disc was 8 mm.
Table 5. pH stability on the antibacterial activities of the n-hexane layer fractionated from 80% ethanol extracts (n = 3).

Diameter of clear zone (mm)*
Strains pH

Control 3 7 11
Bacillus subtilis 10.0+0.1* 10.3£0.2 10.2+0.3 10.5+0.2
Staphylococcus aureus 8.1=0.1 8.3=0.1 8.3x0.2 8.2=0.1
Streptococcus pneumoniae 10.9x0.3 11.5%0.2 11.2%0.1 11.2x0.1
*Diameter of paper disc was 8 mm.
= A7 A3 (Oh et al, 2006)2} H|wsle & uwj, SWF =2 n-hexane FZE Staphylococcus aureusOl|A] Fe F%
drjo] et ol mlsl e 34 g2 Aow AdE oA A FES Hole Zow yEkth
o, P9 D Al WE PABUE FEE0] 9 u} Park (1999) 52 ¥ #2235 Sri2dd § ol
2} atAo]l tEA JdeERdtR= Bl (Choi er al, 2009)9 e UEbd mMeRe FEE9 HAALASFEE Bacillus
AP Ao A sgAdo] YeRd whd dat Z7)o e 8 sereus, Bacillus subtilis, Staphylococcus aureus®l T8t} z}

#4J0] Ae] QItl= B3 (Choi et al, 2008)F Hol Zull}
T Qs gyl RelEE el B Aoz Az,

3. ZAolsE

ShtE HAANM Bacillus subtilis, Staphylococcus aureus,
Streptococcus pneumoniae 3%2] 13 ol A
do]l BAY n-hexane £FE0] H2ANFEE ZAKsl7] fls)
o FEES oﬂ%%oﬂ L3214 10, 50, 100, 200, 300 ﬂg/disc
o] FeHE A% A= Table 30| Ueht ot FE=¢]
a3 Fdetl "/H??l' FH AN E== Staphylococcus aureusOIA
50 pg/disc® 7HE S FEOlA A So] Bolom,
Bacillus subtilis?|X+= 100 1g/discO| ATk, 2} Streptococcus
preumoniaeX|X= 200 pg/disc F=A ASo] AES Ko
T 2%9] ¥Rt iAol HlwA UHA| et o] 4
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Z} 0.3 mg/mL ©]% ZE719F o
o] ofghe ZZ‘%M 6%%**01 401‘& FHNE7] 70% ol
& FEE9 MICE Staphylococcus aureus® W3 10 pL/
disc ©]’FolA  Streptococcus mutans® D3A= 20 ul/disc
oPgollA] dhteo] JAAHSTIL B 31t} Kim (2001) 5
& A7 AEE FEEY] ALAMEETE 2EE Al
Bacillus sereus, Bacillus subtilis & 514 025 mg/mLE

el 7V A ek By sk,

B A5 Ao} vlws] B o Suhjrdu)e] nhexane
-Er%]%"l ﬂ#’“o =7 deE FE= ‘:}—c

Bz} w5 5B ME S FRYS »}EMJOM
4. SEFEFO| A Y pH HHA
Table St ZULHEENS] G YL EAR] 9Isted n-



Table 6. Mutagenicity in the TA 98 strain induced by the n-hexane layer from 80% ethanol extracts (n = 3).
Reverse mutation/plate
Sample Control 100 pg/mL 250 pg/mL 500 pg/mL 1,000 pg/mL 2AA* (50 pg/mL)

n-hexane layer 43+8 43+2 43+6 35+5 26+5*% 380+19

*2-aminoanthracene
Bacillus subtillis

hexane 3 &E-g oEh2ol =] membrane filter (0.45 pm)= 2
A3 o 80C, 100C, 120TColA k2t 3082 FoF I
3ty Bacillus subtilis, Staphylococcus aureus, Streptococcus 15
pneumoniae®] e & IS S AAE e 9l c
th. 80T, 100C, 120CelA 308 5<t AADS ohe 22§ | —
o el o Fae taEvel A wzsll W g b,
7k Qe Ao UEh, 2380 RFHRE Do) tjsl S

