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Abstract

In this study, the anti-mold activities against Aspergillus niger of five
components from plant essential oils, including cavacrol (Car), cinnamaldehyde (Cin),
eugenol (Eug), geraniol (Ger) and thymol (Thy), and their binary combinations in three
mixing ratio (1:3, 1:1, 3:1) were investigated. First of all, three methods, including agar
dilution, direct contact and fumigation, were employed to determine the minimal
inhibitory concentration (MIC) of each component, separately. Then, the isobologram
analysis, combination index (CI) and dose reduction analysis were used to quantify the
synergy and the variation in dose of each combination. The inhibitory and fungicidal
effects of synergistic combinations against spores of common molds, A. niger, A. terreus
and Penicillium citrinum, on paper were evaluated. Finally, the changes in properties of

paper of the best formulations were also determined.

According to the result of agar dilution method, carvacrol and thymol not only
presented the excellent activities (MIC = 200 pg/mL) to inhibit the growth of mycelium
of A. niger among these components, but also showed synergistic effects while they
combined in all three ratios. These combinations could reduce 40 to 80% dose than
individual. From the results of both direct contact and fumigation methods,
cinnamaldehyde and thymol have the excellent activities in both methods (MIC = 100
ug/cm?, 40 mg/L), and carvacrol only has the excellent activity in the fumigation
method (MIC = 40 mg/L). From the results of direct contact method, the treatment of
Cin-Eug (3:1) and Cin-Ger (3:1) of paper showed the strongest synergistic effect (Cl =
0.7), while the Cls of the others were 0.8; the treatment of Cin-Ger (3:1) showed the
lowest minimal inhibitory dose (MID = 88 ng/cm?). From the results obtained from the
fumigation method, the synergies of all synergistic formulations were equal (CI = 0.8),
while the lowest MID were presented by Car-Thy (1:3), Car-Thy (1:1) and Car-Thy (3:1)
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(MID = 32 mg/L).

According to the results of inhibitory and fungicidal effects of synergistic
formulations against common mold spores on paper, the treatment of Cin-Eug (3:1) and
Cin-Ger (3:1) for paper could Kill the three mold spores. Although, the mechanical
properties of filter papers might be slightly decreased by the treatment of Cin-Eug (3:1)
and Cin-Ger (3:1), the properties of Xuan papers and wood-free papers would not
change after contacted with treated papers. In conclusion, Cin-Ger (3:1) is a low dose
formulation with fungicidal effect against common mold spores, and avoids affecting

the properties of treated papers.

[ Key words] Synergistic effect, Anti-mold activity, Carvacrol, Cinnamaldehyde,

Eugenol, Geraniol, Thymol, Essential oil
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Hor ¥ ik A S A (Aspergillus) 7 # # % (Penicillium) #4 vt &d 5 >
H4RR) e 73 < & (Chaetomium globosum) ~ % 4 # & (Trichoderma viride) -
4% 7 # ) (Fusarium solani) » 4~ 4x32 + /4 (Cladosporium sp.) ~ 12 # & (Rhizopus
sp.) ~ & 2Lk & (Phomasp.) % 4 254 & (Umbelopsis sp. ) ~ 2. 3&i% & ( Metarhizium
sp.) fed # F4 (Eurotiumsp.) & o fhF ¥ 2 305k 18 > H A3 5 € ~ £ R f >
v g% e (Malic acid) fr¥ & (Oxalic acid) > & 3k Pk & 3 e > e a3
kg ERAEXCHEE > T o deie o KEFREKTHEE G- B E

<~ Y% (%A% 2000)-

S VA OL e ) S

AL AEE Y B E AR (Kingdom Fungi ) ¢ 772 = 2> 7
( Deuteromycota ) f-+ % # ™ (Ascomycota) > d 4p3 % 3 SN Sk (Hyphae ) 25 =
Fe 48 (Mycelium) > #2038 F A543 3 ’fﬁd EREAATFEREGE - Lk

EIAE S 85 ~ AMELE P2 EAFT » YR 2R kiR i
|24 |4 E 5 A:

3

EEFMAT R (G PPRERT PSRRI R - E AR
AR AMALEAEAE T FHR LA RENT AL o F Linp

S RsR S E PR AT o
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(- ) H434c2 (Disc diffusion)
REIHITEF * R ARSI 3 A 2 ok > LAY TR Y angkiF
»% p Farag % 4 (2004) e%= 3 o3&

§ FIE s R AR AL B B R S

j i

f\ﬁ‘ﬁ.&") JL(F_%‘]].) i“‘?Zl% 19 ’

Kgoe g »v e & Fik
» ORI Bl 2

I
RS FERALE D ( Inhibition zones)

TP SRR 2 A e

B AL FedE

= Paper disc with sample

Spore suspension
p— edium

Bl 1 Aazdp4c2 27 =B e
Fig. 1 Schematic diagram of disc diffusion method

#4#:2 (Broth dilution)

i fis

(=) B4z (Agardilution) fo)

PR A foiR AR RGBT F R A b
SE A 4 o T B E 2 A W 54 Lopez-Malo # £ (2005 )f- Shukla & 4 (2012)
P RRERE AN RO R AR E L RARFORR ST

HE Y F
4R R B e

RiFr B2T7T1I 4L 2RRK AT enm@ds

L1 kdp B MR R R R Tk o § 1 g Bcd ) 100% 7 F o0

E/?J_P‘A\A)J-

B R R T A & Mgk & (Minimum inhibitory concentration, MIC)

(Z2) Bagmpigiin hkiz
SOA S S sk (CNS2690) v izt 52 * A 5 do N frig
SHSRE Y o AE SRR Mo THE-5em x 5omgda gy
EAomenE A ¢ Bl PR SR RERLE S LR N0

B 28+ 2°C 32 4 28 % {8 F 4 R P L 5 FulonE £ 7o 2t g 0

o
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Bk Rzl EESom x SemA Rl EEF 7 A A A2 S FAR A

A
R

r (B/A59cm) ? » T3 HIEFIRIF RS > e FENER 2822°C 2 2 £

by

ERNEE /3 Sl

REDPFP I AGHFeOE L HE > 2 MR EAPH L B3R L2
B AFE IR s B e VB o R > MEREON P RERORET

AN ET  REAERNEFLII - LT 5% o - HAERP R

¥
o
W
o

—\

N
g
A~

ey

A\

1,1H<

*"I.“l}rf/r-‘fr'lb r}%;ﬁdlﬂ’/}v‘”ﬁ@&r—f .

(=) @M

1 BiERDT

KA REL R TR - HER TG > R BRI EL LT E
Fl g Faes B2 o Flpt > FHI%RE Y DR ARKEAAZEE LA ks
- ¥ Lend 1Tk 2 o Sequeira ¥ 4 (2012) jEm 4 a2 ﬁkv‘ B TR
B AR R AkE M (Wateractivity 2R B2 Y Kk R ZF REPFERT
ok e e A RNt @) 3 0.6 PR AR M 20°C aid b TRB P 0 VLR O
MR R o

B o R E S ek Y BB AR ORI R 0 R FRERALDD K
FIZPE o AR R @SR 0 F RS RETEL S R RE REE

g FAE PR S Ma R P /#551 o F|pt v BIBREDBL D E S G REH

PAERGREOE DR A B ENF R 2 TRY AT
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2. fcid (Microwaves ) #

Mk - R E A L1II00mMM 2 Fehf g En B A AR Afeod@
2 F o 45 % % 100 1) 30000 MHz « 3 Mk 8 3 & § witehs F (4ol kA )
€ R A F SR 16 A 2 & foft sy (Bradshaw et al., 1998) - %gt“ v A g
A AvEM A RPN ke R A2 LB E IR F P e E (Woo
etal., 2000 ) -

RAEEL (2001) ZERRMERSMAILZ Pk > RAT S T
¥ <0k ) A niger ~ A. flavus ~P. citrinum - C. globosum ~T. viride + Metarhizium sp.
4o Umbelopsis sp.3& 83t im A+ > £ #-3 4 w2 2450 MHz #ict A2 0~ 1~ 35
102 15min# > E¥BAAIEE 63 > FERFA N RAL DL Laf o TR
PR e TR SR B P R o g S Ao & 19T 0 4248 Metarhizium sp. ehijg A5 1 min
Bk e I2 15 W i FIAF P % 5 4544 A niger ~C. globosum - T. viride - Umbelopsis
SP. F i S UG 3 min Al AR 18 i T % 5 @ 4 E A flavus e P citrinum s 8

R4 B] & 5min fo 10 min Agit k218 > 2 7 i BT e

21 BFRAGHEAIZSE £ 6 X 2B Ee: (L/AEE > 2001)
Table 1 Effects of disinfection on fungus-inoculated filter paper by microwave

irradiation for 6-day incubation

Irradiation time (min)

Fungal stain
0 1 3 5 10
A. flavus 5+2 2+ 1+ - -
A. niger 5+ 4+ - - -
P. citrinum 4+ 4+ 1+ 1+ -
C. globosum 4+ 2+ - - -
T. viride 5+ 4+ - - -
Metarhizium sp. 3+ - - - -
Umbelopsis sp. 5+ 1+ - - -

& - =no growth; 1+ = 20% growth area; 2+ = 40% growth area; 3+ = 60%
growth area; 4+ = 80% growth area; 5+ = 100% growth area.
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Pk B IR TR A RS KRBT S LA £ 4 (2001) &
] B R HIR (5 3R 2 ¢ A (Brightness )fr CIELAB ¢ X fd > & % dod 2 #77 o
SEE MO I PE R Dl A 0 9 R X AP AT 0w d L8 (AEX) FriR b 4o o
B ooox o b ORER e 5 T L dp 0 ok AgRaE 15 min pF o G e
FREYER o d T o ol RJREET TR P R MR 2 RF
R E EPFR Y ERRAERPB AVENEGT o DR BEERES o FP @ F AT

R AR

%2 mAGHOAARSR 2 0 Bivpgpd #1 (LAEE 5 2001)

Table 2 Effects of microwave irradiation on the brightness and color difference of filter

paper
Irradiation time Brightness CIE LAB AE*
(min) (% GE) L* a* b*
0 94.5 98.20 -5.45 7.06 -
1 94.4 98.32 -5.37 7.17 0.18
3 94.7 98.44 -5.37 7.47 0.48
5 94.7 98.48 -5.39 7.55 0.57
10 93.2 98.15 -5.35 7.77 0.72

3. y-4+4 (Gamma radiation ) #

y-54 5 1990 # ¢ % B4 5 7 Paul Urich Villard § 7 45 ch# v 42 14 4R o4 40

34

2=
G

BRoy-sa £ b Ad (ot gn L) B A ke B0 S

)

o A MRS A2 pd AR C-C Rt it DNA & 3 X3 2
Fe s o R L - UAFR ) AT e

sl & 4 (1999a) & 4Ft y-sfagt e v Kenfr oc% 0 2 0.0-1.0-25-
10.0 4= 25.0 Mrad y-5 5 B otp il > RS E R A A B E 3% > L REAERT I
FFEAEAS cREMT o AL AR RN YA E 232 T A
& 5 5 1.0 Mrad y-5+ 2 BB b4 crig 2 0 Bl 5 10%00 ff < REAR % 5 L 5A2E 25
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Mrad y-54 R PR St s Pl 2 @S2 £ o FIFR L £ 4 (1999a) fih 0 K
%5 2.5 Mrad y-Sa0PR 5415 T % 2 AR O T Rk o vt
FRAB B & 4 (1999b )7 B B y-S AR 2 MR T 0B B B % BT 0 & 2.5 Mrad

FJE P o A 20 PSR o B 58 B R 0 20-25% o @B e R R 0 15% 0 LA e R

=
=
=
(12
>
AR

M5 A a £ (25 Mrad) A2 pF > B w385 B P AR O KR 0 80% o
Hppisk ~ A for B 5 B A B 5 3570 40 55% o F]pt 5 & * y-Sb AR PR

WP AL ¢HRALEDER > FLATR Y G y-HRA BB 0 FRAGE

4. % ¢ % (Ultraviolet radiation ) #%
Boebk G - & 43010 7] 400 nm TR o B A PR K kR €
g 2 DNA _F 4p #8353 ’ifjlvﬁ“»,Vi(Thymine) 17 ﬁﬁ-‘rﬁﬂ*é_i Z %8 i&a 4] DNA
it ¥ AF Wl frig s @ 4 4= (Paulus, 2004) - Barnard 4= Morgan (1903 ) #=
T dp 2 & ¥ 5226 1] 328 nm 7 & 17 24 i b ( Bacillus coli +B. prodigiosus
B. subtilis ~B. tuberculosis ~ Micrococcus tetragenus = Staphylococcus aureus ) »xc % -
1980 & » £ Fenidh £ £ IV Bl E 4 (Library of Virginia) 2 3 > § % b 5k R s
TRV REETRIEREADIEER > R §RFKEF M opp it BEL B

% (Nyberg, 1987 ) F]pt » ¥ b Apitenp > 2 1 5 g @ % o

N

FE i PEM R 2L R I ERR ORI oD B R 1Y
ED 2 Fanp ek o 2 RELATT rﬁ,] hE R R ERREN LGP T
fICE R A T A s T o GRAEIR o R A 0 11T Bk AR KGR 5
BB PR BT XA FRRDRE S R FEFFFE D
I kA -
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(=) ™ FIEEH 2

CEMp gD E LR AKENHE A adRB ) e it B &R U F
MEENBE Y e+ 0 m I Tk o RBATR DR I SN2 7
o ¥ a5 B R frﬁf?'ﬁ%‘“k?d’—,ﬁﬂﬁﬁé# ek g iv & 4 (Azole)-

;42 (Silver nanoparticles) -= % it 4% (Titanium dioxide ) » i & §_r 2 &) g2 >t
Kekehd o > Z 3P L REFDE LS %éﬁﬂ‘] % & ¥ ¢ ‘= (Ethylene oxide) > d 3t pt
BERALFPRF  BBERA S SHCF T F Y 03 BT F BIGEL G PlE

(7% S F 0 TS e o T A ) 4 B A AT S

1 gt &% (Azole)

<

L EF L -SRiILEYF R EG LBSEBENRT 7 iRBER Y D
Ja & e #-H o 8E L osked (Imidazole) fr= ¢k (Triadazole) % - p 1944 & Azole
BiCES N - AT RE G IRE FER 0 1958 £ A L Bl FEA 0 1
5O R AR AT AN D R EFR R T AL T ( Perez-Rivera et al., 2009 ) -
FLE AL & LS E AT ¢ & R (Ergosterol) ch2 & 2 5 A R E
Fam e B R ehle & > &k fmfe ehd £ (Paulus, 2004) -

Fabbri % + (1997) # 3 Azole #f i & 4 Miconazole {- Econazole ~ &~ # &
= fi# 4] 4| ( Chitin synthase inhibitors )5-Fluorouridine > 12 2 fiic 4 4 % 4| Butylated
hydroxyanisole §= Butylated hydroxytoluene 2 *+ Whatman jg s (100%4 2% )
{v Giornale 37 A (25%4*+ ¥ 41 %xiﬁ: 75%4+F 0 & 83 K ) Fenfp ook o
BR Ao 2 917 0 Kdh i MRS AT S % 30 X e Ergosterol 2 € 0 H 2 & g
% 7 Ergosterol 4 Zgrd] o ER O ok N o B X BT 0 BRI lE
Mg FLAF 07 b frl AfasEm 5 “7£ 8 > 27 >3 FFEA Y 1 Azole 1 &

