Korean Journal of Human Ecology http://dx.doi.org/10,5934/kjhe. 2013.22.6.687
2013, Vol, 22, No, 6, 687-699 ISSN 1226-0851(Print)/ISSN  2234-3768(Online)

FUE AA FE2EZ gAdE 52 WAy FHXA|
A7) 718 adt

Antifungal activity and house dust mite repellent effect of fabric dyed with
Juniperus chinensis heartwood extracts
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Abstract

This study was carried out to investigate the antifungal activity and house dust mite repellent effect of cotton and
silk fabrics dyed with Juniperus chinensis heartwood extracts by hot-water and methanol. The chemical composition
of Juniperus chinensis heartwood extracts by hot-water and methanol was analyzed by GC-MS. In the case of antifungal
activity, dyed fabrics with hot water extract had no effect against chactomium globosum fungus. But showing no growth
in fabrics dyed with methanol extract, dyed fabrics with methanol extract showed very excellent antifungal activity.
Silk fabric dyed with methanol extract showed excellent house dust mite repellent effect of 94.3% ~96.0% against
dermatophagodes farinae. The composition of Juniperus chinensis heartwood extracts from hot-water and methanol
was different. There were no terpene and its analogue peaks in hot-water extract. However there were terpene and
its analogue peaks in methanol extract. From these GC-MS results, terpene was identified in methanol extract of Juniperus
chinensis heartwood. Efficient ingredient of antifungal activity and house dust mite repellent effect was assumed terpene.
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o] Z7td AoZ ZAEATH Indoor environment
management 1is a shortcut to prevent allergic
diseases”, 2011). o|&3l LY =7]d ZEto 9J01O§

= A7l W 4 e ﬂi g =,

We7lEs L9r7Ie dEAS] felEdEs io‘ﬂ]d—
o] =(formaldehyde, HCHO), -.4%/‘3 F7138FgHE(Volatile
Organic Compounds, VOCs), &%o], IR =7,
olrtstga, wAWA(PMs) Fo] ot 1 T w30l

s g W lwu wEsre Aol olEn) e
o we] Fagddloldn Rus: thlee &
Chung, 2011).

Bgole Ao} Felzrle] gislo] B Wyt o

2 3% S0l webde 71 Bao] E(mycotoxin)
& SR Zlow Jula QIekPark, 2009). FEolE
ol£y] TRAES Astrl7|H(Lee ef al, 2010), 53]
olET MR AT TR WP S)se] o 7
’d Aghe] wrto] Eaff FA ZIdt(fungus) 7HHS]
Ago] =il BaEo] JriYoo ef al, 2009). =%
o7} S48kl A% oM e HHA A=T)w 4
317] $ul(Lee et al, 2010), LF olEI} 23
A Aol Zitold HHA 2E=7] dur] el
=T ol Hla frelshl A ekt o um
# 8} 9JtiMoon et al, 2005). JHA] Z=7](house
dust mite)= Algtolu T=245E gehE ZpEo o]
Hol2 sto] 7Pgolt A 5 Algre] Falel]
AR #Fo g, =7]7F 0.1~0.5me]H, J=r]e] wjAd
gol el Fad el AUAN=s] @
do] B X Y, B A /1, Ho= vhE 9
d, e, Hog | 7 e FHE AE 5ol
tH(“Indoor environment management is a shortcut to
prevent allergic diseases”, 2011). ¥z JA=7]= o}
E95e PPAIE Fad B Plow e
A oleh WA AE71E HAsHs vl BRe
FAPE eI QAR FRA FET]e] AbEe AR
b glow o} gelzr] FUoR HgHnE A3
avburks Juastel 24 %FE Zlo] whgss
. e Az J=7] J)HEage 1A HaZd
gt AF7E o] FoiA|aL o, FEHE HIEHLS A
Eoll Ag3te] I aIE HuE A7 Folry] ofd
thHong & Jee, 2009; Lee & Jee, 2010).
oMY T QurHow the InY Fxjo
HJsl Alte] 9, vhole, wgolol tigk 7ol %

