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Thesis Title The Effectiveness of Essential Oils in Various Solvents to Antifungal on

Rubberwood (Hevea brasiliensis)
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ABSTRACT

Rubberwood is the economical lumber which added revenue to the country.
Due to the amount of cellulose and high humidity can cause damaged by molds. This research
studied the effects of essential oils- anise oil, cinnamon oil and clove oil, which has been reported
to inhibit molds and insects on the wood surface. In addition, methyl alcohol, ethyl alcohol, palm
oil and palm fatty acid distillate (PFAD) solution were also investigated to enhance the mold as

well.

For the experimental in petri-dishes, anise oil in methyl alcohol is the most
effective in inhibiting surfaced-mold Penicillium sp. and Aspergillus niger. The minimal
inhibitory concentrations (MICs) were 50 ul/ml and 70 pl/ml, respectively. The higher
concentration of anise oil was required to against of mixed-mold. However, the mixing essential
oil at the ratio 4:1:1 (%v) in methyl alcohol has the ability to resist each mold or mixed-mold, but

the growth rate was differed by the type of fungi.

The dried-rubberwood dipped with anise oil 60 pl/ml at 100 %RH was
inhibiting Penicillium sp. for 8 weeks and up to 11 weeks at ambient condition. The tests against
Aspergillus niger were required higher concentration of anise oil at 80 pl/ml to stored for 8 weeks
at 100 %RH and more than 12 week at ambient condition. The durability of colored- rubberwood
was much higher than dried-rubberwood. The lower concentration was needed to prevent molds,
may be because of the species of molds tested, the ability to against molds of some component in

paint and different surface of each rubberwood.
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9AIEIN 101,986 219,270 295,000
QUATIFHIL] 107,898 159,846 168,523

33U 1,382,284 1,914,017 2,445,427




INIA W.A. 2549 W.A. 2550 W.A. 2551
ﬂ1ﬂﬂﬁ1ﬁl£ﬁ$ﬂ1ﬂ@$5’uf’)@ﬂ
MYIUL 69,218 79,347 97,206
PUNYT 364,786 369,750 463,799
AITAUNT 112,233 112,966 116,896
¥A1J3 174,980 176,911 185,757
A319 216,117 223,077 250,031
52004 602,547 616,956 701,732
3113 12,264 12,559 14,077
aszund 13,671 15,426 18,511
EERPMGELTT 74,430 86,447 108,342
qNIIVI3 - 800 1,200
Unusil - - 1,200
59 1,640,246 1,694,239 1,957,551
mald
nsed 602,147 610,147 625,231
PFUNT 453,039 459,039 464,662
A543 1,311,635 1,309,313 1,310,188
UATAIBITNTIY 1,368,042 1,400,808 1,447,643
UIENA 995,529 1,004,532 1,005,871
il 287,830 294,607 295,185
1991 650,427 658,427 757,025
HIGN 525,400 538,411 538,477
e 105,256 101,985 91,787
Beal 1,026,563 1,046,438 1,046,872
f9val 1,418,927 1,444,012 1,444,302
aga 282,485 289,811 290,019
CERITER Y 1,807,643 1,830,161 1,871,907
59U 10,834,923 10,987,691 11,189,169

N qus]'msaumﬁmﬁmym, 2552



2.1.2 ﬂﬁﬁﬂizﬂﬂﬂﬂlfﬂﬂ"lﬂﬂﬁw1ﬂ

v o o J
Torsmniiauanialndidesny liflundrem 'l TaeliesAdsznounis
Ao A - S o o ) Y, o vy Y a
wiiaaaasluaisien 22 Mallyunuaenuivosdueransdle dunai lderawsd
= =2 g 1 X A o I Y o Y1
nanrag Taasaiuurasensvewnaiaziesings vld lderawsignihaielaae

=2 g A A a I v o
anuasnuILtuaanaIsnsauouauusn

a ¢ a v
A1319N 2.2 ’fNﬂ‘ﬂi$ﬂf]‘]J'VIN!ﬂiJGUfNUbeJNW"Iﬁ

9af1lszney $ovazlasuia
1¥0g Taa (Cellulose) 54.94
WU Ia 1 (Pentosan) 17.22
aniu (Lignin) 21.63
V& (Ash) 0.62

AW : HUNFo, 2540

2.1.3 NAsguvesdensmns

o

dnindvemsvanisth lduaznaanath 1 asuth 'l nisdensuthlin
1 b 4
nd. 0702/6679) lamviuauiasgiu lforamsinanuduiie li¥esas 12 1971 desliany

' o < @ 1w
DIWIUNWIE 0.7 uazmmummﬂummﬂ ﬂ"li‘fl‘]_l LLﬁ%ﬂWﬁlﬁflu M1NUY 973 478 uag 162
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AlanfuAoTIUTUAAT ANE1AY F11HTUAITHAAD (Shrinkage)  dztRavuile 1diFey
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?131%%“145@“1@5“?]3111‘]514“/“1]9'”11@19]“ ‘luulll81\1W151LN@LLW\1§]31’T@@]u@ﬂﬂ'g'lﬂﬂ@]uag

wasnnuitadavzimalasunilasgliiafes Tneganuna (Fiber Saturation Point, FSP) %30

A a A & a X o a X A £ o
immﬂﬂﬂmﬂaﬂuﬂlmmummﬂmiﬁﬂujmﬂmm%umm"lmnwnumﬂJumamm‘huaﬂmm

Q U

Anfosaz 21.3 (M1 : www.108wood.com, 10 ¥A31AY 2555) Tiferamisifimuzdviunsi

A A ' @ 9 X o & Y A ) & o d‘
IAIDNLIDU LB T@g IN1D anuﬂawﬂmuﬂWuuazmgﬂﬁumﬂﬁmmlﬂuﬂmaﬂymzmﬂﬁ
Y

A ~ dﬁl 1 Y a Yy Aa g’/ a9
W msasuudasvesanzeimaiazauTUe1vaINa 1HNaAn15 1ne Jate Nty

A B A

1 Y Yo A a Aa g a
umﬂumawwsmz”lmumiaumﬂmmawmsma@ummﬂu‘wmu

U



10

U

2.2 siagihanegld (@ninddemssansthlduazwdanaih 1y, 2547)

9}9‘

9
o [} < o 1
fniﬁ]LlaﬁﬂHTuliluuﬁEUL!ﬂﬂulllquiﬂ']ﬂ LﬁENL%ﬂllagﬂ']ﬂ?'lﬂﬁgf’JTﬂfﬂfJ'N

o [ { g [ o 1 o &
aueue Auuandiulszneviiiuldzgniuniudiedagieell Tasuiwen lanail

2.2.1 uuag (Insect)

A Y o v A9 @ (5 < ° 9y
uuasnmmae linaluvaizgudy ndamsaaiy vazinusenisyii 114
4 1 a
U5z TominazszramslFaudl 2 siia fe
I { o { o w ] a
- 1an (Termite) Hunyasidianeldnddyuiailu 3 vila Ao
. I { 1 :ﬁ' o 1 {
Uaan'lfiuis (Drywood Termite) 1iut/aand lidesnisanusunin erdveglulinud sy
A a & YA @ 3 v ' A A Y o 9k
miaennmsnuile ldtanvazitludounauisegusnuidiee dain 1¥au (Dampwood
. o A &l 1 A o ] 1 YA Y A
Termite) 818 uNNANUFUGIOgAaDANAMT oD HBRY TUAIMYEY liTguAUAIY Hazlaind
o ] a Y 9 1 g qe . =
odsagluau Tdun dainadresavenilain (Mound Building Termite) (Mwilsznoui 2.2 ()
o w A A . . { o v o
Yan591dRIAY (Underground Nesting Termite) (Mwisznoui 2.2 (v)) wazdalrnsuilu
! =4 g . A o = ~ A
NADIVTILAY (Carton Nest Building Termite) Tagi/annmanuasmisniniga asain

d‘ 3 1 =
ool luau

mwszneun 2.2 ﬁﬂymwmﬂmﬂﬁ%’wwauﬂmﬂ Globitermes sulphureus ()
waziadnisaldmau Coptotermes gestroi (V)

A (n), (V) : www.termiteweb.com (3 UNTI1AY 2555)

< o 9. 'y Y a 1A
- u0A (Powderpost Beetle) 1 uunaviiae lilfiogarenunatoriia uain

' ¢ ¢ . 1 ¢
wuludszmalnenaznondun@eniell 2 194 Ao 194 Lyctidae 15U 49AUAE 1AL IIA
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. . ] (=] (A { [ ] < v v A
Bostrichidae 141 woa1z 1Y nazwea 1d1H Hludu Tasareounerdoeglulisziiludinanuy
o tg Y o o Y da! (J ¥ A Y o Y 12
maeiie 11 dnwazmshatsadiosais lammnevesdd 1l delndszezanudvzogsa

[ Y 9 [ I v I @ Y I
ﬂuwuwm"lmmwmmmﬂummmmzmz"luaaﬂmmﬂuamﬂugﬂan
222 W38 (Barnacle)