Miconazole = Econazole f7 ik »x % & i o
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Penicillium chrysogenum Stachybotrys atra

387
|

Ergosterol (ug/100 mg of paper)
=y
|

Ergosterol (ug/100 mg of paper)

’ d 1
0 )]

Contr BHA BHA MICO ECO 5-FUR Contr BHA BHA MICO ECO 5-FUR
0.2 +BHT 103 103 107 0.2 +BHT 10% 10% 103
02%+ M M M 02%+ M M M
0.2% 0.2%

Aspergillus terreus Chaetomium elatum

? ﬂﬁﬂj VI

Contr BHA BHA MICO ECO 5-FUR Contr BHA BHA MICO ECO 5-FUR
0.2 +BHT 10° 107 1073 0.2 +BHT 107 103 1073
02%+ M M M 02%+ M M M
0.2% 0.2%

Whatman [] Giomale
Bl 2 5 Azole g i &4 ~ 87 B & S pedrd Bl {ofuilc 2 4 £ 3] L ihjg M frdR 1

—

[+

|

3] (O8] =
I 1 1

,_.
1

Ergosterol (ug/100 mg of paper)
Ergosterol (ug/100 mg of paper)

[==]

& W Fe48 Penicillium chrysogenum (A) ~ Aspergillus terreus (B) ~ Stachybotys atra
(C) 4= Chaetomium elatum (D) 30 = & 2 Ergosterol # = & -

Fig. 2 Ergosterol content of Penicillium chrysogenum (A), Aspergillus terreus (B),
Stachybotys atra (C) and Chaetomium elatum (D) on paper stripes Whatman and
Giornale treated with butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), miconazole (MICO), econazole (ECO) and 5-fluorouridine (5-FUR) incubated

for 30 days. (Fabbri et al., 1997)
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HATEHLF LD FREFREAY Bl E KR TR D

vk 7% % %] > Rakotonirainy & 4 (1999) r Azole #f it & #» Thiabendazole *f 7 kg2

A

’
Pl
il

o % ded 34757 5 12 10% Thiabendazole (150 mL/30 m®) &4 24 hr 15 >
ZF ¢ dur kR €M I 360 CFUM®; ARt 48 hris » %4 ¢ chiz 3 kA ¢

{ "# 11 15.,56 CFU/m? %77 Thiabendazole e 7 AUZ & § 4% chdk b oo % o

%36 fh7f AL T F 2 R EPR R

Table 3 Activities of 6 products as aerial disinfection (Rakotonirainy et al., 1999)

Aerosolizes quantity CFU/m3
Product
(mL/30 m3) to t124h t248h

Imazalil 10% 120 ++++ 78 119

200 ++++ 58 63
Econazole 5% 120 ++++ 76 68

200 ++++ 69 28
Orthophenylphenol 15% 200 ++++ 41 47
Thiabendazole 10% 100 ++++ 555 333

150 ++++ 36 16
Thiabendazole10% / Orthophenylphenol 15% 150/200 ++++ 41 27
Thiabendazole10% / Imazalil 10% 150/200 ++++ 25 5
Vitalub QC 50° 13% 300 ++++ 33 39

& ++++ = quantity of spores after the artificial contamination (not numbered).

Rakotonirainy % 4 (1999 ) -*:=f Thiabendazole ¥+ 3 f& % & A3k — 1 jf:

( Cotton linter paper ) ~ 47 2 (Newsprint) f- % % (Edition paper) 8.5 » %%
e 4 Ao e heig £ 1 JZis 0 Thiabendazole ¢ ' M5k v & » i H TR iR
5% A BHE P RARfCRER AR Y AP R o d 2t ¥ &> Thiabendazole £ 7
L AN B G e T S MR T I e e R Giavini
4= Menegola (2010) %" 3 %% R E R E B Azole B & B enTR B

T T AT e 0 B R e R Fae R A AR
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# 4 Thiabenazole ¥+ 3 5k v & ~ ¥ it R R e an R DX
Table 4 Effects of thiabendazole on the brightness, level of oxidation and fiber strength

of 3 types of papers (Rakotonirainy et al., 1999)

Cotton linter paper Newsprint Edition paper
Measurement

Control* Aged® TA® Control Aged TA Control Aged TA
Brightness 89.0 736 707 63.0 435 431 860 64.7 623
Copper number 0.2 05 03 2.1 22 22 0.4 08 0.8
Zerospan 22.7 220 224 184 202 195 30.7 256 232

3 Control = untreated paper and unexposed to accelerated aging. °: Aged = untreated
and aged paper. ©: TA = treated and aged paper.

2. % 5t 42 (Silver nanoparticles )

3045 <o) A0 13100 nm gl 0 B 3 2 4F i 4 FoE B(Kimetal,
2007 ) HiEk p 34U S € drd] DNA aug @l ~ F 4 wie Woeng e i > i
M B e o e (8% (Gutarowska et al., 2012 ) o

Gutarowska % * (2012) 5 Bf32 K ¥ F N fhix b Hocsk - ik
W TIhxE - BRI 4% 6 abhbfm TEERLAABRIFEFY
= (American type culture collection, ATCC) # i-hpfd » — P iE {7 2 F 8P K
BER 0 B RAcER 5T o 2 P AAEE A ETEER TR TF D MIC i
B % 3% 5~ )k & (Minimum fungicidal concentration, MFC) ¢ 3 *t£ % > #¢ » 2 &}
41>+ AL niger~A. versicolor~P. carneum~P. crustosum~P. chrysogenium~P. radicola
4= Rhizopus nigricans f7 # 5 ¢ % > MIC 4= MFC #&% (45ppm ) ¢ » 3 X
FLH* T B B B2 - FfE 0 4 §F 7 F b SR 4o ATCC #% 0 A,
niger 2 MIC = MFC % &5 25 ppm » & § 548 b 4 § #7118 2 A, niger h MIC
e MBC 5 45ppm - 4p £ 8 & o & K o kR 45 ppm h3 K AT F = 2B
S fE o Am > Gutarowska % 4 (2012) R3]0 3 K 4LBERT UG 2k B
BE LEHWY SRS DEF e d 2 TR R LT T AE RS

S H YRR 0 E S d e kR
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5 2087 b KR EARF TR SIFIER R MR ER

Table 5 Minimal inhibition concentration (MIC) and minimal fungicidal concentration

(MFC) of silver nanoparticels against the microorganisms got from different origin

(Gutarowska et al., 2012)

Microorganisms

Origin  MIC (ppm) MFC (ppm)

Alternaria alternata

Aspergillus versicolor

Aspergillus niger

Cladosporium cladosporoides
Cladosporium herbarum
Cladosporium macrocarpum
Mucor racemosus

Penicillium digitatum
Penicillium carneum
Penicillium crustosum
Penicillium chrysogenium
Penicillium radicola

Rhizopus nigricans

NMm?
L
MAE
ATCC
CMT
CMT

NM
MAE
NM

ATCC
CMT
NA
MIT

22.5
45.0
45.0
22.5
45.0
22.5
22.5
22.5
11.3
22.5
45.0
45.0
45.0
45.0
45.0
45.0

22.5
45.0
45.0
22.5
45.0
22.5
22.5
22.5
22.5
45.0
45.0
45.0
45.0
45.0
45.0
45.0

& CMT = Central Museum of Textiles; L = Library; MAE = Museum
of Archeology and Ethnography; MIT = Museum of Independence
Tradition; NA = National Archives; NM = National Museum.

13
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3. = % i 4% (Titanium dioxide )

SF g BREGR p 20X EByA R FLENS S PRE BT
FTiray E e RA{-d 2 (Markowska-Szczupak et al., 2011 ) - T & K » d 35
F 1Y 45 5 43 ek i iv #) (Photocatalyst ) » # 1 -k e £t 5 (i £ 0 # 0
5W$i§6ﬁxﬁ%ﬂ?%’éﬁwﬁbigﬁwﬂi:&“ = F v 4k M 385 nm
UV BEE S IV ALEFpd Afees pd Aoy Brd R -Hi o &
FIBHed Prcdond > P EH PP F LA § I SR

Afsharpour % + (2011) eh/= 3 ¢ > 0 - § 4532 K4 & 4L (TiO2
nanocomposites ) % i *+ M3k b o 3T 5 5T 15 M5k 4 i ) (A niger ~ Penicillium
Sp.) efrdiE M o B EET 0 SC F L4 AIES 0 Kk Aniger 2. 4 £ F P A X
3R I AR o gt b o Afsharpour fr Hadadi (2014) 7 #-= § i 4532 K 4F & #4
RIS Nt TR > R B S F I AL 2 & F dr4] AL flavus
FEMNAEY D IVHELRELIRE S Lo MP TR L o Fpt > U3 ET R

2 B R A e e

4. % % v =z (Ethylene oxide)

HF LAV ET AP A IR - BV LR EAR - HREF
EHAE R R p aA S (dot PR ) A4k anz i E
& (Alkylation reaction ) » & %= 3 % 7 » B Bwmre enl F P

Bt b S ot BF LG R adrde % o ¥ AR T LF AR

B U BRAT S RS N MERY 0 B A B R R DR ol e o

'JEJ‘J S A Jlg( mﬁjll‘pﬂ‘? fr"”ﬁ‘/\ﬁ—lmv k%i%gz‘“’%ﬁ\»i@ﬁ)&
PR # ¥ 7]

72 (Rakotonirainy et al., 1999) -

#m > Ballard {- Baer (1986) /7 3 B %4p - ¥ ¢ =¥ A 2 5 A %4

B EI P2 A3 - RETREELDT - RRAEET Y TFEREY 5
EPRARSEAN 6 XM F BRAFSAS  REERAF R B IE R
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*+ 1 ppm (Hearne and Shrager, 2004 ) - F]}* » gp »t 2008 & it ;S #-E§ ¢ =5 5

o chit §F x5 (EC,2008) - tf st 2 *h > ThF o BT i 1§ skeid TR
% > fv Craig (1986) erdf 245 » IR F ¢ =R Fadl@ini % § L F 3 2k

EL o HFE s RF|2 %k ¢z € LI \&Eﬁ;";’{,mﬁ?]&-ﬂ’-l firo T 0 STRE L%

/%&v—:%; AR B 1 ’E_P—fl WEAERER p%#’b mf‘k FHRB °

Feba o MEBSORED RS F LR LBARSERFA ORGSR R &
Tl ok o BRBE AN AT P TR R E R S 0 R A TRB 2 MR
K

AR TN PREYG Y OB RO ILERAREL L > X B

AN
=\

TR EROBF ER U Y fri% Gk M PR CEER RS

NN R T

BB AT B CEE RO LT RAE FRE o LA

T
i
AN

£ G A fEias g o B9 o f17 k4 (Hydrodistillation) ~ 7
# 4 (Steam distillation) ~ 5z4; (Dry distillation) % 43242 & p 5.4~ 48 4 417 3] ch
P AL H e (1S09235:2013) 0 + % E 5 4T S kA ek o i L & d fog it
& ¥ (Phenolic compounds ) ~ ##g i* & % (Terpenoids) fr*5%#f: (Fatty acids) #7
o AT E K ¢ CO-CH JE AT &4 I B A = 4 (lsoprene)
PAAESE A ETREL LS EY RETE A5 H TN
( Monoterpenoids ) ~ & X %8 ( Sesquiterpenoids) ~ = #:#¢ ( Diterpenoids) ~ = if.
#f (Triterpenoids ) ~ = % (Tetraterpenoids) % % #.#g (Polyterpenoids) % - Cowan
(1999) =3 > M a3 hdlkd PRl PFF LR DEd > 7 i
dgpenime AR AR o B 0 R 5B A RBAGER W S F RO S A 0 T
B B R o A4 BN Y T ap A S (R3)e
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o

Carvacrol Thymol
HOD\A /ojg\/\ @\/\/
o N Do AN A a

Eugenol Methyl eugenol Cinnamaldehyde
OH
/K/\/K/\OH )\/\X/
Geraniol Linalool
>jj/ | @s
0
Camphor 1,8-Cineole

B3 fairdfi @ Bl A2 B

Fig. 3 Chemical structures of anti-mold components in plant essential oils.

(-) 4% &5 2B lER

. 4 % p» (Carvacrol)

T A F %4 (2007) %P CNS2690 4 afl &b fldil iz » 727 K54
A 4" #p (Calocedrus macrolepis var. formosana) <+ ~ 4 fof + # i 2 1S Fri]
# A (C.globosum f= A. niger) &% > %% 4ok 6 9757 - I 5 AR
S SR E > F i JER L 200 pg/em? pF > ¥ = > 4] C. globosum 2 £
%R RAKF 5 400 uglem? pE B % »4ed] A niger cnd £ o5 & F % 4 (2007)
- AP B H EM A A Carvacrol » F @ * JEA 5 100 4o 200 pglcm? ¥

& w2 > Fr4] C. globosum 4= A. niger 2 £ o
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26 L oM BAfoE S Hw 22 R L & 4 Carvacrol 4+ Chaetomium
globosum = Aspergillus niger sdri|»c% (+ & F % > 2007)
Table 6 Inhibitory effects of essential oils from different parts of Calocedrus macrolepis

var. formosana and the major component of heartwood essential oil (carvacrol) against

Chaetomium globosum and Aspergillus niger

Concentration (jg/cm?)

Strain Specimen
50 75 100 200 400
C. globosum Heartwood EO* 15 100 100 100 -b
Bark EO 0 0 0 0 -
Leaf EO 0 0 0 0 -
Carvacrol 0 - 100 - -
A. niger Heartwood EO 0 - 0 88.7 100
Bark EO 0 - 0 0 0
Leaf EO 0 - 0 0 0
Carvacrol 5 - 15 97.8 0

a: EQ = essential oil. °; - = not determined.

Ultee & ~ (2002) # 3 74 R > Carvacrol & 7 2 4F ehdi’m 7] B. cereus 712 >
HEM A & % p > Carvacrol &~ fw¥e 1o > € i = e ica g B (Swelling) fri
T =(Membrane potential ) c2*% i< > ¢ fn*e @ & 33 0+ & 4 % (Proton motive force )
£ & ATP> & 3 5+ = o pt k> Ultee & 4 (2002 )7 % 35> Carvacrol =4 % £ (Hydroxyl
group) fic g me LT L IR £ & ek F > Tt gap) > Carvacrol :E ~ fme s o
VA N fRg s @ a S o ¥ egeap S (Potassiumion, KY) RS 48

P mre > PR b2 BT kR (R4)-
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out Cytoplasmic in

membrane
OH' OH"
H+ T l
O O
+K* +H
T l% K+
oK* OK*

B 4 Carvacrol ok 2 & M aeniB T & B °
Fig. 4 Schematic diagram of the hypothesis for the anti-microbial action of carvacrol.