dp
of

= O
7=

=

HFE=t(Song, 2010), Staphyloccous aureusol] 2J3F
Aletd gl Al WAshs Zlom deiA vt
(Kakinuma ef al., 2001). o}ET]m|3ele] 22 93k ~
B 2o]=A] | =EbIA|e} HAAAA o] 7|3 AR
Z}E FAbgo] HalEal glo] A7|1H o R ARgstoE QF
A w920 chalAle] ko] a7wo] Bekgolt
Rl o e AR BUL AU s e
A&E 1 QJthKim et al., 2010; Cho, 2012).
o= ok slsinedol gt Al FHTS] A B AT
T #s] e Qrk(Kim & Shin, 2010; Lee, &
Jeong, 2012; Lee & Woo, 2012).

SN (Juniperus chinenesis Linne.)= |25 Foj
S HAE AAT HHolv 3715 AHstele 5249 A
2 FuE 2980 = dlFe] aolA i 3VE
A7 S wrole} FIZE 2 ke BlolA] thekst S
o) o sl ek, 6 A, A, Al sh ol
71 mjmrol ARgI T, AAL, B, 9, oEol
ol olx PRE S BE A5Y AoH
AoRT AHA %{ﬂ(Hwang, 1994, Kim,
Aol Zuhynso] Sais o] TEA =}
22 felgh o] v shrEo] ol B AHA A
AR 5 el 2o Fol &3t s FEE
gk A7t vl ol ez, Al v
sl A=) gt (eong, 2009), W Fre] Wik 4
& BIHPark, 2010), ofEdd IR 7HA(Lim,
2008), =20 GEs A AE(0h, 2008) S E3] 7]
HAG| st AT SA 53 7S] AEESC
W, PR B5E ol 8ajel MRl T AV HolE
918 977} ol TRy ef al., 2011). A2 HYAT

2 5o P AR oh A 44 RS RIS A
o ofu TR A F2ET AH Hgo]
E A7 (Staphyloccous aureus)t 3k H& FFAlS H

Eo]

o]= Ao EIFATH(Nam & Lee, 2013a; Nam & Lee,
2013b).

ueba] B AFex e ool g v e R i
AR FEFER GAE 259 olEdIFg JdE
3k In vitro A2 B FFolo digh Wn|xe} W
A A7) Aol U WS skt =5 )
w9 QUAES] JlmAe el fEBAS

GCMSHEA S E3) Feolatoch.
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I. A3y i, HekE FEUHoEE A0}l SvilE AH] 11002

3he] Zd2ollA] 48A1%F HA|ste] 33] vk FEste] A

1 Al 2 Al o] §lS W7hA| ARAR 33 A &, IS eES
7|(RV10, IKA®), Germany)Z o]83}o] 2% 40~60T,

1) e HAEE 180rpme T At & T, 7Este] B

dEFEs 8l SF(H0), ME-(CH:;0H)E ARS-
3193, G52 E 20% oeHe(C.HsOH)T 100% &
FrE 2 AREEHGITE Aok S 19S ARSI

Afells 25 33 SFTE ARSI

Aol AR AFEE A TS 100% WAE

hul

AZES ARG e I EALS <Table 1>3 2t}

(Table 1) Physical characteristics of fabrics

Fel AwnE ARgErle

3. o
P AAZNE 584 vFEH FEARE o

rlo >

3l GAF o] 7|5AS AmET] 8] <Table 2>9} 2+
zo7 AT st TEolA xsH

4. 7154 ot

=2 0.5%, 1%(0o.w.b) T2 *
A= 157] 719& A EE AAES
1%(0.w.b) s @M Hefste] Jrkskslct. wixe] A8
oF G g o] ztolg Yol il viA7} vX|= FFS
HiA[El7] ffsl v Wxe}l FujdEE PrIAER 8t
Romn Zzhe] e o3