- T yq ¥ 3 ' < o A =
waqzﬂuﬂ@gmma"lw“lsmmclum HUgeeni 2 TININ AB NS BINLa
d' = a da' [ 1 %,’ 3 go' 1 1 = v
(ﬂW‘I”]JS%ﬂ@‘]JVI 2.3 (D)) stﬂwuﬂumﬂﬂagiummu WIN508 uazl ey INFeanLa s
] @ Y I A =\ =1 g‘/ ) A A
!L‘]JWniJaﬂ’lelﬂ!ﬁIﬂiﬁﬁiNlﬂu 2 152199 A INTEININYBY LLASINTIININNG TININNTOIAD
~ ’.f A = A A v 1 = A

W3 91199 FuuyeisonaioouveuNasrdzun (.ﬂw\lﬂigﬂﬂﬂﬂ 2.3 () Iﬂﬂﬁ]gv\mﬂﬁ

° a 2 A A ' 2 A Yy oA A A A ? A
Vl’]anJm@ﬂWﬁﬁl\iu'mﬂulﬁ}aluuluﬂﬂllﬂgﬁluuqﬁﬁ@ﬁQUﬂﬁgﬂ@1]‘1]@QU1UL3@UW§@E5@W@§1UU1%@

Mnsznoud 2.3 aNBULIWI8INIA Lepas anatifera (Goose Barnacles) (7)

HazuNas¥leu1d (V)
A (M) : www.sciencephoto.com (3 ¥N3FIAN 2555)

(V) : www.baannatura.com (3 4N31AN 2555)

A
2.2.3 13991 (Mold)

< o 0 Y o I Y A a = a
lﬂuﬁﬁgﬂ’lﬁ']ﬂuluﬂﬂ'lclﬁhhwj EDUANIN LASINAANUTYIWIININIATHIND

k4 ]
ﬂ'liﬁ?ﬂ'lfl"llf]\‘1L%ﬂ31!L@]ﬁ$%ﬁﬂﬁﬁﬂ‘]&lmﬂlﬁﬂ@nﬁﬁulﬁﬂd*ﬂ'lﬂﬂ'ﬂiléljﬂﬂﬂ'l'i@WWWiLmﬂﬁW\ifTu
&’ o [
2.2.3.1 1.]53!5]7]‘119\1!‘]56517]1ﬂ1ﬂnlil’ uuuu 3 ﬂi‘éﬁlﬂ‘ﬂﬁﬂ

4 [ o . < Y v o o 4
1) ¥o5 i 14 1dy (Decay Fungi) iWudosiidiviiateliudaviliiie

¥ A ' ' o A 9 o ° A
sty oo uismudnuazflsinguu lifmendigninae fe
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k4
o 2 A

Y )
- s@iaa (Brown Rot) 0111590 0F05 15 Maniineisag lad Fedza

Q

9y A

' o ¢ | a &9 vy v X yy & S ad o
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Y 9
v @ o
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a . ° 2 o ¥
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] G Y [ dy SJd' v A )
nygouq ﬁi@aWﬂLﬁuﬁ‘lﬂﬂﬁaUﬂ‘]J!,u’f)”bJVIEJ\‘]ﬂfJEJ WY IINTUI Trametes versicolor

U q

a [

1 o Sh:' 1 d'dy A A %’ a 1 v

- TN (Soft Rot) Mﬂlﬂﬂﬂﬂl’lmﬂﬂgiuﬂ%’uNWﬂ‘] ﬁﬁ@LﬂﬂﬂuWﬁﬂﬁﬂﬂu

< X o a a Yy A 2 Y @ =
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2) Wos v 1% lded (Stain Fungi) tes1szinnil livi 1w Lifguaria 1%
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IinaRadna ldaady ulvgiiludn luiadsisou wu 1hiku wmdes @er A idlusne
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2 da g nPoqu g & Ao 'y & Y oA Y & oqy
Tevunavi ldvh Iveadiuiudd uadanuduluussomaiosnseeinieiaaeriilv
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mouen lutiesudihane e lddgnszuiumsudlssiisezmuiludue usesiidviaie
Y dy 1 dyoz Y o 14 = v ! o Y A Y
I Fosunartideenmnsadsianela luszez udlsgluazegluszningsewnidnouie 14
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a Y g’/ 1 1 Y [ a a &’ d' 1 9 1 g
asuud iy ua luaunsoflesnumsnig@uTaveudesinegneluls 1w wes,
Ophiostoma ulmi (Buisman) Nannf,
X a . X { a a g ]
3) 1¥951A3 187 (Mold  Fungi) 1¥e511sztaniinavuini lhniiu la

=S 1 a

a a j’ . 4 &I o Aa
winean Tar U lwile )Y G a9 nannadesuaziduloveuses i ldidedanizin
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~ A 1Y dy 9 dy dyd A o Y a a ] dy
Aennieouauld iressznnilbilua g e lsavesszvumaduniele 1w Fos

9 k4 H
Aspergillus niger Uazl¥e31 Penicillium sp. anvazveureswanslunnlszneuh 2.4
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(M)

mniszneui 2.4 ﬁjﬂ‘]elﬂ‘lzell’élﬂﬂﬁ’lllﬁ}Aspergillus niger (N) U Penicillium sp.(V)
N1 (M) : thunderhouse4-yuri.blogspot.com (25 §a1AN 2554)

(V) : www.invasive.org (25 9Q1AN 2554)

2.2.3.1 hdelumswianfvlaveayest (M1 : buranapagroup.com, 12 NATIAN 2555)

o oA 1 a a dy [ @ [
Jdendananemsniyau laveurosiamsouuiuledendnuas
Y
998509 A3l
9 [ a a dy
1) Padenanlumswsgan Inveuros
H S A o I A Aaaa a
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4 4 3 g @ . . . 4
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' ¥ o o v Jd 1 ] 1 1
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napudIa50111IA1 e lslumsnigau e uonainil Mhdutludrgesaarslulfnzen

laTaslade (Reactant in Digestive Hydrolysis Reaction) A4el duaumsn 2.1

H,0/Hydrolysis
ROR 2ROH 2.1

a A Ja

X 3 aa =~ o @ o [ = =
W5 U U UNTINUT IR UI1IUANNE UTINITUNTSUIUNTNNTIAUAY
¥

q
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A a a (] =1 a a = o a 9o’ a 1
LWﬂfﬂﬁLi]ﬁQJIL@’IUI@]E’JfJNlJ‘iJig’d‘Vl‘ﬁﬂWW"ll’f)\iL%ﬂiﬁ]'ﬂ‘ﬂuﬁﬂﬂuu%)ﬁﬁg (Free Water) ?Jgal‘l!

] 1 J g 9
FOIIWQNU (Lumen) mml,cnaasumma“lu
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Aa aan = =\ B I
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J Y 4 .
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2) 3JWI§'§THWaﬁﬂm“ﬂﬂﬁﬁWﬁﬂiiﬁJuWﬁuﬂ@ﬂﬂWUW@. (Clove Bud Oil)

q

MW@]?;‘QWHLﬁﬂI“ﬁ yon. 1680-2541
4 3

3) MAsgIURansuagaa mnIsN1iuazlnd  (Lemongrass  Oil)

E]

NT@?ﬂTULaﬂJﬁ yon. 1681-2541
o ¢ 3

4) esgruraasusgaa nssuiniuaz la¥vey  (Citronella  Oil)

Q

mmgmmmﬁ yon. 1682-2541
o 2 1
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2.4 msnageugnsMsdudures (Uszamns, 2551)

The National Committee for Clinical Laboratory Standard (NCCLS) szine
b
[ a o 1 o I o
aniyoniim lamuuaismsnaaeumany hasugesemsilesnu I iiuuasgiu virld
] 1 9, o A A A Y o Y ' Y
llﬂwaﬂ"liﬂﬂﬁﬂﬂﬂ']'muhﬂﬂ?ﬂﬁﬂﬂﬂﬂuml%ﬂﬂﬂqﬂllagﬂ'ﬂﬁﬂ?ﬁ@Wl&L!ﬁ%LlﬂiWﬁQﬂ@m\‘l
1) Minimal Inhibitory Concentration (MIC)

< ' Y Y o Y o A o & a a
Lﬂuﬂ'1ﬂ'N3JLGUlITuﬂ1q@ﬂlﬂﬂﬁ1§ﬂﬂﬂﬂuﬂﬁ1ﬂ13ﬂElUEJ\iﬂWﬁLﬁ]iﬂJum‘UI@]ﬂlﬂ\‘]

=

Y v
o vven 1y laena1de lulnsnSuseliadans (ug/ml) ¥IeH1I8a 1IN (International Unit,
1T A aa U dy 9 =~ A Lg & 1 Y v
IU) Apdadans A1MIC o dunsaldffeuieuioganu lhveuseniieg asaisilesnu
a A tg a J Y v é = tﬂ' a 1 d'
a9 ¥iia vIeaNny husarenale sianeasdeanuniian uazsiudunellsuiuaou
Mot uastleany lunmsnageurienial MIC a1sdesnuais lasumsienraliil
Y 9 ' A . .
ANUVNVUBAAIND 2 L‘i/nhlﬂliﬂfﬁ] (2-fold Serial Dilution)
2) Minimal Lethal Concentration (MLC)
@ Yy Y o 9 v A "o A gy A ak
dumanududumgavesmsilosnuiamnsodnhmese 1a (M5eliFe
a 1 a o X < A Y1 Ao 1A ..
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0.164 Tuans

