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Sudsuda Vanit 2010: Development of Antimicrobial Clove Oil - Incorporated Modified Starch -
Coated Papers. Master of Science (Packaging Technology), Major Field: Packaging Technology,
Department of Packaging and Materials Technology. Thesis Advisor: Assistant Professor Tunyarut

Jinkarn, Ph.D. 138 pages.

Papers and paperboards are widely used packaging materials. As a basis property, papers can
effectively absorb various substances in solution forms into their structure. Therefore, this study aimed to
develop antimicrobial papers by coating with clove oil-incorporated hydrophobic starch. The study composed
of three parts. First part was to investigate a minimum inhibitory concentrations (MICs) and antimicrobial
inhibitory effects of pure clove oil which was diluted with dimethylsulfoxide (DMSO) (30 M1 /ml) and clove
oil in hydrophobic starch solution (5% and 8%, w/w). The inhibitory effects were investigated against three
types of common food spoilage bacteria including Escherichia coli, Bacillus cereus and Staphylococcus
aureus using the agar well diffusion method. For the second part, three types of antimicrobial papers were
developed including duplex board, kraft liner and pure eucalyptus handsheet. The paper samples were coated
with clove oil in hydrophobic starch solution, then, antimicrobial inhibitory effects were observed via
headspace diffusion and a total plate count method. For the last part of the study, physical and mechanical
properties of antimicrobial papers were investigated. Results of the first part showed that clove oil diluted
with DMSO and clove oil in hydrophobic starch solution (8% w/w) were the most effective against the
growth of E. coli with an MIC of 1.25 % while MICs for other two bacteria (B. cereus and S. aureus) was at
2.5%. However, clove oil in hydrophobic starch solution (5% w/w) can only inhibited the growth of E. coli
with an MIC of 2.5 %. Furthermore, antimicrobial papers coated with 15% (w/w) clove oil in 8% (w/w)
hydrophobic starch solution was the most effective against the growth of all bacteria under this study. For
the last part of the study, basis weight and thickness of coated papers were significantly increased (p<<0.05)
with slightly color change to a yellow tone. Although the coating had no effect on mechanical properties of
duplex board and kraft liner, compression and bursting strength of coated handsheet was significantly
increased (p<<0.05) compared with uncoated samples. In additions, for handsheet, higher amount of

hydrophobic starch in the coating solution resulted in better ring crush resistance.

Student’s signature Thesis Advisor’s signature
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a* = redness

b* = yellowness

°C = degree celsius

CD = cross machine direction

CFU = colony forming unit

DMSO = dimethyl sulfoxide

L* = lightness

log = logarithm

MD = machine direction

MICs = minimum inhibitory concentrations
ml = milliliter

M1 = microliter

mg = miligram

ppm = part per million

SEM = scanning electron microscopy

spp. = subspecies
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5. aNUAVDINTZAY

5.1 auUANINNMENNYBINTZAY (physical properties)
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5.3 auliAnuRAumMans veInTEAY (optical properties)

EZ @ 4 A { J
ﬁnmﬂé’fmmﬁumﬁm Wlﬂﬂﬁﬂ ﬁﬁJ‘U@]‘VINLLZ‘NGIJ@\‘Iﬂ§$ﬂ1yﬁﬂ§1ﬂgllﬂﬁ”lﬂﬁ1

Y U U =3 v a 4
hlﬂl!ﬂ ANUVIIFIN ANUNULAI ANVUUINI (TNTU, 3J1J1J)