Fabric count

Fabric Fineness Weight Thickness warp x weft
2.
(Warp x Weft) (g/m’) (mm) (Sem x Sem )
Cotton 30’s x 30’s 10245 0.29+0.02 145%134
Silk 53D x 53D 53+2 0.12+0.01 267%204
(Table 2) Dyeing conditions
Extract Dyel’ng Conc. Temp. Tlr‘ne qul{or
solution (Y%, 0.w.b) (T) (min) ratio
DW* DW 100% 1 80 30 1: 50
, EtOH*(20%)
MeOH” + 0.5 60 30 1: 50
DW(80%)

a : Distilled water b: Methanol c¢: Ethanol
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1) 9= 1. 27 3.5, o] leme| Fekg LAl AlFA]
5o} Q2AEE SFHA A7)0 BA A7} kA
Fi 1 9o f91EA 0.05g8 ¥eth

2. A7 9cm, =o] 1.5ecme] Zuf2E AYPHA] & 7}
2dl 19 HAIE 2 13 29] AFHA] Aol &

A

o) _ . B
o A % WA FUSPA 9 Pk o] u, 34 el
o

Adxe] Wz e fE EY =
(Chaetomium globosum ATCC 6205)E FA| T2 &
o] AATCC 30:2004. TEST III Al@¥d] <
MINERAL SALT AGAR vjekul| |2 3} A]&Ha}
ZH(viability)oll FAITS 25 B v7Ite g s
AgeE & <Table 3>7} 22 Wog TH& A3}

Ang s

ol

-

Hl A W= 30,000 vhe)/g ool AAGE gt
3. 07 g AIFA AEE FAIF0] Z]olurtA]
RS A o] Afolel] FiL 7k 27em, A2

= ] & o] = o) 3
%) WA A=S] A|Ae 13cm, =] 9em Aol ZEl~E U870

YeT)

PR AR dFEFEEt vdeTEE A=Y J 4. e, 57)(25£2)C, (70£2)% RHol| HAMts =
A Je7] 7)98E ksl flste] & AgtellA AR g2 W8 7E Y A AR 2447 B4t
H AR T ARl O 9 ARES sk s FAAIZITE.

B5 1%owb)Z QUste] WA BAFOEE 2 5 2447 % 27 35em, 0] lome] Eehrt] 913
the] FWHA] R=7\(Dermatophagodes farinae)S ©]-8-3} HA] oboll HlE A = AASFZ 100 viL9] &
Ao AL FITIXNE AT 2] House method?! 3¢ ng o Azkete] AlSgitt.

o

A (FC-TM21)oll SJAste] [Figure 119 Ao T 6. gasto] AZa @ WA 2157] A 58 theg)
&o] Aol o) 33] Z1ste] 719182 Pk N olgstel |ulgg T

(Table 3) Antifungal activity levels

Observed growth Level
Unobserved NO GROWTH
Observed under X50 magnification MICROSCOPIC GROWTH
Observed by naked-eyes MACROSCOPIC GROWTH

/ Attractant
/ Sample Fabric

/ House Dust Mite Medium

/ Adhesive Tape \

[Figure 1] Repellent effect test set of fabrics dyed with Junjperus chinensis heartwood extracts against house dust

mites(Dermatophagoides farinae).
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b—c
a(%)=
%) ==
a: Rate of House Dust Mite (Dermatophagoides farinae) avoidance
b: House Dust Mite (Dermatophagoides farinae) count of the control

sample
c: House Dust Mite (Dermatophagoides farinae) count of test sample

x 100

5. SHLIZ AR £E20| GO-MS

Fur A FERe JEEHE 99 Gas
Chromatography-Mass ~ Spectrometer (GC-MS, HP68

90GC, Hewlett packard, USA)Z #413}3ic). i e=
5973MSD detector®} DB-5 column(30m % 0.25mm i.d.)
& ]85} 5% phenyl methyl silicone(film thickness
0.25um) 1Ae] ZAA 24t L5= 250CE £

AZItE GC o8 25 70T oM 38 FAAA & 5
2C/mine| Fwg Z7A1A Hlx 300 Collr 587+ &
Asle] HAELS Z18}aL, carrier gass He(Iml/min)ollA

=Ashict.

