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ABSTRACT

Antimicrobial activity and properties of edible film has been studied by
incorporation of encapsulated clove (Eugenia caryophyllata Thunb.) extracts as a
natural antibacterial agent. Initially, minimal inhibitory concentration (MBC) of clove
extracts against of Rhizopus stolonifer, Listeria monocytogenes, Escherichia coli and
Staphylococcus aureus in stationary phase was tested. The results showed that the
MBC of tested microorganism were 0.5, 0.5, 1.0 and 1.5 % of clove extracts,
respectively. Antimicrobial edible films were prepared by incorporating encapsulated
clove extracts from 1, 2, 3 folds of MBC into 1.5% of hydroxypropyl methylcellulose
(HPMC) film solution. The edible film exhibited antibacterial activity against
pathogen bacteria and mold tested by using agar diffusion assay. The results showed
that higher inhibition zone from 18.00+0.45to 24.00+0.50 mm, 17.25+0.50 to
31.00+0.52, 18.50+0.58 to 26.75+0.96 and 28.75+0.50 to 39.00+0.82 of R. stolonifer,
L. monocytogenes, E. coli and S. aureus, respectively, when the concentration of
encapsulated clove extracts increased from 1 to 3 folds of MBC.

Mechanical properties of edible film results showed that tensile
strength (TS), elongation at break (g), water vapor permeability (WVP), film
solubility (FS) and color were significantly (p<0.05) decreased after incorporation of
encapsulated clove extracts. In addition, higher amount of encapsulated clove extracts
provided inferior mechanical properties. The color of edible films was also affected
by the addition of encapsulated clove extracts; the results showed that increasing of
encapsulated clove extracts resulted in brightness, more yellowish films and more
opacity as indicated by the increase in L*, a*, b* and chroma values and decrease in
transparency value, respectively. Scanning electron microscopy (SEM) was observed

that the reference film (without encapsulated clove extracts added) was free of air

©)



bubbles, smooth and had continuous surface without grainy and porous structure. The
micrographs show increased surface irregularity with the addition of encapsulated
clove extracts. It is unlikely that the irregular features were due to the extract droplets
were more intense on the surface. The encapsulated clove extracts were more intense
on the surface as the concentration of encapsulated clove extracts incorporated
increased resulting in more noticeable irregular surface

Application the HPMC films incorporated with encapsulated clove
extracts (antimicrobial edible films) in commercial imitated crab meat and sliced
bread was determined. The results showed that both food products, without wrapped
films and wrapped with PE films showed high and more changed in TBARs, water
activity and color than food produces wrapped with antimicrobial film. In addition
food samples applied with antimicrobial edible films demonstrated lower TVC and
coliforms of crab meat and lower TVC and yeast and molds of sliced bread than
synthetic films and without films. Our results revealed that incorporation of
encapsulated clove extracts as a natural antibacterial agent has a potential to be used

as shelf life extension of foods.
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Table 1. 1L Table 2.

Table 1. Antimicrobials incorporated directly into polymers used for food packaging.

Antimicrobials Polymer / carrier Main target
microorganisms
Organic acids/anhydrides: Edible films, EVA, LLDPE = Molds

Propionic, benzoic, sorbic, acetic,
lactic, malic

Inorganic gases:

Sulfur dioxide, chlorine dioxide
Metals: Silver

Fungicide: Benomyl, imazalil
Bacteriocins: Nisin, pediocins,
Lacticin

Enzymes: Lysozyme, glucose
oxidase

Chelating agents: EDTA

Spices: Cinnamic, caffeic, p-
coumaic acids, Horseradish
Essential oils (plant extracts):
Grapefruit seed extract, hinokitiol,
Rheum palmatum, Coptis chinesis
extracts

Parabens: Propylparaben,

ethylparaben

Various polyolefins
Various polyolefins
LDPE

Edible films, cellulose,
LDPE

Cellulose acetate, PS,
Edible films

Edible films

Nylon/PE, cellulose

LDPE, cellulose

Clay-coated cellulose,

LDPE

Molds, Bacteria, Yeasts

Bacteria

Molds

Gram-positive bacteria

Gram-positive bacteria

Gram-negative bacteria

Molds, Bacteria, Yeasts

Molds, Bacteria, Yeasts

Molds

131 : Appendini tta2 Hotchkiss (2002)
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Table 2. Selected commercial antimicrobial packaging available for food applications.

Antimicrobial Tradename Producer Company Packaging Forms for food
compound applications
Silver substituted ~ AglonTM Aglon Technologies  Bulk food storage containers,
zeolite LLC paperboard cartons, plasticor
paper food wraps and milk
containers.
Novaron® Toagosei, Co. LTD ~ Many (Japan)
Triclosan Microban® Microban Products Deliwrap, reheatable food
containers (UK)
Allylisothio- WasaOuro® Lintec Corporation Pressure sensitive labels,
cyanate sheets (Japan)
Dry Company LTD Sachets
Chlorine dioxide MicrosphereTM Bernard Storage bags for produce,
Technologies Inc. paperboard coating, rigid
containers, pressure sensitive
labels
Carbon dioxide F reshpaxTM Multisorb Sachets
Technologies
Verifrais SARL Codimer Sachets (France)
Ethanol vapor Ethicap® Freund Sachets
Negamold®
Fretek®
Oitech Nippon Kayaku Sachets (Japan)
Glucose oxidase Bioka Bioka LTD Sachets (Finland)

(hydrogen

peroxide)

131 : Appendini tta2 Hotchkiss (2002)
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Figure 3. Functions of the antimicrobial agent incorporated in packaging material Headspace
system (a), Headspace system with control (b), One-layer system (c) and Two-layer
system (d).
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The silver ions in the zeolite carrier exchange with the sodium ions in the
environment/moisture, causing a controlled release of silver on demand.
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Figure 4. Illustrates the structure of antimicrobial Ag-zeolite.
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3.1.1.2 Multiple emulsification process
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3.1.2  Coacervation method (1158 phase separation)
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3.1.2.2 Complex coacervation
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o w ] an . 1 1 % I [ 1 1
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2004)

Figure 16. Molecular structure of Chitosan.
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+ [ 3 a 491 A A d‘ a dy Q' 9 [ U
1 uaz 2 @unsoaamsduilounaziugiminiyveusouuniizoNlsuaniosuduainan
Tu'l&nsenlnld
= Y A 4 o
Braga iazame (2007) ﬂﬂmmshgﬁ]uaa (eugenol) LASINBDINDT (thymol)
geednalaseraniialudasiaiu 1, 1/2, 1/4 uag 1/8 n3esmnuludadiu 1+1, 1/2 + 172, 1/4
= ~ v W VoA 1A 9 ' Y
+ 1/4 wag 1/8 +1/8 wisuieunuaiosnsi lilimsldans (control) wuimsldgiveauas
4 Al v A Y 9 [ 1 Aa aa @ 1 A Aaa
masuessuiunanuuTe 500 lulasasuaeiaaans uaz 125 lulasnsuneiiadans
o W A a a o 4
auday azulszansamlumsiianesadues Candida albicans D9508a 31.40 +5.27
I o 4 [ ‘a o ]
Tagmanaaeuilunat 1 9 4 2l wazilodunadondosganssaudlanasouLLUded

o ¢ PR { PR &
ATIANUITUIULEAAAAAINTNISYSLIATNLINUUVU i]’lﬂlclfﬁaﬂnﬁﬂHmZLﬂUQ\‘] (envelope) Nay

~ > I s A ' o s o
Lagtsgy Lﬂaﬂmﬂuwaammu mmauuazwmwaagﬂmma

6. Wanvslnald (edible film)

@ ]

WauusTaa'ld wuede SaaunuuanusTaald W ldiuems laandon

q
Y

a A = 1T ad KR 1 Y 2 o Y o =5 4
AIY9901M15 1Agnse HIomssnurdudanyunoutalvnhin ¥nue1ms Iﬂﬂﬂ?@]f}ﬂﬁgﬁﬂﬂ

I

A =

A 19 A ] 9 (2 oy a S J
ietlosiu nseszaomsrudioanvesmas loii loszive ensazate 9aun3d nieasous
Aald A o d? 9 a = A a [ o [ 1
1109113 NaumIonyuen ldassiiane) neraterias iy lagthnuanyuzauYod
' A 9 L4 .
asuaazyuau 195 Teasl (Sobral ef al., 2001; Guibert, 1986)

[V a1 d A A a 9
6.1 ﬂmaﬂymzmmmu Llﬁzﬁﬁlﬂa’t’)ﬂ%‘]ﬁiﬂﬂ%

[ a o a 9 z -4 Y a a [ 4
ﬂmaﬂymxmamauuﬂm%uu ﬁuﬁ]ﬂﬂﬂ%uﬂllﬁgﬁﬂ1W6]J®\1Nﬁ@ﬂm"ﬂﬂ'l'ﬂ'li

q u

' A v A o o & Y Yo & A Y < 1 a
ueMsiinga luiududrgann sulludesldiauiumsdumumssuiuosndauga
I Y 9 ard a 9 @ J .
Hudu YoavesWlanui1nald U6all (Cerqueira e al, 2009; Vasconez, et al., 2009)
a ad Yy 9 @ Aa o 4 v J 1 ] 9 v
6.1.1  v5 laavldnldndoununaadusivssyouiugaauimiuladaluns

aailywaiivdunadon

v
s Aa

612 lunsanluusInalduidunnelaunsndesaaroniasininld
Tasheilumseanailamuaiusuiu

A v @ Y1 v a [ o dgl

6.13 muaunmnlseamdude suliinsudsemunaasuiuiniu

A gy o A Y ) YA » Aq ¥ A 3 9
HJﬁ)ElGHV‘IﬁﬂJuLLﬁm“lﬂhlﬂﬂﬂUﬁWiﬂleﬂﬁuiﬁ LAZAIMUNITU Lﬂu@m



38

6.1.4 ETUABAINIOINIG
vy & o2 a4 A A
6.1.5  1dquenig lnsusnoaniuuaas sy 15U 09 4ADIU03 4%
Y I ] qul 1 A A 4 1 o A
6.1.6  1HIULANAUDIMITTEHINIHITNNIAYTE N ULANAINNULND
[ 1 9 Y v
Hoatunsidenanin iflesninmsmremanuiuuas lviuluiioo1msiuanaiany wu
Aa 1 I 9
W1 W 1HuAu
o 9 A g o Aa =4 v A o o
6.1.7 fmihnues desdugaunsduazarsiunu uazdiniunuons
= ] @ = ad 9 dy
MIFUAIUVDIAINUTS 1INV ANNG1HDDI1MI3
o ad 3 < A '
6.1.8  awsoiauldidudanalgavssyasidnausaluomsediall
Usg AN (Leavening Agent) lativoniuqumsananshluemisedndidszansnm
] v A d a =y [ [ Y [
6.1.9 awsal¥srududdunaradnlagldiansulsemuldduiany
91115 1A8AT
a ard a
6.2 ¥iipvoanduuslna'ld
ad a [~ a o a d ad a 4
WawusTaaldutiailu 3 ¥ilandng fe Wauldsau Aduneduwsnalse waz
ad aa
Wauana
a d o a d wvAa
6.2.1 Waulus@u (protein film) TaeWalUWdnTusAusslinuaniannanay
wa P < =< W A 1 ad A A Y a s
AUANTANIATUANNUAINTS HagmIFurUveImaaniavimion ldnnweausnar lsa
ard a a [ 1 ]
WauTdsAundaldonTusduraterile tazdslinuamisemsgedndis 1wy AoaanIu
wa1au TsauandrIna Tusaudniend Tiseudumaes (Ozdemir and Floros, 2008)
Aad I {
6.2.1.1 WawTdsAudna1d (wheat gluten protein) nganilullsadiienan
[ oy a . . [ 1 § o
lazaeinlsznovdielnaszdy  (eliadin) $osay 75 (Hudrunazareluueanoaed)
1 Y % o 4 3 a A d o o
dailsgnevdiliiuszvedlada’lia (disulfide) Faliunumlumsinalaungeuililianuas

4 =

= A 1 Ay [ a 4 IR '
ﬂTiﬂﬂlﬂT&LagﬂTiEJWHEJ‘L!@‘V\IEI?JﬂaL@]‘Llilﬂ'J”IEJLL“'ll\Hli\1@@ﬂG]fﬁ]uuﬁ%ﬂ"ﬁ‘u@ﬂhlﬂ@ﬂﬂ]l%ﬂ“ﬁﬂWTL!