9 ]
5.3.1 AMYIIAIN (brightness) HIBDI AMTATHOULAIVBIAITUTUR
1 A A Ao " v 1 S oy 9 = A 1
BINAQAU 457 uﬂumm LEJ’E]ﬂizﬂﬁeﬂflfN]lllllﬂV\Iﬂﬂﬁiulﬂﬂﬂ%llﬁu”lﬁ"laﬁllli]uﬂ\ima’f]\iﬂi’)u
o A a a o = 3’ a Y o Y 9 AN Y 1 2 g/ a A
aummﬁ]maﬂumz@,wmmmumu% 1/]ﬂ“rfﬂ”lﬂ"liﬁz‘ﬂ@uLlﬁﬂﬂllﬂclu%?]\iu’ﬁﬂﬁu1Nu3Jﬂ1
o v A o A v a a A Ay v Y 9 Ao a
a1 LL@]LN@HHEI?J%JW’E’JﬂIﬂElﬂﬁGUi]ﬂﬁﬂuu waﬂaﬂﬂmﬂ"lmﬂwmmiﬁwammmumu
£
FAUUNIN
= . = 3 wado &
5.3.2 ANUNULEN (opacity) ANNNULEIVDINTLATY Lﬂuﬂmﬁummuﬂu
) [ a 4 = =3 [ 9 = = 1 Y
TINITUNTEAHNUNLAS VYUY ﬂ’JHJ‘I/I“ULLﬁQﬁTJJ"Iiﬂ’J@llﬂ IﬂﬂfﬂﬁL’]JﬁfJ‘]JL“I/IfJ‘UﬂWﬂ"Iiﬁ'%“VI’E)‘L!
a A A A 1 1 = A v 9 dy o a Y]
LEaIugINENAaU 557 'IMIL!!JJGIS FEUINNICATHUNUAYINTDINAIAIYNWUAITUN NY
[ 9 Y
nszauNdouR UL ludungg NeanuilutaaaganuaIeadunuilede
o w A a [ d' sld' d‘d 1
a1agy 2 1szms Ao NIINTSLLAILATNITAABULLEA IﬂﬂﬂﬁgﬂﬁeﬁﬂGl“lﬂﬂf)‘l/liJﬂT]iﬂl']’Jﬁ’J'N

! Y a Y = A A a = Y} Yo a
yn fJ’]Fﬂﬂsth’ilﬂﬂﬂﬂgﬁ’]ﬂTUﬂjquﬂﬂllﬁq IHDINNEYDITUANUNULUFIUDYAN ﬂ’lﬁclslfgnlﬂll

1 A a dy = ] [ =3 Sldd?
GI)"JEJLW‘JJﬂﬁﬂi%lﬂQllﬁﬁjull‘!@ﬂigﬂﬁel%QﬁTNﬁﬂ%’Jﬂﬂi‘Uﬂiﬂﬂ’ﬂN%Ullﬁﬂﬂlﬁﬂﬂlu

= Y Aa X Y] =
5.3.3 MAUDINTZAY (color’s paper) Tuilagiiuszuvniienlylunsiaaidves



11

MNN 2 Seusualuszuy CIE
7131: Hubbe et al.(2008)
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DLHIAN (eugenol acetate) A3 1oTaaY (caryophyllene) InFaaamaniiiansdanIn 4
= ~ I 14 v A A Y dyw = 4
Tasll gauea Wusenilsznounan Nisuasesas 60-90 uenantidilosnsenauns
inlou 15U o2dNa guea (acetyl eugenol) 1WAT A3 1o 1WaAY (beta-caryopyllene) Miiau
(vanillin) UNUHY (tannins) e TaUNUNY 1OFA (gallotannic acid) LazuNaLIa kyian
b o o < < 4 S o
(methy! salicylate) Fuiluansgudannuavila fudu iosnnminiunungilsznoudie
~ 9 =2 o Y 05} o o 1 dyd va 9 a dy
gIUDA 3080 60-90 337 IMhiuneyszmeaIna LU aNTa AUNMIITYVRIFDI
Y
(antifugal) (Bennis ef al., 2004) §UANUFAN (anesthetic) (Chaieb ef al., 2007) AIUMIIIT QY

Y Y
VBLFO (antiseptic) LALEUTINITONEY (inflammation) (Pongprayoon et. al., 1991)

H i
| CHy-CH
0 CH3 _C ~0 CH 2 \2
I CH; | CHs G / C—CH-
c o~ A P _C—<CH W/
He” ¢ Hcl:/ ¢ G He
2 CH2
HC.\C CH HC\C CH <\ ;
I H /C—CH;
H,C—CH=CH, H,C—CH=CH, CHZ/
eugenol eugenol acetate caryophyllene

d’ 9 =] 4 3’ @
MNN 4 Tﬂi\‘lﬁ'iN“Vﬂ\‘lLﬂiJﬂJE]\?@\‘lﬂﬂi%ﬂ@“UﬂJﬂQUTNuﬂ'Iu‘WQ
f:Ayoola et al. (2008)

