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ABSTRACT

In the present work, the film-forming ability of exopolysaccharide (EPS) from lactic acid bacteria,
Weissella confusa NHO2, and the effects of EPS concentration and type and concentration of plasticizer on film
properties were evaluated. EPS was able to form films at EPS concentration ranging from 1.5 to 3.5% (w/v).
Glycerol was the best plasticizer. The optimal EPS and glycerol concentration for film forming were 3% (w/v) and
25% of EPS, respectively. The obtained EPS film was transparent, flexible, strength and high solubility. However,
the limiting factor for using obtained EPS film was the poor vapor resistance. Chitosan (CS) was used to reduce the
solubility of the film. The optimal ratio of EPS and CS was 1:1. As a result, the solubility of film decreased from
47.71% to 14.95%. The effectiveness of antimicrobial agents (nisin and thymol) against Acenitobacter iwoffii
MAO2 and Pseudomonas fragi MAO7 which was isolated from spoilage refrigerated pork was determined. Thymol
could inhibit both strains and had minimal inhibitory concentration (MIC) at 1.25 and 2.5 mg/ml, respectively.
Nisin inhibited only A. iwoffii MA02 and had MIC at 5 mg/ml. Thymol concentrations at MIC and higher than
MIC 2 folds were incorporated into the EPS/CS film-forming solution. The physical properties and antimicrobial
activities of the film were tested. The EPS/CS film incorporated with thymol had higher thickness and more
yellowish however, lower transparency. In addition, EPS/CS film with thymol could enhance the antimicrobial
properties of the film compared with the control film (without addition of thymol). The optimal thymol
concentration for EPS/CS film forming was 2.5 mg/ml. Application of EPS/CS film and EPS/CS coating solution
incorporated with thymol in refrigerated pork were studied. The results showed that EPS/CS coating solution
incorporated with thymol could extend the shelf life of refrigerated pork from 2 days to 9 days while EPS/CS film
incorporated with thymol could extend the shelf life of refrigerated pork from 2 days to 11 days compared with
control (sliced pork uncoated and without film). Moreover, storage stability of EPS/CS film and EPS/CS coating
solution incorporated with thymol were investigated. During storage, tensile strength of EPS/CS film incorporated
with thymol increased continuously. However, elongation at break and antimicrobial activity decreased markedly
when storage time increased up to 40 days. The film became darker and more yellowish as storage time increased.
Furthermore, the EPS/CS coating solution incorporated with thymol had no change in antimicrobial activity when

storage time increased up to 40 days.



14

A 1 ~ o a A 3 o 9 = a A = Yy o
DINITHTUAN N ‘VIL'ﬂu']iJ']‘iJ'iIﬂﬂliJleﬂ‘]JiﬂE'111'333831/?1‘1\1%8“1@ﬂ13lﬁﬂulﬁﬂqﬂ%1ﬂﬂﬂﬂﬂﬂﬁ18

Uszmadent 1u madeudonianenin madeudaiiownnmanalfnseuall uazmadeudeiiioanin

A IR

a I &2 A o A o Y a = v W
i;aumchmuJumm@wmmmmmﬂmmaamﬂmﬂwammﬂﬂmiqmumaﬂmmwmqﬂizﬁmﬁmmmzmﬂ

a A JdAa

J ya o A A a a A I dy 9y ' 9
nelviAaduaswInATiEARaINgauN sNudleul luems mylsarsdemugaunidiauaslueims
Y

3 ax & A Y  ax A ' 9 9 1A A 9
FHudsnsvilauenmile Tdnnmsouenerisaiedsnmsoug wu mslyanudeulumsainie wiensly
< ~ Y| @ =l A = a ~ 9 A Y] 9 Y
anuidu Hawnsodlesnunieaamadoudoueso1msningaurisd 1 uaissninluilagtiuanudimim

= 1Y 9 Y a ' A v A 2 ° Y a
maTuTaguInAuAINABINIIVOIRYT Inadeomsniaun muazanulasanamuunyy i linans
@ o J = . . 2 d @ S wa A 9y A [ A
Wannus s uuuunenf (Active packaging) FUTUUITYAUNNTANTANABATUDUY TUNITFIVBADIYNIS

< ) 4 2 " v A 9 Y A v & &
MUV IS IHe1uIuesIu uonmile lUvinuinlumsinilesemsdunugiuvesussydusd laona 11