(Ultee et al., 2002)

B 2p (Thymol)
i b h@ % PN I3 B2 @R AP AD BB §i

Thymol - Thymol & - &% 2 chH % p= 37 i & ¥ (Monoterpene phenol ) » # 2 5

wre i B RSO K BB A2 £ 0 18+ & pF > 3 W )2 Thymol
TARMIEORAEEN > BRAEEAS P 2 % (Thymol chamber) - Craig

(1986) =% 7 ¥ R > #&48 % fa# ) (C. globosum - Aureobasidium pullulans ~ P.
cyclopium 4= A. versicolor) g & % ** 20 g/m® < Thymol chamber # » 12 37°C 33
328 mAat mRESA L 0 2RH D Thymol chamber 15 > £ 2 g1 &
3 oAt Fr Rk At £ o F)pt > Craig (1986 ) 483 st d® ik & T > Thymol
R R FIE S+ 0 m A TR 2R FRE o
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Rasooli % 4 (2006 )4 * A4zdk4c2 =% 242 3 Thymol s 2 % J&(Thymus)
fe 4= T. eriocalyx fv T. x-porlock #f ;& ¥+ A. niger crfr st > S % 87 > i * k
A& 250 ppm T - T. eriocalyx #F & shdr4 Bl 2 £ 5 90 mm > T. x-porlock =g 8] &
AR E 8mmeit—- H AT H S0 LR FIRP#EE R E DT eriocalyx 4 ¢ 2
3 16% Thymol> & 7 & & 128 0 T. x-porlock R &z 5 8% Thymol > #]:* > Rasooli
% 4 (2006) HwipltFie p Thymol z £ 0L B € B EH M RiE M -

Rasooli % 4 (2006) 5 7 L% » B f# T. eriocalyx 4= T. x-porlock # ié 2_ 7 {5
M H -2 AR ER oA T 2 A nigerhie S RFRERE L3 XE
P RS P 7 E 3 R 3 Bcst(Transmission electron microscopy, TEM )
BLZ o Bl SA G adpdleT™ Al niger chpEsiAE (P~ B 5 5 10,000); B 5B i 5iE
T. eriocalyx # # 125 ppm fJZ {5 c0 A niger #1548 (P~ B 5 % 25,000) » & 4

RASRPN chmre 2 4 B30 o do e Fanak 4~ e PORaRT i~ e R
G s PFIL I hime 4T F3T 0 £ B R - i B0 Tt Rasooli
¥ A (2006 )i ipldg o 2 o £ 55 T R IR L 4 ehi3 54 ¢ Bl 5C AL 250 ppm
T. x-porlock ## i rd® 15 A. niger Fsiff ek (< & 5 2 25,000) > B¢ eimse
i 4L mie o e PR RE S B PR e B 4 RA R N

‘wme A A ATB 2 IR o

%.}

& i % > Rasooli % £ (2006) Hwiplst 2 fatid € i
FRAF SO > T H# R b o R 0 Flpt B U REE .

Xu & 4 (2008 )%= 3 & % 7% 4 3> Thymol #r+#1] Escherichia coli 4= Salmonella
typhi pF> ¢ B2 B g b2 BT R R R e g KR B4 1 2 ATP
B R mre = o gt g e A B4 (Isomer) Carvacrol éhfilc 4 4~ 54140 -
Cristani & % (2007 ) %= 3 % % 3 3> Thymol it 43 flw 2 5o K Hamgseh 32 % A
vAS e o Hamre g & BE ehdf i o Carvacrol B2 £ gt A # it 4 o &Aoo Isbell

(1997) = 3 % # W > Thymol # i ¢ @& A3k § i > &3 A4 D Hdpmp - ¥

¢t > Thymol %_% glg:)\‘ Aok (v 115)3 Fis g 7L. FE ©
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B5 % &% A ics ™ Aspergillus niger f i sh% i o(A)fr 4] (2= & F % 10,000)
(B)2 Thymus eriocalyx # i 125 ppm AJ2( *c + & F % 25,000 );(C ). T. x-porlock
# b 250 ppm A2 (P B & G 25,000) 0 4 F A 0 G e AT o
Fig. 5 Changes of the hyphae of Aspergillus niger viewed under transmission electron
microscopy. (A) Control (10,000x); (B) A. niger exposed to 125 ppm of essential oil
from Thymus eriocalyx (25,000x); (C) A. niger exposed to 250 ppm of essential oil from
T. x-porlock (25,000x), showing folding of the cell (arrow). CW: cell wall; ER:
endoplasmic reticulum; M: mitochondrion; N: nucleus; nm: nuclear membrane; V:

vacuole. (Rasooli et al., 2006)

3. ¢ #2p¢ (trans-Cinnamaldehdye ) 4~ 4 = (Eugenol )

Foed (2007) 2&H (- B4 LB NEPEELLEN  BRRAHE 5B
v 8 x5 ket p42 (Cinnamomoum osmophloeum) 3 4 (p 2pE3] ~ B 1272
Poire fafindl ~ el A~ HAAeR & A1)~ R ¢ 1 (C. zeylanicum) ~ L g
1+ (C. insularimontanum ) ~ 2% (C. burmani) ~ i .1 % (Clausena excavata ) » I
3 bt & e 2. 2 & & 4 trans-Cinnamaldehdye ~ Cinnamyl acetate ~ Linalool -
Camphor ~ Eugenol ~ 1,8-Cineole ~ Safrole ~ Terpinolene ~ Borneol ~ Bornyl acetate -
3-Phenylpropionaldehyde &2 - ¥ v/ Thymol s i $158 % 548 ) A. niger fr
C. globosum » 3 % 14 % 232 2 P #F2 & 2 6 ff o 5% 4B 6A 71 0 p4RfE

A2 P Aefop fRpE-p e a3 2 p RES H Y RS Pp A fock i o R
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B R G 100 pg/em® BF oV R 2L £ L e L B AL P Y
trans-Cinnamaldehdye s % & it » V9 p |t p R E I HFo 2 2c%k 1 F > =

2_p] % Eugenol (B 6B) -

A ThyrnolI T

Clausena excavata

BC. globosum

Cinnamomoum burmani

B 4. niger

C. insularimontanum M

C. zeylanicum ﬁ.

C. osmophloeum (Mixed type)
C. osmophloeum (Camphor type)

C. osmophloeum (Linalool type)

C. osmophloeum (Cinnamaldehyde type) [

C. osmophloeum (Cinnamaldehyde-cinnamyl acetate type) foms

0 20 40 60 80 100
Inhibitory area (9%)

B ThymolI —

3-Phenylpropionaldehyde

B C. globosum

Bornyl acetate | W 4. niger
Borneol
Terpinolene
Safrole 7
1,8-Cineole
Eugenol ?H

Camphor

Linalool

trans-Cinnamaldehy de |
Cinnamyl acetatei ‘ . ‘ ,
0 20 40 60 80 100
Inhibitory area (%)

B 6 EFHw (A) 22124 (B) & 100 pg/em?® hig * Jk B T Frd| i
Aspergillus niger f= Chaetomium globosum # & % - (3F% 5 » 2007 )

Fig. 6 Inhibitory effects of essential oils from plant leaves and their major components
(100 pg/cm?) against Aspergillus niger and Chaetomium globosum.
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Cinnamaldehyde % B £ * *> & &1 ¥2 fiEH > L5 w2 g o @ X

-n\a,

R e W B S A A RN MAF IR RA B RER w2
( Becerril et al., 2007; Cristani et al., 2007; Gill and Holley, 2004 ) - s “} » Bang % *
(2000 ) 7 7 % % 7~ &5 > Cinnamaldehyde £ F #r4|wre k24 & & % %
B-(1,3)-glucan synthase {v chitin synthase 1 % 44 - Devi % 4 (2010; 2013) %= 3
% P&t 0 Eugenol ¥ B 4v fmfe Mo F B[ 0 FAHTE T 3L 2 e e WOfE F
Moo Flpt o gt 2 M A Y B AR dicd A o

woed (2007) - HiERE G RGP REEZp HEAN P BESIHR I

# 3 &4 Cinnamaldehyde $f i 58 12 7 e 8 (5% o S feoif 105 208 Ak 4

Fd2is > B2 H CIE LAB ¢ L EfrpH B2 %1 > B% 40k 7977 o 7 A0 W5
P izpEdl 2 f EE 3 9 2 Cinnamaldehyde j2i# rgfs » Hd L % &5 0.8 p
B % % W) H pad &4 ; Cinnamaldehyde o2 is » 2 pH & T "% 0.3 f2 i ¥ K
SR e b o s PRI PR 2 f B E S H# 2 Cinnamaldehyde % 7% 2t > #
+ ¢ 478 (Yellowness index, Y1) & 2 » B awkd® s MR d § th¥ hild > e
He L@ > 30 GRrREZFRY2Z L ap HEUAIFEEFTHY 2

Cinnamaldehyde /&J2 i 2_ o B opH EF TR 0.1 fe i e R A dE AR kg

3o MER T 4 fE
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27 2 A~ EHAEFE 2 E S 40 2 Cinnamaldeyhyde 6 57 ¢ e pH
Bengi (3F7F > 2007)
Table 7 Changes in color parameters and pH value of Xuan paper and wood-free paper

dipped in leaf essential oil of Cinnamomum osmophloeum and cinnamaldehyde

Speci- CIE LAB
ens Treatment o~ & b* Yl BR(") AE* pH value
Xuan  Untreated 925 -10 3.2 126 100.0 - 93+01
PaPer control (Ethanol) 924 -08 2.7 11.9 999 06 94 * 0.1
2% Cinnamaldehyde 929 -1.2 29 119 1011 0.8 90 *01
2% C. osmophloeum leaf 0il 929 -1.2 29 119 1011 0.8 94 £ 0.0
Wood- Untreated 952 0.1 28 126 100.0 - 97100
free  control (Ethanol) 95.0 0.2 2.9 128 995 0.3 9.7 + 0.0
Paper 2% Cinnamaldehyde 95.1 -0.1 3.8 141 9938 1.0 9.6 £ 0.0
2% C. osmophloeum leaf oil  95.0 -0.1 4.0 145 99.6 1.2 9.7 £ 01

4. v = 4 = (Methyl eugenol )

Farag % * (2004) I * Aszdpiciz =% 3 &9 + & w4 (Melaleuca) 2+
M. armillaris ~ M. ericifolia f= M. leucadendron £ =+ # ;¢ ¥ A. niger 1 ik iE 4 - %
% B2t > Ap#>t M. leucadendron §= M. armillaris & =+ # % » M. ericifolia ¥ & # 4
L PRl R o B0 LUIF O B Ol R R S e B el (R
Farag % * (2004) i&- #% 12 GC-MS ~ 47 3 f&e F £ 3w e o (£
8): &% kot B #UE M B 4F e M. ericifolia ## 4 2- 2 = & % Methyl eugenol (96.9% ) -
Py Farag & 4 (1998) 7 g % dp» ¥ F BRI EFEF AP L EF TR E
F b2 e o Tt 42 7R) M. ericifolia chpr #E H = 4 7 5y & Methyl eugenol -
gt b o Farag & 4 (2004) ~# etk 7 7 1,8-Cineole 7 M. leucadendron = M.
armillaris > z 3 64.3%¢< M. leucadendron 2 7 #& /& {2 # & 7 33.9%: M. armillaris
245 > Flptdiip] 1,8-Cineole » ¥ H_F b chfr S = & 5 1,8-Cineole 7 &
1t Shukla % 4 (2012) = 5 &% @ IHF - HAE TN S 2 BRSNS o
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% 8 ¥ + K #H/H1E+d (Melaleuca ericifolia ~ M. leucadendron = M. armillaris)
S ena & a2 R ik F (Aspergillus niger) b ks

Table 8 Antimicrobial activity and major components of essential oils from leaves of
Melaleuca ericifolia, M. leucadendron and M. armillaris against Aspergillus niger

(Farag et al., 2004)

Inhibition zone

Species (cm) Major components

M. ericifolia 18.3 Methyl eugenol (96.9% )

M. leucadendron 14.7 1,8-Cineole (64.3%)

M. armillaris 11.7 1,8-Cineole (33.9% ) , Terpinen-4-ol (18.8% )

(Z) B e 2P iRSE

1. f#ps (1,8-Cineole)

37 B fE 1,8-Cineole 5 i =4 (X ¢ 65%) 2 =+ & 4 (Callistemon
lanceolatus )3 + ## /4 e i 5 14 Shukla % 4 (2012)17 & ﬁi«ﬁ%’? /2 (Agar dilution )
feik s A2 (Broth dilution) =i & $f A flavus efrflsc% - &% & r C.
lanceolatus £ &+ #% 4 c7MIC 5 0.682 mg/mL: ## 4 1 = 4 1,8-Cineole enMIC % 1.285
mg/mL > % ;= C. lanceolatus ¥ + ## % fv 1,8-Cineole 2 [» i »x % ¥ 2 4% » (e
1,8-Cineole #f7 i s % & % #F 4 e0— £ » F)p Shukla % 4 (2012 )#ip] C. lanceolatus

E3fn o fEEy Lk p R g3 AFhe I e o

2. #% (Camphor) -4 Ep% (Geraniol )

Jantan % < (2003) i%:i8/% ,@;fﬁ? ZF 7 9% 4 (Zingiberaceae ) {84 H. &
(Rhizome )#F i 2 17 B % 5% &1 9 8% #4484 ¢ > 11 Boesenbergia pandurata
B EOoH 4 ¥ AL niger fr A, fumigatus drd]rc %k 47 > 2 MIC 5 1.25 mg/mL - 2
GC-MS:it- #H o5 H W e 4 » FILH 3 & 4 5 Camphor (32.1%) > =t &
= 4 % Geraniol(16.2% )= 1,8-Cineole( 13.9% )- 3457 + 2 7 % % ip > Cineole-
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Citral ~ Geraniol ~ Linalool ~ Camphor {= Menthol 354 ¥+ gF{csik B F& 5 47
H]EH Ft Jantan ¥ 4 (2003) 4] B. pandurata . & b o s o & ok
p ** Camphor ~ Geraniol §- 1,8-Cineole -

Bard & %+ (1988) e 3 % ~#F > £ 3 & ¥ A o Geraniol ¥ 22 49 4+
MR e > TR K fmve SEendp i %08 & (Phase-transition temperature ) - Prashar %
4 (2003) - ##F Geraniol ¥ :x% Saccharomyces cerevisiae eim?% 5’ = >
W Avkpforg Bt ) > P F R B B aid > 2 a BB w7 BB
T iEa 4 o Ota® 4 (2003) ST 5 B A 0 B in S e 4o T R moe
SocEH A el 8 E A AR (F* o Bt > bt B, pandurata $. 54 b 0

WS T R ITE AL R IEY o

3. = #p (Linalool)
Rakotonirainy - Lavedrine (2005) & 45 di4F7d ¢ B 5 Frd] 55k R Fes =
H oA AR (TR BE R R R S Y ¥ 244 Linalool
¥+ A, niger ~ A. fumigatus ~ A. repens ~ C. herbarum -~ P. frequentans ~ T. viride ~ C.
globosum ~ Paecilomyces variotii §= Stachybotrys atra £ 7 24 eiafird|sc% o F|pt >
Rakotonirainy {- Lavédrine (2005) i&— 4 #- Linalool * % & sk sk 0 3
EEACR T 7 0 B- BAREADAY AT HY > LT HE > BT O

R o B R Linalool E 0 F o ¢ HDEACG N RF IR > RE 2L X B KE

Y

R

2
&3

g g £ kim0 % % &g o Linalool g * k& 5 295 4r 415 ppm BF > % ¥

‘—H

* 2
G

\\\w

T E AL WAL L RERE AT § R IEFS B KA BE R R

E\

“F
b

K Mo ENRAA?PEE IS A FREKANLF FAL LN S
F]4¢ > Rakotonirainy 4= Lavédrine (2005) 4] fpt i@ * Jk & T > 34 0 Linalool

NS S I LA E T
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Wy il

.;ﬂ btk

B7 e Eaw g A mRB o X8 o
Fig. 7 Test-chamber for evaluation the anti-mold activity of compound on moldy books

in vapor phase. (Rakotonirainy and Lavédrine, 2005)

¢t b > Rakotonirainy f= Lavédrine (2005) =%z Linalool ¥+ ¥ 3 {5 chg’
B B MqrdR XRB %> 415 ppm Linalool - 2RI RF w12 KEETR 0 B
Ao 997 o MARR E T Linalool % 0 X fr% 21 % > & A T Mk 4pt > B g
Bicf a2 R SR Y AP e R g 21 % 150 2 pH @ Bt Tt
Rakotonirainy {- Lavédrine (2005) 3% % - Linalool 82+ 5 »xehif 17 ik g3t 5k b p
AR RITL - APNKER R E TR AR ER R Y 2

12 iF ¢ Linalool *# i< A3k s pH & o
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# 92 f8 W R R &>+ 415 ppm Linalool 4c i@ & it 21 % 2 W3R H

Table 9 Properties of 2 types of papers exposed to 415 ppm linalool after 21-day

accelerated ageing (Rakotonirainy and Lavédrine, 2005)

Treatment Days Measurement? Paper 1° Paper 2°
Ib 82.4 61.0
0 pH 6.39 £ 0.03 5.87 £ 0.02
Control DPv 1.47 £ 0.01 ¢
Ib 78.6 46.3
21 pH 6.24 + 0.03 5.37+£0.03
DPv 1.34 + 0.00 -
Ib 82.0 59.1
0 pH 6.29 £ 0.03 6.25+ 0.01
Exposed to linalool DPv 1.47+0.00 -
(415 ppm) Ib 77.8 43.9
21 pH 6.48 £ 0.01 4,98 + 0.01
DPv 1.29 £ 0.00 -

2 b = ISO brightness; DPv = mean viscometric degree of polymerization.
b: Paper 1 = paper made from cotton linters and softwood chemical pulp.
¢: Paper 2 = newsprint. : - = not determined.