[ oy @ Qd’ Y] 3 a a
LLa%iﬂﬂGlUWaWEJG]ﬂTi“VlﬂafJ\iWU'J'l umumuwgﬁqwﬂumiwmmmitﬁymﬂm
dy a = I A Y a 3 == A A [] =
VDIYDTI ﬂﬁuﬂiﬁliu@WﬁWﬁ‘ﬂﬂ@iﬁlﬂﬂIiﬂ TIUMAULUANLTITUAD U 1BU GlUﬂWiﬁﬂ‘HT’UEN
R Jd o Anw v a
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9.2 Mywumersouraniasany (gas flushing or emitting pads)
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a 4 a @ ' a o 4 A
asdugaunssansoduas i ludaqussyednilanla lasasa e

Q 9

a dc’d'nlﬁl

wa Y a a Aad 1 9 a Yy 9 Y
ﬁllﬂﬁ@nillﬂﬁL%i@mﬂﬁﬂﬁu%iﬂllﬂwaﬂ F1ITAUIAUNTIN Fazianuiuiulszuusosay
2’ Y] 9 a =4 a a d a o ] A
0.1-5 Tagtimiin ﬁ"lﬁ@'lTHﬂa‘Ll‘VliEJ’EJT%W]NENGlH‘V\IﬁZJWE’JaLiJ’E]iol‘l!%"N“lJf’NﬂﬁWﬁﬂiJ "I

a a J Aa 9 1 v A = d? 1 I Y
NITUIUNTNAANDALUDTIVIAIINIDU LFU NI1TDATA LS minmlugﬂ E)EJN“liﬂmumimu

a g Y = 2 a Y 1 a I Jd . =
aUNIY I¥aasiinnuadesiBinnuion 1w Fanesd e lan (silver zeolites) FATIUITD

'
= a A I

nuaegunige 1D 800 osrnaaiBod uadmsuaisaugaunion laeanusou wu

U U Q

4 a @ Y ' 4 Yo o £ nszl Y
ulad uaz msszve ansodnasluigadinann’la Taemslddiazate Fansasdu

a ~J a 79 Y 2 @ a o 9y Y
i}iﬁu‘ﬂiEJL!,ﬁ3W’f]ﬁLll'E]5G]'E'N'ﬁ']ll153?13?1']&1@11!3']5'@3@18@fl')ﬂu uaﬂmﬂ‘NamLm q1991U
a 4

a a a o a
MINITYVBIYAUNTINNFITNHA AWNTOANAIIUNTZATY MOT IUWAHAN (thermoplastics)

Q

1aY N3 13HA (thermosets) (Appendini and Hotchkiss, 2002)

ad a J o A _ .. .
9.7 @snapUNIoNauA ugaUNId laorutia (inherently antimicrobial

coatings or films)

a

9
a 4 a B2 a o o Aa v W
wodwos UyHalnuauiad UM YUeaund Ingtuia aaiudgn

vnilszgnalluannndeuuasildy daldunwedmesitdszauan wu laTaanu

9

(chitosan) 11a2 WOA-UDA-1aFU (poly-L-lysine) 11109910152 9Unv0 BT UAIMITOM

v Jdo

aaan [ 4 Jd 1 a ) J
Ufnseduiusnulszgauveuboiuaad diwaliinanii lvavesssnlszneunielu

a N4

14 o 9 % o 4
ragueegaun3d latimsdlszgnald lalasnudmsumanaeu An taz wa'ldaa o

A

o = dy dy a S 1 Y
ﬂ@ﬂﬂUﬂ15lﬁﬂllLﬁfJi]1ﬂL%@§1 Llf)ﬂ‘ﬂ"lﬂl!Wi’]ﬁLﬂJi’)iVlﬂJ‘]JﬁSQU’Jﬂi’)EJNllﬂImL%u ff?‘ll"liﬂ%ﬂ‘ﬂl!

o oA [

@ ' @ a a -4 v 4 A
aam TaelduiuansdAugaunsdou q 15U nsAouUNd LazansanaaINiiy et

a

9
ﬂizﬁmmwiumié’ué'fqmmsaumaq@aum?é (Appendini and Hotchkiss, 2002)

ad 9 a A d o dy a . .. o
9.8 WawuAuaunsaaaulswurI (surface modified antimicrobial films)

Q

a s

a 4 [ 1 Y a vAa 9 a =4 )
‘W@ﬁm’ﬂifﬁllﬁﬂﬂiﬂﬂiﬂﬂﬁlj‘mﬂﬂﬂﬂ!ﬁiJiJG]G]1uﬂ1§ﬁliﬂul"’llﬁlﬂi]au‘1/liﬂsll’€]\‘lwan