Xo| EY FFold Uit W =g Hrisle] W= AlY
ARzl [Figure 2]ol AABFYAL B7F 552 <Table 4>

o LR

viability undyed cotton

cotton—0.5-Dx* cotton—-1-D

undyed silk

cotton-0.5-M

silk-0.5-D silk-1-D

silk-1-M

silk-0.5-M

[Figure 2] Observed growth of antifungal abilities
(*: fabric-dye conc -extraction, D: hot-water extract, M: methanol extract),
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[Figure 2]= tjAE72}=E o]&3}e] 4cmx4em F7]
o] tixHF A BrE AlF A o ARRIE e
Zlo|t}. [Figure 215 AR dix=H¥ FAet=] o
AlE T S9to g EokEgolrt ke,

gl o3l AA7} FHYs
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(Fang et al., 1996) | =2 314,
o7Ag N Fo 78S TH
(Kim & Kim, 2010). o]¢} 2o
AR HlgA dEE
Ageo] 93k Zlo 7 &2l Hi= v AAEolA W]
= 7H 715732= R o] &8o] ZdHnt

ek 255 1%(o.w.b)
2 gk Julx] HerEoel
W2 7=7)) 719E A H71E ste] AlgARLR [Figure
3]l AAIBFIAL 719]E&-2 <Table 5>ol] YERAIT.
[Figure 3] txg7}gls o]83te] 274 3.5cm =
71¢] iz Al JuA Jer] 7)9E Alg A
S0 ARzlE veRd Aol [Figure 315 AwE W iz
ANE= Al Foll f0EHo] Fof 21 HA S= HuA|
& Qlrh AlRAE 5
_[OT

=30l Fof 21 HA

) 7|718-2 ANt P
To] AL 13] 7]9E0] 21.1%, 2
3] 719go] 26.6%, 33] 7]9&o] 18.7%E e
18.7%~ 26.6%2] Wh$ e 7]58-S ey by 4
A drFEs QT F WA =)ol gk 7|94
B} FEBAA ERA] ettt v, R A
Heks FEE A digh Svhe] FHuA =7
(Dermatophagoides  farinae) 7]139&2 13 7]3]&9]
95.5%, 23] 7]3]&0] 94.3%, 33] 7|9]&°] 96.0%= L}
Ef} SR AA RS FEE A 92 HuA 21
=719l it 7)9eL 94.3%~96.0%= vi¢- 93k A
o8 At

HHA| A=7]3KPyroglyhidae family)oll= 10a]%o0]
Budy Ql=d 2 5 Y JWA Iz

(Table 4) Antifungal abilities of dyed cotton and silk fabrics with hot-water extracts and methanol extracts from Junjperus

chinensis heartwood against Chaetornium globosum

Fabric Dye Conc. K/S Value Levels
(%, 0.w.b) DW MeOH DW MeOH
Undyed 0.06 0.06 MACROSCOPIC GROWTH  MACROSCOPIC GROWTH
Cotton 0.5 0.69 1.46 MACROSCOPIC GROWTH NO GROWTH
1 1.15 2.08 MACROSCOPIC GROWTH NO GROWTH
Undyed 0.03 0.03 MACROSCOPIC GROWTH MACROSCOPIC GROWTH
Silk 0.5 4.66 4.81 MACROSCOPIC GROWTH NO GROWTH
1 6.67 6.13 MACROSCOPIC GROWTH NO GROWTH
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Fii

control-D-before*

control-M-before

control-D-after

control-M-after

Fii

silk—-D-after

silk—-M-before silk—-M-after

[Figure 3] Observation of repellent effect against house dust mites
(*: fabric-extraction-test, D: hot-water extract, M: methanol extract).

(Table 5) Repellent effect of house dust mites in silk fabric dyed with hot-water and methanol extracts from
Juniperus chinensis heartwood against Dermatophagoides farinae

Extraction K/S Number of experiments
Assortment
Method value 1 time 2 times 3 times Control
Invading 9,217 8,573 9,496
DW 6.67 populations(N)
Repellency(%) 21.1 26.6 18.7
) 11,692
Invading 517 661 465
MeOH 6.13 populations(N)
Repellency(%) 95.5 94.3 96.0