Y

) T A s A A Y A A o oA A , \ o
lavesuailuilaunuite WHaungumuannsalfindoundaduaiiomuyam 1wy M3
91 [ A A 9 = v a Y a A 9 o S
ngun1dswmiuasowie Idndounrdaseuuiineumsaunae ldiwnlyaussyd uag
A 4 a a [ 4 I
s linausao ldianlunansasiauuon Wudu (Lens ef al, 2003)
a| d I~ [
6.2.1.2 WauTdsAuandnaTna (com zein protein) (HuTisAudnInangu

£ A JY A a ' = . a 9
nisnazareluueansgeasosar 70 Ni5en1INsa1lU  (prolamine) UNTONAR 1A 1N

Y
a2 o

Y . Y a A ] v v 3’ . 1 ~
M3 zien Usznouadensaezil Tun lulivuas luveuswarnuii (Hydrophobic) 151 g¥iu
=1 = a 2K o Y . [} g’ [} d a 4 [
pzanfiunaz TnsanlulFunugaahld zin liazarni luareluueanssedusqns tazda

Y a < ' ' Y . 3 Aa o s
UszneudiensangaiinlugingmiuiludinIngdeld zein wdovdasuaznaadusiviy



39

"o Yy v A A Y . 3 Y A Ao v
WU 19U 62 Wa M Leaa MINARUAIY zein uULLwaLandz IR HaA MI1zlionT 1ML
& 1 . o A 2 < { §
52011 ldanuasd iy awnsany lduuluaniwilinnuduga (Shukla and Cheryan,
2001)
Y
ard 4 1 ] o
6.2.1.3 WauTdsauvinuu (milk film) sndsznoudiulngluiuniosas
I & o a a Aa A { 1
95 iluTisAudalsznoudae indu dagiiu Tnaugau Tsaed-ndTaululsuaill
' v 3 v I a 4 ard
mduTdsauluiueidlddu 2 wila fe aliu wazndTilsau dauTsduanuul
A [ =3 ] g‘ S o A o =) 9 = A
anauiatesnumsduriiu loinhunadimaihilauTdsduunldindouna  uziWemeauaz
l4dmsureosnawsaus Ina (Nino ef al., 2005)

Jd aa ] Y =1

ad aa .. ya v a o 4
6.2.2 Wawana (lipid film) M3 1¥FHauanaverdiuomIsuuuILLd) Tunaanuy

q

v

] A < A Y o Y 1 A 9 Y
YUUNIU (confectant) 1UMIIAADUFOA Inian vTalinudnna 1l 1wy mswmasuna liide
aa a z a A =) 14
Ta (wax) a15lsznoudiavateriasiunauednatan lulundiseslsa (acetylate
) a =2 A o Y & =
monoglyceride) Tuss5U%1A (natural  wax) LAz @15AIA (surfactant) W3 1T uasinaon
o aa 1A 4 | 1 o 1 I A o P
Tagna lana bitdenvughduuiudauuaez 1dduamsnaonTasiitaglszasnne 1dna
[ d' Y 1 =1 =\ a 9 1 1 = [ a a g’ 9
96199 UAY 1FU aaMILFeadveIAINa 15 HIemsvuds rIedesnumsinadimadie
a 4 o 1 (] a San a a
wiaeamesveansa lvsiua199 195U nsaassin nsal1dian nsaa@esn nsaletasn
a a I Y A g’ % 4 :’ t% 9 aa @ 1 ad aa
nsadaluwadn iWuau visuuilay Hiduuznsn uaziadnu AledvvesNauana
(Koch et al., 2006; Riederer and Schreiber, 1995 ) 1&un
ard a 3 A ] 4
6221 Wanlvu3Tnald (wax) selinaauiadumsFuriiusosnnuiulaa
4 Y
a
110 Tagnmz Jum5u (paraffin wax) 1z lung (bee wax) wanvntanein luwisWuuay
J [N o ] = Y 1 Y K 9
|15 11 (carnauba) §9B280A0ATINTUNTVOUNDOILA THOAITIFD141T 1AR D9d 115019
o Yy v v A Aa Y ¥ Ao o S8 99
Srmanutuduvesnstudeiivese s B laitunanu luvasalduaninlvna
o 1 ° 1 % o 1 ,;’ o <
fana1ndini mandey lviines lgiumalifaa v du uetitla uas ume vz Hudu

a a

A A a3 A A ad aa ~ A a . v &
INBYADIYNITINULNYA IﬂfJﬂ'limﬁ@‘]_l7\'ﬁ?JﬁWﬂLﬁi?JTlW'JLWIUﬁ"ﬁLﬂa@UN3 (cuticle) oty

v ]
A A

AA= kY Y v A o Y = = g} A A [ o
lusssumnandarzdnlade sulinamldiiogolioanmsgadeinnudnraton uazi
9
] o 1 @ <
Troasimsmelavesdnmaligeiu Sedawalidnuazwa 1y 1318w
ad aa A a £ A KX a A Y
6222 Woauanadny¥uaMie AD a15A9A7 (surfactant) N5IAADUDINITAIY
a ] 1 4 Aan 'Q (%
A15AIAIIZFITANA1IBINT LEANIA NHINT (superfacial water activity) HAEDABATINIG
S a ' A y Hdq ¥ ad Y L Ada
sTMeveuNanoMIToUAN WY 15T 10 Iaoes N Inaaige 1aun fatty acid Al
o 4 [ a Y]
PUIUMTUDU 16-18 90N NALKDTA 1 TUNWIALMALAENAEDTaAUAUAINITH (Kester and

Y Aa Y o a a a =4 aan =
Fennema, 1986) 0191113 a, VIN’THHWH%%Q@ﬂ'lili]iiymﬂi@ml@ﬂﬂﬁuﬂiﬂ aﬂﬂ&]ﬂiﬂ'l‘ﬂ'lil!ﬂll



40

aan d Y Y] a’/‘ R A X @ A 9 dyoz
uazdnserveueu laidie auiuasasiadeaunsotosiumaidovaninld uenainiids
(] o o 4 a 4 @ o 3 3 a a .
Fredeanunsdunsiziiaae IsWad lududSiFuiuaunanisiaa1s iy glycoalkaloid
A =KX A 1 4 4 = v A [ QaJJ [ 4
111999 1n@15AIRITIaanIsAeAIsUoU laven loaaudessauzdudinsdunsiey
a 4 1 Aa o . . . . &
Aael5ilaa laun a15AHITININ lecithin H30 hydroxylate lecithin 130 tween 1T UAY
a d a 14 . 9 a 14 a a
6.2.3 Wauweauznm'lsa (polysaccharide film) amnsalsneduynm lsauarianas
ard 'w ] a . a . a
WauvSeemnanaeunsulsemu’la 1w ueadiua (alginate) WNAY (pectin) AITIVUU
4 4 @ 4
(carageenan) @19113% (starch) a3y lalas lama (hydrolysate starch) uasauwummmagiaﬁ
1 A a a 4 1 y v v 3} e
(cellulose and derivative) UALT D9 INTTTUWIAVOINODNOT 1A BB UTINAIN LI (hydrophilic)
= [} ~ o A o 1 dy 9 [ = ] dy [} a 4
e ldmuzavsrhaumarfinlddlesdumsFurmuanuiy  edalsaunedusnanlsa
o Aq Y A S o = 9 . = dy £ ' =
V1IN I mnde vz ianamionu (gelatinous) LAZNANNFUGIFIILTIOL 0N YRy Fe
dy [] Y [} < :;l ] a [ 4 dy ~ A o
AMNFUVDIDIMNITUNDE 1A 1UFN0YMINUTU 15U waasaaiile Taeiaisnaounan
Y A g v 3 . 1 @ o [ dil
nNJuA NNV IS (scarifying  agent)  31ANINTUAINANUVINAUMTTIRIUANNFY
A ar d a 4 a 1 o a Aaaa a a an ..
ilosnniavneduyaa lsauriasetlostumsinalfnseimsavesngiouluana (ipid
. . J A &£ o Y <A
oxidation) itazednlsznoudulueisdai ve 1 smiunu
J J 9 a a a
6.2.3.1 @M5%Y (starch) a@assdsznouaisozilaauazezllamnal (amylase
. a o 1 A 1 @ d? @ a v JA a [~
and amylopectin) Ju1/FMaazoa@IUNUANARAUIUNUTHALaz aeRUTNyozl Tami]u
a J wa A o g o . <3|
wodwosiduasuazlnaautianamnsoinuilauludes (self supporting film) 39191
o a = a Jd Y s I o = ad Y 1 o 13 Ao o t:;t:lﬂj o w
Fagaumamseuilanld dvaassnaunsohuuasesuilay launuuailuiauniidedina
9 [ o’/’ =2 9 = 1 . . a 4 d‘ o = ard
Tums gy AT alinsuendIu (fractionation) i ladINAAS BIWOTIWUAT oUW AL
o ad a dy = A A (] a <3 A 1 I % =
anvuzveslaveziilaailaz lulid ludindusa ldduiy  wdwse  danguiluguani
vAa a ] a| d o' [
AUMANTAAIUNMIUNTE (grease) Taganazoongnuduriuiaylad ualidedeno Jaynins
A A a ad A a ad Y ] N Y v K a a
aza1evednzil ladamssulay Weowmisuavzdedlsgurgige melannuau datieun
[y 4 a 5 2‘ 1 a d a ] o
1w ldoyiusveseziiTaadeazatoti ladndn msldanuildueziilaa wu fgeussygnu an
o a ) @ o ] o
gldusagl wanldifien dwmsuildnsen Tdndounally wu gongu gnnnawaldinla
YN 1 ~ a o 3 Y
wa I3l lmiienaamutudeu
6.2.32 uoanua (alginate) HonldlugiImAennoaiiuagianaldaninavsie
= g’ a Aad = a I a A a o aan ]
nzradihmamsinavavved lsfeuueaduailupamsinana  Weueadtuainjnseny
3| { o a { a a @
polyvalent cation taaFeuiluloveunildinawaniilszaninmgega Tnldlugiinde
= 4 o JYa 9 di’ ] =1 A Y a o a 1 ]
upaounas lsamszi i uiomiv - auama  mamdeudelauueduadiulvg)

o 9 a [ 4 di’ [] ay 1 dy @ dy di’ ' = ay ; o YA =
Wl undaduaiiile 1w sudiuniotn oy e ln mswdsuFuioi Ivimsgade