9
S A

9 [ dy a ] [ ad a <Y [ Y a ] = d‘
llﬂiﬂﬂﬂﬁﬂﬂuﬂi‘wuwil IFU ﬂ”ﬁﬂﬂlLﬂiWﬁﬂJW@ﬂL@llﬂJﬂﬂ’miﬂﬁﬂ’J mwaiwmwgmuuww

di‘ a ad & a wa 9/ a a ~ .. .
nuFIan PIUAUTUUAAIUNITIITYVDIYAUNTY (Appendini and Hotchkiss, 2002)

dy 9 @ & Y a a S o Y A J I o
‘HE]ﬂiﬂﬂuh],ﬂiJﬂTiWGJJuWJaiJGHHﬂTi!i]iiy"ll@\‘ii]auﬂ‘iﬁliﬂElcl“]igﬁlﬁ)ﬂulcﬁlhﬂil,alcﬁ@i1/\|’c11]



25

1 v A 9 o’td‘ zﬂ' t:‘ [
"luaau 6,6 Tagrunsaesd 1Hamesnaauaud 193 w1 luwas WuNEISaLans

a

wa 1 Y ad A Y 1 4 A Y I A & [
ANUANDAUIAUNTY (UBINNTBYAL 10 Gummg,m”lmgmﬂasJuGlﬁﬂamﬂuumJumLﬂWﬂu

aelaneames (Suppakul, 2004)
Y a A d
10. PIZABAIUYAUNIY

) A ad o 2 9 A g v 7 d o
ﬂﬁgﬂ']yﬁ']u@‘auﬂiﬂgﬂwwu'lslll‘lﬂ\ulﬂﬂ f.71. 1985 LW?JGlGBGluVINmiLLW‘VIEJUJuﬁaﬂ

A oA

: a < a J 1
G'TNmis?hufqaumﬂwcl%’ﬁmﬂumiﬂﬁzmmeuu‘n’%’a 1Y halogenated aromatic nitriles,

dichlorophene (Intili, 1985) 1 luilagaiu wudi Tmswannnszawldiauialumsaediu

a

A A o v ’yY ' A s .
AUNTY Lwaumﬂ%ﬂiﬂwumumm UDNUUBDIINNITUNNY LB U Rordrigues et al.(2008)

q

=<

9 o 9 a = o Y oy o 9 A A a
GIN"lﬂwwmﬂﬁzmymugaumﬂiﬂﬂﬁl%umuwamzmaamw Iﬂﬂﬁl%ﬁﬁmﬁﬂﬂﬂ@ Wﬁwhl

) a A a d v Y
(paraffin) uaz lasimsnagoulsz@nEnmueInszMmEAUAUNTIAINANNUY R. stolonifer
Aax (] ' [ A9 [ A 2} o ~ Y 9 9
Tagdsmsunsiugosnamiiodu wun Usunanhiueusenanududuiosas 6 Tao
Y Y Y )
hmin mansaduduresaanan’ld vaziiovi lnageusuvunils wu Mendann

k4
S o Y 4 v @ a
TTYZLIAINITOUIOYI 3 IU ﬂizmyﬁ}mﬂauﬁEJﬁ”lmiafJ‘UENmimiﬂJuﬂreNﬁ R. stolonifer

SIRTCIRTENRIE!

[ a o
Arfaet al. (2007a) lasiannnszarsdugaunidlagly sooTsau o Txan (soy
A 091 v a I~ § o { g
protein isolates; SP) 1/31aSoeaz 10 TastimiinaedTunes Wuasiadeudeimrhnmy
[ 9 a A d A o a 9 :‘ o [ a o
ANAIAIUYaUNIg A M3NAsoa Ysuasesas 30 Tagimiin ludnvazue duagdy

a o
UUNTA (inclusion matrix) tazuonanwesTUsay To Twsan 141 Arfa e al (2007b) 1

a

] o
WannsgauAuaunsdlaely soolllsau loTaan (soy protein isolates; SPT) tag

a ~ o

J o ana v A < A A 3 o 9 Y 4
ﬁﬁWi“ﬁﬂﬂllﬂi 99NNUA FAKLIUA Lﬂuﬁ’]ilﬂﬂ@ﬂlWﬂlﬂUﬂﬂﬁWiﬁ']ufl!ﬂu‘ﬂifl hlﬂll,ﬂ A7

v
A o 1 [

7A50Q LAY DULBY WU ﬂi$ﬂ1ﬁﬁ1uﬂq§uﬂiﬂﬂ\1ﬂﬁ13ﬁ1h1iﬂgﬂﬂﬂﬂﬁlﬂ§ﬂlﬂjﬂﬂ E. coli

g B. cinerea

@ 4 [ a J
gaNanyHl tazAu (2544) lawannnszaedugaunsd lagldnszamvhedm
Y [ Y
waeuMsmTazaeiiueure WU nizavhsdnimasudiemsazaeiniueuse
Yy 9 9 Y a ‘ﬂy . . .77