(Dermtophagoides pteronysinus)2} Eolm 2o} =] 71
E=7)(Dermatophagoides farinae)7} L#|27] 2] o
log & Wk gl feivket WA Sl Hol
Hgl7b JuiA] J=r7F Bk JuA er]s 27
T HAHA] Solls HEHA kot RN =2
Feg AZFHA Enk ojye} ofE gt Ql= 7HY
2 o}EH] 87} gl 7Hg vlsl YuiAl J=r] FErt
=7 el A Rler]e} ofevele] dyt/do] g
F%tKShon et al., 2006). Wb YT AA wEke =
SEE JNE HELS ofEY 7Rgerte] e} ofF

o F83 &84 F IS AR A

w
0

HF oxf F&= GC-MS

FI

.I
~

W

Fe] Aol ohylE ZekE amentoflavone),
71Z2(hinoki flavone), o}3]7|\d(apigenin) 5]
Hol glom, FEAE A s EFst e A
2 A JAtH(Yu e al, 2010). 3]EX]=(phytoncide) 2
gzl Ags A S 52942 SE e gEA
olt}. slEA=E A= ol o] 'HE(Phyton)7} ‘ol

N, ol ol
o % ¥

»
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ks 5eo] Aol =(Cide)7h FAX] 22 Wit sisol
U B So2RE A0S A7) S8 weoluls A
APy == 718 Aolsial oFHE flolae 277
55 3 2lAll A=A FE o] 9FAlS, 9Rd
SHA, 252, A8 B dYrlee ASAA
F= Aow 248 YrkYoo ef al, 2011). FEX =2
w2 H=A(terpene)oldhs #F713HEER HE=H2
HH| ot wgo], 7185 5= Y RS oA
© Ao deA Sk FEAE ARFE ke de
Lol Froll wheh g3 vhed oA5d bl
1.3%2] Zf7h erElo] JthKim & Kim, 2010).
Fr A G5 FEE GCMS B4 Aiks
[Figure 4]° YebiEdl gz 9 7 fAR] AR5

b

fror

504

ll/ o

el

527} Jehd) e A & % ik ol Al o
BRe Hol 3 gony @5 FEo s Bz

Fo] Aol AEHA gethe 2s vkt 3
AAE dr 2T Afds BdA Havt F2 45
HE=g(Nam & Lee, 2012) ghJLS 2olx] 71493t wj
Aol oJal §&o] HEE Aoz dEA 9o V)
S0 9= 2A= od#EA QJthHan, 2007).

HA b AAe] HE-E F5=-2 flavonoid 3o
2 38t a9=2 Yeplv(Lim ef al., 2002) E]=33}
2o AeARs xiele Aoz a4 rkFang et
al., 1996). S AA) weke: FE52] GC-MS 24 2
= [Figure 5]¢} <Table 6>o] UEFATE 80%0]3¢]

3

T
=g Holm ArjHo e vae Folt e g BA

/ﬂ,,‘.‘......,../
e

035 1238

1435 | 1835

" iglas 2035 | 2235 | 2435

Time

[Figure 4] GC-MS spectrum of Junjperus chinensis heartwood hot-water extract,

50 10.63
16.95
%
11.38
s M
sl
e
1275 1338 J/.:J
| LA
Lzl .‘_J‘ A l;‘” Ir | __..,.—a—-‘—u-“J"'JMw
L L L L L L L L L L L L L L LN L
10.35 12.35 14.35 16.35 18.35 2035 2235 2435
Time

[Figure 5] GC-MS spectrum of Juniperus chinensis heartwood methanol extract,

- 094 -



S A FE=E gME HES9| Woldnt X T=Y| Jlo|zet 9

(Table 6) Products detected from Junjperus chinensis heartwood methanol extract

Retention Assigned Product
No.
Time compound name(IUPAC) Formula
1H-3a,7-Methanoazulene,2,3,4,7,8,8a-hexahydro-3,6,8,8-tetramethyl-,
1 10.63 CisHas
[3R-(3a,3af3,73,82aa)]-, [(-)-a-cedrene]
2 10.93 Cedrene CisHas
1H-3a,7-Methanoazulene,octahydro-3,8,8-trimethyl-6-methylene-,
3 11.06 CisHas
[3R-(3a,3af3,7B,82aa)]-, [(+)-B-cedrene]-
4 11.38 Thujopsene CisHos
5 12.45 Spiro[5.5]undec-2-ene,3,7,7-trimethyl-11- methylene-, (-)-, [(-)-B-chamigrene] CisHas
6 12.75 Cedrene-V6 C] 5H24
1H-Benzocycloheptene,2,4a,5,6,7,8-hexahydro-3,5,5,9-tetramethyl-, (R)-,
7 12.85 CisHy
[ B-himachalene]-
8 13.89 Benzene, 1-methyl-4-(1,2,2-trimethylcyclopentyl)-,(R)-, [(+)-cuparene] CisHz
9 16.95 Cedrol C|5H260
1H-Benzocyclohepten-7-01,2,3,4,4a,5,6,7,8-octahydro-1,1,4a,7-tetramethyl-, cis-,
10 17.23 CisHx0
[Widdrol]