41

Yoy v 2 & Ay oy A =2 Y1 ad a P} A = Y} '
muaﬂmwumaﬂm%maau mumwwammmmmzﬂeuclﬁmmwummm"lﬂqq LLIN3
A 39 ¥ = A ad A (A dy tﬂy 1 A
maeuﬂwwm Ll!’f)x‘]ﬂ?ﬂlfﬂﬁcluwﬁﬂJiJ‘]JﬁiJ'lﬂ‘!ﬂ'JﬂJﬁb'uqxi mmsvuﬁlummzizmﬂaaﬂllﬂﬂamfl
Qy tﬂy A "9 Y = dy dya 4 L!yo./ [ Aa a a2 d a tﬂy
GI)"LlL‘L!ﬂﬂlzﬂﬁﬁ@ﬂﬂqjﬂgqtylﬁﬂﬂQTN%H u’E’Jﬂ%?ﬂﬂﬂﬁﬂl%ﬁﬂﬂﬂ%?ﬂﬁﬂﬂﬁﬂTﬂ!ﬂﬁuﬂﬁﬂﬂuw}tu@

Y Y
FesaEauasvedile lduuniuiiednd yeileadunmsiine lipid oxidation THe1MITLALSIY

Y 9
v W [ IR

Misloduiaupanaaiunavuaie
a . I 1 a 9 a 4 3
6.2.3.3 MNAY (pectin) 1HunguanslsznouFedouveanoausnalss wulugu
1 S A A A 9 I A I A AAo
auvaal  (lamella) @ UnaNVRAFAany  nnann siluasndoudlusianis e

=

o $ o Y a g Y A a o aaa Y o
methoxyl A1 a1 ldiAaadula Wemsazawnauinasnnuunaden losoundnn

v
J Ao 9

o 9 9 a I ad a % 9y A a a A @
Wlvimands wnaduilaumnamainldnaeuuudionnslasass Aavilimihinduan
3 o R o Ay 9 Y = g’ A a d a
INUSNBI0IMS (scarifying agent) Hloanuensiveru lildgapdoiniesninilammniiug
g/ ' @ 09/’ o = o ] g’ ad
gould lorhduniu1dge aniudesilifldusenlimsduriloianas Tasmsmaeuilay
Aaa @ a o a 1 A Yya 9 =X 9 o Aa o 4 Yy 9 dgl
ananuuudaumnAunewie Tiiauud ez lnunaasuaio s lanieiiu
= < 1 a Jd o @ 9 1
6.2.3.4 M31UY (carageenan) Iunguweduynat lsagamlaana ldvinamse
= = = 9 Y o Y 3 a g = =
fuas eimsmiuuminazaedeauieutazi Iviouaznatuea wamsRuuuni
o { g v I o P &
1ndovormsazldiuihndudunusnewing  (scarifying  agent) Hlosiumsgayde
&L A Yy o qy & S o &2 . .
mm%uiummwwm@u% inlsadouFumeny uNeNNIFU (intermediate moisture cheese
Y = v Aa Ia . . "y a o q ¥
analog) AYRANTUAITIVULUULALIU (agarose) NUNTALDIUN (sorbic acid) DYAIY Iwam v
a a2 da a a [ 4 nm Yy
yauns Ay Tauurwaanu 1414
6.23.5 wiawaglaauaz leasond Insiamwnamag lad (methyl cellulose; MC
< [ 4 I a 4
and Hydroxyl propyl methyl cellulose; HPMC) Lﬂuauwuﬁmmmagiaﬁ quagiamﬂuwammﬁ
{ ' [ 1 @ aa o
nsznoudie B-D-nglalwus Tud derlluaieTgedieiuss 1-4 nglaganaauilsdoe

4

Ufnsedmesiinduniimsnanielaun witamag Tae (methyl cellulose; UTH)AZoYIUS
9
Yououd 1w laasond InsWawnawag laa (hydroxypropylmethylcellulose; (0FNIONE) N9
=~ =\ = g’ I v g ~ P 9 '
puFuazesipyiazarsluingy vazdaluyaglaadmesninis ¥ lugaaimns sy 1wu
A o = va 1 A Y 9 a Y k4
91115 1050941019 waze s 1zlantiaaue Tdanudu ifamavazionld (thermal
. Y =R a a 3 Y ~ = 9 o a = = 9
gelation) taz 1imsvadad udu wadiond Idninmaiuuiawaglad (eud) wienldon
1 { a U 4
msudulomag Taanllsum wag laageluasazaeaslmdon lansenlod (Fooaz 35-
4 o 1 { Q) U ) aan [ a 4
60) 1o liiwagTaawesdinon ldiwag Taamiluare udr1dnlgnserduwianaslsa

a =

(methy! chloried; CH,CI) figmuigil 70-20 eeruzaiGod dninend lidanlssnass Tagld

U



42

Aaaa o a 4 a a
UfnsenuTwsiauesnled (propylene oxide) 32 18 lansond Tnsiamiawag Tae (tovioud)

9
aglpnseae 1l

1ag laer (OH), (OCH,) + CH, — c<1 ~CH, —» 1¥aglad (OH(OCH,CHCH,)

O

= Ao o A s A A s A
l@%WL@NGﬁﬂﬂ!ﬂu'f]‘lgWuﬁﬂH/I@iSU'ENLGB'GQIaﬁﬂﬂﬁyj@lﬂ@iﬁﬂﬂ%uﬂiuﬁ’lﬂ
TuanasuIuveeHyues —~OCH, 1Az —~OCH,CH(OH)CH, luaag Tadsiudedasidiu
' 3 Il Y = s wa 1 o 3 ~ ~ ~

TENINNG 2 ﬁiJ” ﬂgﬁlwlcﬁﬁgjaﬁﬂlﬂ@iﬂwﬁNUﬁﬁ'Nc] AU NAUBDUY LAZIDVNIDUHEAINITDASAY
Y g’ < Y A = =~ 1 ~ =~ A A A wvAa
Vlﬂiuunﬂu Gh’fﬁ']ﬁaga']ﬂﬂuﬂ'J’INWUfﬂ!lagslﬁLUElu YAUAUUDIUDNY LIASIDYWIDNY AD UFUUN
a Y 9 IS 3 = ~ = 1 g’ 9 1
!ﬂﬂlﬁ]ahlﬂ"llmzﬁﬂu (50 -85 @\‘]ﬁ']lac]fﬁquﬂﬁ) N APMBATNIRE ] l!agl@GﬁWlﬂiJc]fhlﬂJﬂgﬁ'lﬂﬁluu'ﬁﬂuuﬁ

A 2 o < o oA g A A A A S v a dAa £
LﬂJ@Lﬂuﬁﬂaﬂﬂ%ﬂaUﬂuLﬂufﬂ‘iazmimumm‘ﬁuﬂﬂﬂﬂﬂ ﬂ'n_jiil']m —OCH3 UINRANINAUY

Y 1 v 9 Y A ' = a d?’
VUSIDUISUUU Gluvn\iﬂj\iﬂusll'lllﬂ'llwuﬁllullaﬂﬁ@ﬂ“lfiWﬁwa (C)CI‘12CI‘I(OI‘I)CH3 ) UINVU

] -4 a o o 1 o 09/} I c?/’
Wﬁ%giélleﬁu ﬂ’]ﬁLﬂﬂlﬂﬁulﬁ"’llmg%)@u‘ﬁﬂ?1ﬂﬁ1ﬂﬂ]uﬂﬂﬂmﬂ'lwa'lﬁ'lﬁﬂaﬂ ﬂ\iﬂﬂﬂ’lﬁlﬂﬁ@ﬂlﬂucﬁu

1 1 o oy @ 9 A 9 A ] Y a o 4
YN NBUNDA ﬁ)gsﬂjﬂaﬂﬂ’]ﬁﬂﬂ%ﬂu1uuﬂlua1ﬁ1ﬁﬂ@ﬂqﬂ ﬁﬁ'ﬂﬂﬁlﬁcl‘;]ﬂwaﬂfjﬂﬁlﬁWa@]ﬂﬂ!cﬂﬂ\izﬂ
Y = A = = o Y A A 1 o 1 ] 4 4
ulﬂ Iﬂﬂl@ll"lf Hnio L@%W!ﬂll“]ﬁ]gﬂWﬁHWﬂsﬁaﬂﬂﬂﬁ'}uﬂﬁgﬂ’f)‘]_lcluq@ﬁ ADYNULYU LLIULUDILIND T
ti' o = Q‘J A (% Yo 9 [} [Y] [Y] 1

V]V]T%Wﬂiﬂﬁ@uajlﬂa@qcﬁaqﬂ’]ﬁllﬂﬁ‘llﬂ'l'lllﬁ@u (A359N ﬁ!aﬂ‘ﬁﬂ]ﬂ, 2549) 1NANHULAINAD

~ AR & A o s o A q U "9
L@%WL@N%%Q!‘]JL!TIN@’f)ﬂslufﬂiu”IEJ1‘]J'i$fgﬂmﬂu1/\|mJLW®1%1uﬂ"liﬂ’EJ‘P!?J@TI’TT?



AsAUHUMS
1. MIANATITVBNGNTIINABANIUNG

2
1¥aonmunguisgeainduveeayu Ins lusaiaasuar hinanadieda

MagaeemuoanauainuiFues Wengiang tazamz (2007) Iasldaonniunguia 1000

@ @ A Aaa { a I o
NIN WAUNUONIUDD 2000 WADAANT muﬁqmwﬂuﬁlmgﬂunm 24 ¥ T4 !,L'g')ﬂﬁ’f)\iélj'lﬂ

U

s 4 [ [ o @ :
NIZATYNIONUUDT 1 (Whatman No. 1) Lﬁallﬂﬂlﬂyﬂlﬂﬂll‘ﬂ\iflnﬂﬁ'ﬁﬁﬂﬂ ﬂTﬁTﬁﬁﬂﬂﬁﬂ’]ﬂﬁqﬁiﬁ
y g & Y, A o ~ ~ <
!‘]Jll‘]]uélJUTﬂﬂiglﬂﬂlﬂ‘ﬂ']u@a DNAIYLATON rotary evaporator ‘V]Qﬂﬂ’?fq]ll 40 DAY YT INVY

a =

o (% { o o a 4
sawrasanaveuluviadan ﬁQﬂ!“ﬁﬂll 4 @Qﬂ%"]fﬁl%ﬂﬁi]l!ﬂi%ﬂﬁi%ﬁu HagNMINITUAIIEN

Y

El
Yo A

Auanyuzvesmsnananey laasil
s = g
1.1 aealsznoumani luasananiung

a J a =~ :/l k4 ad . .
AnTenlsnuasdseneuiuoaneriuan1e9% Folin-Ciocalteu (Zheng and