ANUUNTUIDYIAL 2 FNTOANUNTIRTUVOUBDI 4. niger, Eurotium spp. QS Penicillium

£ 4 o o Y ¢ A o
carmemberti Fuilueigmadoudovosna liniuldedwanysalnaziloinszam

o ' Y g o ~ ' A 3 o = A
ﬂﬁﬂﬁ”I’JllﬂclfsluﬂTiLﬂ‘]JiﬂH”l‘V!LiEJ‘L!ﬂ’JH NUIN ﬁ1N1iﬂﬂﬂ®1Qﬂ15LﬂUiﬂH”I‘i/!LiEJ‘L!ﬂ’JH‘VI



26

a9 <3| @ A o = o Y A oy o
qquuwemﬂuizaznm 70 U 1WMMSANEINTEaNSUNTEAEH 19U AR UIINU

9y Aa 1 9y Aa 9 [ 9 A oy L% 9
’E']‘]JLG]SGJ"UENIZJ‘UiTﬂﬂ WUN EJ‘U'D"Iﬂﬂi‘ﬁﬂ'liEJ@?JTUﬂigﬂ']‘]sﬂl‘h\i‘l]TJLﬂﬁ’E)‘U‘L!"INUfJ‘IJLGD'fJi@fJag

89.3

<3| A Y a A = <3| < a =
LTJUﬁ'"ILﬁﬂﬂﬂﬂclﬁLﬂﬂﬂ"lilﬁ’f]iJLﬁfJGlu@'lﬁ"li LLﬁ%L‘]JuﬁW!ﬁﬂﬂJﬂﬂTiﬂ@TﬁTiLﬂu‘WH BN

1 [ Y Aa 0911 I Y & A @
ﬁ'HJTiﬂﬁ'\‘]Nﬁﬂi%“ﬂ‘ﬂiﬂﬂﬂﬁQ@]@qmﬂ'l‘weﬂ@\?ﬂlﬁiﬂﬂ sanuduiedenilananszauniu

Y
a

A o Y a A a o 4 :JI =1 =4 ~ dy ] 9 ~
wamumammiﬂﬂmmwa@mmm muﬂaumﬂmmmmzﬂmﬂauqmmi"lﬂ uaz“lumm

Q

a § a d‘ 1 1 Y a = d‘ 1 (% 1 I
Lﬂﬂﬂ']ﬁﬂutﬂ@ucluﬂﬂﬂmﬂiﬂﬂ doune 1HNandemeNUINsUAY 195U Tunsalveans

4
amsudlounin £ coli nussysusivesinlun luanigomsni (Rodrigues ef al., 2007)

. . .8 A "9 J
11.1 Escherichia coli Lﬂulmﬂ‘ﬂljﬁluﬂillﬁ’ﬂ llll’di'lxi’ﬁﬂ’i]i YU 2 x 0.5 UhJTﬂiliJGli

a 9 A 12 A A A
’tfﬂllﬁmi]iiyhlﬂbluﬁﬂ1W‘1/111’01ﬂ1ﬁ!,m$bluilmmﬁ Qmﬂﬂuﬂlﬁu1$ﬁuiuﬂ1ilﬂiﬂluﬂﬂ 37 93

U

4
1 1 4 aa
IFATOT 1AZD19GID 49 DeA ATy TUTIHI0Y 4.4 - 8.5 ANOINOTIONAIA (water

4

.. o = A a YA dy a A Y a [ a
activity, a, ) m“l/]f:;fﬂﬂﬁmﬁmi]ityulﬂﬂﬂ 0.95 wosHatN® 14na 15A01¥151 Uiy 01015
o A A S & A4 A o 8 4 A
PIVNTEIN AureNUarnamslutleunnentieanusz TV (999132) luemisvse

A A 1 dy g‘ a o a [
IATONAN B IUBUA UIUNAU WNaa (391U, 2539)

