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ABSTRACT  In order to assess antifungal activity of a wooden storage box, which was made of Paulownia tomentosa and
used for keeping ancient documents, antifungal activity of volatile organic compounds emitted from the box was investigat-
ed along with qualitative analysis on major substances of the compounds. After collecting floating microorganisms inside
air tester, the fungal activity was assessed by counting the number of colonies growing on TSA media. Compared to the
control which collected 85 colonies from outdoor, 72 colonies were observed showing reduction rate of 14.82%. Through
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GC/MS and TDS system analysis, limonene was detected from the volatile organic compounds as characteristic features.
When the fungal activity was assessed through fumigation by adding natural biocide BI jand BII containing eugenol and
anethole as major substances, both biocides showed a strong fungal activity with respectively 92.6%(inside the box) and
99.9%(outdoor) of reduction rate. Although these results didn't clarify antifungal activity of the volatile organic compounds
emitted from the Paulownia-wood storage box and their functional components, it was at least confirmed that there is appli-
cation possibility of natural biocide to use for preservation of ancient documents with increased efficiency in controlling

pests of wooden storage boxes.
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Table 1. Comporerts of ratural biocide.
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Figure 2. Collection of floating microorgarism in the air ¢ Outside.
B) Tre irside of a box. (C) The irside of a box with Natural
Biocide immediately. (D) The insice of a box with Natural Biocide
after 24hrs.

B | ¢ransparent g Bllopaque gel
Components Percentage ) Components Percenta ge @)
Essential oil 10 Essential oil 10
Eugerol+Anetiole) Eugerol+Anettole)
15
Heavy afoimatic naptta 30~40 Ethvl alcotol
. Carrageenan 10
Geling agert 15~20
water 15
Detergents 30~ 45

Solvent 50
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Table 2. Volatile orgaric compounds(VOCs) absorgion condtions.

Place

Sampling cate

Absorption conditiors

Laboratory

Box without natural biocice

June 25, 2007
June 25, 2007

Box with natural bocide B | June 26, 2007

Box with natural bocide Bl Juy 09, 2007

10.00 @ for 33 min, av. 0.298 { /min

9.99 ¢ for 31 min, av. 0.315 ¢ /min
10.10 0 for 30 min, av. 0.331 Q /min
11.48 Q for 34 min, av. 0.332 Q /min

Table 3. The analytical condiors of thermal desorption system for

VOCs.
Analytical corditions
Trarsfer temp. 290 C
Initial te mp. 10 C
Initial i 2 min
10 3 nitial time
1st ramp. 30 ‘C/minto 250 C
40 C/minto 290 C
2nd ramp. Firel isotrermal ime : 6 min
Iniial temp. -150 C
Initial time 1 min
as 4 1st ramp, 8 C/sec to 250 'C
10 C/sec to 280 C
2nd ramp. Firal isotrermal ime : 6 min
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Table 4. The analytical conditiors
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of GC/MS for VOCs.
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(Sibata MP- %30, Japan)s ©]g3te] deztss
(Gerstel Tenax TA Thermal desorption tube stainless
steel type, Gerstd, USA)o S2AFTE 37] 24 &
T 0.3330 /mino® AAsIglom F7]aEg o]
w2 272 Table 2 9t 2,

il

N
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EZRE F71EL d9AIA"(Thermal desorption
system)d 7}A3 2okE T o)/ AL A (Gas chro-
matography/Mass spectrometry, GC/MS)S E3lo] &
Astolct, deEkzRHe] 2 AlE= TDS 3 (Gerstel,
USAS} CIS 4(Gerstel, USA)ol osto] gzbE|g]om,
GC/MSD(Agilent 6890N/5973 inert, USA)YS o}ga}
o ZA|oleTR2uE I H(Total ion chromatogram,
TIC)OE AR 9| JE-& £Asi80t). 2t w39 A d£4
2 Wiley7 library €12 Bl Fd}o] ojFojich, 1zt
o] TS 3, CIS 4, GO/MS 2] BXZAL Table 3, 4
of et

Analytical corditions

GCMS

Instrument Agilert 6890N gas chromatography /5973 irert mass selecive cetector
Column HP-VQCs (i.d. 0.2 mmx 30 mx 1.12 um Film tHck ress)
Carrier ps He at 0.6 md/min
Sdit mode 10 -1
Detector temperature 250 C
40 Cfor 3 min
Temperature program 6 C/minto 150 C

10 C/minto 250 C
final isothermal ime : 20 min
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Figure 3. Cutlivation of floating microorgarism in the air after 3
days, @Ouside. B) The inside of a box. C) Tre irside of a tox
with ratural biocide B | immediaely. ©) The irside of a box with
naural bocide B | after 24 s,