Wang, 2001) Tagthasanamumnaniumsiiliieeaasvam 400 lulasans wavduans

U
Y Y

. . { 4 Y o @ 1 ' . . o 1w
Folin-Ciocalteu ﬁmuﬂm%‘amm’wuﬂuamwmuizmw Folin-Ciocalteu 48111 11NV 1:10
o A aa ay 9 Yy a A o J
1UIU 2 UaaaNg ’JN‘VNVI,'J 4 ‘Lﬂﬁ Lm'JmiJﬁ'Wiﬁ%ﬁ'lﬁl@ll@ﬂ]"ll@\ﬂ“]ﬂaEJlIﬂTi‘]J’E’JLL!G] (Saturated

a 9

9 H
sodium carbonate solution; Na,CO,, 75 NsuADAAT) $11IU 1.6 aaans 190 NNgungines
[ @ @ 1 = A A o
Wunan 2 ¥1719 tagIanN1sganauLas (absorbance) NANLIIAAY 765 U1 TUILAT (11013
g' a J (a z [ 1 =
naaed 3 §1) AaendTuaslsznouiuea (phenol) Naviualudvgs Tasnsmion
n3M11A591U (standard curve) Up4 Gallic acid TusgauAMUINTY 0 D3 500 Haaniusoans

v v
waf laszuaaslSinailadnsy gallic acid equivalent (Haan3y GAE)/AS Wi nuiavesdioens

44



45

o Y] a
1.2 ’t’Nﬂ‘lJi$ﬂ@‘U“UENm’iﬁﬂﬂmuWQIﬂﬂLﬂﬂuﬂ Gas Chromatograph-Mass Spectrometer

(GC-MS) MUITYDY Wengiang LiazAne (2007)

Tag 14 capillary AodNiA HP-1 (15 1WAT length x 0.25 HAAWNAT ID x 0.25

TuTaswas film thickness), AAAIBEUDY split mode (split ratio 1 :25 v/v) Qmﬂ{]ﬁ inlet

J

BN 230 eeAwalfed dn1izaeaNY QungliTNAY 80 BerimaTed a3 3 Wfi uag

Q

= S

A -4 [ ] I
MU U 6 DR UFAFIAADUIN UDI 230 DIFNIFAITFIA Tonization mode 1] Electron

Tonization, 478A01/52904114%29 35 019 550 aum

a d o o Y o a o
2. ﬂ1'§3!ﬂ51$‘ﬁﬂ313~l!GISIINGISIIHVI1Q'ﬂsllﬂﬂﬁ"l'iﬁ'ﬂﬂﬂ'l‘l!‘wgﬁﬁ1N]§ﬂﬂ1ﬁ1ﬂﬂqauﬂgﬁﬂgﬁlQﬁNﬂ

(Minimal bactericidal concentration; MBC)

v v 9
msfnnNuuTudIgavesmsananungiawnsalumsdudinisnsy

a

Y
yoayaunidnelinldun 1¥09aun3d £ coli TSITR 780, S. aureus TISTR 118 uay

Q

1 E4 E4 Y
L. monocytogenes Mmzinesluomsiaeuserila trypticase soy broth supplemented with yeast
[ E4 9 Y
extract (TSBYE) 11a2 R. stolonifer MN1218891U0111151809%0%1A YM agar slant 1a2H1AW

i ] k4
Wududrigavesasanannnungiamisaiiategaunsdlanavua aw3sues Canillac

]
=1

1Az Mourey (2001) Taganansananerunungila lunasanaaesaazganisnaaednil
d" dy ) [ A A ~ 4 o v A [ Yy 9
911131089150 TSBYE Uag YM agar @13 UHUANG81az BT aIua 1y Nssauanududu
' 9 = [T a o & a ; A A J Ay
A199 SoEa 0 09 16 NFUARTUIAT HAIINTWANFRLUANG BLAZBTATINADINIINAT O
[ a 1 a A aa Y a dy a =
uaazriaadluudazganisnaaosluiliuim 1 Hadans (Teearuauldlsunaseyaunialu
1 I 7 1 A aa Y o ] d' a =\
usiazraon IMulssuna 3x10° iraadeiaaans) uanihwtungungll 37 eeruvaiFod
o [ A A A a9 o [ = 4 I ) @ 09.11 o
AMSUMUANGY tarNguHYUNId s UMITaas1 1unal 48 42 Tuanaeniniuiinn
a 4 a a adY ad dy dy VoA
NI EUNTINUYAUNTIAI8ITMT spread  plate VUDINIT@BUYD TSAYE  Liaglini 37
= <3| v dy . o dy
parnaFed 11uszezal 24 $I109 (0 E. coli) uaz 48 1103 (190 S, aureus 1AE
1 ~ J 1 @
L. monocytogenes) 8IUMIMdaanarsns1vaevlaelse1¥1s YM agar Ao A1 MBC Ja'ld

k4
%

o v o { ) a a o
MNTZAVANMTUTUVRIETANAM AN A1NNT0M1A18M TS YUBIRAUNT § AN 1A



46

3. mswaalulaseunlyaaavesmsanamung dauasnaitves Klaypradit naz
Huang (2008)
= Yy 9 9

w3enasazate lalaauanuduiuiosaz 2 Tasazaielalagiuly
MsazaensnezFananududuiosas 1 neudumsanamunglsuasiosas 20 Anauiy

= 9 o Y A y < < 1
NIU 80 Fovaz 2.5 voymsananung lagldaiedilunnusiginnusasen 10000 s0U¢0

A g = vy A 3 A a @ Y a IS Jd a
wi funa s i wldmswavindwilofernuudinoss @uasazatsuoa laangns u
Y Y Y Y "y 4 < = < oA a
anududuiosas 20 unauaealuaioailuanuFigananuEsoumuay Wunar 5 win

9 Av o [V AN o 9 9 =y A o 3 dy s ]
ﬂzllﬂ"liJIﬂﬁ’f)11a“lﬂ!ﬁ"ﬁﬁ'ﬂﬂﬂ'luwQﬂﬂaﬂyﬂlgﬂlUﬂaWﬂﬂiﬂllaSNﬁﬂ‘]&lﬂ!&ﬂﬂﬁTﬁluﬂmﬂ?ﬂu
= Y d
4. ﬂ]ﬁﬁﬂ‘l&ﬂﬂ)“»ltﬂiﬂ5ﬂ11«!ﬂ15ﬂ5$qﬂﬂﬂuu5§i}ﬂm"nﬂ1ﬂ1§

a| d a 1 a [ {1
4.1 mawseuilavys Tanld HPMC ARuasananmungiiiumseuuatlgaan
a 4 a
Taoldneodinosvosleasond InsiiaiuTatsaglaa (Hydroxypropyl
IS s =) = oy o A
methylcellulose; HPMC) (Juasnedn daimawienlagazaris HPMC Tusiinaunaig

) Y a o a ) o ¢ = a
[UNIUIDYRS 1.5 uaﬂﬂmawaiamﬂu‘wmm”lmmaiﬁaﬂaz 30 U893 HPMC Had91nUUIUNY

v
S 1

[ Y
MIANANIUNG muﬂmammﬂcgaLamﬁﬂmm%}m’fumm (1-5 1M1U84 MBC) Had91nuuUMN

~

e Ay oy (& o ¥ A a ~ <
asazareiavi la lugduuma Teflon naziwisigamgil 50 esruvafod e 15

Q

o o E { o o o a <
GH’JIIN Wa\1ﬂWﬂuuuuﬁﬂaWN%UﬁﬂJWﬂﬁ%}@ﬂag 50 9UYinU 27+2 meLGﬁaL@ﬂﬁ LﬂuL’Jm 72

Qq U

L4 v

] o A Ay Y o a 1 =) ~ [
“H’JI?N HWT\IﬂﬂJ‘VIVlﬂ (“lg'ﬂﬂﬂﬁ’f)\‘l) UININMTAUATICUAUTUUAN NN LLﬁ%L‘lJ‘iEJUmEJ‘Uﬂ‘U%ﬂﬂ'JUQZJ

A A L4

A a J ' a o A ) a
fo “lg'ﬂﬂmiEliJ‘V‘lﬁllIﬂElvlﬂJﬂﬁmuﬁﬁ’dﬂﬂﬂWHWQ‘ﬂW1uﬂ1il’ﬁ]ullﬂﬂ‘§§ﬁm@] Iﬂﬁll.lflﬂ’nﬂﬂﬁ’i

b4
a o

AaAUIAAL

4.1.1 mmmmsnﬂlumiﬁugwﬁagﬁuvﬁf‘f (Antimicrobial activity) (E. coli, S. aureus 1%
L. moncytogenes Qg R. stolonifer) A8 Agar Diffusion Method (Richardson ez al.,1986)

412 SIR51E¥AIMIEIUNILIT IR wAzAIMSTad 101 (Tensile  strength  and
elongation at break by ASTM D882-91) (ASTM, 1995)

413 INTLHMINT “dﬁillii”lu‘ll’f)ﬂllﬂli’W (Water vapor permeability by cup method modified
from McHugh et al.,1995)

414 Innzvmmsazmeveuruilay (Film solubility) (Jangchud and Chinnan, 1999)

415 INTZHATA852 1Y Hunter (Film colour by Hunter system)

416 ATz Iasaas uneduguine1vesilay (Film morphology)

417 AATILHANUNUIWOINAN (Film thickness)
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e UV dhunaedades 2 921149 (Pozos er al., 2004)
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Snufguiigh 4-6  eermuvaFed nazguugiiod amuday Tasiinsnaasiedieas 3 6
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HAIFUAIDYTUNDNATDUAUNINNNNIYNIN LAY LASIAUNTY )N 2 Muduan 1 e
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uaznng 3 Swilune sdde dmSuvuniluunezydauns audd fil
42.1 UMUNNAUNTE
4.2.1.1 Total viable count (mesophile Tundasusivunilary uag psychrophile
Tundnfaiyda) 1asiF Standard Method (BAM, 2001)
42.12 Yeast and Mold 1@#75 Standard Method (BAM, 2001)
4.2.13 Coliform bacteria 1A82%5 MPN (BAM, 2002)
422 ﬂmmwmqmﬂmwuazmﬁﬁﬁf
4.2.3.1 3A312H Water activity (AOAC, 1995)
4232 3n51¥A@1u52 1Y Hunter Taa191n5095a7 (colorimeter) Juki

g1 ax

4.2.3.3 UAT1ZHANLLO (TBARS value) (Linsley et al., 2005)
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5. MINAUAUNINAABINATNIFIUAIIEH NI DN

Msdvelude 4.1 imn,mumsmamgmmimaaﬂ (Completely Randomize
Design, CRD) MINABBIVE 4.2.2 MNIUNUMINAADULLD Randomize Completely Block
Design (RCBD) ﬁﬁ’llﬁlll“m%\iﬂ?iﬂmﬁhléfiJﬁLﬂﬂZﬁﬂ’ﬂﬂJLlﬂﬁﬂi’J‘L! Tao1¥11sunsudusagl
SPSS 100 for window azil3euiiounuIANANTZHINgANITNARDY TAg]d DMRT