3 A A @ I 1 A Ay ¥
11.2 Bacillus cereus wWusuanzansuuIn aﬂymztﬂugﬂmaumq ma@u‘ﬂ“lﬂ

Y J 9 a % a dy '
gunsoasNatosuazas wasiy Iﬂfl’i]‘éﬁ‘l]llfT']iWH@ﬂﬂﬂJTﬂlmgﬂulﬂ@uﬂgiu@TWTﬁ

Feguugininganlumsnsyegiznan 30 - 37 saruaaifed ua luuaaenusg
annsosy langungiid 4 - 5 osruwaGod Tugamitesszning 6 - 7 9399019035

Qady 1 a Y d’d a 9 a d' 1 9
uonAIA WINN 0.92 3aAv Talaa lugnwiloondau tazszaswamsiuioogniold

A a 9 s A A dy Y 1 1A <
annnNeongUles dlesveuanFeinuanuseulunae nuaedaIZLEaNILU
Y A A a dy Y a o J A [ 9 o A a o 4
LA ANIISLUTIN LL‘Uﬂ‘VIL’iﬂ%uﬂuf’f1uﬁﬂ‘1ﬁm1ﬂ1uWﬁ@]ﬂm"ﬂﬂiﬂ‘W% FEH U TUYNY Hasnn
s o 0 s A T A o @ < &
NTANTY 53111/]\1@11’[15%1W3ﬂﬁ¢]15%5u ) F¥U HUA59 WT@T&gﬁ LUAZHAANUNIUYLUN TIUYN
v v 9 '
91313603 15 soa WAAS A1) @AFU W18 LazddA UONINT B. cereus A1113ONIL

Y
@ 4 1
Yudlounnussyiuainszaugo1n13 1A (Suominen ef al., 1997)



27

I~ == A A "9 J
11.3 Staphylococcus aureus Wusuafseunsuuin biwaeun luadeades

@ 3 1o a a J J
anvuz Ialaiinay vouiey yu Jdas0 maes du (Vuognuriauein 1sALeR ILaa

= ~ < & Yy Adoqyd a a yy
WULUTU 3'33Jﬂ\‘]@ﬂ!ﬂ£]ll RENVEFIGENIS 6] llagﬁﬂ1jglljﬂaﬂuﬂﬂ11ﬂlef'ﬂmﬁﬂal) miJTiﬂH]’iﬂﬂﬂ

NQunnNsz1IN 6 — 46 DaAITATo TasliTrgungilininzauie 30 - 37 osusaiFod

G

1 H a ] 1 1 1 ' ana Y 1 ]
nuaw Mfiesia sy Ideglugie 4.0 - 10.0 druaomesIENAIA 0g1UTI 0.85
1% 1 ' . = a Yy Aa a
~0.999 gnineglunqu facultative anacrobe AD AWTATY 1A TuanMiioondion
] 12 a I dy A yaa o A
wnnNluanmluiiooniou S aureus Wudoawnsony lanwvis Tnssayn oy
a a A QA = a 1
madurigly madue s uazinauwainduel e saudaluay fuazess uazanisn
dy Y 1 dy a [ 4 di’ dy o g a Y] 4 1
Huilouluoms 1dun iotazwanduaiile miodaltnuaznaadiasiain la 01v13dsznn
@ 1 1 ] dy (Y q'/ v ~ a [ 4 =) 4
aan 1 14 i e 1n dudse wazdnnz st naadusivuwey aAsume ounas

< a a o 4 @ 4 I~

Fon 1NUan LU LAZNAAN UNUY (WIaNH wazIH, 2541)
d a d

12. msmaaumm"hmmiﬁuﬂ%ﬂdamsﬁme‘gauﬂ%ﬂ

a d a o Aa 9 v A { o
minageuny huesaunidaemsdiugaunistnaieis dmsuisnlasuan

=~

a @ 9 a ~ o g o ) Y 1 ad o 4
‘LlEJZJTL!ﬂﬁﬂﬂt’f@ﬂﬂﬂﬁ'ﬁ@nuﬂauﬂiEJ“]Ji&ﬂ‘I/]HHJH‘I’T’E)‘JJSZL‘I’TEJ (Pauli, 2006)1@]!“1 3 I9593U