0.164 ueiuoa

yaaans

0.02 Tyan§ X40.5 fiaddas

5 fiadans
0.162 Tuans

0.162 upsuoa

0.164 ueosuea +0.162 usiuea

2
0.163 ueiuea
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2. MIIANLHZUAZVRINIAIUNUBAIE (%FFA)

a 4 v A % 4
Nasevinsa lviudaszlu PFAD Taglnmsanuasazals NaOH anadudiu 0.163 uosuoa

9 H Y
AN 1 11%1n PFAD
S1asa1sazats NaOH 19

9
Y

iy Yosaznga luafudase =

d‘ 90’ v
ATIN 2 UIiun PFAD

51asasazats NaOH 4

9
Y

Wy Yesaznga lafudase =

< 7 o
fA3IN 3 UIiun PFAD

S1asasazats NaOH 4

9
v v

iU Sosaznia liudasy =

9
Y

21U Fovazuvenia luiudase =

1.000 n5W

22.00 Waaans
22.00 #iaddas X 0.163 uosuea X 25.6

1.000 n5u
91.8016

1.008 NJY

22,05 Haaaas
22.05 #iaddas X 0.163 uosuea X 25.6

1.008 nju
91.2800

1.005 N3y
220 Haaaas
22.00 #iaddas X 0.163 woiuea X 25.6

1.005 nsu
91.3449

91.8016 + 91.2800 + 91.3449

3
91.4755
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100

. a a j’ g v g v
A1319% 9.1 %}i’)ﬂﬁgﬂ"lﬁﬁ]iil]umﬂiﬁ"llﬂﬂl%ﬂﬁ Penicillium Sp.‘UuﬂTHLW"I&GBE’WI‘ﬂ’ENﬂUS%}’JEJH"INu

{ a 3 [
HousIMeNgUNYl 30£1 esrusamea Hunal 5 1

Sufueu Fh Sovazminsauauln

e aza® | adwAy | 30 ul/ml | 50 pl/ml | 70 wl/ml | 90 pl/ml | 110 wl/ml
i T8lenn 20.0£0.0° | 12.543.5" | 0.5£0.7° | 0.0£0.0° | 0.0£0.0° | 0.0+0.0°
2 o Ll]ﬁa a b c d e e
uiiuouse ,120.0£0.0" | 16.5+2.1° | 10.0£0.0° | 5.0£0.0° | 0.0£0.0° | 0.0+0.0
" IR NRERIG]
WiunuNg 20.0£0.0° | 20.0+0.0° | 12.5£3.5" | 7.5£3.5° | 0.020.0° | 0.0+0.0"
wniuTflenn 31.0£1.4" | 21.542.1° | 1254357 | 7.543.5% | 3.5£2.1° | 1.0£1.4°
Y L@ﬁa a b c c d e
Uiuouse L1 31.0£1.4" | 25.0£0.0" | 20.0+0.0° | 16.5+2.1° | 11.5+2.1° | 2.5+3.5
" IRHNRERL
WdUMUNg 31.0+1.4" | 30.0£0.0° | 22.5+3.5" | 15.0£0.0° | 10.020.0" | 5.0+0.0°
uiuldenn | 35.0£0.0%" [31.0+1.4%"|27.5£3.5%" | 20.0£0.0*° |16.5+2.1%"*| 15.0+0.0*"
Y ﬁ’]ﬁ’u a b c d e f
uufuowssn | 35.0+0.0%" |30.0+0.0%"|25.0+0.0%° [ 17.5+3.5%" [ 10.0+0.0*" | 0.00.0*

1y

WunIuNg 35.0£0.0%" |30.0+0.0%"| 20.0£0.0%° | 11.0£1.4*"| 1.0£1.4%° | 0.0£0.0*°
i Tflenn 30.040.0%" [29.01.4%"|24.0+1.4%" [ 17.5+3.5%° | 9.0+1.4%" | 2,543 5%°
Wiueuws | PFAD  |30.0+0.0% 31.5£2.1%"|22.543.5%" | 12.5+3.5%°| 10.5£3.5%°| 4.0+5.6*°
WunuNg 30.0£0.0%" | 29.0£1.4%"|21.522.1%" | 12.5+3.5%°| 2.523.5%" | 1.5+2.1%
AAe1l51ng Av ANREY (n=2) = drudeuuunasgiu
onusmmilounulunaaziuol vuieds hiianuuanaivedelived1Aya1u7% One-Way

ANOVA I1ai¢ Duncan’s Multiple Range Test AN P < 0.05

1 Aa Y

YA ¥ v A o X v
amnvaauld fo ﬂ?ﬂ’ﬂmﬂmﬂlu‘ﬂﬁ"IJJ"Ii‘E]EJUENLGD'ﬂﬁ]lﬂ

* 109 1y
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H =) a é’ v
M3199 1.2 Yovarmsniaau Tnveu¥os) dspergillus niger DUNUIWIITONT DIRUAD

9 v
umummzma‘ﬁqmw

QU

a

AU 30+1 DA UG ALY

=

I 1Y)
ga 1lunal 5

Sufueu Fh fovazmsiauIn

IYINY Az | @augy | 30 pl/ml | 50 pl/ml | 70 pl/ml | 90 ul/ml | 110 pl/ml
v TTlenn 25.0£0.0° | 17.5+3.5" | 10.020.0° | 0.0+0.0" | 0.0£0.0° | 0.00.0"
vhifueime Lm;ﬂ:aﬁ 25.040.0° | 19.041.4" | 15.040.0° | 11.5+2.1° | 5.0£0.0° | 0.0+0.0'
uun g 25.0£0.0" | 19.0+1.4" | 15.0£0.0° | 9.0+1.4" | 0.0+0.0° | 0.0£0.0°
v TTenn 32.543.5" | 20.0£0.0" | 16.5+2.1 | 14.0+1.4° | 10.040.0° | 2.543.5°
vhifuewse m;::ﬂﬁ 32.543.5" | 22.543.5° | 19.0£1.4% | 15.0£0.0° | 9.041.4° | 4.0+1.4°
ufumung 32.543.5" | 27.543.5" [ 22.543.5% | 15.0£0.0" | 7.5+3.5% | 5.5+3.5°
vhsiuTfenn , 40.0+0.0%"| 39.0+1.4%" [35.0+£0.0%" | 27.5+3.5%" [22.5+3.5%"( 21.0+1.4*°
dhifueume :12; 40.0+0.0%" [35.040.0*" | 30.0£0.0*°| 22.5+2.5*" | 11.0+1.0*° | 0.0+0.0*"
ufun g 40.0£0.0%"|35.0£0.0%"23.520.7*" | 12.5+3.5*° | 2.5+3.5%" | 0.0+0.0*°
vhsiuTTenn 42.5+3.5%"(35.047.0%"°(27.543.5%03.542.1%"(17.5+3.5%" 14.0+5.6**
vhafueuiwe | PFAD  |42.5+3.5%° [37.543.55"(32.5:3.5%"125.040.0%17.5+3.5%%| 14.0+5.6*°
uun g 42.5+3.5%"(37.5+3.5%"(32.5+3.5%(29.0+1.4*“(25.0£0.0"| 20.00.0*°

' o A ' d' ' d’
ﬂW’I\ﬁJﬂﬂQ 9 AURNAY (n=2) + AIUVIIVUUIATIIU

[ d' A (% 1 = 1= 1 1 A o o
anysMmlounuluunazind vu1eng "lmmmu@ﬂmmsmuuam

ANOVA I1ai¢ Duncan’s Multiple Range Test AN P < 0.05

1 Aa Y

YA ¥ v A o X v
amnvaauld fo ﬂ?ﬂ’nmﬂmﬂlu%ﬁ"IJJ"Ii‘E]EJUENLGD'ﬂﬁllﬂ

* 109 1y

v

g

WA1WAT One-Way
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3 =) a é’ % U 1
M3199 1.3 Yooae M3 QAL 1AYeUTes Penicillium sp WA Aspergillus niger ©A518IU

X dy v ¥ % o a
1:1 uumummmmﬂmﬂumﬂumuwamzmﬂmqmw

a

QU

NV 301 oAUl

= I o
Foa 11unal 5

Sufueu 9 fovazmsiaauIn

eI aza® | @auQy | 30 ul/ml | 50 pl/ml | 70 pl/ml | 90 ul/ml | 110 pl/ml
Wi Ttenn 25.0+0.0" | 19.0+1.4" | 11.542.1° | 3.520.7° | 1.52.1° | 0.0+0.0°
2 o Lllﬁa a b c c d e
RIS L] 25.0£0.0" | 20.0£0.0" | 12.5+3.5° | 9.0+1.4° | 5.0£0.0° | 0.0£0.0
" aanNogan
WiunuNg 25.0£0.0" | 21.5+2.1" | 15.0£0.0° | 9.0+1.4" | 4.0:1.4° | 0.5£0.7°

' v A ' A 1 A
f’ﬂﬂ\iﬂﬁﬂg A9 AURAY (n=2) + TIUUYAUVUNINTIIU

% d' A (% 1 =1 1= 1 1 A o o
anysMmlounuluuaazind vu1eng ]lllllﬂilillll,@ﬂ@”lﬂﬂﬂﬁllu&ﬁ1