%

A

ErHF T RS VNERIARSIHS LG LFOBREE P 5 F

N

M i chs & ¢ 7 Carvacrol ~ Cinnamaldehyde ~ Eugenol ~ Geraniol 4= Thymol > e
FIMAF LT i 5 A & 4 k23 MR E Bl ie 3 Pl B > Rt
R AN S 2 EFM > TR E R R ER R EM e L N s T
FEFAHRDOIIEY > Faflr 3 v AL EHapEELr o S
BOREL KA LI o TP AP TR ESEN Y 5 AF Lo S
AATEGRR R 2t > TR H B P 30 o H o FEFHAE S A e

B S R AR L B
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\\\?{y

s iR E S 2
— N RER R
(-) g ¥

AFE Y AT * 2 i S5 w3 3R i B{Ed Satureja khuzistanica ## id

( 80~93% Carvacrol » Farsam et al.,, 2004 ) ~ ¢ @3] + ¢ +# ( Cinnamomum

osmophloeum cinnamaldehyde type ) ¥ #F ¢ (68~95% Cinnamaldehyde » ¥ 5 # % >
2014 )~ 7 % (Syzygium aromaticum ) # ## /4 ( 82% Eugenol > Srivastava et al., 2005 ) ~
7 4 %¥ (Ocimum gratissimum ) &4 #F /¢ (84~89% Geraniol » Charles and Simon,
1992) -8 5 4 ¥ % (Monarda citriodora ) {2 4~ # i (82% Thymol > Pathania et al.,
2013) 0 fed *t b iffEde 54 B A BB o P AHH LI L F AT L RE ;T
o SN C e B A 0 B BB 4 Bl 5 Carvacrol (Sigma,
USA ) ~ Cinnamaldehyde ( Acros, Belgium) ~ Geraniol ( Acros, Belgium) ~ Eugenol
(Acros, Belgium) 4= Thymol (Acros, Belgium) » % A& % % % 99% o gt ¢k » % 1>

PP Rk ek 2 P 1 &4 L 4L Car ~ Cin ~ Eug ~ Ger = Thy <) E

(=) #F& AR
Fr o0 ERRRERIEE (CNS2690) #ri .2 2 fik (Aspergillus niger, BCRC

32073) ~ 2 fgt#& (A. terreus, BCRC 32877) ~ +5 7 f#& (Penicillium citrinum, BCRC

32850) - WA R AR BN 28Co AR A 14 -

(Z) BAA

AEF R & AL 5 4% F #9 'o (Potato dextrose agar, Merck, USA )>

vEAR kA S 390/IL kR
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(z) A

AT EY % L pA(Adventec, No.1 )~ % L ehid s sy M—37 (4
HE L AR 0 AT 13259/m2) 2 % BHEL e L SR (B

Wit > A £ :180.09/m?) > i i7iE% o

I @R 2
(=) A e

%% Chang % * (1999)z %3k = ;% » #3411 ¢ fE (Shimakyu, Japan, 99.5% )
Feflir g EA S B~ 60puL b » EML R ER F A R L5 5 RBHRNBE
A2 ¥ ER A B A 800700~ 600~ 500 ~400 -~ 300~ 100 2 50 pg/mL - F# %
ARFG > L RRBRARREA A AL (F8) 25+ 2°C~ aHiE A 70%:
AEPRE FHBEDRSE BB R L & 3TF 8%k 2 7] 100%Pr 4] 2 & pF
22 ik MOk R 0 T 4 A K Prd )k A (Minimum inhibitory concentration, MIC ) - &

TRk AL 4> T3P EAFER 3T 0 NAFEMIC 2 £ RIE -

Mycelial disc

Medium with sample

8 3% *a A ses 2 7 LW -

Fig. 8 Schematic diagram of the agar dilution method.
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(=) MEEP MRk

C BB

%+ CNS2690 2. 3%5% > 2 » B~ 15 mMLA Fi A r 8% ¥ » ¥4 125~
75+5~3.75-254r1.25 mg 2. :## 2 400 uL & fi$i3 f218 0 4 r 2 Ak A (5cem
X 5cem) b oo @R g ¥ kAR 4 B 5 500 ~ 400 ~ 300 ~ 200 ~ 150 ~ 100
2 50 pg/em?> ¥ ERAATE B e RE2 2 A AY & (H9) £ 2R A F 4o » 500
pL 3z 3+ Fis > 8 » 25+ 2°C~ 4p iR R 70%2 £ fa % 14 < (&> BLRE% e
WEh2 £k i 100%Fr ] 2 b OB B T 5 MIC © 5k 1 #-R ik F 2 £ 2 )
AP E 7 IS mMLRFARAALE A Y N2 ERY L EET X R
RRA L AL ER R TR EERR T I o c EX @k AL 40 F

I EARR 3T AR MIC fod Mg+ E 2 IR -

Paper with sample and spores
Medium

RO Wk ZBEMZ2TIH -

Fig. 9 Schematic diagram of the direct contact method.

ro
‘Fﬁ

AR

BB fRRRR R AT MOGR L HR ok 0 ARk 5 ¥ CNS2690 f- Lopez
$4(2005) 2@ S i B 15 ML A A A A Y o F Y
ARE SRR (5em x 5em) B3 H P L s T jg A b 4o 500 pL 3e F B
% 0 ¥ #-125-10~7.5-5+3.75+ 25 - 1.25 mg 2 & 4% 11 400 L ¢ fEiA 215
e rFEEYR AT P FORARA (B0 em) P FRAEE G > B Er F
2o E B4R 10 0T o BERT A Y ik RERE 2 (L) F 57 5 200

160 ~ 120 ~ 80 ~ 60 ~ 40 4w 20 mg > &3t 25 + 2°C ~ Ap¥Hi% & 70%4 £ fa32 % 14
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A BLBRER R S RN ML BRI R MICER < 5% 5 #

uu
™V

BMALE2Z AP B2 23 I5mLR AR A A28 E e ? 304 £ 5

el

ERE 7T X RZR
WA 4 T3 P EAEFER 3T UFEFEMIC fod Bz 3 F 2 LR o

B E A ERT o R R IE 3 e 4 o H R

Medium

Paper with spores

B 10 AEFE ZF2 7 LB -

Fig. 10 Schematic diagram of the fumigation method.

(=) AHEA%

#-t% e fie > (Car-Cin (1:3) ~ Cin-Eug (3:1) ~ Cin-Ger (3:1)) i& % 10 #7712 &
£ 47> 12 mL z f:( Shimakyu, Japan, 99.5% )» #X {4 4c » Jg A (190 mm X 275 mm)
doo IR R R RESES > B~ 23°C ~ Ap R &R 50%n3k B P iR 24 hro Bl =
SR MR ¥ RS fe S kA 1ror 22 £ #7437 400 pL ¥ AR( Aencore, Australia,
99.9%) » #&7s4r » A (50mm x 50mm) oo A F R F RICE S 0 ATHa R

ﬁja—%f’\/f 1 3

%10 B gk pe R & £ 8 (pg/em?)

Table 10 Best synergistic formulations in weights (ug/cm?)

] Dilution percentage Compound
Formulation :
(%) Car Cin Eug Ger
Car-Cin 1:3 80 30.0 60.0 - -
Cin-Eug 3:1 70 - 525 525 -
Cin-Ger 3:1 70 - 525 - 35
31
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(v ) Bk 29 51

1. MR} g e e cn¥ B

LRI e 40 MR ST TR R Bl & 45 0 (50 mm x 50 mm) #
F L 1~2 mm gy o e r 15 mL e fie fiy (ECHO, Taiwan, 99.8%) » 11423
# ¥ F (Ultrasonicbath) X2~ J=F 5mints > # % 5mins B 55% » €4

P55 HEPF L 93£6% -

2. A 227 3 5B A

P~ 1 uL 3 B~ 73 &4 » 7890A GC System (Agilent, USA) F 4p & 47 L W& a3+
] % (Gas chromatographic separation with flame ionization detector, GC-FID ) z_#
HAr o Hiisbr B R 5 250°C - i\w’ E § i 5 1l mb/mins & e 1001
4 3t g % DB-wax (Methyl dodecanoate ) - ¢ /<30 m x 0.25mm x 0.25um; ¢
fede g B 50°C » #7581 min ¢ > 2 10 °C/min <78 & 180°C » £ 12 30 °C/min
R I 250°C > #E 5 mine R E A V&M WRE 0 HIEAR L 260°C > F #ON
#Au G 0E F 400 mL/min~ & F 30 mL/min fedf 24§ 484 § 25 mL/min e jrd
HEEEfeSBRaF G > HEE B ama b > 3007 kR 2 HEEfos
fed el GRITL T G aREMR - REBI DA 03 fza i+ » TR

B @IEEREL L AR e R R ET AN PR H S

$HF (%) = =L X 100
¥ = WO

B o Wofe Wi 4 5] 5 bl fie™ 22 ja i FE w2 BN FPRRB L A8 £ 4

3
)
I
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() 3P#EFR

By BArig fRA 7 S B R adZp A (190 mm X 275 mm) 4p F eh=
oo B A R AUTR 0 AR A4ARY 1 2kg nd £ R 0 B % 23°C
B14 %15 > F &~ 23°C ~ Ap %8 R 50%:rIh B ¢ % 24 hro A 47 2 e i

LR

() MEEHF A4

1 %5 pé pl e

MR doG grd 4x % Xerite SP64 7 430 5k 4 L R 0 11 Des & B TR o BLP
100 BIRRIVIT S Amme RRERFR-MEREZERART Y cFEREL XY
Z = tljgc@ (Tristimulus values) » i 1976 # W% @M 4 ¢ (CIE) 4] % CIE
L*a*b*d 48 % > 2 L* v a™feb™d £ flicy b SR g7d o B LT AR MR
PRAZR > 29 ARG 10052 P B A AT AE R 0BG
AT fie B b2 0 X< A A3 Ko F I o f B LTI AR
e Ed o B f RUTiE L MR E P35 > P58 £ 15 BRIET IS (F

SR EE AT AN EgR 2 MR e2 ¢ £ & (Color difference, AET)

P R % % (Brightness retention, BR) % § ¢ EFE. S (' Yellowness index, YI)» & £
TOAESTE N A S F
AE™= [(aL")?+ (aa")? + (ab™)?] ¥
BR (96) = (Yt/ Yo) x 100
Y1 =100 (1.28X-1.06Z) / Y

HP Yiigd2ez YiEr Yosa¥Rez YR
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2. Phdw Ep] T
% AL E B § FI PR (TAPPI T 520) 36 4 & ik B % 2
( Surface pH measurement of paper ) » £ * InLab Surfacr ¥ & ( Mettler Toledo ) 7]
T_o MRS L 50mm X 50mm sk ) fE o AN A ¢ oo FAH it 4
pH % 6.2~7.2 eh= X Z4 K 1 mL > # % 10 min {s ¢ * pH & 2 % (Radiometer
analytical PHM210 pH meter ) | _ A5k 2. pH & o 7 F mJ2 iE 2 2. A4 & B~ 5 5k

3

,LO

3. w4 Rl
Fyp? EARRRIEE (CNS10378) M2 Mir i85 B 3 Bk 2 > Bkt
Z 15mm x 110 mm = - » 12 MIT 325 #% ( KRK MT folding tester ) » 7= £ 0.5 kg

T pl 7 H @84 (Folding endurance ) - 3#sk €4 #c s 12 -

4, Fusk i BOP 2
1;::})% PR R K 73R (CNS 12607 ) A3 A sk i ;?;‘;e,%; E o RS R
Z15mm X 220 mm £+ o o rfEiE R N Rk 5e B 2Rsk s (Gotech AI-3000) B

T H Fusk3s B (Tensile strength) - 25 € 45 #& 5 10~12 -

5. BR 5 R B E
Zyp? FARREFIEE (CNS 1353) M2 M MpL Bl o & 3#5%2 » #AEP
7 5 80 mm x 150 mm e o > BB 3 R FEE% S (Regmed MTA2000) B 2 %A

#rF A Gl s R (Burststrength) - :#sk €478k 5 18 ©
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ERNE = SRt R A
(- ) Z»cs Bz (Isobologram analysis )

1395 Berenbaum (1978) # 1 % »x R B2 » %2z (Isobole) T B g R ¢
PR A B JE R B2 L L T (Y o b SR kR o] 11 4
FoOX N YBhEBE 2 (NTILANBAT ) hh B ER > E P (Ag0)
1e(0,Bo)~ Bt & it &4 Afe B E LR * THMIC -5 2 34 bR & 1
HER A B 5 (GA0 1Bo) (GAs, Bo) e (FAo, 1Bo) (1544 512 1:3~ 111 e 311
#7348 ] ) £ M- e AR 5 80+70-60+4020%r A A ¢ %] (100% )

- PR KR -

Concentration of compound B

b
Concentration of compound A

Bl 1l E»cARB2 233 %KFBe2i &4 2 MICEAR M 346+ »)(1:3-1:1 4= 3:1)

R e o TS 100 ~ 80 ~ 70 ~ 60 ~ 40 {r 20%:E {7 17 R o

Fig. 11 Experiment design of the isobologram analysis. The MIC values of two

compounds were mixed into 3 ratios (1:3, 1:1, and 3:1), and then diluted into 2

proportions (100, 80, 70, 60, 40 and 20%) to test their anti-mold activity.
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>

Concentration of compound B

»

ENES] Bl
jvs}
S

Bl

&

F

EPREKS B LPEBPoR LR 5 MIC ERETIELE o do@ 12
om0 H P (Ao,0) fv (0,Bo) et AL 5 4o = 4 (Additive line) » 7 # 12 ¥ it
Edena 5 i ki £ 21 SR ESEAR FY 5 R & MIC kB #R20R
TS (R12A) 5 2 & B4k i®® » 2 3 BB MIC LR § =304 24

(B12B): 5 2 ¢ L i pr> H MICER € 3044 (R 12C) -

oy
=
°
@
=
°

PN
=
[ §

7/
Concentration of compound B
EE)
&
Concentration of compound B
IS

Blw

B, N

F
o

|
7/
=

Concentration of compound A

By] AN
0 N .