12.1 M3 14Furlue1m1su (agar diffusion test)

a

as a ad Y ad Y ad (R
’J‘ﬁﬂﬁ%ﬂﬁ@‘]_lﬂﬂllhl’m@\‘iﬂﬂu‘lﬂiﬂ@@ﬁﬁ@”lui]ﬂu‘ﬂiﬂ A8 IMsunIAu

y & v a ¢ Y S o
'f]’lﬁ’l'i'guﬁ a’li@]’luﬁ!au%gﬂﬂiglﬂﬂu'llluﬂ@lliﬁlﬁfl W?@ﬁ’]iﬂigﬂ@ﬂﬂl@ﬁu’liluﬁf)llﬁwjﬁEl

=

11 Y ' { v d @ 1 Yy ¥ L <3 o
wgnld Bludiannsadnmnuaisainan 1314 dsewsziluvquingniozludiemis

U

y & A4 & o MYy ' A& a ace g v
qulaﬂ\n%’ﬂ Wi@@1ﬁ]ﬂ$gﬂ@jﬂcﬂﬂqjﬂﬁﬂllwuﬂi$ﬂ1‘]&| Glu"llmgﬂ!"b'@ﬂauﬂiﬂﬂﬂﬁﬂﬂﬂggﬂlﬁﬂqﬁlﬁ

1 i1 F4 4
a a =}

NIYUUAIN0I0T U Fuleasudmuaszeznarlumsuudeudd usnalumsdudams

&

4 9 9
a = =

4 a 4 1o @ [
T YVINAUNTIDUNATY ﬂﬂu%u@ﬂﬂﬂﬁﬂﬂﬂ%ﬁ]ﬂﬂﬁﬂﬁ’ﬂ ﬂ??ﬂﬁ?ﬂ?ﬁﬂﬂlﬂﬂiﬂﬁﬁﬁu

g q L1l

)}

A A ]

a ] @ a -5 1

@aumEmmmsmzwmazzmiﬂﬁumummmﬁu Llagﬁ@\iﬁ’ﬂ mi&}wu‘gauﬂ%mﬂan
~ o 09)1 a dy a = o'lrl 9 =& A Y a = u'lrl 1 A
TIWTONISYVYINITITYVDUTDYIAUNTY LA Gﬁﬂiuﬂﬁﬂﬁﬂ!ﬂﬁWi@ﬂuﬂqauﬂiﬂ VTN
[ = ] 9 dy dy Y o 3 = 1 a Y] as/' 1 =
uwmammiﬂ%umugummmmﬁmmw@llﬂ ﬂ\iuu’ﬂ\illillﬂﬂﬂ1§ﬂﬂﬂ\1 EATRATRERTETEN
=& ] a o 3 1 9 a A v 1 =\ a A

Wiuroa (farnesol) “]f\ivliJ‘]J'i']ﬂ{]Uﬂ'Jmﬂ'lﬁfJUﬂﬂ HATIATUIAUNTYIAINA Hdszansnm

galumsdrumsniyves B. subrilis



28
A 4 . .
12.2 ﬂmﬂ’amﬂummigu (agar dilution test)

a

an a a2 d 9 2 d Y an A
ﬂ‘ﬁﬂ"li‘ﬂﬂﬁ’é)‘LIﬂ’NllubGlJ’iNﬂﬁuﬂﬁﬂﬂ@ﬁﬁﬂWUﬁ)‘ﬁuﬂiﬂ Ae2FIM 109191

% 1 a

v v A ad v & ac &
@11’“5}1& ﬁ?i@?ﬂﬂauﬂﬁﬂ TJi’JEJN’IWNE‘TiJGlu@TWTiZJ‘H uazwaﬂaumﬂmﬁaugﬂmmam

"o [

TRTyuuAMThuese1s HaINMILN @nsanTuaNuTNTud Ngavetasdu

a

A A Y g a 491 a =4 a Y 9 1 A Aa o 1
HUNIY ff”lll150fJ‘iJENfﬂﬁLi]iﬂ)ﬂli’)ﬁ!flf@‘t}‘ﬁu‘ﬂiEJ‘]JHN'JW‘LH@TWTE’;‘UGIMWH’Jflllﬁﬁﬂillﬁ@