ANOVA 11a¢ Duncan’s Multiple Range Test AN P < 0.05

L Aa Y qoaA Y 9 A o X v
mmlmﬁuh o ﬂ"lﬂ?"llllsllll‘ﬂu‘ﬂﬁ"liJ"IiﬂfJ‘]Jle“lf@iflﬂ

v

g

]
=1

WA1WAT One-Way

H a a j’ &I v g b4
A13197 v.4 %}ﬂﬂﬁgﬂﬁli]iﬂ]um‘]JT@]sU@QLGIf@i”l Penicillium sp.‘uufummwwam’ﬂamuﬁ'wumu

a

NOUTEINUNT Y ﬁqmwm 30£1 DALY

u

=

I [
ga 11unan 5

M3 fovazmsiaauIn
4| dhazane
NABOIN AIUAN 1:1:1 4:1:1 1:4:1 1:1:4
| Waueanaed | 17.5£3.5° | 12.5£3.5" | 0.5£0.7° | 7.5£3.5° | 9.0+1.4°
2 NAeaN0doa | 21.542.1° | 19.0£1.4° | 15.0+0.0° | 16.5:2.1° | 17.5+3.5"
3 Wuthdy | 27.522.5% | 20.0£0.0%™ | 22.5+3.5%" | 15.020.0% | 12.5+3.5*
4 PFAD 30.0£0.0%" | 21.5£2.1*° | 19.0+1.4%° | 26.5+2.1*" | 26.542.1%"

' o = 1 d' U d'
ﬂWNTJﬁ"IﬂQ A9 AURAY (n=2) + TIUUYAUVUNINTIIU

[ d' = (% 1 = 1= 1 1 = o ] an
aﬂmmﬁmuﬂuimmamm NPy 'luummummﬂammu&m WATUIT One-Way
ANOVA 11 Duncan’s Multiple Range Test AANUFONU P < 0.05

1 Aa Y

YA ¥ v A o & X v
anvaauld fo ﬂTﬂ’ﬂMﬂmﬂJu%ﬁnﬂiﬂfﬁJENL‘I)’E’JﬂIlﬂ

* 109 1y
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]
=1

~ 9 a a g . . g 9 v 9
A319N V.5 398@13ﬂ"l'iﬁ]'iigl@]ﬂi@]““@ﬂl"lfﬂi1 Aspergillus niger VUUWIZ ¥R N DInUAY

? o { a I @
HIUUHOUITSIHUNTY ‘ﬁaquu 30x1 i’NﬁTL"’]fm"%fJﬁ Wuran 5

q

M3 fovazmsniqaula

4 | dvhazany
naaon VAN 1:1:1 4:1:1 1:4:1 1:1:4

1 Wauean@ded | 25.0£0.0" | 20.0+0.0° | 3.0£1.4° | 17.5£3.5" | 10.0+0.0°

2 Naueanodod| 30.0£0.0° | 17.5+3.5™ | 11.5:2.1° | 15.020.0° | 20.0£0.0"

3 ahdy | 32.543.5% | 25.0£0.0%™ | 27.5+3.5% | 20.0£0.0** | 15.0£0.0*°

4 PFAD 32.543.5%" | 24.0+1.4%™ | 20.0+0.0%° | 25.0£0.0%" | 27.5+3.5%"

' v A ' a ' ~
ﬂ"lﬂ\iﬂi”lﬂ&] 9 AURAY (n=2) + TIUVIAVUUINTIIU

v

[ d' A (% 1 = = 1 1 A o o an
anysMmlounuluuaazind vu1eng ]lﬂJﬂJﬂ’JNJLmﬂ@N’OEJNNMEJﬁ”I UATNID One-Way

g

ANOVA 11a¢ Duncan’s Multiple Range Test AT P < 0.05
' Aa vy Y A ! Y 9 A o & X Y
mmlmauslm o ﬂ'lﬂ’)'liJ!,"UﬂJ"llu‘l/]ﬁnJTiﬂEJ’UENLG]f’EJiWhlﬂ

* 109 1y

v 4
M13197 1.6 %}’ﬂﬂﬁzmil‘ﬂiﬂlumui@]ﬂl@%%@i”l Penicillium sp WOUNY Aspergillus niger 9013180 IU

a

X Ay v ¥ % o A a &
1:1 DUINIZIHONT 09N UAIBUINUHONTSIHON T NYUNYY 301 DIAUTALHYT Wunai s

QU

@

M
9 a a
M3 Fovarmansnaula
s | avhezae
NAGOIN AIVAN 1:1:1 4:1:1 1:4:1 1:1:4
] WNaueaneana | 27.5£3.5° | 22.5+3.5" | 15.5+0.7" | 22.0:2.8" | 26.0+1.4°

' o A ' d' J d'

ﬂ"lﬂ\iﬂi"lﬂ{] 9 AURAY (n=2) + TIUVIAVUUINTIIU

[ d' = (% 1 = 1= 1 1 = o ] an
onyINvdounuluLAazLD Y 18D "lmmmumwemmuam WATUIT One-Way
ANOVA 11i¢ Duncan’s Multiple Range Test AT P < 0.05

T AA Y Y A ' Yy g A o & R 9y
ﬂmmmauslm o ﬂWﬂ’NlllfUiJ"Uuﬂﬁﬁﬂiﬂﬂ’ﬂ&lﬂﬁfﬂiflﬂ
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M3199 1.7 Sovaz M Ay 1aveu%031 Penicillium sp UW Iiw13 107

= I o o dy o v J Y
pamuaed 1Wunar 12 dda anusudunnsenigsisgaz 100

104

NN 30+1

oy fovazmisauIn
n AU 40 pl/ml 45 ul/ml 50 pl/ml 55 ul/ml 60 pl/ml
1 0.0£0.0" 0.0£0.0" 0.0+0.0’ 0.0+0.0' 0.0+0.0° 0.0+0.0°
2 0.0£0.0" 0.0£0.0" 0.000.0’ 0.00.0' 0.0+0.0° 0.0+0.0°
3 22.0+2.8 | 12.5+3.5° 9.0+1.4' 2.543.5' 0.0+0.0° 0.0+0.0°
4 40.0£0.0° | 325435 | 13.5+2.1° 9.0+1.4" 0.0+0.0° 0.0£0.0°
5 67.5+3.5° 50.0+0.0° 22.543.5" 22.543.5° 0.0+0.0° 0.0+0.0°
6 90.00.0" 63.5+3.5" 40.0+0.0° 47.543.5' 0.0+0.0° 0.0+0.0°
7 100.0£0.0° | 72.543.5° | 525435 | 60.0£0.0° 9.0+1.4" 0.0+0.0°
8 100.0£0.0° | 85.0+7.1" | 62.5£3.5° | 62.5£3.5%° | 14.0+1.4° 1.0+1.4°
9 100.0£0.0" | 95.0+7.1° | 725435 | 675435 | 22.543.5° 9.0+1.4"
10 100.0£0.0" | 100.0+£0.0" | 81.5+2.1° 70.0£0.0° 30.0+0.0° 20.0+0.0°
11 100.0£0.0° | 100.0£0.0° | 90.0£0.0° | 82.5+3.5° | 42.5+3.5° | 32.5+3.5
12 100.0+£0.0" | 100.0+£0.0" | 100.0£0.0" | 97.5+3.5" 61.5+2.1°" 50.0+0.0"

' A ' l-ﬂ' J d'
ﬂ"lﬂ\iﬂﬂﬂ{] 9 AURNAY (n=2) + AIUVSIUVUUINTIIU

v ~ A v 1 (% 4 = = 1 1 =
onysMrdounuluuaazAeauy oD VliJ‘JJﬂ’NiJLLSEIﬂ@N’E)fJNN

ANOVA 11a¢ Duncan’s Multiple Range Test NAUFIU P < 0.05

1 d' A d’ 1 a a Lg
ATNLLINT D i$EJ$L’Ja'l‘ﬂuliJW‘Uﬂﬁlﬂiﬂg!@miﬁﬂlﬂﬂm@ﬂ

@

Wod1AYAIWIT One-Way




H a a g
M3199 1.8 SovazM s AL 1AY0U¥0I1 Penicillium sp U 1w 1007 0

= I @ 4 a
paryaed 1unal 12 dlav annzilng

]
=1

Q
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UMY 30+1

et fosazmisnuanIn
i AU 40 pl/ml 45 pl/ml 50 pul/ml 55 ul/ml 60 pl/ml
1 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
2 0.0+0.0° 0.0+0.0" 0.0£0.0" 0.0+0.0° 0.0+0.0° 0.0+0.0"
3 2.543.5° 0.0+0.0" 0.0+0.0" 0.00.0 0.0+0.0° 0.0+0.0°
4 9.0+1.4" 0.0+0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0° 0.0+0.0°
5 12.543.5" | 3.0+2.8" 0.0+0.0" 0.0+0.0° 0.0+0.0° 0.0+0.0°
6 20.040.0° | 9.0+1.4° 0.0+0.0" 0.0+0.0 0.0+0.0° 0.0+0.0°
7 47543.5% | 185+2.1" | 0.5£0.7° 0.0+0.0" 0.0+0.0° 0.0+0.0"
8 70.0£0.0° 39.0+1.4° 5.0£0.0° 0.0+0.0° 0.0£0.0° 0.0£0.0"
9 80.0£0.0° | 525435 | 10.0+0.0° | 3.0+2.8" 0.0+0.0° 0.0+0.0"
10 99.0+1.4" | 61.5+2.1° 18.542.1° 12.543.5° 0.0+0.0° 0.00.0"
11 100.0£0.0° | 77.5£3.5° | 39.0£1.4° | 29.041.4° | 6.5+2.1° 0.5+0.5"
12 100.0+£0.0" | 92.5+3.5" 57.543.5° | 49.0£1.4" | 20.0+0.0° 2.0+1.4°