sk ZF H9le] 8 A= "=dle] ARl CisHu oF
CisHx02] 7+2+= [Figure 6] YRSt} 71 @2
3E H2l CisHyud EAEF 204.36%] Al2=FH|=slo =
Bfr Foll EAlske FdEERA B232 99~100T
/0.3mmHgolch. AT 2ol ¢-Tgdls g
94 2F77F o Aol dAE HE —ﬁé%‘%ﬂ l2tar &t
397t ““’/P A=A 2= FAEDT 78S A

°l Bt FEAE o] A A7ARA Fasit
=53 C15H26OT: EApeF 222.379] st=2YE/farnesol] ©]
o B2 AT " 23 &3k d2aA| Wl
] 470 2] ZIsto| g7t SRS trans, trans-TFEU|E0]
vt o| 1L cis, trans-A} cis, cis-A|= trans, trans -3F
2U|& T frans, trans-3F24) A 2014F] o] AFNE-2-o
o3l A== T2 Alebd 214k o]AdEd 2214k
ox A HrkKang, 2008). Tbt A FE=o F
H  peak:= 10.63 mindl] A=H
1H—3a,7-Methanoazulene,2,3,4,7,8,8a—hexahydr0—3 6,8,8-
tetramethyl-, [3R-(3a,3a(3,783,820)]-2 55+ &
Qualitys= 94% A5}k 10.93 minol] AEH 52L&
Cedrene© 2 #4351 Quality= 82% Ux|at4dct. 11.06

retention  time

xle

A& 1H-3a,7-Methanoazulene,
octahydro-3,8,8-trimethyl-6-methylene-,  [3R-(3a,3a3,7
B8an)]-2 =+ EdolH Qualitye= 87% YA
t}. 11.38 minol|] A&H =22 Thujopsene= 55
Quality= 91% LX|3}H) 12.45 minol] HEE E82
Spiro[5.5]Jundec-2-ene,  3,7,7-trimethyl-11-methylene-,
(-2 5™ Quality= 89% LX|3}4t}. 12.75 mino]|
A&H E2L Cedrene-V6E 5™ Quality= 86%
AAEkSt. 12.85 mine]l HEH =d&
cloheptene,2,44a,5,6,7,8-hexahydro-3,5,5,9-tetramethyl-,(
R)-2 5259 Qualitys 82%2]5+¢10 1 13.89 min
o A&® EZS Benzene,l-methyl-4-(1,2,2-trimethy
Icyclopentyl)-,(R)-2 -3%™ Quality= 93% UX|3}$]
t}. 16.95 mino] Cedrol2 55+ E2o] AZEglon
Quality= 90% <L=|3}4dt). 17.23 minol] 1H-Benzo
cyclohepten-7-0l,2,3,4,4a,5,6,7,8-octahydro-1,1,4a,7-tetra
methyl-, cis-2 fF5+= Edo] AEEH] 2 Quality=
90% LAIBtIT). ole} o] TR AA WEe FEE
oM HEE EHEL BT HE2d Fa4R0 8 IR

Aot 24 A= L A(Kim ef al, 2012)7 7]

minol] AZH &

1H-Benzocy
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=~

=~

(-)-a-cedrene

(+)-B-cedrene

Thujopsene

8

'II////Q~

(-)-B-chamigren

Cedrene-V6

B-himachalene

(S
g

(+)—-cuparene

Cedrol

Widdrol

[Figure 6] Structure of products detected from Junjperus chinensis heartwood methanol extract,
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