1 2 3 1
740 740 A, Ay 74 74
Concentration of compound A

1 2
3t g

2 3

B 12 5 5% (A)~ e i8% (B) fribdni®® (C) 2 Z»csBlHr L H -
Fig. 12 Schematic diagram of isobologram of synergistic effect (A), additive effect (B)

and antagonistic effect (C).
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(=) ‘2 & 458 (Combination index )

=R ERERRS 2 FY 55 & 1395 Chou {r Talalay (1984) &% & 47 #c
(Cl)» #p @ 2R > 5 MIC ER » T3] 2038 &R ofe > 2

Clig »CliEagMpl Ttk ®% g e
. B A 1
Combination index (Cl)=Cla+Clg= — + —
Ap  Bo
AP s AfrBiAaw s AfeBRER » EF MIC FFek R S Acfr BoRl 2 A4r B

Hpie+r T E5 MICPEER -

(=) ®Er
pﬁfﬁ?ﬁ*p]"‘a‘v}]ﬁ')ﬁO EpHTETE R 2B E PE R VEGR LW {S R
L r Eengi THEARER 2 MICERBE Z V&P EH 2R
A JpAA P B E (Dosage) » -1t & F B L AP 4 0 W IF T R R R e
SE R E 7 iR E 0 T L B P4 % £ (Minimal inhibitory dosage, MID ) >

§ MID 4 iS4 7 fale e 212 2ordler g & OB R 40 -

D /u)‘L Av\ ‘%q’

R R P 2 A A5 9] R Stk (Version 3.0.2) i 17 ANOVA 4 45
#01 Scheffe x4 = 2 e 7 PASLOSE LT LHFLE » AT HRHERR

95% -
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‘Ei‘,,: ‘at"

7

1%

ik
-nn

i’/‘
- ~H- a2 plERE

FE A 3k i (A raffl - MR RRAITAREE) TR 5
¥ L = 4~ (Carvacrol ~ Cinnamaldehyde ~ Eugenol ~ Geraniol = Thymol ) %2
$# (Aspergillus niger )eripz ftic 4 > T AR SR * LT LG R F sk o
MERA ARG R R LT AR RBEEERET L5 2 T A
B 21 & 4 #F Aoniger F SRR e ok s § L E SRRl A R TE DR MURR
( Minimal inhibitory concentration, MIC ) 4% 4 » % 7= H 2 s fE4% F o AT 7 2038
& % 4o B 13A #1F > 5 &1 & 4 ¢ > Carvacrol = Thymol ehf & 8 i3 (MIC
=200 pg/mL) > #=tEHd 3 3Kk A 5 Geraniol (MIC = 300 ug/mL) ~ Eugenol
(MIC =400 pg/mL ) % Cinnamaldehyde (MIC =500 pg/mL) °
AEE BRI R I ARSI &5 AR =k 2 e A niger 2 F fi
BFHEM > NIRRT AR Z P ETE 0 B 5 40B 13B rm o H P
Cinnamaldehyde f= Thymol z_ /& & & (MIC = 100 pg/cm?) » H = 75+ d B ] i %
B % Carvacrol (MIC = 150 pg/cm? )~ Geraniol (MIC = 200 pg/cm?) % Eugenol (MIC
=300 pg/cm?) o

PR ABEfRE D Al L F A NEED otk AT B A hES

g GRS R JE SRR T & BT S ] Aoniger 3 3 TR 2 vk o
% % % 4B 13C #1751 > Carvacrol ~ Cinnamaldehyde f= Thymol £ 3 & & chf7 & 12
(MIC=40mg/L ) # =t 4 Geraniol (MIC =80 mg/L ) Eugenol (MIC = 120 mg/L )

SEYER N A
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600

400

MIC (ug/mL)

200

400

200

MIC (ug/cm?)

100

150

C
100
50 I
0 .

Carvacrol  Cinnamaldehyde  Eugenol Geraniol Thymol

MIC (mg/L)

B 13 o "o ik (A) > MR E BB RE%R (B) frik g %% (C) k7 5
fa it & 4~ 4 Aspergillus niger 2. E . (H KBk HFEA8ci 40 T3 P4 F
3k ) e

Fig. 13 Anti-mold activities of 5 compounds against Aspergillus niger evaluated by
using 3 methods, agar dilution (A), direct contact (B) and fumigation (C). The samples
size per test was 4 and the test repeated at least 3 times.
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d AT % @ o A% ¢ Carvacrol fo Thymol £ & & 17 s 14
Cinnamaldehyde |8 £ ; e 3t MR 2% ¢ > &3 £ 8 &£ & & % > Cinnamaldehyde
% 14 &2 Carvacrol ~ Thymol 4p % - Jahangeer % 4 (2005) %= 3 2% &x > §
Aniger miaZ Sra- ¥R KR T HEA L L Eaka s (Cellulase); i
M H &4 (Glucose) 5ri— § & KiRpr > 4 R 3R> & 0 Cellulase - 3§ *; i
By > LBREANGr A LY ELRL T ER L AKKRRBHRY ¥ £ &
R s g2 A niger ;ﬁ,f*ﬁ“d RrAFpEEREEREL 5 ESA 7 1* (Ashadi et
al., 1996) - d }t ¥ &> A niger € kR FFend A KRR TAE A Ot o B
Neri % 4 (2006) 4p di32% = 2 7 o U EHArse + BiFREER £ ATk P
A FIE 2 p ke o o g AR Y AR 0 2 R TR FRIHR
SR K4 a MRBRERT P S BIERBAY KGR R EE e S
P erEd o d P daip] > A R eanL B A & 3 Aniger 2 £k A KRE TR
e 412 7 o Cinnamaldehyde ¥ &c & 3 #r4] A. niger & # &% fs s

BHEErRREE > TARE ez 2 3k o Flam AR FERY 302
W AL e

2 b > Eugenol e 3f Fo il B R IR 0 R A XGRERY 0 3%
TP REMLEFZ EpREEFPERIE VI &4 o Neri & 4 (2006)
e o BlAAs b I RiFRrRBEAT R & A 0 X% Eugenol #3t 2
ﬁ cafrd]rck o 5% AEor 0 Eugenol Fr ) S AR A K i p el g & o d
pHdiip]> AFT g ¢ Eugenol 2t Fa i Ak A LA & K p ot S ok
M3 AGR RS ¢ Frdlie F g 2 sk R A o

@ B D R B A N AR RRIIICE SRR T R AE M
AWK EFER (pgom® smg/ll) FHEEFEBRE ALY § R E

(mg/dish) » 2% 4% 11 #77 - Carvacrol ~ Cinnamaldehyde ~ Eugenol ~ Geraniol
4- Thymol ® #4283 + o MIC 3k & A %] 5 3.75+2.50~7.50+5.00 4= 2.50 mg/dish ;
# A+ a MIC ERRBIS 250250750500 = 250 mg/dish - # @ >
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Cinnamaldehyde - Eugenol ~ Geraniol 4= Thymol & 4k B S frd £ E >
Carvacrol s MIC JE B P11 B B ffliz iy o d B oo 4ol B Z AJT WK » & 3
¢REi &g * £ > Carvacrol # 3 &g A (\Vapor state) 2 e 2 fiuisk
(Condensed state ) i > Bg 77 & & AJIPFT K H B *F § o Fpt o L5 gﬂr’nx,%
TV TR PR 5 R B G g k2 # 3k gt eb o %3 Parchem fine & specialty
Chemicals % #& > 25°C p# » Carvacrol (0.0296 mm/Hg ) = Cinnamaldehyde ( 0.0265
mm/Hg) e frZ§ BRE8 - ¥ 3B e ooz T RAIP ERM - d 3 3K
% B % Thymol (0.0160 mm/Hg) ~ Geraniol (0.0130 mm/Hg) 4= Eugenol (0.0104
mm/Hg) - 4p >t i & 4 & % 0k ks 1 > Carvacrol ~ Cinnamaldehyde = Thymol
Ol S B > 2R @ Thymol eh48 {o Z 5 /& P &g 143 Carvacrol 4= Cinnamaldehyde -

d g o A\jf,,'g-_f‘ I S r}frﬁ »égl‘frj_\ BRI & T MG

F 11 MEE BEHIoE FFE%Y 51 & Fr4] Aspergillus niger 32 + s <4
#k R
Table 11 Minimal inhibitory concentrations (MIC, mg/dish) of 5 compounds against

spores of Aspergillus niger in the direct contact and fumigation methods

Method
Compounds - —

Direct contact Fumigation
Carvacrol 3.75 [150]? 2.50 (40)°

Cinnamaldehyde 2.50 [100] 2.50 (40)
Eugenol 7.50 [300] 7.50 (120)

Geraniol 5.00 [200] 5.00 (80)

Thymol 2.50 [100] 2.50 (40)

% the concentrations in [ ] are expressed as pg/cm?.
b: the concentrations in () are expressed as mg/L.
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R @A ST £ 47 Thymol g 003 "o 4 fY ~ S5k € dedafy
2R A RSP 0 0 L ik anp fion % 5 Carvacrol R At IR AR o R E
A% S B ek 5 Cinnamaldehyde 3 "q fff ifok 2 17 e 1288 28 5 T

PR R MRE BRI IR AERY 0 PR IREE P otk o

sl
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- N RERD ZFRER
(=) 23 B2k T

%4 3 541 & 4 (Carvacrol ~Cinnamaldehyde ~ Eugenol ~ Geraniol §= Thymol )
ZFEFE G RFEY AT REBC L RAEA B R LS H 1042 & (Car-Cin ~
Car-Eug ~ Car-Ger ~ Car-Thy ~ Cin-Eug ~ Cin-Ger ~ Cin-Thy ~ Eug-Ger ~ Eug-Thy %
Ger-Thy) » 2 &x 22 3R &5 (11~1:83%2 3:1)> & 30 /R Epe o
Bk R EFe AFFR A 8070~ 60 ~ 40 {7 20%15 0 A Hie 7 3 b RS (3 Fad
B MR BRI Z) £ A1 s @ (Isobologram) =75 & = 4 BF E_
FEFREEY X ERRERS 2 MICKR 1% 2 £ 45 #( Combination index

Cl) - iR gpe 2tk iE% m R o

L=l il FFste £ ol eH
£ iR 2 SR BHACR] 14 917 0 XY ghA u 5 & g
kR B Kdhik B 5 Cinnamaldehyde ~ Eugenol ~ Geraniol 4= Thymol ; # #h R
% Carvacrol~Cinnamaldehyde~Eugenol §= Geraniol- § Bl ® 7+ = 2 ( Additive line)
7R ATt Bk 8% > Car-Cin (B 14A) 12 3l v bR & 2
fe™ B3 B (8% [ Car-Eug (R 14B) sn 3 faR &t b & 1%k (7% ; Car-Ger ( ]
14C) 4r Car-Thy (B 14D) 13 &8 £ 5]y & ¥4 18 * - Cin-Eug (B 14E) Fr
Cin-Ger (B 14F) en3 482 £ )% &t (€% ; Cin-Thy (B 14G) = & ] 1:3
fr Ll 2 e E4af (5% o Eug-Ger (B 14H) R &t 5] 1:3 2 e B4 fe (8%
Eug-Thy (B 141) ch3 &y 0iR & % B 210 (£ % o Ger-Thy (8] 14)) = & v & 1:3
2 e B it R AW G Ll 2 o Pla R (T fode 2 (8% (7 5p B FBinie
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e Unit: pg/mL
250 ) - -+ Additive line
® .
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400@ @
B E
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200 1 ® ] ®
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Car Cin Eug

Bl 14541 &4 = iR & 2 Frq] Aspergillus niger .5k

(w,

R (f

Pt )

Fig. 14 Isobologram of two-combinations of 5 compounds against mycelium of
Aspergillus niger using the agar dilution method. Car: carvacrol; Cin: cinnamaldehyde;
Eug: eugenol; Ger: geraniol; Thy: thymol. *: the formulation of geraniol and thymol in

the ratio 1:1 might have an antagonistic effect.
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Wi L Ty > 5T & 4l BAS I P 4oB] 15 #rm > 5 fait S % ¢
+ 3f fa e STenEt iy o W b e el 3% 14 (Permeability ) (Cristani et al., 2007; Devi

etal., 2010; Farag et al., 1998; Xu et al., 2008 ) ; Thy { i 53 # ¥ 3] m¥e 30> 3 9%

H =+ 3 (Cristani et al., 2007 ) ; Cin Bl it f PFdrd|imre fEen g £ 52 > [Rmgimie 4

"3'7'

£ (Bangetal., 2000) - d gt ¥ &> Cin v Thy ¥ & sc# § fafkde > ¥ {rt
T2 2 AR PR 0 A FEAB L ERRERY P T AL
S¥erc > ¢ A2 B iE* (Wagner and Ulrich-Merzenich, 2009 ) g ¢t » Ger ¥

I mre e S > @B ime et ] FE S 4 (Otaetal, 2003) ; Tt 4aip] 0 Ger

fridpw L EFRERYPF TR EG ESR otk AL R FY o

Car, Cin, Eug, Ger, Thy
Cin

Thy

CwW
CM

Cell of Mold Ger

Drug resorption

i e CM & ¥ i o

B 15581 & P+ enl7 s ] o

Fig. 15 Anti-mold mechanism of 5 compounds. CW: cell wall; CM: cell membrane

RN

PRk S S5 2 403fy > Cin & Thy 18w it 25 R & pF s i
Car-Cin~Cin-Thy % t4 I 12 % ; Ger R|{r Car~Eug 2 Thy i & et 2 5 il (2% o
F{eCin iR &2 B ik (F% o 4335 Musiol % 4 (2014) eF g B %4pd > it &

T 5 AESTE AR P LR F A R ] e Soe AR T R 4 5 E 3% 12(Selectivity )

frgh B+ (Specificity ) A w4y 581t & 37 & 55 R i B R Ee o B AR 8

FLRLFLFRRET P 2R 2 RS TR E R T 0T

B ool WM ANE AL R BN L E R 0 B Ak Lt dE B

FIp o IR E R Y PERPE S S FROII Y 5 ALY - A 3

yp e B (0% v @2 SRR AN F AR ER
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Bk boab % % 40> Car-Ger (W) 14C) -~ Car-Thy (# 14D) 4v Eug-Thy
(B 141) 2 34 bR &P » % B2l (5% 5 # @ » Cin-Thy 4 1.3 4o 1.1 et
BT E R T (B 14G); Car-Cin ( #] 14A) ~ Eug-Ger ( ® 14H) 4= Ger-Thy ( 1§
14)) WA S & 3L~ 134 L3 et 6T 4 B4 Ak 7% > d 8% kT 0 L &4
2 fale (T GREL A SN B|A A % o F Carvacrol AR £ fe e b S0t Gl
% B> Car-Cin enfr 5 14 = E#2 i5% (B 14A); Eug-Ger ( B 14H) 4 Ger-Thy
(B 143) R~ =]z Geraniol & Thymol 2.+t bl P54 & 2 (8% o Matan & 4
(2006) =i % =33+ f HAF o7 FH R E P B R L GLRG R
= 3§ A flavus shdr e % it o gt b > (+)-Limonene fr 1,8-Cineole i & & > #74]
‘w7 (Staphylococcus aureus) # & ik 7 AER £ blenA fpa s - B9 o F