' v A ' A 1 A
f’ﬂﬂ\iﬂﬁﬂa A9 AURAY (n=2) + TIUVYAUVUNINTIIU

v A A (% 1 v = 2 1 ] =
aﬂmmwmuﬂuimmazﬂaamu NN "lmlmmmmmwmmu

ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05

1 d' A d' 1 a a dy
ATNLLINT AD 5383L’JaWlllll‘wUﬂ”lili]iig!@]‘l.li@]ﬂlﬁ]ﬂ!ﬁ])'ﬂi”l

o

o 1AYAINIT One-Way
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139N V.9 '5ﬂﬂﬂ$ﬂ13lﬁl3mlﬁﬂjﬁmﬂﬂl%ﬂi1 Aspergillus niger UHIINWWﬁTO']JLLWQ

= I o 4 dy o v J Y
3041 eAuased (unal 12 dlay anusudunnsenaIosas 100
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[
=

Noungil

E]

et fosazmisnuanIn
‘ﬁ AIUAY 60 pl/ml 65 ul/ml 70 pl/ml 75 ul/ml 80 pl/ml
1 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0' 0.0+0.0° 0.0+0.0°
2 65.0+7.1° | 0.0£0.0" 0.040.0" 0.0+0.0' 0.0+0.0° 0.0+0.0°
3 85.0+7.1° 1.5¢2.1" 0.540.7" 0.0+0.0' 0.0+0.0° 0.0+0.0°
4 92.5+3.5" 12.543.5" 9.0+1.4" 3.542.1' 0.0+0.0° 0.0+0.0°
5 100.0£0.0° | 27.543.5' | 19.0£1.4% | 10.00.0" | 0.0£0.0° 0.0£0.0°
6 100.0£0.0° | 40.0£0.0° | 30.0£0.0° | 22.5+3.5° 0.0+0.0° 0.0+0.0°
7 100.0£0.0° | 57.543.5° | 47.543.5° | 32.543.5" | 10.0£0.0° | 0.0£0.0°
8 100.0£0.0° | 70.0£0.0° | 55.047.1% | 41.542.1° 16.52.1° 1.5+2.1°
9 100.0£0.0' | 85.047.1" | 67.543.5" | 64.045.7° | 32.5£3.5° | 10.0£0.0°
10 100.0+0.0" | 97.543.5° | 95.047.0° | 73.543.5° | 52.543.5° 19.0+1.4°
11 100.0+0.0° | 100.0+0.0" | 100.0+0.0" | 81.542.1° | 72.543.5° | 41.542.1°
12 100.0£0.0" | 100.0£0.0° | 100.0£0.0" | 97.5£3.5" | 85.0£7.1" | 59.0+1.4"

' v A ' A 1 A
f’ﬂﬂ\iﬂﬁﬂa A9 AURAY (n=2) + TIUVYAUVUNINTIIU

o

Y A A o 1 v = = ' roa o W an
aﬂmmwmuﬂuimmazﬂaamu NUIYD "lwmmummwmmuam UAIWIT One-Way
ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05

1 d' A d' 1 a a dy
ATNLLINT AD 5383L’JaWlllll‘wUﬂ”lili]iig!@]‘l.li@]ﬂlﬁ]ﬂ!ﬁ])'ﬂi”l
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= I Y] 4 a
30+1 parsased 1Hunal 12 dda1v anngilna
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v
=1

Noungil

q

et fosazmisnuanIn
‘ﬁ AIUAY 60 pl/ml 65 ul/ml 70 pl/ml 75 ul/ml 80 pl/ml
1 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
2 425435 | 0.0£0.0" 0.040.0" 0.0+0.0° 0.0+0.0° 0.0+0.0°
3 55.047.1° | 0.0£0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
4 60.0+7.1° 1.542.1" 0.0+0.0" 0.0+0.0° 0.0+0.0° 0.0+0.0°
5 62.5+435° | 3.042.8" 0.0+0.0" 0.0+0.0° 0.0+0.0° 0.0+0.0°
6 775357 | 17.543.5° | 0.0£0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
7 82.543.5" | 29.0£1.4" | 0.00.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
8 95.0+7.1" | 37.5+3.5° 2.5+3.5° 0.0+0.0° 0.0+0.0° 0.0+0.0"
9 95.543.5" | 57.5435° | 15.047.1° | 0.0+0.0° 0.0+0.0° 0.0+0.0°
10 97.543.5" | 67.4+3.5° | 25.0+7.1° 5.0+0.0° 0.0+0.0° 0.0£0.0°
11 100.0£0.0" | 84.0£1.4° | 475435 | 175435 | 5.0+0.0° 0.5+0.0"
12 100.0£0.0" | 90.0+0.0° | 60.0£0.0" | 31.5+4.9" 17.5+3.5" 1.0£0.0°

' v A ' A 1 A
f’ﬂﬂ\iﬂﬁﬂa A9 AURAY (n=2) + TIUVYAUVUNINTIIU

ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05

1 d' A d' 1 a a dy
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H a a j’ ! =
M3197 v.11 SosazmswsyanTaveuses) Penicillium sp. 1uldW1s1md Nguivigil 30£1

= I o o dy o v J Y
pamaed 1Wunal 12 ddai anusuaunnsenigssgaz 100

et fosazmisnuanIn
7 AAY 40 pl/ml 45 pl/ml 50 ul/ml 55 ul/ml 60 pl/ml
1 0.0+0.0° 0.0£0.0° 0.0£0.0" 0.0£0.0° 0.0+0.0" 0.0£0.0"
2 0.0+0.0° 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
3 3.542.1" 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
4 9.0+1.4° 0.0£0.0° 0.0+0.0" 0.0£0.0° 0.0+0.0" 0.0£0.0"
5 11.0+1.4° 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
6 15.0+0.0° 0.00.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
7 15.5+0.7° 1.542.1° 0.0+0.0" 0.0+0.0°" 0.0+0.0" 0.0+0.0"
8 17.0+1.4° 2.0+1.4° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
9 21.542.1° 5.0+0.0° 0.040.0° 0.0+0.0° 0.040.0° 0.0+0.0"
10 22.0+2.8° 9.0+1.4° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
11 26.0+1.4° | 13.5+2.1° 0.540.7" 0.0+0.0° 0.040.0° 0.0+0.0"
12 30.0£0.0" 18.5+2.1° 1.5+2.1° 0.0£0.0" 0.0+0.0" 0.0£0.0"

' v A ' A | A

ﬂWNiJiTﬂg(] 9 AURAY (n=2) + TIUVIAVUUINTIIU

1Y ~ A [ 1 v =2 1 1 1 A o o w an
aﬂyimwmuﬂuimmazﬂaamu NUIYD VlﬂJllﬂ’]'lﬂJLW]ﬂGﬂ\i@fﬂ\iﬂJuﬂﬁT UAIWIT One-Way
ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05
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1 a a j’ ! =
M319 v.12 Sosaznss Ay Tnueuses  Penicillium sp.uuliwW15IMa Ngungil 30£1

= I ] 4 A
paraed 1lunal 12 dlav annzilng

et fosazmisnuanIn
7 AAY 40 pl/ml 45 pl/ml 50 ul/ml 55 ul/ml 60 pl/ml
1 0.0£0.0" 0.0+0.0° 0.0£0.0" 0.0£0.0° 0.0+0.0" 0.0£0.0"
2 0.0£0.0" 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
3 0.0£0.0" 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
4 0.0£0.0" 0.0+0.0° 0.0+0.0" 0.0£0.0° 0.0+0.0" 0.0£0.0"
5 3.0+2.8" 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
6 8.0+2.8° 1.0+1.4% 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
7 10.0+£0.0 2.0+1.4" 0.0+0.0" 0.0+0.0°" 0.0+0.0" 0.0+0.0"
8 10.5£0.7° | 3.0£0.0% 0.0+£0.0" 0.0+0.0" 0.0+£0.0" 0.0+0.0"
9 12.5¢0.7°" | 4.0+1.4% 0.0+0.0" 0.0+0.0° 0.040.0° 0.0+0.0"
10 14.5+0.7" 5.5+0.7° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
11 15.5+0.7" 7.5+0.7" 0.040.0° 0.0+0.0° 0.040.0° 0.0+0.0"
12 19.0+1.4" 10.0£0.0° 0.50+0.7" 0.0+0.0" 0.0+0.0" 0.0£0.0"

' v A ' A | A

ﬂWNiJiTﬂg(] 9 AURAY (n=2) + TIUVIAVUUINTIIU

1Y ~ A [ 1 v =2 1 1 1 A o o w an
aﬂyimwmuﬂuimmazﬂaamu NUIYD VlﬂJllﬂ’]'lﬂJLW]ﬂGﬂ\i@fﬂ\iﬂJuﬂﬁT UAIWIT One-Way
ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05
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H a a j’ { =
M5190 1.13 Sovaznsws yan Tnveuses ) Aspergillus niger U1 TW151ME Ngaingil 30£1