Ae] erge 240l Zlow FAdtE ) Tt %—%% AE
°] pH PgA2 Table 6914 E= vle} o], ¥ pH HE
3, 7, 11004 Al 45 BF ASAs|gte] 277t tjz=+e} A

o] B3 UeRt WS pH WA Hee BaiFle
™, o] Zup Qlof] ShE grEdo] d B pHell P

st B (Oh ef dl, 2006)9} frAFeE AFolm, Kim
(2001) 52 I oEke S 60C~100C7HA 10C 7+
Ao g A7k ek, 121°C<>1V1 15¢7& A g F a9 &
A7 Bacillus sereus®} 13 4721 E. coli S+ w9l
oist AyeAeghs 22g3aL pH QPAS AR $I8te S
=5 pH 1-137HK] 28§ & 5L PHoR AsAs) e
=A% A3 4 2 pH 3l eFgsita Bausigon,
Koh (2004)y= A% oeke 552 40C~100C7HA] 10T
7vAoZ IA7F B9k 120CHA 15587 dx7 3 &
Bacillus sereus$} E. coli®] ASAsNeS =43 A3} pH
37 A - #5e0] ASA S| $ke] A Fo] tizTe} vl
sl VR AP 2B dhd dEAdo] | 2 Mt
I A G 2PN E AEHoRE FAETL B B3]

;L:Z.E

o

=

o} webd 284 FdaEFES E 2 pH o}@m] A
o= AXH %ﬁ“%@‘w F2E20) JAAEAE F 2 2
W7t AT Fget 2o BT

5. MSK{GHEHA

&4S B Bacillus subtilis, Staphylococcus aureus,
Streptococcus pneumoniae @< W’FOE n-hexane &
< 0, 100, 500, 1000 zg/mLe] F== W)Xl H7}5ke]
48717k &t ksl AN 6AIZF TSR 50 S
=33 A3= 27} Fig. 1, 2 2 39} 2} Bacillus subtilis
oA 18A17F o] %7
YER 2™, ampicillin 10

QF 9] F2]o] A=A

—L 5
=]

ﬂg/mL—a— n7]—§l' EHE:[L‘:‘ 36"]{

320

0.5 —¥—=Ampicillin 10pg/mL

0 6 12 18 24 30 36 42 48

Time (hr)

Fig. 1. Growth inhibition of Bacliius subtilis by n-hexane layer
fractionated from 80% ethanol extracts. *P < 0.05 and
**P < 0.001 (T-Test).

Staphylococeus aureus

—@— control

—#-100 pg/mL

—&— 500 pg/mL
%1000 pg/mL

—¥%= Ampicillin 10pg/mL

0.D. at 600nm

24

36 42 48

Time (hr)
Fig. 2. Growth inhibition of Staphylococcus aureus by n-hexane

layer fractionated from 80% ethanol extracts. *P < 0.05
and **P < 0.001 (T-Test).

o FEES 100 wmlsEE 718 45 1A &
Z2lo] dA A A=t 2447 O]—r—rEi o] $RFeHA
SHEE 2e 2RI 5 AT 500 g/mL F= ol delM=
A8A1ZNA] o] F2lo] AL dolupA] fof o] F4o] ¢
23] A E= Z\% gRlst 4= ST}, Staphylococcus aureus

M= 100 pg/mL E=NX 12277 thz-ol| Hlal] €5
3] 2 FHALE 1JrE‘r"Hoi o] AER o, 124)7F 9]
g ‘3‘4 F2o] F43] F7FFATE. 500 pg/mLellA] 184
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Streptococcus pneumoniae

—®—control

—=-100 yg/mL
—&—500 yg/mL
1000 pg/mL

—= Ampicillin 10pg/mL

0.D.at 600nm
[

0.5

0 6

12 18 24 30 36

Time (hr)

42 48

Fig. 3. Growth inhibition of Streptococcus pneumoniae by n-
hexane layer fractionated from 80% ethanol extracts.