@ 4

9 A i o s 2 Y] o PR
Gluﬂ’liﬂﬂ‘]J@\‘IW@ﬁﬂm°'Vl’0114']5‘17]ﬂgclu“]_Ifl'ﬁi].ﬂm"ﬂFﬂ'lﬂﬁ\ﬂlﬁ]ﬂﬁ@ﬂﬂ'lﬂuﬂﬂ (Rooney, 2005) Uﬁﬁi}ﬂm“ﬂﬁ@@]’lu

da’ﬂ o A A ~

a % a 9 a
aUNIY!L ‘Ll“]J55%ﬂmmtlﬂﬂll@ﬂﬁﬂﬂiglﬂﬂﬁﬁﬂ °]5'JEJ°]5$EIE]ﬂ'liiLﬁ'@3JL%EJGU’0\161W15%1ﬂﬂﬁuﬂiﬂ@1ﬂﬂﬂ15lﬁh

Q

)

9 a A o A Y A

1 4 ¢ A 9 1 Y a o Aaan [ Jd a dﬂl 1A
asaemugaunsaslunssynuaime Idarsaedugaunsdin ldvinlgnsenuradyaunisniluilouedn

q

Do

a a A J

o a J @ a o { a
VIIUWURIVDIDINT ﬂ?iﬁﬂ"ﬁl%iﬂg%ﬂﬁl“ﬂﬁﬁﬁ@ﬂ%&Qﬂllﬁ$ﬂﬁu“ﬂ ﬂQﬂVﬂﬁWﬂﬂlu’ﬁ’Qfﬂ (Han, 2003) MIHINAT
1 9 S J

a A < ' A v Y
@]@ﬁﬂﬁ]ﬁu‘ﬂifJaQﬂluﬂ']5]51!8°U'§3fgLL‘VI‘L!ﬂ']il@maﬁ{lu@'mﬁu@ﬂmﬂﬁ]gL'lJ‘L!ﬂTiGD"JEJ?Iﬂ‘iﬁih?ﬂ!ﬁﬁﬂﬁﬂﬁﬂl%iuﬂﬁ

q

ee

a =)

@ a o ] { a 1w o 1
YUUINTTTIYVRITAUN ﬂiu@’]ﬁ’]ﬁll'gﬁﬂﬂlﬂuﬂ']'iaﬂﬂ'J']llL%ENEUE]\‘]é}ﬂﬁiﬂﬂﬂ@ﬂuﬂﬁ’]ﬂﬂ’]ﬂﬂ’]ﬁulﬁjﬁﬂﬁ'ﬁ@@gfﬁlu

a A I Y
aunsgIue113 1aonAaY

[
a

v v a . a (% o (% 1 J 1 A
Tagiiudagauildlumsnaaussysusildingaundesaais ldendsdawaauasaanadon

Q Q

[
1 1 [

= d 1 9 == A o a a S A
m!,ﬂuﬂﬂumﬂwqmmwammaﬂaﬂsauiuﬂ%@uu %\‘lllﬂ’ﬂll‘l/\lfﬂfﬂll‘ﬂ%3W13@q@ﬂ1uﬂ15Nﬁﬁﬂﬁiﬂqﬂm“ﬂﬂﬂ

[ 1 1 { a @ 4
anuaanulums i lidinaseaunmuesemsiussy wazaadymivez MNeNUTIIN M (Garcia ef

a a

0 q VY A o v a o  JAq Yo P ~ 2 '
al., 1998) MIngwaniuuInanuaulalunsnanussgnunnleingauneawainasINIWuINYY 13y

q
Y

Y 1
a3 1u'laasa latla uazTasdn Wy (Tapia-Blacido er al., 2007) Natimsziiunedmesndesaais’laly

]
AAaAa

Aa [ a 1T A B a a 1 A
55507 Il uibreaalidia uay line l¥inauanyaeaeIAdew (Phisalaphong and Jatupaiboon, 2008)

¥ a J

) o o Y d Pl Y A A A A a Y
’c’f1°ﬁiﬂﬂﬁu1ﬁﬁEl’]JEN%’d'Ll‘l/liEﬂﬂcl%'i’Jllﬂ1Jﬁﬁlﬂﬁﬂﬂﬂi@ﬂﬁhﬂﬁ1h1iﬂﬂiiﬂﬂ1@ LBU Vlﬂiﬁ

q

=) v Aa = < a d I 9 AY Ada o = ]
LIS Mmau-aamuﬁ A131VLULUU LLﬁ%!@ﬂI“ﬁW@ﬁLLGﬁﬂﬂ1uliﬂ L‘IJUGIL! maﬂ‘wlammmmﬂaaumammﬁ]umi