) oD

0095
12.3 M31999191119111131Ma (serial dilution test)

an A 9 a ~ 3’ o Aq ¥
'J‘ﬁmmamﬂummimm mimuqaumaﬂizmwumuwamzmﬁjﬂm

a

o Y A a s A = A & ae &
T]ﬂﬁﬂﬂi]’l!ﬂu@@ﬂﬂﬂ’li!ﬁﬂuﬂaﬂ'ﬁ]a'ﬁ]a HIDA1TAALLTIFANNT Iﬂﬂl%@ﬂﬁu%ﬁﬂ%ﬂﬁ@ﬂgﬂlaﬂﬁ

a

E Y 9
(% ] J o
Glummaﬁ&m%mmumm Wﬁﬂ%WﬂL?ﬁWUNLWW%L%@%@Hﬂ?El@nﬂJigElgﬂﬁWﬂWWuﬂllé}'J

a

a

a ° 4 1 a a o 1 A Aaa
’e’fﬁJTii‘lﬂ‘i%Llluﬂ’JnJ!"fl’iJ"laljuﬁ1’&1@"11?]3’6’“5@9{11@.’:11‘!14?8 MICs luniielaansunoiaaans

I 4 Y H
Tagansodung ldareanlar nfSeuieniuanigy Faasavesomsdeudon i

A ' Y A [ 4
MaMsfudimsnsyazlianyuzNyundl nasaueIeIMIsAeuTeNgNIVEINT5 YA Y

9 9 v v v
a o A =

9 =4 ~ 9 ax =1 = 9y 9 A o
FITAUIAUNTY UBNIINUAIYITNITUATNITANITTUIIANUVNIUNAINGANTINITONIAY

a

Y 1
1¥09aUN34 18 minimal microbicidal concentration (MMC) lutiaviladnsudeiiaaans &

9 v v

= A A dy o 9 Y a A A v 1 A 12 4
NADADIMITAYIUTDNTDYNNIAYAIYTITATUIAUNTY mﬂ‘ymzclﬁ NAIND "lumcmasum

Q

a A A a Y
yaunsdnamsnaulala



J aa
gunsamazizms

gunsal

1. IngAY

< { 1 g’ o [
1.1 nszasuasznn duplex board ﬁﬁmumuﬂmmjm 300 NTUAND

% [ d a o o w
ATTNIUAT Gd]i\‘lhlfg]jiﬂﬂ'nuﬂﬁlﬂﬁ'lgﬁFinﬂ‘Ui‘HT] ﬂigﬂ'l‘HﬁWVlVIﬂ 1NN

' v
d AN 1 o

1.2 n3zAEATIMN NUAINHITINNIATFIY 125 NTUGD

t o § a o 4 o w
ATTNIUAT “dﬁ\‘]ﬁ\ic?)'@fﬂ']ﬂ UIHN ﬁflﬁlﬂJ‘ﬂﬁ'W\'V]Q@ﬁ']ﬁﬂﬁﬁll 1NN

' v
A1 o

9 ] 9
1.3 nszapIugidieniesuglmasgiu dlanihminnasgiv 60 nfusensa

LA
1.4 lalas Inlinaansy (hydrophobic starch, Filmkote 370™)
1.5 ﬁwﬁumuwg (Fugenia aromaticum) (Sigma-Aldrich, Singapore)
a S dJd
2. 9auUN3d

2.1 Bacillus cereus DMST 5040 (nNuAMenenaas msunnd, Uszme lne)
2.2 Escherichia coli DMST 4212 (nsuInenenaasmsunnd, Uszma’lne)

2.3 Staphylococcus aureus DMST 8840 (FyAnenenaasmsunnd, Uszima’lne)
3 X
3. 911131A89Y0

Y 9
3.1 0Mseured M5 uLUANSY (nutrient broth) (Merk, Germany)
3.2 ’SJ:‘L!NQ (agar powder, Chili)

M

a T
3.3 WisWau (Parafilm , USA)
4. M3AN

4.1 lanadanenlyd (Sigma-Aldrich Laborchemikalien GmbH, Germany)

4.2 Tmpenlalalasmuneala (Fluka chemie, Switzerland)



43 Tmdenlalaswunoale (Fluka chemie, Switzerland)

4.4 19MUDA (ethanol 95%, Merck, Germany)
=}
5. 17994

5.1 mumwv’ﬁy ® (Griener, Germany)
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3. MsAnMIFNIANIZAY
3.1 MIAnEIaNIANIINIENIN

3.1.1 YSuaanenszaunaao (Test condition, ISO 187)
3.1.2 ifmﬁ’ﬂmmgmmmﬂimm (ASTM D646-96)
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4. MINAOUNIZAHY
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a d aa
6. MIVATZHNAMIADA
a 4 1 aa a 4 . .
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1 J { 9 A, .
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