1,8-Cineole #7 ¢ vt &) B ++ 50%P » > & § 1% (7 * (\Van Vuuren and Viljoen, 2007 )

o

R > ARBREVHERCEF 2T DRFIDAT §ERARFTY -
Car-Thy {= Eug-Thy #r 414 ] A. niger /= 12357 2k (£ % - Garcl-Garcia %
A (2011) R g B % BEor 0 b 248k & Frd) e ) (Listeriainnocua) 2 & vk
7 R IE* o Zhou E 4 (2007) 7 3 B % RIER 0 Car-Thy & 4]l A
(Salmonella typhimurium ) # & et e (5% o i 3 #6442 4 (A. niger ~ L. innocua
% S typhimurium) k% & 1% & 5355 ) (Foodborne pathogens) » * #% | %
o gsldzad? 3 fopead o b E p 3 &F 2o Ft o % i - Carvacrol - Thymol
HUR LR e R A SR G BT YR A M PR R o
Car-Cin 4 Cin-Thy 2z & & % TR AT P BT LA A niger shf e iEF ¢h s

7% #r4l S, typhimurium &4 e 5% (Zhou et al., 2007 )
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2. AR eIk I g e (TR

‘)i

P EEX RGN P ECO N PR BRI ER (T BFE
2007 ; ¥ 7&5 % - 2007 ; Gatenby and Townley, 2003; Rakotonirainy and Lavédrine,
2005; Stupar etal., 2014 ) ; 2R @ > 9B f2 > & EF7 7 B 2 0 Bk (T
A HGE R o Fp > AT RMGES 5 B AR L B L AIRS R E
kS Mg e E % o % 4] 16 #7or 0 Carvacrol fr¥ 4 it £ 4R S 18 % B
feiE* > 2 ¢ 5 Car-Cin (B 16A) 12 1:3 4 iR & 2 fle > E 2 fe (5% ; Car-Eug (H]
16B) z_ 3 4+ GiR & fie = ¥ E f1 i£% 5 Car-Ger (] 16C) f= Car-Thy ( &) 16D )

M Ll4e 3L v pR &2 e L T % - Cin-Eug( @) 16E )4+ Cin-Ger( @] 16F )

PR AW ] 3L 2 e Bk (5% o Cin-Thy( B 16G )~ Eug-Ger ( | 16H )~ Eug-Thy
(B 161) = Ger-Thy (B 16]) 14 3 ffi+t bR & cnfie > % @5 f (T4 o

47 doi:10.6342/NTU201700474



1004
A
Unit: pg/cm?
5 50 ' + « » Additive line
‘0
0 &
3004 |
B E
“
200 1 ",
= *
100 1 .
* - * :
0 > 2 &
2004 ¢ -
. C F H
L 3 K'Y L 3
: ‘v.-.. "...'. 'u
100 Y
C ® . . .,
* - °® . ’
0 2 3 ‘e .
1004 ¢ L & ¢
D G I ]
L 3 L 3 L 3
E} 50 -....' .-..'. '.. 'u.-.’
. ‘. ‘.
0 : : ‘¢ : ® : : 'y : ®
0 50 100 150 0 50 100 0 100 200 300 0 100 200
Car Cin Ger

Feff k) o

eugenol; Ger: geraniol; Thy: thymol.
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B 165 i &4 = ~ R & (& 4] Aspergillus niger 32 & pi ¥ 2. % s B (MR E &

Fig. 16 Isobologram of two-combinations of 5 compounds against spores of Aspergillus

niger using the direct contact method. Car: carvacrol; Cin: cinnamaldehyde; Eug:
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Porh s RFTGRGER B A EdR LS 0 RE N AGEZ A Er 0 H ko
B 17 #757 o Car-Cin (B 17A) 4- Car-Eug (R 17B) 13 faR &t b ¥ & 12 F iF
* 5 Car-Ger (] 17C) {v Car-Thy (B 17D ) en 3 #8:8 &+t & ¢ Z 4% ¢ {£ % «Cin-Eug
(B 17E) 73 f4iR7 P AR fode R iE* > om ¥ oy L EFLiT* ; Cin-Ger
(B 17F) R £ 5] 1:3 2. e > B 4200 (5% 5 Cin-Thy (B 17G) 3 &8 &1L
v A T cEug-Ger( Bl 17H )R & vt 5 1:34r 111 2. fie = @ E {5 ¢ iT % EUQ-Thy
(B 171) en3 fER £ bl mtn e (F% o Ger-Thy (Bl 17]) 2 &+ 6] 1:1 4r 3:1

2 g Btk T
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40 &c-

. A
A Unit: mg/L
S A « + « Additive line
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1204 ¥
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:/f&

B 17541 &4 = ~ R & ¥4 Aspergillus niger 32 + i 28 2. % »c B (A% &
W) e

Fig. 17 Isobologram of two-combinations of 5 compounds against spores of Aspergillus
niger using the fumigation method. Car: carvacrol; Cin: cinnamaldehyde; Eug: eugenol;
Ger: geraniol; Thy: thymol. *: the formulations of cinnamaldehyde and eugenol in the

ratios (1:3), (1:1) and (3:1) might have antagonistic effects.
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o RTINS BRRE RBTE AR O R B e
T o Car-Ger ~ Car-Thy f= Cin-Ger &7 fdi#% = 2 ¢ Lk iv* > B LR F (% o
BEWHF F4p 5 # P s Car-Ger fr Car-Thy »t 3 &3¢ » & L1 4r 31
REWGIE AR T 3 E R 3R LV HF Btk iv¥ 5 Cin-Ger >t &

BREME%Y > TRV JIL LR EY SN E FE%KY > PR LV 6] L3 E

e 15 % o Car-Cin ~ Car-Eug ~ Cin-Eug *>* & 4@ % ¥ » A 55 L3R & 5]~ 3
FBREVHZ JLREV LR E® » B EEFEKY M 3L 3R E
Wby E s e (T o Eug-Ger v Ger-Thy ¢ 3 &R & 4t (> B i E% ® % &+
ied o R F A& B L3fr L1 ol 25k 5% > 55 A3 111 4o 311

Wb &R (oo Cin-Thy fe Eug-Thy 7 36 20 B e e & 0 A% Y > 7

AP le T% o
FE i VUFRMARGE L B LD BB FRILE > EF kAT S

L T RRTE A - R R AHE- AL RELRES? A EFP R
Carvacrol ** & % % ® O AP EST AR T BB RE%RE > LA &5 30a 3
HROPERBE T - R P ART B LR ES RGBT M FirEF
RELA M EFATHAA PE A B SR P TEFP L7 P
ek s AF VR ARSI BB EFE T B R o R EREE

Pale (E% kA e o F g A 0 LB Ey RFIG FARF LB
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3. LR e 3Rk b Ak

LR EFNCl g4 R 124757 - # ¢ 5 fe fiede Car-Thy (L:3) % 7 2 fie
% % Car-Thy 2 13 G & @ & o gt o pt b > Cl B g MPI & mpale (5% 4
5% o 73 "3 {832 ¢ > Car-Thy (1:3) ~ Car-Thy (1:1) ~ Car-Thy (3:1) ~ Cin-Thy (1:3) #
Eug-Thy (1:3) £ & ®enClE > 2 Cl @i 0.7 H4pd fak iv% 2 2 £ 4 Cl &
% % 0.8 & 7 Car-Cin (3:1) ~ Car-Ger (1:3) ~ Car-Ger (1:1) ~ Car-Ger (3:1) ~ Cin-Thy
(1:1) ~ Eug-Ger (1:3) ~ Eug-Thy (1:1) ~ Eug-Thy (3:1) % Ger-Thy (1:3) o d pt # &>
L £33 PapF > Car-Thy ~ Cin-Thy 4r Eug-Thy & & 3s chft e 5% > H ¢ » &
Car-Thy chi e (£ % 35 & 2 R & 6|25 5 Cin-Thy 4= Eug-Thy *t % &1t )R &
PR H R R SRR R o0 B Gl iR &4 &) (Optimal combination ratio) %
1:3 > % Cin-Thy fr Eug-Thy ;& & ¢ & 5 L3 pF > i P& 5e cnfsb e 18 % o Car-Ger

Pk (6% 558 75 A %R &0 GIB A

PREREVHPEFHEEIEY RREAE -

F_‘-

REf > WARE BB RKRDCIE 4ok 12977 > B9 5 S Cl E S
0.7 # %] % Cin-Eug (3:1) = Cin-Ger (3:1); H4 L it* 2 2 & Cl B 5
0.8 4 %] &_Car-Cin (1:3)~Car-Eug (1:3)~Car- Eug (1:1)~Car- Eug (3:1)~Car-Ger (1:1)~
Car-Ger (3:1) ~ Car-Thy (1:1) % Car-Thy (3:1) o d p* & &> 82X Carvacrol & ¥ 4 &
L PR L BAGE P e 3 F ek i (T o R H LR (T A
w72 % (Cl =0.8); Cin-Eug v Cin-Ger 82 &5 3:1 v HiR &2 e B3 e (%
el it gisg BB (Cl = 07)0 o> &i8;1 3 enE_» Cinnamaldehyde £
Carvacrol ~ Eugenol = Geraniol ;& & 2_ == ¢ > § Cinnamaldehyde ‘* &]# % ¥ > fi

B (o
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2125481 &7 vt b2 R Ao g iR R~ MR B R ok
} B E KRR - S
Table 12 Combination indices of two-combinations of 5 compounds under different

mixing ratios in the agar dilution, direct contact and fumigation methods

Compound Agar dilution Direct contact Fumigation
Mixing ratio (A:B) Mixing ratio (A:B) Mixing ratio (A:B)
1:3 1:1 3:1 1:3 11 31 1:3 11 31
Car Cin 1.0 1.0 0.8 0.8 1.0 1.0 1.0 1.0 1.0
Eug 1.0 1.0 1.0 0.8 0.8 0.8 1.0 1.0 1.0
Ger 0.8 0.8 0.8 1.0 0.8 0.8 0.8 0.8 0.8
Thy 0.7 0.7 0.7 1.0 0.8 0.8 0.8 0.8 0.8
Cin Eug 10 1.0 1.0 1.0 10 07 >1 >1 >1
Ger 1.0 1.0 1.0 1.0 1.0 0.7 0.8 1.0 1.0
Thy 0.7 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Eug Ger 08 10 1.0 1.0 10 10 08 08 10
Thy 0.7 0.8 0.8 1.0 1.0 1.0 1.0 1.0 1.0
Ger Thy 0.8 >1 1.0 1.0 1.0 1.0 1.0 0.8 0.8

A

*: Cl = 1.0, additive effect; Cl > 1, antagonistic effect; Cl < 1, synergistic effect. Car:
carvacrol; Cin: cinnamaldehyde; Eug: eugenol; Ger: geraniol; Thy: thymol.

MEE ARk Y R Afe hCl Edrdk 12 557 > Bl (% chR & fe 2 Cl
® % » 0.8 4 %] & Car-Ger (1:3)~Car-Ger (1:1)~Car-Ger (3:1)~Car-Thy (1:3)~Car-Thy
(1:1) ~ Car-Thy (3:1) ~ Cin-Ger (1:3) ~ Eug-Ger (1:3) ~ Eug-Ger (1:1) ~ Ger-Thy (1:1) 4~
Ger-Thy (3:1) o d ¢ ¥ &> & 7 &JZLPF > Car-Ger fv Car-Thy &R & fe™ 2 $a e (%

PREAE O AXREVHERE  FKE I AT E RO C EHE

0.7~0.8 » &>+ ¢ Rt % (Moderate synergism » Cl =0.70~0.85) (Chou, 2011 ) -
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(Z) falrpe= i " 48 2 35

B2AMEFF AR P AT A FIR B RIS H B IR F I AR e
oo B g Fl* 2 ClE > A EF gy 2780k F% £F 25 B4
LB LR AR TR RE > AT A P ISP

Bante o @ EIR 0 E H s & A hKA %

=3

s 2,0
L e N

e

0 L B M A 2
( Minimal inhibitory dosage, MID ) e d ** % fpifsk > 291 * 2 R EH =7 b » 1
THAUHH L LR A KR BRI AEEERRY > 22 Pdlk

e

SRR TE

Aotk e pe s 2L g
% rafrles? MDEEZEEARLA¢ L L5mE g 2 5% 40H 18
“t57 » Car-Cin (3:1) 2 MID % 220 pg/mL ; Car-Ger (1:3) ~ (1:1) 4= (3:1) 2 MID

B 5 220~200 - 180 pg/mL; Car-Thy (1:3)~(1:1) = (3:1) 2 MID % % 140 pg/mL

Cin-Thy (1:3) 4= (1:1) 2 MID 4 %] % 193 4~ 280 pg/mL ; Eug-Ger (1:3) 2 MID 3
260 pg/mL ; Eug-Thy (1:3) ~ (1:1) 4= (3:1) 2 MID 4~ %] 5 175~ 240 4= 280 pg/mL ;
Ger-Thy (1:3) 2 MID % 180 pg/mL o 5 & F it > B t# & e b fo > % Car-Thy
(1:3)~ (1:1) 4= (3:1) £ MID % % 140 pg/mL > #| £ = i R A u] 5 Eug-Thy (1:3)
(MID = 175 pg/mL ) ~ Car-Ger (3:1) (MID = 180 pg/mL ) ~ Ger-Thy (1:3) (MID =
180 pg/mL) fr Cin-Thy (1:3) (MID = 193 pg/mL) - § 54 & 4 ¥ jhi¢ * pF >
Carvacrol 4= Thymol #1F ehig * #E & > 2 MID % 200 pg/mL o Fpt ¥ 5w > &7

PR RS 2ZHE YT AT H i * @ o Carvacrol fe Thymol -
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Fig. 18 Minimal inhibitory dosage (MID) of synergistic formulations against mycelium

of Aspergillus niger in the agar dilution method. Car: carvacrol, MID = 200 pg/mL; Cin:

cinnamaldehyde, MID = 500 pg/mL; Eug: eugenol, MID = 400 pg/mL; Ger: geraniol,

MID = 300 pg/mL; Thy: thymol, MID = 200 pug/mL. The samples size per test was 4

and the test repeated at least 3 times.