*P < 0.05 and **P < 0.001 (T-Test).

a

7k, 1000 pg/mL FEAAME= 36A17F < #9] F2]o] A=
Sk, Amicillin 37} D27 GV 3¢ Z40] @A)
on 22T AINSHA e el vl 2 F71e
T}, Streptococcus pneumoniaeX| X1 100 pg/mL FE=olA]
18A7F 5<9F 52 o] A=t 2 o]F 4T S B
om, 500 ug/mLellA] 24x17F FRE 2] F2o] AIHIAL
1000 pg/mLoll X = 48A]7F E_F 2] F2o] exds] Al|¥|3)
o} Ampicillin® H713F IE2T= 1207744 39] 2418 9
Ao, FEEg 7l e tixTol vla] =2 4
A S YERAATE 100 g/mLe} 500 pg/mL FEolA
izl Bl AEAS7E FHo WAL Alke] Al me} @
sl tixwET Ase] o @43t =]k ol2ldt olfi= u
& FroM FEEC] Z7]dle Aol AEARE A7ke] 7
gt wie} S Aal ae AR FEE2 7IE AR
o] #¢] AKFE & e ZoE AZtET Back
(2002) 9] 7 AFelME ol HlsF AgFE HiTh
Staphylococcus aureus®] 735 35 18 HI# F 7FE &
& S YeRAAAY, Park (2001) 52 5 ek 3
ZE8 3 Staphylococcus aureus®l| TeF Aol
AFoA ZFe FHEEE TR Uoke BiEX
10 mg/meol| A Mlsto] APEEUTHE Aot} vlawste] & o o
WA 7 S 7RI ok Az

Lee (2001) 52 2ux}l FE2E 1%E Z7I3E TSBel| Al

TE ATt 12207 wiF & AarE S-S A9,
Bacillus sereus, Bacillus subtilis, E. colil*] 2.82, 4.79,
2.689] log cycle 7AddE Ho] A a7} FElo] &
ZAHJArE B3 o, Kim (2007) & 2}x7]9] & 3
EE9] ethyl acetate T =5 H7IE A LN 500 ppm
F=0)A Bacillus sereus, Bacillus subtilis®l] thale] thz712]
TG 7R iRHoR v s HS10m, 1000 ppm

—
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ShA:
=o

4

bt

o] FRolMe AT Bl st mid 24417 Wi A
So] A Erta B em, Lee (2002) 5 whale} vz

O 1=
& AR dtgolA vl Aie 2mg oleke] AEk
AN AR Alste] T4 AL 5mg o] F
LolXe Algto] B APESIAL, iR Af= 2mg olst
o] FEAA 12A1Z7HA] Mlitg2le] AAEAL 5mg o]
FroX= 6AIZE o] Aol APESIATHAL B AT
6. SAHO| LM HH
Salmonella typhimurium TA98 dFZ5 ARE3sle] ZulF
gulle] n-hexane &2 o] S HAAS A=
Table 63 Zith A|E tjal DMSORHE: #H7heh At z-e]
plate & EAEAHo] ZRY & 43+ 80]00H, thEZ
=221 2-aminoanthracenes *2]¢+ YAINZTE] plate T
EAEARC] SEY F= 380+ 190130t FEES
100, 250, 500, 1,000 zg/mLe] T5= AFPS W] RE =&
ZoA plated EAEAH] F2Y 47 24 U2 vl
s fl 2717 QIkenl, 500 pgiml. FERE B
Aol FRY = 3l st ol FEEY &
&g Edo| 9] FAE IAE F2Y FE A=
Aoz st

weha] SWMUEA] n-hexane EEo| thdk E<Ho
TEEs AR 45 FE2E9 s27 37 €55
plated H7AEAH] FE2Y GV 7HAsIl o,
o} sl F7lEE EAEAR] F2Y =
o} EAMo] A ERFA] %kt

plate’d

—_

¥ APARE ¥ v SUUT gn) FEES S40] gl
FREYS 23 e A0 Aum ARFAZA 4F
o} NER/MRA ol85H] s Aol Y B
of PRl gl Yol B FrE ATE olFoark

AdFd=d R 0|87 EE FE3] 7IUE + IS

P
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