= I o o dy o v J Y
pamaed 1Wunal 12 ddai anusuaunnsenigsisgaz 100

et fosazmisnuanIn
i AIUAY 60 pl/ml 65 pl/ml 70 pl/ml 75 pl/ml 80 pl/ml
1 0.0+0.0° 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
2 0.020.0° 0.00.0" 0.0+0.0" 0.0£0.0" 0.0+0.0° 0.0+0.0°
3 0.0+0.0° 0.00.0" 0.0+0.0" 0.0£0.0" 0.0+0.0" 0.0£0.0"
4 4.041.4" 0.0+0.0° 0.040.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
5 4.5+0.7" 0.0+0.0" 0.0+0.0" 0.0£0.0" 0.0+0.0° 0.0+0.0°
6 9.0+1.4° 0.0+0.0" 0.0+0.0" 0.0£0.0" 0.0+0.0" 0.0+0.0"
7 10.0+0.0° 0.00.0" 0.0£0.0" 0.0+0.0°" 0.0+0.0" 0.0+0.0"
8 14.5+0.7° 1.0+1.4° 0.0+£0.0" 0.0+0.0" 0.0+0.0° 0.0+0.0"
9 15.0+0.0° 1.5+2.1% 0.040.0" 0.0+0.0° 0.040.0° 0.0+0.0"
10 19.0+1.4° 4.0+1.4° 0.0£0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
11 24.0+1.4° 8.5+2.1" 0.5+0.7" 0.0+0.0° 0.040.0° 0.0+0.0"
12 28.5+2.1° 11.542.1° 4.0+1.4" 0.0£0.0" 0.0+0.0" 0.0£0.0"

' v A ' A | A

ﬂWNiJiTﬂg(] 9 AURAY (n=2) + TIUVIAVUUINTIIU

1Y ~ A [ 1 v =2 1 1 1 A o o w an
aﬂyimwmuﬂuimmazﬂaamu NUIYD VlﬂJllﬂ’]'lﬂJLW]ﬂGﬂ\i@fﬂ\iﬂJuﬂﬁT UAIWIT One-Way
ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05
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H a a j’ { =
M15190 v.14 Sovaz 595 yay Tnveuses 1 Adspergillus niger U1 TIW151MF Ngangil 30£1

= I Y] 4 a
paryaed 1unal 12 dlav annzilng

et fosazmisnuanIn
‘ﬁ AIUAY 60 ul/ml 65 ul/ml 70 pl/ml 75 ul/ml 80 pl/ml
1 0.0£0.0" 0.0+0.0° 0.0£0.0° 0.0+0.0" 0.0£0.0° 0.0+0.0"
2 0.0£0.0" 0.0+0.0° 0.0£0.0° 0.0£0.0° 0.0£0.0" 0.0£0.0"
3 1.0£1.4" 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
4 5.042.8° 0.0+0.0° 0.0£0.0° 0.0+0.0" 0.0£0.0° 0.0+0.0"
5 8.542.1° 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
6 14.0£1.4° 0.0+0.0° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
7 15.0+0.0" 1.542.1° 0.0£0.0" 0.0£0.0" 0.0£0.0" 0.0+0.0"
8 17.040.0° | 3.542.1° 0.0+0.0" 0.0+0.0" 0.0+0.0" 0.0+0.0"
9 20.0+0.0" 7.0+0.0° 0.0£0.0° 0.0£0.0° 0.0£0.0° 0.0+0.0"
10 20.5+0.7" 10.0£0.0" 0.0£0.0" 0.0£0.0" 0.0£0.0" 0.0£0.0°
11 20.5+0.7" 12.0+0.0" 0.0£0.0° 0.0£0.0° 0.0£0.0° 0.0+0.0"
12 22.0+0.0° 12.5+0.7" 0.5+0.7" 0.0+0.0" 0.0£0.0° 0.0+0.0"

' v A ' A | A

ﬂWNiJiTﬂg(] 9 AURAY (n=2) + TIUVIAVUUINTIIU

1Y ~ A [ 1 v =2 1 1 1 A o o w an
aﬂyimwmuﬂuimmazﬂaamu NUIYD VlﬂJllﬂ’]'lﬂJLW]ﬂGﬂ\i@fﬂ\iﬂJuﬂﬁT UAIWIT One-Way
ANOVA 1ei¢ Duncan’s Multiple Range Test NNUFUU P < 0.05
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A P, A a & ' v XA dy o v %o
M1319N V.15 iﬂﬂagﬂ”lﬁﬁ]iﬂ]uw]ﬂiﬁsll@\‘]!clfﬂi11]1!"“@\1!,?3ullll‘]ﬂr!QTUwaglsﬁﬂV]ﬂ@QﬂuﬂfJﬂu1Nu

a

{ 3 @
wamzmﬂﬁqm‘ﬁﬂu 30+1 @Qﬂ"l!"])’ﬁ!%ﬂﬁ a5

QU

Sufueu T fovazmsiaauIn

eI aza® | @auQy | 30 ul/ml | 50 pl/ml | 70 pl/ml | 90 ul/ml | 110 pl/ml
Wi Ttenn 36.542.1" | 35.5+0.7" | 31.041.4" | 24.0+1.4° | 13.5+2.1° | 9.0+1.4°
2 o Lllﬁa a b c d e f
Univeuwe L1 36.542.1" | 29.520.7° | 22.543.5° | 16.0£1.4° | 7.0£1.4° | 1.5:2.1
" aanNogan
WiunuNg 36.5£2.1" | 35.0:0.0" | 24.0£0.7° | 15.5+1.4° | 10.0£1.4° | 5.0+1.4°

' v A ' A 1 A
f’ﬂﬂ\iﬂﬁﬂg A9 AURAY (n=2) + TIUUYAUVUNINTIIU

v

% d' A (% 1 =1 1= 1 1 A o o as
anysMmlounuluuaazind vu1eng ]lllllﬂilillll,@ﬂ@”lﬂﬂﬂﬁllu&ﬁ1 UATNIT One-Way

g

ANOVA 11a¢ Duncan’s Multiple Range Test AN P < 0.05

P Aa Y quA ¥ v A o X v
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1. Introduction

Rubberwood is the most economically lumber
in southern of Thailand. After plantation of rubber
trees for 25-30 years when latex production
becomes uneconomical, these woods are cut down
for replanting annually [1]. Unlike other woods
that are cut down for the sole purpose of
producing furniture, rubberwood is used only
after it completes its latex producing cycle and
dies. This wood is therefore eco-friendly in the
sense that we are now using what was going as
waste. Although rubberwood has many good
features and low cost [2], it contains high
moisture content and starch. The effect will be
easily destroyed from molds and termites. Failure
to control it can result in tremendous economic
and resource losses.

In recent year, rubberwood is impregnated with
various  preservatives  such as  boron,
pentachlorophenol, creosote and inorganic
arsenicals to against insect borers and fungi
because of relatively low treatment cost [3] [4],
but these chemicals are not appropriate for many
applications in health, for example indoor
furniture, food packaging, children’s toys and
kitchenware. The US Environmental Protection
Agency (EPA) has announced a voluntary
decision by the wood industry to phase out toxic
wood preservatives [5]. Subsequently, developing
the alternatively non-hazardous preservatives
from natural products such as essential oils is
needed.

Many plant essential oils and their volatile
constituents have been reported to possess potent
antifungal activities [6]. Number of reports that
have been indicated for resistance to mold growth
on wood i.e., Matan and Matan (2008) with the
use of lime oil, tangerine oil and anise oil to
prevent mold on rubberwood [1], Yang and
Clausen (2007) have used thyme, rosemary,
lemongrass as inhibitor to antifungal on southern
yellow pine [7] and Cheng et al. (2008) have
reported the effects of cinnamaldehyde and
eugenol on wood-rot fungi [4].

From research reviews, the solvents that
appropriate to this application were methanol or
palm oil. Methanol is usually used in wood
industry as a color solvent, furthermore, Matan
and Matan (2009) have used methanol as a
solvent in antifungal probation [8]. Ekwenye and

ljeomah (2005) have applied palm oil for the
treatment of various microorganisms [9]. In
addition, palm oil, which through the process
from oleochemicals just can be used as an
additives and biocides [10].

In this research, the objective is to determine
the minimal inhibitory concentration of anise oil,
cinnamon oil, clove oil and optimum mixing with
different ratios in methanol or palm oil to against
molds Penicillium sp. and Aspergillus niger on
the surface of rubberwood at 30+1 °C for 5 days.

2. Materials

2.1 Essential Oils and Chemicals

Essential oils derived by stream distillation
(anise oil, cinnamon oil and clove oil) were
purchased by Lapis tropical spa product co., Ltd.,
Bangkok, Thailand. Nutrient broth was obtained
from Lab-Scan Analytical Science. Methanol was
an analytical grade. Palm oil was a commercial
grade.

2.2 Cultures

Two fungal strains (Penicillium sp. and
Aspergillus  niger) were obtained from
Department of Microbiology, Faculty of Science,
Prince of Songkla University, Songkhla, Thailand.