(Duncan’s Multiple Range Test) N5eauanu¥eiuiosas 95

U

¢
aquazginial

(%

.09

[u—

1.1 aonmunguiannimneeayulns suneiios deniadeuan
1.2 laTauguiifiszdumsiisanjes3aadesas 85-90 uazﬁmﬁfﬂmaqa 5.78 x 10°
A1aAY 91ALUTUN Seafreach Chitosan (Lab), Co., Thailand
1.3 wealafinaTuil dextrose equivalent MNY 10 NVTHN High Science Ltd., Part.,
Thailand.
1.4 Ul%ﬂi@ﬂ%TWiﬁﬁm%m%ﬁgIaﬁ (Hydroxypropyl methylcellulose) 91NU3EN Seafreach
Chitosan (Lab), Co., Thailand.
2. t’f’li!ﬂﬁ Llﬁﬁﬁl'lﬁ'lilé’ﬂ\n"f;@
2.1 19MUDA (ethanol) 9INVTHN Merck Ltd., Thailand.
2.2 13U 80 (tween 80) MAVTEN AEdunsavloan $1a
2.3 Folin-Ciocalteu reagent 910 UTHN Merck Ltd., Thailand
2.4 Gallic acid 91NUTEN Sigma-Aldrich Fluka
2.5 @1141’5&59’8\1&6?;6 Trypticase soy broth (TSB), trypticase soy agar (TSA), yeast extract
(YE), Potato dextrose agar (PCA) Hi-media NNUTEN High Science Ltd., Part.,
Thailand.
2.6 91113 Yeast extract-Malt extract agar (YM agar) Hi-media NNUITHN High Science
Ltd., Part., Thailand

o

2.7 nae30a (glycerol) MMNUTHN INGIATN 3100
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3. gUnsal
3.1 Lﬂ"ﬁém rotary evaporator ’iq"Ll 2215 ?;ﬁl’é] BUCHI
3.2 Scanning electron microscopy (SEM) ’:; U JSM-5800 LV ?jﬁ!ﬂ JEOL
3.3 Laser Particle Size Analyzer (LPSA) i:u LS 230 éﬁ@ COULTER
3.4 Gas Chromatograph :ju HP 5890 itaig Mass Selective Detector 'i: U HP 5972
3.5 m?m‘ﬂummﬁaqq (homogenizer) :ju IKA® T25 ’éﬁ}’ﬂ ULTRA-TURRAX®
3.6 Lﬂ?i’)ﬂiﬂmi@jﬂﬂﬁuuﬁﬂ (absorbance) iu SPECTRO 23 310 LaboMed, Inc.
3.7 é’muqumm%uﬁ’uﬁwﬁuazQmwgﬁ 34 FN 500 8tf0 nove
3.8 Lﬂ?ﬂﬂuﬁlﬂ@]%ﬂﬁ]ﬂﬂﬂiﬂ%%@ﬂ (centrifuged) ;'u CTI5RT ?}ﬁa Techcomp.
3.9 104N UL UTA 1 MD 09-002
3.10 m%ﬁmﬁﬁ (colorimeter) j:u Color Flex éﬁlﬁl Hunter

3.11 w5eeiannuuiussvesian Ju LR30K §%e LLOYD

3.12 919 Teflon
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1. esAtlszneumaniiluasananiung

mﬂmiﬁﬂymqﬁﬂizﬂau@qﬂ?mmzﬁmﬁmmmsaﬁ’ﬂmuwg‘ﬁﬁﬁ’@"lﬁ' 4
3Lﬂi13ﬁﬂ?mmmiﬂfjﬂluaSﬂ‘ﬁmmﬁw?’% Folin-Ciocalteu W313/0¢ 862.73 §aaniu GAE
donfutimiTnuReuoad10619 nazidomin1shinsziesdlsznouniaia (chemical
composition) %ﬂﬁﬁ1iﬁﬁﬂﬂ1ﬂﬂﬂﬂﬂ1uwgllﬁﬂ WuUNNAS eugenol, Trans-Caryophyllene, eugenol
acetate, A-Cadinene, O-Copaene 1101 cadina-1,4-diene whﬁ”‘u%’ YUY 65.67, 20.74, 4.81, 0.67,0.48

1Az 0.18 MUA1AY (Table 3.)

Table 3. Chemical composition of the extract from clove extracts.

Compounds (%)
Eugenol 65.67
Trans-Caryophyllene 20.74
Eugenol acetate 4.81
A-Cadinene 0.67
Ol-Copaene 0.48
Cadina-1,4-diene 0.18
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2. AN TUAIgavesaIsanan uNg a3 seia1egdaun3glanetna (Minimal
bactericidal concentration, MBC)

v F4
Y o

H Y
Tumsnaaevanudududrganamisaiiarede Idnuavesasana
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1 o a d a
ﬂTL!WQG]’e)ﬂ’ﬂiJﬁmTiﬂGluﬂTiﬂTmElLGdb'fJﬁ;ﬁuﬂgﬁl%uﬂ R. stolonifer, L. monocytogenes, E. coli
Y
AT S. aureus WUAA1 MBC v09ensananiungaoise 4 wila inwmnuiesas 0.5, 0.5, 1.0
Y

o v 1 a o . @ 1 <] J
uaz 1.5 (wiinaelsuieg) awdnu (Figure 17.) 91nwanmsnaassaenainaasldmiug
9 Y 1
asanareuInmIanaaenmunguielinuamnsalumsfudueqaunsd 4 siia 4
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APANADINUNMINAADIVDI Zaika (1988) nannNasanamungiidszaniamgalumsiuds
tﬂy a A d . . v Ao o @
1¥99aUNTY (strong inhibitory effect) lpsasiszneunanindidguazwunluaisana

9 1 =

4
nung laun givea TuauITeve Vazquez tazame (2001) Anyinnuannin lumsdud
g 4 { 1 a a a
15931 (antifungal) Y09gIUBALAZ INUUOANTHAADNITTYUATMIHAATITNY citrinin 9105
9 9
3
Penicillium citrinum (NRRL 2274 11a¥ NRRL 2269) luewsiasadsoaziuentdaanilsmea
. . 1 Y K 4 dy
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woudaTaeldgiuea 200 lulansudeiiaansy Hszaninmlumsdvduies1da aunsn
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VPIYIDINTATYFN lag time 1119 Tu nazaadasimInsyvedlalativess 1@ wazlu
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MsNEIzgNas v lutazms ldas giueanie Induea 150 lulnsnsuaoiiaaans Tuuends
[l a [~ % [ [ % 1 Y]
Arzua-Ulloa ldwumsadwensimilunat 5 u minmaradsnanamnsagudulanasana
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Hoafumsideudsve191115 321 INMIIAVUSIYY Cox HazAME (2000) 3189113115 19e3
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ANAINMUNNTZAD MIC aNT0FUSINTTYVOUFD E. coli AG100, S. aureus NCTC

; o d a J [ a
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E4 9 Y
1 Y] a a d a
uaNINl Cox HazAE (2000) 31UNMITUTININTYVOUFBYAUNI dRAINTIsZNEL
k2 v
Tuasanamung (@sdszneviluean) W lldudinszuaumsmelaazi ldinamsves

=< A A o A 9 ~ J . .
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e . .. @ = a 4 &Y 1 o
summu"lmu (enzymatic  activity) veed1sananIna1slsznevuean mmu"lwmﬂanm
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ﬂu'I‘VILﬂEJ’JﬂiJﬂ'IiNﬁ@IWﬁN'mﬂ'IEJ"’UENQE‘]‘L!‘VliEJi’JﬂJﬂ\WIﬂ‘ViLﬂﬂﬂ'liﬂﬂ@gﬂﬂuﬂiﬂqmlﬁﬂﬁﬂ1w
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Figure 17. The susceptibility of the L. monocytogenes (a), E. coli (b), S. aureus (c) and R. stolonifer

(d) to various clove extracts concentrations.
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S, aureus MUAIAD AOANRDINUMIATUNAVDI Zaika  (1988) wuII@IsANANIUNGH]
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3. anuansalumstudigdunidvesilanu3lnalaen HPMC (Antimicrobial activity of

edible HPMC films)
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Table 4. Antimicrobial activity of HPMC film incorporated with clove extracts against

L. monocytogenes, E. coli, S. aureus and R. stolonifer

Microbial Crude extracts Observation at 24 h Antimicrobial index
(%w/v) Inhibitory zone
(mm)
L. monocytogenes 0 (Control) 0.00+0.00" 0
0.5 (1 fold of MBC)  17.25+0.50" 0.162
1.0 (2 fold of MBC)  25.00+0.32° 1.441
1.5 (3 fold of MBC)  31.0040.52° 2.753
E. coli 0 (Control) 0.00+0.00" 0
1.0 (1 fold of MBC)  18.50+0.58" 0.337
2.0 (2 fold of MBC)  24.50+0.58° 1.345
3.0 (3 fold of MBC)  26.75+0.96" 1.795
S. aureus 0 (Control) 0.00+0.00" 0
1.5(1 fold of MBC)  28.75+0.50" 2.229
3.0 (2 fold of MBC)  31.74+0.50° 2.938
4.5 (3 fold of MBC)  39.00+0.82° 4.941
R. stolonifer 0 (Control) 0.00+0.00" 0
0.5 (1 fold of MBC)  18.00+0.45" 0.265
1.0 (2 fold of MBC)  20.00+0.50° 0.563
1.5 (3 fold of MBC)  24.00+0.50° 1.250

* Values are measurements of diameter of inhibitory zone and express in mm. Values (n=3) with

different superscript letters are significantly different (p<0.05)
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L. monocytogenes

S. aureus E. coli

R. stolonifer

Figure 18. Representative pictures of inhibitory zones of edible HPMC film incorporated with
encapsulated clove extracts (a) control, (b) 1 fold of MBC, (¢) 2 folds of MBC and (d) 3 folds of MBC

on L. monocytogenes, E. coli, S. aureus and R. stolonifer
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HPMC

4.1 waveIMaAnmsanamungicumseuualgaanaammMsmUmMuIsaL taza
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Figure 19. Influence of encapsulated clove extracts content on the tensile strength (a) and
elongation at break (b) of edible HPMC films.

Remark : Different letters indicate significantly different groups determined by DMRT (p<0.05).
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Figure 20. Influence of encapsulated clove extracts content on the water vapor permeability (a)
and film solubility (b) of edible HPMC films.

Remark : Different letters indicate significantly different groups determined by DMRT (p<0.05).
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Figure 21. Influence of encapsulated clove extracts content on the L*(a), a* (b) and b*(c) values
of edible HPMC films.

Remark : Different letters indicate significantly different groups determined by DMRT (p<0.05).
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Figure 22. Influence of encapsulated clove extracts content on the AE*ab (a), hue angle (b) and
chroma (c) of edible HPMC films.

Remark : Different letters indicate significantly different groups determined by DMRT (p<0.05).
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Figure 23. Influence of encapsulated clove extracts content on the transparency of edible HPMC

films.

Remark : Different letters indicate significantly different groups determined by DMRT (p<0.05).
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Figure 24. Scanning electron micrograph of edible HPMC films containing various encapsulated

clove extracts content.
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Figure 25. Illustrative of imitated crab meat wrapped with PE (a) and HPMC films incorporated

with encapsulated clove extracts (b).

Figure 26. Illustrative of sliced bread packed in PE (a) and HPMC film incorporated with

encapsulated clove extracts (b).