- AL S AT E RS ¢ 2 MID (R 19) 0 B 2 Ap gt 8 g

g * a2 E LR o B 19A ¢ Carvacrol = Thymol ¥ jhi¢ * =2 MID ¥
200 pg/mL > § & F  1:3~ 11 {31 et B3R £ {5 > Carvacrol %[ & 4 % 5 35
70 4= 105 pg/mL> ¥ > H fpié * 518365 v 48%; Thymol & £ B 4 %] 5 105 -
704r35pug/mL > XS Hjp * 948 -654r83% - o p i 5 £ H b
# & > Carvacrol fv Thymol s MID &4 » & %8 & * (5 » B & E { 7 § »c %
% o ek & MA E v Car-Ger (3:1) f- Ger-Thy (1:3) > # = 4 2 MID % it R4 H
19B #77+ » Carvacrol ~ Geraniol 4= Thymol ¥ i * <2 MID 4 %] = 200 ~ 300 = 200
pug/mL » § Carvacrol §= Geraniol 1+ 3:1 +* &R & 1 » Carvacrol = Geraniol %] £
Bl & 120 §v 60 pg/mL > #H fHig * 2 & & 5> 40 - 80% ; Geraniol = Thymol
13 )R & > Geraniol 4= Thymol a#] £ 4 %] 5 60 4 120 pg/mL > i H jhié *
o 80 fr40%-d LR o fR e (T T G 2 "E MR E R Ae 1V E g * s o
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B 19 ¥ e Car-Thy (1:3) ~ (1:1) = (3:1) (A); Car-Ger (3:1) = Ger-Thy (1:3)

(B); Cin-Thy (1:3) 4= (1:1) (C); Eug-Thy (1:3) ~ (1:1) 4= (3:1) (D) * %
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Fig. 19 Changes in minimal inhibitory dosage (MID) of the compounds of synergistic

formulations, including Car-Thy (1:3), (1:1) and (3:1) (A); Car-Ger (3:1) and Ger-Thy

(1:3) (B); Cin-Thy(1:3) and (1:1) (C); Eug-Thy (1:3), (1:1) and (3:1) (D), against

mycelium of Aspergillus niger using the agar dilution method. The samples size per test

was 4 and the test repeated at least 3 times.
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gk d ALk e ¢ ¥ g 3R Cin-Thy (1:3) ¢ 1 Cinnamaldehyde 4+~ Eug-Thy
(1:3) ¥ erEugenol & & 4p#>t H @ e Pl BER 0 o -H 2wl ik MID i€ 0 4o 19C
4e D #75 » Cin-Thy (1:3) 4= (1:1) # > Cinnamaldehyde = Thymol 2 MID 4 %] i
88 /105 4+ 200 / 80 ug/mL( @] 19C )- 4p g >+ H fh i * = Cinnamaldehyde( MID = 500
pg/mL) > # &£ A w4 412 40300 pg/mL - k> B 19D ¢ Eug-Thy (1:3) -
(1:1) 4= (3:1) # Eugenol 4= Thymol ¢ MID 4 %] % 70 / 105 ~ 160 / 80 F= 240 / 40

pg/mL > 4p#>t Eugenol H fhid * (MID = 400 pg/mL) » 4 %] ¥ > 330 ~ 240 {v

160 pg/mL -
& ¥ 4o %28 Cinnamaldehyde 4o Eugenol ¥ fhi¢ * pF 2 & fi g ¥ £
= ¥ P k% 0 g Cinnamaldehyde 2 Eugenol &2 > € e Thymol ;= & {5 > H

#F FEFT A AR 82% o Cinnamaldehyde % & 5 i%73 ¢ 4F £ 2 B M4 g &

/E'Tfl‘l’ <

e

3tz ke 8 3L E %S (Nanoemulsion edible composite films) 2 A~
% & % (Chitosan films) 2z %] i¥ (Higueras et al., 2014; Otoni et al., 2014) » & *

#-v i EEd 7 e Thymol >+ Cinnamaldehyde % ¢ > 3 3% H 1 s o
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2. Mk EEREY RS ZHERD

AR E BRI R > LR AR IR A%R 2 MID 4@ 20 #7or o 5% BT o
Car-Cin (1:3) z MID % 90 pg/cm? ; Car-Eug (1:3) ~ (1:1) 4= (3:1) 2 MID 4 %] 4
210~180 4= 150 pg/cm?; Car-Ger (1:1) 4 (3:1) 2= MID 4 %] 3 140 4 130 pg/cm? ;
Car-Thy (1:1) 4= (3:1) z MID 4 %] 5 100 4= 110 pg/cm?; Cin-Eug (3:1) f- Cin-Ger
(3:1) 2 MID 4 % % 105 v 88 ug/em? = d ¥ 4> 10 f& 45 k fie = @ > Cin-Ger (3:1)

4 #. 1 :57 MID (88 pg/em?) > # = MID @ 3| % & & 5 Car-Cin (1:3) (MID = 90
pg/cm?) ~ Car-Thy (1:1) (MID = 100 pg/cm?) ~ Cin-Eug (3:1) (MID = 105 pg/cm?)
e Car-Thy (3:1) (MID = 110 pg/cm?) -

546 &4 H it * g Carvacrol 4~ Thymol £ 4 3 i 5 MID (100 pg/em?) ;
gt gt > Cin-Ger (3:1) f- Car-Cin (1:3) z MID (88 4 90 ug/em?) # ¥ fhi¢ *
Carvacrol 4= Thymol { i ; @ Car-Thy (1:1) z MID (100 pg/cm?) R & 22 Carvacrol
e Thymol 4p % o d pt ¥ 4> 10 e fe = ¢ > Cin-Ger (3:1) §= Car-Cin (1:3) =

R HET KT S LY HE R 0 R G KA R
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Fig. 20 Minimal inhibitory dosage (MID) of synergistic formulations against spores of

Aspergillus niger in the direct contact method. Car: carvacrol, MID = 150 ug/cm?; Cin:

cinnamaldehyde, MID = 100 pg/cm?; Eug: eugenol, MID = 300 ug/cm?; Ger: geraniol,

MID = 200 pg/cm?; Thy: thymol, MID = 100 pg/cm?. The samples size per test was 4

and the test repeated at least 3 times.

o A MID 2 e P A R AT R E o H R %AoB 21 AT o
¥ 114 B Car-Cin (1:3) ¢ - Carvacrol 4= Cinnamaldehyde = MID 4 %] 5 30 = 60
ug/em? > f ¥ fhie * H € R > 80 4r 40% - Car-Thy (1:1) # - Carvacrol §= Thymol
7 MID & %] % 60 fr 40 pg/cm? » # ¥ fhi¢ * ¢h Carvacrol 4= Thymol & > 60% -
Cin-Ger (3:1) ¢ - Cinnamaldehyde 4= Geraniol 5 MID 4 %] % 53 4 35 pg/cm? » 2
Hjpi* co# £ 4840 83% - & F it %% > Cin-Ger (3:11) # &4 # £ & Keh
s > (LTRSS Fafs > F 5 KK BEFRERY Kiiap

,
=
i

‘%&‘f

| o
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Fig. 21 Changes in minimal inhibitory dosage (MID) of the compounds of synergistic

formulations against spores of Aspergillus niger using the direct contact method. Car:

carvacrol; Cin: cinnamaldehyde; Ger: geraniol; Thy: thymol. The samples size per test

was 4 and the test repeated at least 3 times.

3 MR g A%k B 2ZHER
EA ke B LR L4 ke - A4 &8 4o F) 22

s B¢ MID 548 22 2 59 % 2drdlKFL & 4% £ - Car-Ger (1:3)~(1:1)
fr (3:1) 2 MID 4 %] % 56 ~ 48 4= 40 mg/L ; Car-Thy (1:3) ~ (1:1) F= (3:1) = MID

= 32 mg/L ; Cin-Ger (1:3) 2 MID 4 %] = 56 mg/L ; Eug-Ger (1:3) = (1:1) 2
MID 4 %] % 72 4+ 80 mg/L;Ger-Thy (1:1) f= (3:1) 2. MID 4 %] % 48 - 56 mg/L -
d @11 fFe > ¢ Car-Thy (1:3)~(1:1) ¢ (3:1) £ 4 & ¢ MID(32 mg/L) -
#x MIDd M5 % A~ 5 5 Car-Ger (3:1)( MID = 40 mg/L )~ Car-Ger (1:1)( MID = 48
mg/L) 4= Ger-Thy (1:1) (MID =48 mg/L ) -

54 = 4 H fbi¢ * pr > Carvacrol ~ Cinnamaldehyde = Thymol £ 3 # 3 MID

(40 mg/L); gyt » Pt e ¢ o 5 Car-Thy (1:3) ~ (1:1) 4= (3:1) 2 MID
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TR ARG 40 T P EAREHRI A )

Fig. 22 Minimal inhibitory dosage (MID) of synergistic formulations against spores of
Aspergillus niger in the fumigation method. Car: carvacrol, MID = 40 mg/L; Cin:
cinnamaldehyde, MID = 40 mg/L; Eug: eugenol, MID = 120 mg/L; Ger: geraniol, MID
= 80 mg/L; Thy: thymol, MID = 40 mg/L. The samples size per test was 4 and the test

repeated at least 3 times.

- HRRAL L i MID iz e @ L S bR B R H Bk 4cB] 23 i o
Car-Thy (1:3) ~ (1:1) 4= (3:1) # - Carvacrol = Thymol 7 MID » %|*% % 8/24~ 16
/16 =24 /8 mg/L > 4p > H jpié * > Carvacrol 8] £ 7 > 8060 f= 40% ; Thymol
3 & R 5 40 ~ 60 - 80% - Car-Ger (3:1) ¢ Carvacrol 4= Geraniol 3 MID 4 %]
5 24 4- 16 mg/L - sp gt H jpbié * > Carvacrol «n#| £ > 16 mg/L > %) 5 H jpie
* t1140% ; Geraniol Bl > 64 mg/L > 5 H i * c1280% o d ¥ &5 Car-Thy &
SR EV BT o P F RS 40~80%0* £ o B s B E R AR G Ft o AR

I

el

BB AFAREFZ L ELBE QI B RS o

61

doi:10.6342/NTU201700474



100

% mCar A Ger OThy
80
=
B 60
g 40 40
2 40 32 32 i
=
0 h
Car-Ger Car-T
Car Ger Thy 3] 133 1:1 : 3:1

B 23 thle e ¢ & 04 & 3t drd] Aspergillus niger 32 5 fi g 2o B Mg H £ %
C(REE Rk Ha @k Adk: 4> D1 S EREK 3 A )0

Fig. 23 Changes in minimal inhibitory dosage (MID) of the compounds of synergistic
formulations against spores of Aspergillus niger using the fumigation method. Car:
carvacrol; Ger: geraniol; Thy: thymol. The samples size per test was 4 and the test

repeated at least 3 times.

FRypm b Mk R E%K2Z %% > Cin-Ger (3:1) £ 5 & M« MID (88
pug/em?) s MR RSk 2 4% B2 Car-Thy (1:3) » (1:1) v (3:1)E # & # MID
(32 mg/lL) » #-% i P HESERBR A 2ZFKRLE O H MID 255 22 40 2.0
mg/dishe tpde2. T » ¥ F ILE Z 975 0t R L P By )T-“ui‘f'lfé_ SELE
Car-Thy (1:3) ~ (1:1) v (3:1) 32 27 ¢ B EF S FRF D WEH - KA > I
L H i e (E % TEERRE BT LV B EI R ARk o
Flt o SR BT AR HN R v ¥ L KGR TRk 0 B R

Linle e niRy o i M B dape o
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(Z) B pe> Fral R ¥ LikpFz e+ pgdarck

TER PR T 2 G BBEAT T Rp T H R YA E D
BB (d T ESLSRIRIET B E RS AR HRT P RADES o
Abdel-Kareem (2010) #* &% » S22 @ 5+ ¥ ¥ & Aspergillus ~ Chaetomium ~
Penicillium = Alternaria & < 7 5 /A% (2000) chse g% "~ R > &4 4
7% M5k & A 5 Aspergillus - Penicillium & > %) & 60%12 1 05 R o F
i R A R E A K o BT ook R0 KGRALIS BenlFA) o Tt 0 AR
FTEE T Rk F I e fe oM - A ] 2 /8% R KRk 7 (A terreus
fe P.citrinum ) e > &m0 i drd] Ao niger 2.5tk - R IRATRI A P 0 0 dFE
LEFHI FHATCELER o

S EFRJILNERE &G 3 B 2 2F 4] 2 BKEF TS DB MR R 4B
24 #757 o # @  Carvacrol = Thymol #r#] 2 f# F MIC % 5 150 pg/em? ;
Cinnamaldehyde #r+#1] 2 f& % F<7 MIC # 3 50 pg/cm? ; Eugenol f A. terreus fr P.
citrinum 7 MIC 4 %] 5 400 §= 300 pg/em? ; Geraniol ¥f A. terreus - P. citrinum ¢
MIC 7= 4 %] 5 400 §= 300 pg/em? o &M 5 &1t & frd] 2 Mk Fend B2 R > 7
# IH g% 4p e > '@ 2 Cinnamaldehyde 7% 12 i# » 2 =t % Carvacrol = Thymol >
5 JF’{ SR AR § 0 Sk M L Eugenol fe Geraniol ; 2t £ 5 & i & 4 Fr] A niger

ti% 2 A8% (Cin=Thy > Car>Ger>Eug) 4 # k -

63
do0i:10.6342/NTU201700474



Carvacrol m O Aspergillus niger
m Aspergillus terreus
Cinnamaldehyde E & Penicillium citrinum
e

ceraio
Thymo! . R—

0 100 200 300 400 500
MIC (ng/cm?)

Bl245 1 L5 %R ¥ LikpFe+ 2o mfrilER (MR BEMGRR) -
Fig. 24 Minimal inhibitory concentration (MIC) of 5 compounds against common mold

spores on paper using the direct contact method.

d 5 & L u¥ 3 EBETIFILETHFR > B L P47 R EA
g sc % 2 & 4P o Carvacrol ¥ 3 ik Ferdr4l2c% ¥ 4p 4 ; Cinnamaldehyde
P4t A. terreus fo P. citrinum sfr ] 22 % i i3 0 3t A, niger shdr ] 2c % # £ 5 Eugenol
# A niger v P. citrinum e 2c % i 0§t A terreus shdrd]»c Sk L 5 Geraniol
4o Thymol '# %t A. niger =422 % # it » %t A, terreus fr P. citrinum shde ) 22 % i
Zod BV SAEFADEREIHIERIDT > FRERD N FLEEFHET

I ek o AR IR R BRIk e o
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P e fe B T A5k B R0 3 fA ik /) (A. niger ~ A terreus f= P. citrinum) 7
Frdlrc sk 4o 13 #7177 > 10 fafe = ¢ & Car-Cin (1:3) ~ Cin-Eug (3:1) f= Cin-Ger (3:1)
VR 3 E L £ 0 Hepp S ¥ Foaudrgl Aniger 2 & o EELE A gt
3fape> ¢ % z 3 Cinnamaldehyde > * 5 &t £ 4 ¢ Cinnamaldehyde # % #r#] 3
i A% o Ft o Cinnamaldehyde $f>tfie > $rd] 3 ik ek 7 i £ 3 %

Rk iRy FARFLET

013 prle e FralicE ¥ Lk T 2ok k (MED RERR)
Table 13 Inhibitory effects of synergistic formulations against common mold spores on

paper using the direct contact method

Combination Mix.ing Aspe.rgillus Aspergillus Pehic.illium

ratio niger terreus citrinum
Car-Cin 1:3 -* - -
Car-Eug 1:3 - + +
1:1 - + +
3:1 - + +
Car-Ger 1:1 - + +
3:1 - + +
Car-Thy 1:1 - + +
3:1 - + +
Cin-Eug 3:1 - - -
Cin-Ger 31 - - -

*. - =no growth; + = growth
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MR ARKY S S H R P frd] 2 Ak F MIC Jk B 4B 25 91
o » Carvacrol 4= Thymol #r+1] A. terreus 4= P. citrinum ¥ 5 60 mg/L; Cinnamaldehyde
e A. terreus §r P. citrinum 5 MIC B % % 20 mg/L ; Eugenol #r41] A. terreus = P.
citrinum 7 MIC 4 %] % 160 f= 120 mg/L : Geraniol #~+#] A. terreus f= P. citrinum 5
MIC 4~ %] 5 120 4= 80mg/L - & 5 fa 1t & fdrd|cnigss & B/ > ¥ HF R & Fdr
#1 A. terreus fr P. citrinum 35 425 4p Ie 840 > @ 2 Cinnamaldehyde e 7 %
#. 53 - Carvacrol v Thymol =2 % 4p § » & =%+t Cinnamaldehyde » »x % £ 33 cR| 5
Eugenol {= Geraniol ; * £2 5 #& i* & 4 4] A. niger eriE 1248% (Cin=Thy = Car >
Ger>Eug) # F » e it & 330 M3k B 4 2% ¢ 4] A terreus f- P. citrinum