3. Experimental

3.1 Preparation of Fungal Strains

Two surface fungi on rubberwood Penicillium
sp. and Aspergillus niger were grown on potato
dextrose agar (PDA) from Department of
Microbiology, Prince of Songkla University,
Songkhla, Thailand. Spores of remaining test
fungi were collected by flooding the surface of
plates with sterile saline solution (NaCl, 8.0
O/lwaer) 5 ml.  After counting the spores with
haemacytometer, microspores standardized to
concentration of 10’ spores/ml by dilution with
sterile water before use (10 ul of a standardized
suspension 107 spores/ml) [8] [11].

3.2 Minimal Inhibitory Concentration (MIC) of
Essential Oils

The antifungal effect and MIC of anise oil,
cinnamon oil and clove oil were considered.
Natural essential oils were performed by broth
dilution method [1] [11]. Each essential oil at
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concentration of 30-110 pl/ml was mixed with
methanol or palm oil 1 ml, added nutrient broth 5
ml and fungal strains (10" spores/ml) 1 ml,
shacking until the oil throughout the broth [8].
The control derived from methanol or palm oil
without any essential oil. Plates were incubated at
30+1 °C for 5 days. The lowest concentration that
does not have visible growth was regarded as the
MIC.

3.3 The Optimum Ratio of Mixing Essential Qils

The broth dilution method was applied to
determine the optimum mixing ratio of essential
oils [11]. Preparing mixture of essential oils
between anise oil: cinnamon oil: clove oil were 2:
2:2,4:1:1,1:4: 1and 1: 1: 4 (%v). Then, poured
methanol or palm oil 1 ml and nutrient broth 5 ml.
Fungal strain (Penicillium sp. or Aspergillus
niger) at concentration 10" spores/ml 1 ml was
added into plates and shake until the oil
throughout the broth [11]. The control was
obtained from methanol or palm oil without any
essential oil. All experiments were incubated at
30£1 °C for 5 days. The optimum ratio of mixing
was determined by the tests that does not have
visible growth of any fungi.

4, Results and Discussion

4.1 Minimal
Essential Oils

Inhibitory  Concentration  of

Inhibition of fungi by using anise oil,
cinnamon oil and clove oil in methanol or palm
oil were determined by the broth dilution method
of the concentration 30-110 pl/ml at 30+1 °C for 5
days. The results are shown in Table 1. All
essential oils exhibited the fungistatic activities
against the mold, especially in methanol solvent.
Anise oil was the strongest inhibitor to anti-molds
Penicillium sp. and Aspergillus niger. To prevent
growth of these molds, higher concentrations of
cinnamon oil and clove oil were needed. However
every essential oil in methanol was carried out to
prevent molds better than in palm oil. Moreover,
palm oil solvent, anise oil at MIC >110 pl/ml for
both Penicillium sp. and Aspergillus niger and
clove oil at MIC 90 pl/ml for Aspergillus niger
have occurred in the wax that not appropriate to
be an antifungal solvent and inconvenient to get
rid of. The MICs of anise oil in methanol against
Penicillium sp. and Aspergillus niger were 50
pl/ml and 70 pl/ml, respectively. These MICs will
further examine with rubberwood.

Table 1. The MICs of essential oils in methanol or
palm oil at 30£1 °C for 5 days

Essential MIC (p/m)
oil Solvent Penicillium A.
sp. niger
Anise 50 70
Cinnamon  Methanol 90 110
Clove 90 90
Anise > 110* > 110*
Cinnamon  Palm oil 110 110
Clove 90 90*
* wax

The effect of anise oil, cinnamon oil and clove
oil as natural preservative were reported by
Soliman and Badeaa (2002) [12] and Matan and
Matan (2007), (2008). The main component of
each essential oil was reported in Table 2. Trans-
anethole was believed to be the main inhibitory
component of anise oil. A. niger has been reported
to be completely inhibited by the volatile oil of
Foeniculum vulgare, which was rich in trans-
anethole, even in relatively low dose of oil [13].
Cinnamon oil is reported to consist of several
components such as cinnamaldehyde, geraniol
and linalool [14] [11]. The main component of
clove oil is eugenol with small amounts of
caryophyllene and humulene [11]. These
constituents of cinnamon and clove oil were
noticed to be capable of inhibiting growth of
termites and insects.

Table 2. The main components of each essential oil

Essential oil  Component Structure % w
OCHs
Anise oil  Trans-anethole 85
AN
CH3
]
Clnr(l)aillmon Cinnamaldehyde ©/\) 75
OH
OCHjy4
Clove oil Eugenol 78

CH,

An important characteristic of each essential oil
is its polarity group, which is thought to bind to
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proteins and prevent the reaction of molds and
fungi [15]. Compounds containing hydroxyl
group plus a system of delocalized electrons in the
phenolic ring structure have high activity. The
aldehyde group of vanillin is believed responsible
in part its antimicrobial activity and this may also
be true for cinnamaldehyde which do not have
any free hydroxyl group [16]. For these reasons
we believe it is the ability to inhibit the growth of
fungi and insects.

4.2 The Optimum Ratio of Mixing Essential Oils

The mixture of anise oil: cinnamon oil: clove
oil at ratios 2: 2: 2,4: 1: 1,1: 4: 1 and 1: 1: 4 in
methanol or palm oil at 30£1 °C for 5 days were
investigated. The results are shown in Table 3.
The Combination ratio at 4: 1: 1 (%V) in methanol
was performed the best mixing condition in
Penicillium sp. and Aspergillus niger. However,
every ratio in palm oil was unable to resist any
molds and also have wax as well as to the
essential oil tests. It’s indicating that three
essential oils are not supported each other. Higher
concentration of anise oil is presented the retard
of molds growth compared with other. That is
anise oil, which contains trans-anethole as the
main component has the most ability to resist
mold [1] [11]. The inhibitory components are
shown in Table 2. and described as above. These
results were according to the MIC of former
essential oils tests.

Table 3. The optimum ratio of mixing essential
oils at 30+1 °C for 5 days

Ratio (%V) Penicillium A,

; ; Solvent .
Anise Cinnamon Clove Sp. niger
2 2 2 v v
4 1 x x
Methanol
1 4 1 v
1 1 4 v v
2 2 2 v'x v
4 1 1 v'x v
Palm oil
1 4 1 v'x v
1 1 4 v'* v'*

v visible molds growth, % no visible molds
growth, * wax

5. Conclusions

The antifungal activity of anise oil, cinnamon
oil, clove oil and their mixture in methanol or
palm oil were researched. Anise oil in methanol
was showed the greatest inhibitor. The MICs to
against Penicillium sp. and Aspergillus niger were
50 pl/ml and 70 pl/ml, respectively at 30+1 °C for
5 days. The optimum ratio of mixing was 4: 1: 1
(%v) at 30+1 °C for 5 days. From the researches
indicated that the main component in each
essential oil is believed to inhibit the growth of
fungi. These MICs will be examined with
rubberwood at 30£1 °C, 100% Relative humidity
or ambient air for 12 weeks.
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The Effectiveness of Essential Qils in Various Solvents to
Antifungal on Rubberwood (Hevea brasiliensis)

Monchanok Tuntipaleepun', Kulchanat Prasertsit'"

! Department of Chemical Engineering, Faculty of Engineering,
Prince of Songkla University, Hat Yai, Songkhla 90112
*e-mail: kulchanat.k@psu.ac.th

Abstract — This research was aimed to study the efficiency of essential oils and optimum mixing to
prevent molds (Penicillium sp. and Aspergillus niger) identified on the rubberwood surfaces. Anise oil,
cinnamon oil and clove oil in methanol or palm oil were used in this experiment due to their less
toxicity and suitable for many applications, especially related to health. The broth dilution method was
applied to determine the minimal inhibitory concentration. By working with the concentration of
essential oils between 30-110 pl/ml and mixture of anise oil: cinnamon oil: clove oil 2: 2: 2, 4: 1: 1, 1:
4:1 and 1: 1: 4 (%v). From the experimental found that anise oil in methanol was the strongest inhibitor
to antifungal. The minimal inhibitory concentration of Penicillium sp. and Aspergillus niger were 50
pl/ml and 70 pl/ml, respectively at 30+1 °C for 5 days. The optimum combination ratio was 4: 1: 1 for
both Penicillium sp. and Aspergillus niger at 30£1 °C for 5 days. These were further examined with
rubberwood at 30+1 °C, 100% relative humidity or ambient air for 12 weeks.

Keyword: Rubberwood, Anise oil, Cinnamon oil, Clove oil, Antifungal
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1. Introduction

Rubberwood is the most economically lumber
in southern of Thailand. After plantation of rubber
trees for 25-30 years when latex production
becomes uneconomical, these woods are cut down
for replanting annually [1]. Unlike other woods
that are cut down for the sole purpose of
producing furniture, rubberwood is used only
after it completes its latex producing cycle and
dies. This wood is therefore eco-friendly in the
sense that we are now using what was going as
waste. Although rubberwood has many good
features and low cost [2], it contains high
moisture content and starch. The effect will be
easily destroyed from molds and termites. Failure
to control it can result in tremendous economic
and resource losses.