Table 5. B | : Comparison of cultivated microorganisms media dur—

ing 3 days.
Average (£SD) %
85
A 1 - -
@58) 00.00
72
B “27) 85.18 100.00
c 69 81.65  95.86  100.00
(*51)
4
D @3) 4.47 0.05 5.48

A, B, C, ard D are the same as in Fgure 3
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Figure 4. Efects of BIl:Cultivation of floating microorgarism in the
air after 3 cays, (A Outside. (B) The inside of a box. (C) The irsice
of a box with Bl immediately. ©) The irside of a box wih BII
after 24 hrs.

Table 6. BIl: Comparison of culivated microorgarnisms media dur—
ing 3 days.

Average (£3D) %
30
A 100. - -
8 00.00
55
1 2 1 -
B w8 85.23  100.00
c 34 114.77  61.96  100.00
*10) ’ ’ ’
D 2 7.38 0.04 6.43
@2)

A, B, C, ard D are the same as in FAgure 3
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13.608Bo]3lcHTable 7, Figure 5A), 2L A}
oA 2 VOCs & & 21 Fo] A =Iem TVOCs

] 10% oV AA|sk= B2 2= hexand RT. 5.764
), toluene(R.'T. 10,505%), naphthalene(R.T.
23.190 oJ¥thTable 8, Figure 5B).

AR Al 371789] VOCs2t L5 LA U] VOCsE H]
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AA PEEA BIolA WEEe 37149 74 2
% 30%9] VOCs7} AZE e TVOCs tH] 10% ©]
A ARBl= B2 22,46, 6-pentamethylhep-
tane(R.T. 15.453%), 2,6,7-trimethylundecane
(R.T. 17.8704), anethole(R T. 24.900&)°]ic}
(Table 9, Figure 5C).
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E429l 42 butanoic acidR.T. 11.3458)2}
caryophyllene(R.T. 27.130+), eugenol(R.T.
26.23387 anethole®.T. 24.9008)0] glon &
3] anetholeTVOCs% 19.68%& AFA513iTh

AA A=A BlolA HEshe 37149 B4 2an
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Figure 5. GC/MS spectra of VOCs from each place. @) Laboratory. ® storage ox without natural biocice. () storage box with natural biocide B
| . D) storage box with natural biocice BIl. 1: anethole, 2: eugenal.

Table 7. GC/MS analyses of major volatile organic compounds %-5451 9,1% ;ﬂcﬁ g’*@%ﬂ] Xﬂ% BI ,]I—C-’—] 601_}\61:% ’fj_ru
Vees) fom atmrory. g sk, welE A5 Ul ARE BT, 18 9e 34
No. Retez:i]c:rr; fime Reagenis Pe(>a( l; Oa:)ea Rl —tr'ﬁgr‘:’]’ﬁ%—c-’:] 7HA 4=l 91]10'] /‘i? @9;]‘/]' L5
AR} upe} ulmalel S v R Aee) Aol gl
b e o Ao e} o o] 3 27]0] a4l wRle] anh
2 6.390 Methylcyclopentare 1.06 ik 9 Blom wolth Tk Al Usio] 2t
3 8.066 He ptane 0.57
i 10508 075 2ol BI, I 931 24 ARHERY WAL F BRRE v
5 10.882 Ocare 1.17 e 7| == TR Aol Al AR npdEe] A
6 13.392 Ethyloenzene 0.32 o) vlg] & 59| BARE ME 9090 Zass v
7 13.608 mxyere 1.21 ep oz atElo] ulS- Foluk A o 4= oich
8 1303 Norere 039 ABAL W 3714 e} vshe ) S
9 14.421 p—Xylere 0.40

AR Y VOCsollA] limonened} naphthalene®] ZHz:
9.08, 14.90 %2 ASE= S selstqr}.

TriterpenoidAl’&2] limonene(1,8 —-mentadiene)= %
Table 8. GC/MS analyses of major volatile organic compounds

(VOCs) from a storage box without natural biocide . & HO]—_‘E'L X_}%% EPT:_ =d= %—}ﬁﬁ %Z]E‘& '9‘%]/}"?‘
(Paulownia tomentosa) &0+ VOCsollk] A&H
Mo, Retenion ime Reagers P are EH37} 7] ufol] BT &R digt 9} o
1 5.764 Hexane 0.69 ojstojAof i}, 151 A=t W F71&el A naphtha-
2 6.440 Methyloyclopentare 0.34 leneo] WS BEO 22|51 Q= Zo g HlFo] BES
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Table 9. GC/MS analyses of major volatile organic compounds
(VQOCs) from a storage box witrout natural biocide B |.