1 a v d (o o
5.1 manlasunaspamwveswansunydaunssznnamsiusnm

@ 1 Aq Y I~ o 1 [~ 19 o’/’ ° g} <
‘]ajlﬂﬂlWN'VIGlslfﬁlll!ﬂ'ﬁﬂﬂaﬂ\‘]lﬂu‘]qj‘ﬂﬂﬂllﬂﬂlﬁﬂ!ﬂN NN UUUIUIAS AT ULUN

v
a

a 1 1 @ 1 a d L4 o w [
UNYN 6-8 paraIF e ﬂ@u‘ﬂﬂﬂﬂﬂllﬂﬂﬁﬁﬂﬂaﬂﬁﬁuﬂﬁuﬂ%ﬂ UAagUINIDYNUINATOU
Y

a 4 ] 1% 1w o 1 [
mmwﬁlmﬂauﬂ?ﬂLLazg\}mmﬂmw Glumi‘vmafN!,LmﬂuammQuuﬂ“lﬂ“lmmf)amﬂu 2 94

=)}

o)

A o A 9 a d o A F) Y a -4
Msnaaed Ao Yoanronean PE (“Ijﬂﬂ?]ﬂﬂll) LLﬁzﬁ@ﬂﬂﬁ@ﬂ’JUﬁTuﬂauﬂiﬂ (ﬂgﬂ‘ﬂﬂﬂ@ﬂ)

G

[ a o Jd (@ 1 1 U o
(Figure 25.) TﬂﬂﬂmaﬂymmmNa91ﬂmmﬂ,@mmmmmmgm%wu (2548) ﬂaTJ’.]1°]Ju®ﬂ1‘L!

=

= v Y = 1 Y Y] ] A ] A Y
ﬂ”I“I)'L!%‘LIiii}mEJ’Jﬂuﬁﬁ)QiJi‘]JSNLLﬂ%‘IJHWﬂGlﬂmﬂENﬂu"lullﬁﬂﬁi’f)qma$ NIDUVININNITFULAY

U

oy 1 S o 13w dy ‘]:fl 9 Y A dy v 9 aa
uﬁ%ﬁ’ﬂﬂﬂﬁlﬂ‘]ﬁﬂE”IIﬂfJﬂﬁLL"IﬂL"IN ANYUSIUDTINITDLINDDNL ‘L!Lﬁu]lﬂ ﬁluﬂﬂuﬂﬂﬁﬂﬁuﬁ



70

1 A 2 a 9 A o A 9 A A Aa a o A
17 @aunurInesaaidye ﬂﬁu3ﬁ§l@\‘lmﬂau3ﬁﬂ@ﬁ"liJ‘ﬁiﬁiJ“IfW]sUﬂﬂﬂuﬂﬂ Usiennau
A A (= I A 1< dy @ d" v o 9 = 1 A [
iﬁ@u’ifl"lNW\i‘lJﬁgﬁ\iﬂ Y naMHNY senlsen ANHUSIUDAUNTADUNUIIUN Lasdatigl
NAMIFUNAANYUL3ING (Appearance) NIUDNVDIYBAUNIYAAIVANIAY

1 3 o ' o o ' [l
FANAQDI ITUITNITINUINYT WU aﬂﬂmgﬁﬂ"lﬂu@ﬂﬂl@\iﬁ@ﬂll‘ﬂﬂﬂzﬂﬂjﬂﬂﬂqﬂﬁﬂ"ﬁ

]
% =

d‘ U v d' = a A d‘ a a 9 [ 1 [ d‘
Lﬂﬁﬂullﬂﬁﬂiui%ﬁTJN’JuﬂO aIUN 21 Iﬂfﬁ]Sﬁlﬂﬂmf]ﬂVI‘]J'iL’JmN’JﬂuT]J”’OﬂLLTNGlu’JUVI 18

9 Y
aanniunagaveude Iuiui 21 WeninsaioaunsganaaoIny ansuzdnisuen

H 1 k4
A R v A v Y

= A ' o o A 2 o A g =
"lwﬂmﬂaﬂuuﬂm"luizmnmm 0 93IUN 3 waannuuluiun 6 DIUN 21 NUNANHUS T

D.

o ' { <3| } a 9 % ' o g 4
Mouenvevldaunuldswiudimaes iesnniiduuenyeldaunalanyus Fu o

v v W

a d d‘ a 1Y [ Y [ 1 ad 9 a =4
quRanuNay HPMC NANTITANANIUNG ﬁ\iNﬁi‘HﬁWiﬁﬂﬂﬂ?HW@,uWii]’lﬂ‘i/\lﬁiwﬂui]ﬁuﬂiﬂ

@ @ 1 22 o Y | 1A A d? A o I~ 2 o A 1A
"l:]Jﬂaﬂammwmﬂwﬂ”ammwﬁmaawu LAagIuaNINITINUINEIIUDIIUN 24 NUINIAVD

& - 4 A A A v A o
IFDIUNAYU mawmimmﬁyﬂaﬂuuﬂmﬁmmwmuﬂau (Odor) ﬂlaqﬂjaﬂgmwﬂmuammz

v
a

J S o 1 @ J = @ a 1 o A =2
YANAADN IEHINNIINUINET WU ﬂammaﬂ;ﬂmuﬂunﬂauﬂaﬂﬂﬂﬁiuizmmum 0 o3

Q U

[

A QSJI a o 1 Y =2 o A Y I~
Jui 12 nniunauydrazanadluseniaiun 15 8aTun 21 Tagdun 18 voImsnUTnK

A =t ~ [ a Yy 9 A A A a d? & 9 [
nauydaunmsnlasunaatazdnyuziirindue NN NIAATY FITeandodnUnIs
a A Jd o { a Y 1 o A [
ATIVNUNINNIAUNTY Aauaadly Table 5. NUUTWY TVC voifdaunaluiun 18 mifuy

5 v d‘ a2 [ ' = Q' % a Y d’ (4 3
4.4x 10" CFU/NTY LiJfJWﬂWimTﬂ”@ﬂLLﬂ\?%ﬂﬂﬂﬁﬂQWUQW Nﬂﬁuﬂvﬂﬂﬂﬂﬂiuﬂu‘ﬂ 0 vidsnniulu

v
a

1 o A =2 o A A A o [ 1 1 o A 2 o A
FEUINIUN 3 DIUN 12 Mﬂﬁ‘lﬂl’ﬂ\iﬂTUWQNﬁMﬂ‘]Jﬂau‘]JfJﬂLWN wazluseranedui 15 093ud
v v 9 v
24 nauyonrzanaanazding lanaunungnaned uenainiinau bidavesyda asrannlu

]
=

: [ a J @ 1 1 [ @
Uil 24 FId0AndBINUAMNINNINYAUNS G091 fSaumnalin TVC 1i 6.7 x 10° CFU/MNSY
v Y
mslasunlasgunmauiloduie (Texture) Y091 dauNIg@AIUAULAZYANAADI T2319NT
S o [ @ ' zﬂy v W o ' S ] g’ 1 v A
musnyuunal 24 Ty wud edudavedaunsganluguiauguii lusgreiun o
= o A A v 3 9 v A = o A A = 491
297uN 9 nazglianyuzuTInszAludun 12 89U 21 ieanngadennudulueins
' S o y a Y 1 1 { v @ Y v v v
FERINMINUTIY eNnsanidaunsganaaoinyi iloduiauesldaunsdenalininuegu
g} 1 S =< o A A o I kY v a =2 o A A =
W lusenadun 0 993un 9 wasianvauzuinszaluiun 12 89Tuh 24 1Weanngade
491 ' 3 o [ g} a d Y a s J
AU U0 IMITTENINM TN VT Y IazIINNMIgaFUi lueIMIsveIlauAIugaUNT &
{ { v a { ] @ 1 1 ad a d
yauzhimsnasulasdnvuzvesildunldvoydauns szniteilan PE (yaniuaw) tazildn

a [

9 =4 1 < Y] " d [] ~ 1 <
AURAUNTI (PANAADI) T2HINMINDTNE wulan PE ldil@eunilassgrinamanusnm

a ~

A v 1 1 o g‘ 1 A A = o " d Y -4
Tagtianyuzagu lugadiii Tuwszniednua Tuvaz@erduwnldudugaunsd

fad)}

v { a a @ 4 a a va ara
dnvazilasuntlaslavilduianmanesda esnnilay Augaunidiauiaiiulalasilan



71

& [ 2’ Y Yyar o a 2 dg’ dyw 1
“]NﬁTJJ']ﬁﬂﬂﬂ“h"]Jlﬂllﬂ dganalvdaunaniswesdr3u wennidanuanullsaas

1 ard ]
anudavguuosilavanas (lilduaana)

Table 5. Sensory attributes of imitated crab meat wrapped with PE film and HPMC film

incorporated with encapsulated clove extracts during storage.

Experiment
Days Appearance Odor Texture
gr.
0 Control On white and red side are usual fresh Fresh, juicy
Treatment  On white and red side are usual fresh Fresh, juicy
3 Control On white and red side are usual fresh Fresh, juicy
Treatment  On white and red side are usual fresh and clove Fresh, juicy
yellow, swell odor
6 Control On white and red side are usual fresh Fresh, juicy
Treatment  On red side is usual but white side fresh and clove Fresh, juicy
is mild yellow odor
9 Control On white and red side are usual fresh Fresh, juicy
Treatment  On red side is usual but white side fresh and clove Fresh, juicy
is mild yellow odor
12 Control On white and red side are usual fresh A little bit hard
Treatment  On red side is usual but white side fresh and clove A little bit hard
is mild yellow odor
15 Control On white and red side are usual Low freshness A little bit hard
Treatment  On red side is usual but white side Low freshness A little bit hard

is mild yellow

and clove odor
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Experiment
Days Appearance Odor Texture
gr.
18 Control Slime occurred Low freshness Hard
Treatment  On red side is usual but white side Low freshness Hard
is mild yellow and clove odor
21 Control Slime occurred and yellow dot, Low freshness Hard
orange dot and white dot were
noticed
Treatment  On red side is usual but white side Low freshness Hard
is mild yellow and clove odor
24 Control - - -
Treatment  Slime occurred and yellow dot, Low freshness Hard

orange dot and green dot were

noticed

and clove odor
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Table 6. Total viable count and coliform bacteria of imitated crab meat wrapped with PE film

and HPMC film incorporated with encapsulated clove extracts (1.5%).

Imitated crabmeat wrapped with

Imitated crab meat wrapped with

HPMC film incorporated with

PE film
Days encapsulated clove extracts
Total viable count Total viable count
Coliform Coliform
CFU/g CFU/g

0 ND <3 MPN ND <3 MPN
3 ND <3 MPN ND <3 MPN
6 ND <3 MPN ND <3 MPN
9 ND <3 MPN ND <3 MPN
12 43x10° <3 MPN ND <3 MPN
15 4.6x10° <3 MPN ND <3 MPN
18 44x10° <3 MPN ND <3 MPN
21 3.0x 10 <3MPN 3.0x 10° <3MPN
24 - - 6.7x 10’ <3 MPN

Remark: ND = Not detected
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Figure 27. Illustrative pictures of imitated crab meat wrapped with PE film (a), imitated crab
meat wrapped with HPMC film incorporated with encapsulated clove extract (b) at 0
day of storage, imitated crab meat wrapped with PE film (c) and imitated crab meat
wrapped with HPMC film incorporated with encapsulated clove extracts (d) at 24 day

of storage, respectively.
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Figure 28. TBARs (mg malonaldehyde/kg) (a) and water activity (b) of imitated crab meat
wrapped with PE film and HPMC film incorporated with encapsulated clove extracts

during storage.
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Figure 29. L* (a), a* (b) and b* (c) of imitated crab meat (red side) wrapped with PE film and

HPMC film incorporated with encapsulated clove extracts during storage.
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Table 7. Sensory attributes of sliced bread without film and applied with HPMC film incorporated

with encapsulated clove extracts during storage.