In recent year, rubberwood is impregnated with
various  preservatives such as  boron,
pentachlorophenol, creosote and inorganic
arsenicals to against insect borers and fungi
because of relatively low treatment cost [3] [4],
but these chemicals are not appropriate for many
applications in health, for example indoor
furniture, food packaging, children’s toys and
kitchenware. The US Environmental Protection
Agency (EPA) has announced a voluntary
decision by the wood industry to phase out toxic
wood preservatives [5]. Subsequently, developing
the alternatively non-hazardous preservatives
from natural products such as essential oils is
needed.

Many plant essential oils and their volatile
constituents have been reported to possess potent
antifungal activities [6]. Number of reports that
have been indicated for resistance to mold growth
on wood i.e., Matan and Matan (2008) with the
use of lime oil, tangerine oil and anise oil to
prevent mold on rubberwood [1], Yang and
Clausen (2007) have used thyme, rosemary,
lemongrass as inhibitor to antifungal on southern
yellow pine [7] and Cheng et al. (2008) have
reported the effects of cinnamaldehyde and
eugenol on wood-rot fungi [4].

From research reviews, the solvents that
appropriate to this application were methanol or
palm oil. Methanol is usually used in wood
industry as a color solvent, furthermore, Matan
and Matan (2009) have used methanol as a
solvent in antifungal probation [8]. Ekwenye and

[jeomah (2005) have applied palm oil for the
treatment of various microorganisms [9]. In
addition, palm oil, which through the process
from oleochemicals just can be used as an
additives and biocides [10].

In this research, the objective is to determine
the minimal inhibitory concentration of anise oil,
cinnamon oil, clove oil and optimum mixing with
different ratios in methanol or palm oil to against
molds Penicillium sp. and Aspergillus niger on
the surface of rubberwood at 30+1 °C for 5 days.

2. Materials

2.1 Essential Oils and Chemicals

Essential oils derived by stream distillation
(anise oil, cinnamon oil and clove oil) were
purchased by Lapis tropical spa product co., Ltd.,
Bangkok, Thailand. Nutrient broth was obtained
from Lab-Scan Analytical Science. Methanol was
an analytical grade. Palm oil was a commercial
grade.

2.2 Cultures

Two fungal strains (Penicillium sp. and
Aspergillus  niger) were obtained from
Department of Microbiology, Faculty of Science,
Prince of Songkla University, Songkhla, Thailand.

3. Experimental

3.1 Preparation of Fungal Strains

Two surface fungi on rubberwood Penicillium
sp. and Aspergillus niger were grown on potato
dextrose agar (PDA) from Department of
Microbiology, Prince of Songkla University,
Songkhla, Thailand. Spores of remaining test
fungi were collected by flooding the surface of
plates with sterile saline solution (NaCl, 8.0
2/lyaer) S ml. After counting the spores with
haemacytometer, microspores standardized to
concentration of 107 spores/ml by dilution with
sterile water before use (10 pl of a standardized
suspension 107 spores/ml) [8] [11].

3.2 Minimal Inhibitory Concentration (MIC) of
Essential Oils

The antifungal effect and MIC of anise oil,
cinnamon oil and clove oil were considered.
Natural essential oils were performed by broth
dilution method [1] [11]. Each essential oil at
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concentration of 30-110 ul/ml was mixed with
methanol or palm oil 1 ml, added nutrient broth 5
ml and fungal strains (10’ spores/ml) 1 ml,
shacking until the oil throughout the broth [8].
The control derived from methanol or palm oil
without any essential oil. Plates were incubated at
30=£1 °C for 5 days. The lowest concentration that
does not have visible growth was regarded as the
MIC.

3.3 The Optimum Ratio of Mixing Essential Oils

The broth dilution method was applied to
determine the optimum mixing ratio of essential
oils [11]. Preparing mixture of essential oils
between anise oil: cinnamon oil: clove oil were 2:
2:2,4:1:1,1:4: 1 and 1: 1: 4 (%vV). Then, poured
methanol or palm oil 1 ml and nutrient broth 5 ml.
Fungal strain (Penicillium sp. or Aspergillus
niger) at concentration 10’ spores/ml 1 ml was
added into plates and shake until the oil
throughout the broth [11]. The control was
obtained from methanol or palm oil without any
essential oil. All experiments were incubated at
30+1 °C for 5 days. The optimum ratio of mixing
was determined by the tests that does not have
visible growth of any fungi.

4. Results and Discussion

4.1 Minimal
Essential Oils

Inhibitory  Concentration  of

Inhibition of fungi by using anise oil,
cinnamon oil and clove oil in methanol or palm
oil were determined by the broth dilution method
of the concentration 30-110 pl/ml at 30+1 °C for 5
days. The results are shown in Table 1. All
essential oils exhibited the fungistatic activities
against the mold, especially in methanol solvent.
Anise oil was the strongest inhibitor to anti-molds
Penicillium sp. and Aspergillus niger. To prevent
growth of these molds, higher concentrations of
cinnamon oil and clove oil were needed. However
every essential oil in methanol was carried out to
prevent molds better than in palm oil. Moreover,
palm oil solvent, anise oil at MIC >110 pl/ml for
both Penicillium sp. and Aspergillus niger and
clove oil at MIC 90 pl/ml for Aspergillus niger
have occurred in the wax that not appropriate to
be an antifungal solvent and inconvenient to get
rid of. The MICs of anise oil in methanol against
Penicillium sp. and Aspergillus niger were 50
ul/ml and 70 pl/ml, respectively. These MICs will
further examine with rubberwood.

Table 1. The MICs of essential oils in methanol or
palm oil at 30+1 °C for 5 days

Essential MIC (ul/ml)
oil Solvent Penicillium A.
sp. niger
Anise 50 70
Cinnamon Methanol 90 110
Clove 90 90
Anise > 110* > 110*
Cinnamon  Palm oil 110 110
Clove 90 90*
* wax

The effect of anise oil, cinnamon oil and clove
oil as natural preservative were reported by
Soliman and Badeaa (2002) [12] and Matan and
Matan (2007), (2008). The main component of
each essential oil was reported in Table 2. Trans-
anethole was believed to be the main inhibitory
component of anise oil. A. niger has been reported
to be completely inhibited by the volatile oil of
Foeniculum vulgare, which was rich in trans-
anethole, even in relatively low dose of oil [13].
Cinnamon oil is reported to consist of several
components such as cinnamaldehyde, geraniol
and linalool [14] [11]. The main component of
clove oil is eugenol with small amounts of
caryophyllene and humulene [11]. These
constituents of cinnamon and clove oil were
noticed to be capable of inhibiting growth of
termites and insects.

Table 2. The main components of each essential oil

Essential 0oil  Component Structure % w
OCH3
Anise oil  Trans-anethole 85
X
CHs
i
Cmr(l)?fn °" Cinnamaldehyde ©/\) 75
OH
OCH,4
Clove oil Eugenol 78

CH,

An important characteristic of each essential oil
is its polarity group, which is thought to bind to
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proteins and prevent the reaction of molds and
fungi [15]. Compounds containing hydroxyl
group plus a system of delocalized electrons in the
phenolic ring structure have high activity. The
aldehyde group of vanillin is believed responsible
in part its antimicrobial activity and this may also
be true for cinnamaldehyde which do not have
any free hydroxyl group [16]. For these reasons
we believe it is the ability to inhibit the growth of
fungi and insects.

4.2 The Optimum Ratio of Mixing Essential Oils

The mixture of anise oil: cinnamon oil: clove
oil at ratios 2: 2: 2, 4: 1: 1, 1: 4: 1 and 1: 1: 4 in
methanol or palm oil at 30+1 °C for 5 days were
investigated. The results are shown in Table 3.
The Combination ratio at 4: 1: 1 (%v) in methanol
was performed the best mixing condition in
Penicillium sp. and Aspergillus niger. However,
every ratio in palm oil was unable to resist any
molds and also have wax as well as to the
essential oil tests. It’s indicating that three
essential oils are not supported each other. Higher
concentration of anise oil is presented the retard
of molds growth compared with other. That is
anise oil, which contains frans-anethole as the
main component has the most ability to resist
mold [1] [11]. The inhibitory components are
shown in Table 2. and described as above. These
results were according to the MIC of former
essential oils tests.

Table 3. The optimum ratio of mixing essential
oils at 30+1 °C for 5 days

Ratio (%v) Penicillium  A.

. . Solvent ;
Anise Cinnamon Clove niger
2 2 2 v v
4 1 1 x x
Methanol
1 4 1 v
1 1 4 v v
2 2 2 % v
4 1 1 v'E v'E
Palm oil
1 4 1 v'E vE
1 1 4 v v

v’ visible molds growth, % no visible molds
growth, * wax

5. Conclusions

The antifungal activity of anise oil, cinnamon
oil, clove oil and their mixture in methanol or
palm oil were researched. Anise oil in methanol
was showed the greatest inhibitor. The MICs to
against Penicillium sp. and Aspergillus niger were
50 pl/ml and 70 pl/ml, respectively at 30+1 °C for
5 days. The optimum ratio of mixing was 4: 1: 1
(%v) at 30£1 °C for 5 days. From the researches
indicated that the main component in each
essential oil is believed to inhibit the growth of
fungi. These MICs will be examined with
rubberwood at 30+1 °C, 100% Relative humidity
or ambient air for 12 weeks.
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