No. Reterzrti:i; time Reagenis Pezl: (;asr)ea
1 9.955 3-Methylre ptane 1.59
2 10.427 Toluene 0.91
3 11.354 Butanoic acid 1.12
4 11.826 2, 5-Dimethylre plane 0.77
5 12.275 2, 3,4-Trimethy lrexane 0.88
6 12.555 3, 4-Dimethylre ptane 3.19
7 12.890 3—Methyloctare 0.66
8 13.524 m-Xylere 0.86
9 14.330 p-Xylere 0.54
10 14.540 2,2,7, 7-Tetramethyloctane 1.71
11 15.174 4, 5-Dimethyloctane 0.76
12 16.280 2,6-Dimethylrorare 1.38
13 16.453 2,2,4,6,6-Pertamethylreptane 11.87
14 17.003 2, 2-Dimethycecare 5.72
15 17.242 3-Methyldodecane 1.79
16 17.744 Eicosane 3.59
17 17.870 2,6,7-Trimethyluncecare 19.21
18 19.071 2, 3,3-Trimethy loctane 2.24
19 19.161 3, 7-Dimethyldecare 2.25

20 19.269 3, 8-Dimethylundecare 4.21

21 19.508 2,6-Dimethylre ptade cane 1.87

22 19.980 2—methylonane 1.62

23 23.017 p—Ally lanisole 1.12

24 23.107 Naphhalere 0.54

25 24,900 Anethole 20.47

26 26.233 Eugenoal 1.49

27 27.130 Caryophyllere 0.08

o] frE ke olg3t eF U= ] Fe s
(Paulownia tomentosa)®, @A 48 AME 9= &
A81310] e F U Catalpa ovata)} B E2] B
S Firmiana simplex)2 TE= AR= A0 510] ARS-
Sh= Zlo] "askt,

AA A=A BARROIN HEE= S8 f71=4

£ 1ARE 51 @3 dAk Qo BT Tx= T8 4
S o S FEAAR F eugenol?} anetholeS 3E
o . E423) anethole®] TVOCs(total
volatile organic cmpounds) % 7F¥ & HRE-S X5}
I Qgiek B I& EA3E A7} anethole TVOCSE

19.71%S A3 YAATF, eugenolS AAQ

¢

Table 10. Gas chromatogaphy/mass spectrometry analyses of
major volatile orgaric compounds (VOCs) from a stormge box with—
out ratural biocide BI.

No. Reterc:ioi:; time Reagenis Pe;: ge;ea
1 22.993 p—Ally lanisole 2.07
2 24.924 Anettole 59.65
3 25,904 Decarvic acid 1.23
4 26.209 Eugenoal 0.86
5 27.112 rans—Caryophylere 1.15
6 27.464 1-Decere 0.91
7 28.768 Dockcarpic acid 3.63
8 29.981 He ptade cane 1.00
9 30.089 3—Heptackcere 0.53
10  30.651 1-Octadecare 0.82
11 30.830 @)-8-Hexadecene 0.83
12 31.015 1-Heptackcere 0.63
13 31.141 Tetradecarpic acid 4.20
14 31.470 Hexyl cimamic aldehyde 0.67
15 31.583 Isopropy| myristate 0.71
16 31.679 1-Octadecene 0.62
17 32.438 1-Octadecarol 0.93
18  32.970 Galoxolide 0.52
19  34.333 Dibutyl phthalate 0.56

20  43.252 2—Ethylhexyl p—methyl cinramate 3.03

21 44,484 Dioctyl adpate 0.93

22 46.887 2-Ethyl hexanoic acid hexadecyl ester  8.61

1.43%% 27Fo] IEl= 2k 2RIsiglon, BIoA]
= anethole> TVOCs% 58 .4 5%°] A%t eugenol
0.84%% ZFAIskaL Qirt,

371 Lol E3 Aol mixl= g &S
I = 2H Y] 2EE SRR 2A 5183
Frol W &R s Wl AE Fasit, dA9
3 5% Aite IEER IR =S ) -
El= ¢l & AVRStols A S FA S A
o7 I ER|TE A sko) wE okm M Ee|xl
freol digh FdS HEsk] 9kt s A AA
ol Qo T AvkE 3k Hard Alglojrt,

opde] Autr HEHORE AF - A Skt A
BE|oA & eFUIAR] deldd BAS S &
7I3RIES S5k Qe HA Al dEEAE] 9
7ha AR npE L e S ARRRA S ARS-Slo] ERIsISINL
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