FHEF - R o

Carvacrol & O Aspergillus niger

B Aspergillus terreus

Cinnamaldehyde f & Penicillium citrinum
RS S S

0 50 100 150 200
MIC (mg/L)

B 2551 & usEF LikERe F 2 mdrdlE R (HMRE EHE%K)-
Fig. 25 Minimal inhibitory concentration (MIC) of 5 compounds against common mold

spores on paper using the fumigation method.
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$oek o g & g ul ] 3 fhk A% k5 0 7 % R Carvacrol - Thymol
¥ A, niger chdrd] s i iE 0 # A, terreus fe P. citrinum 3 % # £ ; Cinnamaldehyde
Rl4= Carvacrol 2 Thymol 4p & > H %% A. terreus v P. citrinum e s & diif » %
A. niger 3%k f A 5 Eugenol 4= Geraniol B & ¥+ A. niger f= P. citrinum e 5z %
ik o A terreus ik R L o d T Ao B S RAT Z 0
R HRESH Ak E L A2 L L nfrdlack o Ra o 11 e Y A el
A. niger en# £ > @ @& 2 dr4] A terreus fo P citrinum (£ 14); @ St 2% i &
R FF A A it & f R & e AL terreus fe P citrinum 2 & 4] T oE R
eie* > g fe= 3t BE T miF R 2R EIE R -

2

W

b
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n ,
.ftgacf

kN2
fliu)

Gro TG R W T R AE gl MRS ¥ L) Ak
o oAt R B hE E R Car-Thy (1:3) ~ (1:1) fo (3:1) > 82 ¥ & e~ & &
Il R 0 e R e Al oniger h3E S g 0 @ & R 2 4rd] A, terreus e P
citrinum =3z 3 pa g o 4 e fiz = ¢ > @ Car-Cin (1:3) ~ Cin-Ger (3:1) 4= Cin-Eug (3:1)
FJRLAE D e ffae P> Ve MR P ¥ Leh 3 Bl MR R K

e

75 F ol e
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Table 14 Inhibitory effects of synergistic formulations against common mold spores on

paper using the fumgiation method

Combination Mix_ing Aspe_rgillus Aspergillus Pe_ni(?illium

ratio niger terreus citrinum
Car-Ger 1:3 -* + +
11 - + +
31 - + +
Car-Thy 1:3 - + +
11 - + +
31 - + +
Cin-Ger 1:3 - + +
Eug-Ger 1:3 - + +
1:1 - + +
Ger-Thy 1:1 - + +
3:1 - + +

*: - = no growth; + = growth
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BN AR S S BN Sl

BFnAEPR>ZY O RERADL LRGN L AT LR
13~18°C > 4p $/% A& 55~600% 3l b T3 ¢ » W § 2y Prdlf AL & (LA
2000)° 25 @ o+ gt EE R RS - LRBEEAR L L4 R
FAT A BB T WU TR 2 BR SHRE X RET LR
Ja AL 5L LIl o ALY SR EF MR RRRRY 05
# Ae + ko i3k 7 k& (Minimal fungicidal concentration » MFC) 42 15 #7175 >
Carvacrol ¥+ 3 f&f fFj<7 MFC ¥ 5 200 pg/cm? ; Cinnamaldehyde ¥+ A. niger {= A.
terreus # MFC % % 100 pg/cm? > %f P. citrinum <+ MFC #] % 50 pg/cm? ; Eugenol
%t A, niger {o P. citrinum 5 MFC 4 %] % 400 - 500 pg/em? » e % 3k & 4% < ] 500
pg/em® pF > v & % ¥+ A terreus ; Geraniol = Eugenol ¥t 3 i s MFC - 5 ;

Thymol %t 3 #& i <" MFC % 5 300 pg/cm?

% 1551 Sy EY LR FE T 2 MR ER (MEEREMRE%)
Table 15 Minimal fungicidal concentration (MFC) of 5 compounds against common

mold spores on paper using the direct contact method.

Compounds Aspergillus niger  Aspergillus terreus  Penicillium citrinum
Carvacrol 200 200 200
Cinnamaldehyde 100 100 50
Eugenol 400 > 500 500
Geraniol 400 > 500 500
Thymol 300 300 300
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Z5MAI EFHIAEEEFTMEC 4 B35 7 F IR £ 5 3 Ak F TR
st % F 4P I 484 > ¥ 2 Cinnamaldehyde % $o% > H td 5 3]38 & B 3
Carvacrol ~ Thymol ~ Eugenol {= Geraniol - &it & 4 & W4t 3 fa ik F-rdk Fpe & &k
F ° RI¥ % 3R Carvacrol {- Thymol %t 3 f& i 972 % ¥ 4p e » iz Cinnamaldehyde
¥ P.citrinum ok g ¥ 2 fE# 7%  Eugenol - Geraniol ¥t A. niger {- A. terreus
3 % P ¥ P.ocitrinum s %k 9 o
- Ao MR R R RS 9 T dhB i 5 fe 2 (Car-Cin (1:3) ~ Cin-Eug (3:1)
{= Cin-Ger (3:1)) AdZ s » H B % K7 > AJLAGR F ¥ F 23 B i F (A niger »
A. terreus {v P. citrinum ) 3¢ + > ® H M Frc % 7 FIAMAEL R A 55 (£ 16)0 2t 7h >
PG H i * B E 0 3 A hH R 4 B 5 90~ 105 f- 88 pg/em? (B 20) 0 #
? »Car-Cin (1:3) 4= Cin-Ger (3:1) # X% % >+ Cinnamaldehyde %4 P. citrinum 7 MFC
(50 pg/em?) » e 1% Bg % (43 & L & 4o %430 3 4. # < MFC (100~500 pg/cm?) ;

d P 3R BT AR R T T R MR if;éif%l"l‘ﬁ,lk A5E B R o

# 16 BiEpilp e AT LA T 20k (MR BERITESE)
Table 16 Fungicidal effects of the best synergistic formulations against common mold

spores on paper using the direct contact method

) Aspergillus Aspergillus Penicillium
Formulation ) I
niger terreus citrinum
Car-Cin 1:3 -* - -
Cin-Eug 3:1 - - -
Cin-Ger 3:1 - - -

*: - = no growth; + = growth
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LN =0 R

sk ® ¥ Ao M3k Car-Cin (1:3) ~ Cin-Eug (3:1) 4+ Cin-Ger (3:1) j&
W FF R RS o R oo iR e fe > it &4 (Carvacrol
Cinnamaldehyde ~ Eugenol = Geraniol ) ¥ & 4T3 & » md® {5 3k b it £ 40 € 3%
B gz F 7 o Bt SERERERS M EFNEE Y Y R A
T -3 e 2t p e E LA GO R RpAat g Rl

=3
A ENFTEF (21T S5 T @A %xE 12> M8z EEFR

b

% 20.7~25.5% > # ¢ - Car-Cin (1:3) ¢ Carvacrol - Cinnamaldehyde % 3 3 4~
Gl % 594 0.9%; Cin-Eug (3:1) ¢ Cinnamaldehyde {- Eugenol c7§ 5 5 & % 5 4.4
fv 25.5% ; Cin-Ger (3:1) # Cinnamaldehyde {= Geraniol 1% &% 5 4 % 5 0.7 v

15.8% -

717 Bl f > R gt g p i 128t 8 g a s (%)
Table 17 Retention (%) of compounds on filter papers treated with synergistic

formulations after indoor exposure for 1 day

. Compound
Formulation -
Car Cin Eug Ger
Car-Cin 1:3 590+14 09+0.3 - -
Cin-Eug 3:1 -* 44+ 3.2 255+6.2 -
Cin-Ger 3:1 - 0.7+0.1 - 15.8+4.2

*: - = not detected.

PRI P EE T 4480 &4 ¢ Cinnamaldehyde % 3 815 F fie & AJZ g A
P F M (09-4440.7%); 2@ > 295 Parchem fine & specialty Chemicals
# e F LA+ > Cinnamaldehyde 48 v 7 § /& fi Carvacrol ™ > i % § 5t ig
A b oo Tt daip] > Cinnamaldehyde 22/ it h 4 B s v S > 2 % WKt 3D
ZF 7 o BELE 4 Cin-Bug (3:1) g A+ > Cinnamaldehyde 7§ 5 5
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ARONY 2R e a2 A d b daip] > Cinnamaldehyde {= Eugenol 2 & &

¢ # > Cinnamaldehyde % *F & o
WFORAL LAY F B ATH N LF M ook ol 6
AT o Fl o AP L AT P E R REES T T GHF I RE B
g AR FRTE (R EEA 02006) KA > LD S ABOE S~ S8
Bz (3 VairA iy OfEEe S o 2 d TR Rz g REN R
AT SR S ER R B R A ] P S X A E X 2 g Eid
SR Lo BT R R B~ B S R g e T it % % ¥ 4o Car-Cin (1:3) ~ Cin-Eug
(3:1) = Cin-Ger (3:1) fdZ e A7 &7 B> fPrLT| ik A7e + > £ 3 faks e
BN LF P 0 A B ARG NHERD o Fp > FHEFGES Y 3 AR Ak
B> QAP RMEAPERE > ¢ XN P UL EFES > BT E R OB ER
AR E I S ERERD OHATHEE S TR TEFRF O S HBE

FELEMNED G B RE pons
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Flpoo MRS AR E A RE S R GATRABREEER
SRGE o v B Y 3 AR §EBHEE N F Y o Vo § BRI AL
e R F o R R R YRR ML R

TEL RARFDET AT LI T RS UTR 3 R e

(= ) RS b fo ™ AR (5 enfd B 5 1t

oot EF R RBHEAPRRORTAMAET S ST ARE
Folfe g™ 3 it A LET @ RRAHES C BREEE (0K
¥R iz se A & e MO3E R 2 5 3 815 b fe = (Car-Cin (1:3)~Cin-Eug (3:1)
Cin-Ger (3:1)) AJZ s chid & (v o % 4rd 18 #177 » fpFOT A AT enie w] > 3 /&
Ry gRpiAdtexd £ (AE*)  Hd L@~ %5 02054 02;
PpprAb & A (1999b) PR LT F L B3I pRAZFELE LR 00T
v 3 e AR S g nd LA P R m i B e d kAR KRGV F R
AR A EJE mipH & (6.7) 0 3fAASR S pH B P AT 5 5956159 &
255 B P RCA T e (824 kpa) & 4 0 A ] 5 73.0~ 74440 72.7 kpa s 51563 B
7R A 2 e (1.05 KkN/m) o "% 105 0.96 ~ 0.97 = 0.97 KN/m - ‘f%l LY A i AR Y
€ f1* a@f BHREF I kB i § A (Hydroxyl group, OH) » & & e /¥ ehd
GER A o WA R B RAER RS RIZE S P EF Y E §FASRAE
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Table 18 Change in properties of filter papers treated with synergistic formulations

Burst strength  Tensile strength

Formulation AE* pH (kpa) (kN/m)

Untreated - 6.7+024 824=63% 1.05+0.078
Control 0.1+£0.1 66014 841=65% 1.14x0.04%
Car-Cin1:3  02+0.1 59+02% 73.0+50% 096+0.06°
Cin-Eug3:1 05+02 356+01¢ 744x60% 097+0.04¢
Cin-Ger3:1 0201 59+0.1° 727+56%  0.97+0.06

Different letters (A~ ) are significantly different at p < 0.05 according to

Scheffe’s test. Mean = SD, n = 12 - 14.
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¥
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» H gk A w5 8386

(82 =) M F LR ;7B 2R A% 5 235+329
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Table 19 Change in properties of Xuan papers which was contacted with

synergistic-formulation-treated filter papers after indoor exposure for 14 days

Folding endurance  Tensile strength

Formulation — AE* pH (counts) (KN/m)

Untreated - 82+0.1%  356+80" 1.1+0.15¢
Car-Cin13 1104 83+024% 235:66" 1.0£00°€
Cin-Fug3:1 05+04 86024 329+724 12+0.14
Cin-Ger3:1 0.5+0.3 84+024B 288+754B 1.1+0.14B

Different letters (A~ ) are significantly different at p < 0.05 according to
Scheffe’s test. Mean = SD, n = 12 - 14.

2. EARAIRY L g S8 T 1

FARK A TR dek 20 79T 0 i IR 3 i pe > (Car-Cin (1:3)
Cin-Eug (3:1) ~ Cin-Ger (3:1)) r2 g iAfs » & 4 & pieend £ ( AE*¥=0.2,0.2,
03) PR Zyps; Hpiagk B A W 5 8791489 & g2 (88) mEg¥F
£ B @mdBE A A B 5 755928 40 100.7 =t > fed AR A P AER R ¥R R
X3 MBAITAM P B AAIEE (922 ) REFALR S IRGAEMNAS B
3.6+3843.8kN/m- i Car-Cin (1:3) & A 2% (39KN/m) 7 .g¥ £ 8 - H &
fpn Pl B e d )LV doo i HA 4P Cin-Eug (3:1) 4 Cin-Ger (1:3) AJZ ik A (8 o
B EFEI ek E - WIBRACIIERAE > ¥ REFPE  Cin-Eug (3:1) r

Cin-Ger (1:3) 23 & o * » WiIFFE g A PP RFZ AP EE -
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Table 20 Change in properties of wood-free papers which was contacted with

synergistic-formulation-treated filter papers after indoor exposure for 14 days

Formulation  AE* pH Folding endurance ~ Tensile strength

(counts) (KN/m)
Untreated - 88=0248 922:377A 39£0.14
Car-Cin 133 02=0.0 87=028  755=14.72 3.60.1"
Cin-Fug3:1 02+0.1 91+02%  928+2484 38i02A
Cin-Ger3:1 03=0.1 89=034% 100.7+2234 38i01A

Different letters (* B) are significantly different at p < 0.05 according to
Scheffe’s test. Mean = SD, n = 12 - 14.

4
Wi

Rl

T A 7 At 3 M e ACT AR 0 F A g
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(3:1) AZehip R F 3 BB Kfrf AP > S AT R £ A K

FURIFEAPRE DR RS o
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VARl Al A}

Ve 1 R A e e RIS pEd B
Formulation AL* Aa* Ab* AYI BR (%)
Untreated - - - - -
Control 00+£01 00+00 00+01 01+£02 999+0.3
Car-Cin1:3 -0.1+01 -01+00 0201 0201 999+0.3
Cin-Eug3:1 -0.1+01 -02+00 05+02 0703 99.7+04
Cin-Ger3:1 -01+01 -01+0.0 0.0+01 0.0+01 996+04

2 7 MR AR A I R Ml 14 X S s g
Formulation AL* Aa* Ab* AYI BR (%)
Untreated - - - - -
Car-Cin1:3 -03+01 01+01 -10+x04 88+08 99.3+0.2
Cin-Eug3:1 0.1+01 -01+00 03+0.6 109%1.0 100.3%0.3
Cin-Ger31 01+01 -01+01 -0.1+05 10.3+0.9 100.2+0.3

3 AR A s AL B R N 2kl 14 X Senpgpd B

Formulation AL* Aa* Ab* AYI BR (%)
Untreated - - - - -
Car-Cin13 00+01 00+00 -02+01 95+0.1 100.0+0.2
Cin-Eug3:1 00+0.1 -01+00 -02+01 95+0.1 100.0£0.1
Cin-Ger3:1 00+021 00200 -03+01 93+01 100.1+0.2
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