Days  Experiment Appearance Odor Texture
gr.
0 Control White yellow and brown edge Bread smell Sticky, soft
Treatment White yellow and brown edge Bread smell Sticky, soft
1 Control White yellow and brown edge Bread smell Sticky, soft
Treatment White yellow and brown edge Bread smell and Sticky, soft
little clove odor
2 Control White yellow and brown edge Bread smell Soft and a little
Treatment White yellow and brown edge Bread smell and dry
little clove odor Soft and a little
Clove odor dry
3 Control White yellow and brown edge =~ Low bread smell ~ Soft and a little
Treatment White yellow and brown edge =~ Low bread smell ~ dry
and little clove A little dry
odor
4 Control White yellow and brown edge ~ Off flavor and Hard
and little green and black dot at  fungus smell
bread and edge were observed
Treatment White yellow and brown edge Low bread smell A little dry

and clove odor




82

Days  Experiment Appearance Odor Texture
gr.
5 Control - - -
Treatment White yellow and brown edge =~ Low bread smell A little dry
and a little dried face and clove odor
6 Control - - -

Treatment White yellow and brown edge Off flavor, fungus  Hard
and little green and black dot at  smell and clove

bread and edge were observed  odor

Table 8. Total viable count, yeast and mold of sliced bread with and without HPMC film and

HPMC film incorporated with encapsulated clove extracts during storage.

Slide bread with film HPMC film incorporated
Days Slide bread without film incorporated with with encapsulated clove
encapsulated clove extracts extracts
TVC Yeast and TVC Yeast and TVC Yeast and
CFU/g mold CFU/g mold CFU/g mold
Spores/g Spores/g Spores/g
0 41x10° ND 4.1x10° ND ND ND
2 241x10° 3.0x10 132x10°  ND 5.1x10’ ND
4 143x10  32x10° 3.7x10° ND 237x10° ND
6 - - 83x 10’ 22x10° 1.83x10°  ND

Remark : ND = Not detected
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Figure 31. Illustrative pictures of sliced bread with no film (a), sliced bread applied with HPMC

film incorporated with encapsulated clove extracts (b) at 0 day of storage and sliced
bread applied with not film (c) and sliced bread applied with HPMC film
incorporated with encapsulated clove extracts (d) at 2 days of storage and sliced bread
applied with not film (e) at 4 days of storage and sliced bread applied with HPMC
film incorporated with encapsulated clove extracts (f) at 6 days of storage,

respectively.
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Figure 32. TBARs (mg malonaldehyde/kg) (a) and water activity (b) of sliced bread without film

and wrapped HPMC film incorporated with encapsulated clove extracts during

storage.
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incorporated with encapsulated clove extracts during storage.
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duilsenou

9. Pancreatic Digest of Casein 5 n3u

10. Yeast extract 2.5 n3u

11. Agar 15 n3u

Y v

12. ¥nau 1,000 Haaans
ad =
5T

o 1 ng; 1 =1 = A ] 9 = 9 (]

idumauiaualdasludinmnesuiemyuznazaay i ldugnnudouszaie
Ifazate USu pH 1degszning 7.0402 A0 NaOH 1 ueiia %30 Acetic acid 1 uaiia 1
' Ay v ! A A 4 0 A v Y & o J 9 A
dunaui 1am1d st wbe nIovIaAUNAY TaainFodrentioiiada lorhnnuiouge f

a = < =
UNHU 121 earusaee 1Wunal 15 UM
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MANUHIN U

a d A a A ¢ a v d
n1331?\513%1]334m@aummmwamnmm

a d Ia A U . as
MsanzHdSnauanSenIviua (Total variable count) 18735 Standard plate count

IMANANTS pour plate (BAM, 2001)

& &
DINILAYILYD

1.
2.

81%113 Plate Count Agar (PCA)
1 Tau (peptone water) 3o8az 0.1 Turiaeanaand 9 Haaans luviach

1NA81151105 225 Haaans

AMINADDI

1.1

1.2

1.3
1.4

1.5
1.6

1.7

Fe01m13niin 25 nSu ldadlugananadnnuiou i@l Tausesas 0.1
=3 a a Aaa 1 Y Y o Y o 1 d’d

AR naelsung 225 Taaans waldinuee 1daaeg1aniaiuy

199919 10

THlnlagadiediuionnlo’ w1 Tadaas ldadlunasaniinllTaudovas

0.1 131105 9 Haaans warldidnnu v lddreg1antimaudens 10°

o Y 1 [ I~ - - o w

Mlddreg1avene il 10° naz 10™ mwdau

[ 1 A A -4 2 3 9 Py A Aaa
1619813999919 10 Bnviates a5 uarldthila 1 Nadaas ga
Y
$1981999 1UWIZIALG 3 91U 91UaL | Uaaans
Muuaediude 4 Tagldiladuauualddieganigea 10°
P} 2 & day 1 2 Y} 9
Tdormisdeusoniiuegmaslunumiziaes (1o 4 uazdo 5) Yszum

v [
NUAZ 15-20 HAAANT UNIIWINZERLULY e IFdeganududniu

q

ad < o g <

o 2 Yyg vy e P A

anana T unds ndunmmiziesazinunnmziaes ngugi 37
) [} [ @ 9; a J a .

PR AITOA 24-48 B2 109 A1MTUATIVTATOYAUNTS WilA mesophile

bacteria

% o ~ 491 d‘do = ] 1

a1t Ialatianoumnzeniduiulalatiegssning 30-300
I o . . ' o

TaTall wagsiearuwailu 319U Colony Forming Unit (CFU) @0N54

A0

AU 91UIU CFU DN UAIDES

1 d' o =} q./ A
CFU = aunaguaddiuiulalall x 52aUANUD9919
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a d a a ¢ ad . .
2. mynnzvidsinadadnesy 1ag3S Most probably number of coliform organisms
(MPN) (BAM, 2002)
Y Y
DIMITABUFD
Presumptive test
v o < A Aana
1. 91113 LST (Lactose broth) W5ounaoaanduuna 10 4adans
2. nhlTausosas 0.1 U103 90 Haaans
Confirmed test
©1%119 Brilliant Green Bile Broth 2% w%’amwaew%’mzﬁ”ﬁ
an
BN
Presumptive test
Q'J (% 1 a Y [ a 9 Aa Aaa
2.1 Fadregaluganaraannuion 10 n3u i Iausesas 90 Nadans
warudroe1a ldiniuay 1dd0d19n99919 10
o A o ' R ) o T ) 3
2.2 MM 1ede1e Ilaunsznaldanududuvesdiedan 10° ag10
2.3 tiladaeg1an 107 107 waz 10" USuas 1 Yaaaas asluvasaeivig
LST anududuas 3 viasa mud1ay wedisg1alddnnue1nis uun
A ~ o A v o W Y
QNN 37 PaAIAITo 24-48 2103 quAANHARAANIUUNE D1NuNd
A 1 Y = Y o
oMM KaLIN TUNNHA 1AM Confirmed test
Confirmed test
@ o (= Y] a 4?’ ~ 1 A v " a
2.4 nasnngwalu 24 51 Tus Niundinaduivasa diunasands lumea
[ ) [ ] 1 o o [
unaliingulihindedn 24 42 Tus udninngralna
o A 1 9 1 dy 1
2.5 MraoANUUNANNNADAN VG LAINBIFBLAAZ HADAAY 11U 1113

a

Brilliant Green Bile Broth 2% Waoaaeviasaudiuiigumgi 37 o
= < o
ey (el 24 9319
& o QY O Y o = Y
2.6 1A 24 F1 119 a3dvguarasan lunaudiunana luarswauila

¥1A1 Most Probable Number (MPN)
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a d a = d ad a
3. AmsevdSnadianuazs 1ae3s Standard plate count (NAUANII pour plate

(BAM, 2001)

& &
DINTLAYNLYD

1.
2.

an
A5N19

3.1

3.2

33
34

3.5
3.6

3.7

91113 YM agar (Yeast extract-Malt extract Agar)
1 Tau (peptone water) Fo8az 0.1 Tuvasanaaed 9 Nadans luviarunded

1511015 225 Haaans

e luganangannuiou 10 nfu @l Iaudovaz 90 Tadans wew

Y 9 o

Y ' Y o oA A -1
@l’J’E]EJNGl'ﬂL"lﬂﬂl.li]%lllﬂ@l’l’é)ﬁﬂﬂﬂmﬂiﬂﬂ 10

14tulagadiediadons 10" w11 dadaas ldasluvasaniinjlTauseesas 0.1

]
[ [

1511035 9 Haans e ldiniuez 1dd1081901818990919 107
o | [ I~ - - o W
M lddgradeneas ) v 107 uaz 10 mudrdu
L% 1 d‘d -4 A 09/’ 9 ) a Aaa [ L]
WE1AI0619MI9919 10” Bnnates s udaldtnla 1 Jaddas aadaed1easlu
Y
UNIZIAL 2 91U 1UAT 1 Hadans

Muaediude 4 Tasldluladuauualddieganigeas 10°

2
=

v & day ' = 9 4
Gl“b’mﬁﬁm‘c’NLﬁﬁﬂﬂmgu@gmaﬂuﬂ1uLW1$LaEN (U9 4 UL U9 5) ﬂigm']m%']uag

Yy 9
v A v A

A aa ' dy A Y o ll v 9 Y Jq Yy
15-20 WaaaA T UNINITUNIZIAYIU9 L‘Wi’]iﬁ@?ﬂﬂ"l\iﬂ‘]_lguﬂ]']ﬂuﬂ 9']\‘]‘1/]\1]1'3(11”?}14!

a =

3w Y Y 3 Y !
ISINIle] ﬂa‘]Jfl]11!LW'lgl,aENU,ﬁSlﬂ‘lﬁnﬂLW"lglafNUl%ﬁﬂmWﬂlJ 37 DNAUBUBYET 24

Q Y

SRR

o

v o ~ dy A P ' ~
a5191 U T Tatinnoumzren i lalaliegszning 30-300 Inlall

< o 1 v W 1
51mmwmﬂummu CFU a9nN3UNI0Y19
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) [y} wv a d a(d H
4. MSAIUATHT TAN NN IDABAIUYAUNIE (Antimicrobial index) Vo 3Han HPMC

a a0
wmmuwg‘nmumummmﬂqmaﬂ

AIWNTDAIUIV Antimicrobial index YOIT15ENA lANINGAT

{ 1 4 iny & g iny &
Antimicrobial index = (ﬁu‘ﬁ Inhibition zone — ﬁuﬁwau) / Wunway

AT

ad [V oy o A v Y an
S. aureus V0IWAW HPMC ansanahdumungndiiumsounnlgaatuiosas 1.5 1agds

1 a a g 1 ard 3|
Agar diffusion assay W11 NA Inhibition zone 6.488 AT NIUGUAINAT Tagnunveerlauiy
2.009 A5 1UEUALNAT
Y

AIUUFINTOATUIUA

9 [ lQ lQ 7
Antimicrobial index = (ﬁuﬁ Inhibition zone — ﬁuﬁﬂau) / Wunlay

(6.488 - 2.009) / 2.009

2.229

k4 E4
a31 14791 9nmsnaaeensail 3 Antimicrobial index 1911111 2.229
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MARNUIN A

fni?l!ﬂﬁ1$ﬁﬂ1ﬂﬂ1ﬂﬂ]ﬂl!ﬁ$!ﬂﬁ

a d A = a v d
NIINTIVAATISHANTNUANNIANVYDINAANUN

1.1 1A 1ZHANNTY 32075 Gravimetric (AOAC, 1995)

an
5013

1.1.1

Y [ v
pumyuzdmiumanuiuludoungumgil 105 osusaFod Wi 3 Falug

v v 1y Y & 2y & -
udruzesnningould i luTagannudu Uassns3aunsenigumgiives

v Y
MruzanauMInUguuYinewdIFaimin
Y k4 F4

9 [
ﬂizﬁ"l"]?'llfb'u‘fljﬂ 1 %u"l,f?fwaLmﬂmwmﬁmﬂ'ﬂﬁ%’qmaaqmmﬂﬁaﬁu"lmﬂu 1-

[

aansy

Z)

3

v
v 1 £ 1 =

o [ a ] 4 [ 1 1
dmsualedis (Maw HPMC,  vunilarualad, Ydaunc) quarediai
= Y M 31 @ I Y :j o A % 491 o
vaazsaudFiimdn 1 laimiing 1-3 a5y aslumyuzmanuiu 1l
puludoulnihgaungil 105 osrmwaiFod wiu 5-6 1 Tue wensindenld
4 dy ) g’ o 9 ] 1 3 o @ 9
HuTagaanudu vazduihminmsuznioudlodis viniminagy lihdn
Y = o 091 [] a Y 9 J g‘ v Ao QS: g 1
qoudn uaznszidugmanau ldauldnaasvonimiinigansaonsslu

1Y 1-3 Yaaniy

NSATUIN

Y Y
ﬂ?mmmm%u (%’aﬂaz) = HAANUDINNTNAIDINNBUDY LATHAIDY x 100

Y
A1 ININNeUD Y
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1.2 M3IATIZHA thiobarbituric acid-reactive substances (TBARs) (Linsley et al., 2005)
=
GAEIGE
1. TBA $e8az 0.375
2. Trichloroacetic acid ‘%} yaY 15
3. NaCl0.25N
as
ABMS3
1.2.1 193A198719 0.5 N1 Juansazale TBA 151195 4.0 Hadans
FY 31 A I =
1.2.2 dguasazangnay lutinaeanlunal 10 w1
Y
1.2.3 ldduaslaeiilva
1.2.4 (MI8a08nNaNTaza1enANusI1501 3600 xg (HuIa1 20 WA
1.2.5 99A1 0D 9 532 W1 Tuuas
1.2.6 Mumilsuia TBARS (thiobarbituric reactive substances) “lug SISGN
malondialdehyde Taan/3oumeufiunsmunaggiu (0, 0.1, 0.5, 1.0, 1.5 uag

2.0 luTAsnSY) 31891181 TBARS 11114 mg malondialdehyde / kg sample

a d a J
2. M3ATIVINHAMANTANIIMEMNUITNAN (Physical properties)
ad
2.1 anurveInlan (Film Thickness)
[ aJd Y d' a 4 an [ [ o ]
2.1.1 Jaanurnvesdlauadnied lulasiimesuuuaiaea quia 5 @wmua
9
UuFunaaeu Insuaazaaiia lua1anu 0.01 adwas

J { a d ay 1 ay
2.1.2 'HW]1maEJSUENﬂ’ﬂil‘l’iu'lm@ﬂﬂah%u%ﬂﬁ@ﬂlmﬁ%"]ﬂ!

2.2 m'immummﬁ’mmmmﬁwm !!ﬁ%ﬂTﬁﬁﬂﬁ’J!ﬁﬂﬂﬂﬂ (Tensile Strength and

Elongation at Break; € ) ASTM D 882-91

A v T d' = -9 = o aM

2.2.1 iondde819h lTiseva Wy vTed vt
Y
222 fa@10619 15 FU A x 817 10U 2.54 x 12 (FUANAT LAz Tanuyul
9 1 d'

LAINIAUNAY

A Y o Qy 9 [ = le 9 Y
2.2.3 5uAUTUTUNATE A8 NI (grip separation) LALAIFUNATDUAIYAIY

[ < Aa a 1

M35 50 UAaAUATADUIN

% 1

' Y = ° Y ' = A Yo
224 fﬂﬂ'ﬂh@]11!‘V]111”,!,5\‘1ﬂ\‘]"lﬂﬂﬂ'lu’Jmllﬂiﬂﬂﬂ'lLLi\iﬂQq\iﬁﬂ‘ﬂ ’J’E’JEJNllﬂi‘]J o i!ﬂ

Q

) A o A ° Y
VIR LALIDIASNTITYANIINDUIA muilm"lﬂmﬂ
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% €=100x (d after —d before)/d before

d A9 5282 1UBId10619N11U1n3 UV AR B UNT DUAINITVIAUDIAIDE1

23 msamsaurnlen (Water vapor permeability; WVP) ASTM E96-92

23.1 Aafldud10619 vnAdURIUgUING1L 4.5 IHUAINAT D8198Y 4 HHY
uaziannurunveslanusazuiuLALag 5 99

232 %mi@ﬂmm%ﬂuﬂizmm 20 n3u ldaalu test disc (Aroduauiad)

233 hildumanadnii lduneusnahndrenddaduezdaang v

234 hdreauauanilddaimindreniect 4 dumis udah ey
Gluéfmmumm%uﬁuﬁmﬁ%aaaz 60 RUNQI 27-30 DIRUYAITHA
<

' v Y v
Wunat 18 %1 Tue Tagiimssaimindionng 3 $21ug

v 9 9
2.3.5 ‘loJ"INafﬂiL“IN\ieldju‘U’ENﬁWﬁﬂjﬂMH%EJ‘L!ﬂiTWﬂ??NﬁNﬁuﬁﬁ$°Vi’JNL’Jﬁ"ILm$

9 v v 9 ]
o a K =}

dminfiiuiuiteriindnusanmsduinleh dail
Water vapor transmission rate (WVTR) = (weight) / (time* area) : (g/m2 . day)
Water vapor permeability (WVP) = (weight thickness) / (time*area)(delta P)
: (g.mm/m2.day.kPa)
Pressure (kPa) calculated from :
Fr0613: Sam RH Jovaz 50 71 25 esrnsaidoa (77 evelusula) 8111 saturated

Y
pressure (P_ ) 910 psychometric chart 1& 0.46 Ib/inch” fariu

sat-
1 50% RH V04 vapor pressure (P, ) Ao

0.5 = P /0.46 (RH=P/P_)
P, = (0.46)*(0.5)

= 023  Ib/inch’

14.7  Tb/inch’ = 1013 kPa = Psi.
1 0.23  Ib/inch’ = (101.3 kPa)* (0.23 Ib/inch®) / (14.7 Tb/inch’)
= 1.58  kPa
71 0% RH: 0 = P/ 0.46
P, = 0/0.46
P = 0 Ib/inch’

DeltaP = 1.58 -0 kPa
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2.4 MM3aza1evaTlaw (Film Solubility)

24.1

24.2

243

244

245

24.6

2.4.7

% FS (db) =

v W 1 o d Qy a A a a o Y 9 Ay
analed19alay suaz 20 HaauAg x 20 Yaauag 1/111?HL1N1/|WJEJ vacuum

a =

oven figangil 70 esruvalon Tudougaanne (3.4 kPa) ilunal 24

q £

e

o Y o Y] % 1 1 [ A [
#2119 Tag1M1i1viinuead10619A9N uana19n U 1N 0.0001 A5
(K% 1 A aa I~
laared1asluviasantnaedvine 50 Naaans mansazale lyaeuily
Y 9 9 a A Aaa
Tatoa ANuUuIUIpeaz 0.05 151105 20 Uaaans

a

a o ' 4 TS o {
Yardmasaudnildwer Taelaiouvdniunar 24 $21us Ngmugil
25+2 BTy d
a Jd o 1 = 1

ugnasazarsuazlavdiedsnnvasadunagd Muaslunszaynses

s o & & v oA
105 1 (Whatmam No.1) Tagldthnaunaiminiimudiedisaneg
o = v ¥ Yy 9 9 A
MnszaENIeenseediodInde 4  lleulduia AreinTee vacuum

I o

oven 1luIa1 24 ¥2Tug

Y Y
MAUIYN 561 Ao 1 A10819

o ! = o
AU MMsazarevoslanIn

(film mass before test - film mass after test) < 100%

film mass before test
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2.5 mavaanlax (color)

HU8LYie

2.5.1 @AR0819WaY Fuaz 10 BUANAT x 10 LEUAILAT
2.52 MIAASIIAAAIY standard plate (calibration plate CX0384, L*= 92.82,
a*=-1.24 1ag b*=0.5)

%] 1 ard o 1 Y . 9 '
253 ’Jﬂﬂ??’f"llENW'ﬁiJGnE]EJN P32V CIE colorimeter hlﬂl,l,ﬂ L*, a* 1ag b*

[(L* = 0 (black) 4 100 (white), a* = -60 (green) D4 +60 (red) AL b* = -60
(blue) 84 +60 (yellow)]

2.5.4 A1UIUHIA Total color difference (AE*ab), hue angle (H) t4a¢ chroma (C)

NTUNIT

AL* =L* sample ~ Aa* = a* a* Ab* = b* - b*

AE_* = [(AL®* + (Aa®)* + (Ab®) 1™

] 0.5

* -
L standard? sample standard? sample standard

C=[@""+ b’
H=tan (b*/a*) when a* >0 and b* >0
H=180"+tan" (b*/a*) when a* <0

H=1360°+tan " (b*/a*) when a* > 0 and b* < 0

THSuanMzveIldaunouNINadoU NN 60% RH and 27+2°C for 72 h.
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ey A
sz iadiven
dl =4 =1 = o
¥o ana UNAIUUNTY NoTATNY T
stiaszadanindnmn 5011020015
= =S
29IMIANN
=3 d'l @ = -=; o o =&
9 yoaoiu UnduSamsanu
INYIPNAATUUNA PMINDL TI-UWT IMAUNTZINYTA 2548
(nnlulado1nis)

numsan (M1asuluszninamsanm)

@ 1 o a
NUMTHAITIVIQATINNTIUNEATIANNUAN  INAVULYATINNTINYAT

a @ a 4
UMy aIvaIuAIuUng

MIANUINBIWIHA Y

Kiatsomboon, N., Chantachum. S. and Bourtoom. T. 2009. Antimicrobial Activity and Properties
of Edible Films Incorporated with Encapsulated Clove (Eugenia caryophyllata Thunb.)
oil. In Proceedings of The 10" Annual Conference of Thai Society of Agricultural
Engineering. Suranaree University of Technology Thailand. 1-3 April 2009. P. 235-238.
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