§ v 3 o ' ' 4 { 3]
lﬂafluI,IJJﬁ\‘]ﬂﬂ!ﬂ']W"Uf]\‘]’f]’lﬂ’]ﬁﬁ%‘ﬁ')’]ﬂﬂ’lilﬂﬂﬁﬂy'l LBU mmgumimﬂmmm%u mmamﬂaauuﬂﬁ uag

a A J &

H v
NIZVIUMIGAUDIRNIAZHA 11 (Cagri ef al, 2004) TuvmzRasdugaunsdrelumsniuquuazdugins

a

9
Y

a dy a a dy 9 A A ad 0 @ a
RIYUDIUBDIAUN Elﬁlu’f]'l'ﬁ'li (Han, 2003) u’f]ﬂﬂWﬂuﬂ1isl“]fﬁ']ilﬂaﬂﬂﬁi’f]1/\lalﬁﬂﬂﬂﬂﬁ']iﬁlﬂflﬂﬂqﬁu‘ﬂ

@

@
N

2

(W]

v A A Jd

A 3 v A X ' ) A A NS A o & '
ﬁ"]iﬂiﬂLW1]’f]']Egﬂ'liLﬂ‘UGU’f]Q’f]']W']iﬂﬂﬂ'll!flﬂﬂlﬂﬂ?']ﬂ'lii%’ﬁ'ﬁlﬂﬁ@ﬂ'ﬁiﬂwﬁﬂ ‘ﬁﬁ@ﬁWﬁﬂUﬂQﬂﬁuﬂiﬂ@ﬂ’Niﬂ@ﬂ’N

Q



15

9
% v =

£~ a A A A g ' a 1A ~ Y
HUIUNWIIBUALRAYTD LWiwmilﬂa@UﬁifJWau%’JSﬂ’mﬂMﬂ1ﬁLLW§ﬂlﬂﬁﬁ1iﬂUﬂﬂﬂqauﬂ ﬁﬂQWDﬂlmmﬁﬁ lW@Glﬂ

a A

Y 9 1 o A o & A v 2
ﬂ\‘]ﬂ']']iJLGUN‘?Uu@E‘Jlaluﬁgﬂ‘].l“l/lﬁ']ll']ﬁﬂfJTJfNﬂWﬁLﬂﬁﬂJﬂlf]\‘]ﬂauﬂﬁfJﬁlWulﬂuWuéllu (Han, 2003)

== a o J a a F) I a A a Y
uuaiienanannateaeiugannsonaaweausam lsd lauaziilunedusan lsannanuda
1 4 . 2K 1 o a PPN A
gniaeveoninnieusnisad (Exopolysaccharide) 39419aamsiiudn lanoausan lsannaaninuuaiizonan
a ’q Y o g’/ <3 a s A == a K Yo a )
anuszgnald asiuenTewedauwsaa lsannanninuuaiiissuanandaldsuanuisumazaunsaium
X ] a 4 o
Uszgnaldlugaamnssuldvateniu 1y gaeMnssuMINEAYT gARIMNTTUATOIEI01 LA AT IHATTY
< Y 1 A a Y~ a s A 9 ==}
o3 1udu Taomwizedoslugaaivnssuormstonlfion laneausan lsanwaa ldvinuuaiizonan
a 7 1 ' I A a o 4 1 ad <
anulszgnaldlugduuuaieg wu diuasmuanuniialundasusions 1dun qul Tensa Hudu (De
¥ g A I Aa Ay Y [ @ .
Vuyst and Degeest, 1999) nibtlosnnniuuuaiisenlamsvensunasany (Generally Recognized as
2 = a Y o o a J a A Jd A 1
Safe, GRAS) (Laws ef al., 2001) Uena1niimsanyuneInumsiuon lsnodusan lsaningaunsdrinniee
2 I 1o o 1 ] = X o w o I 1
wuglilunduidunamnsogosaaslansdinmuazys Inals ssmdeldsuanuauluiuediannlu
v . . v I a ¥ .
99171 (Garcia et al., 1998; Sorrentino er al, 2007) 131301 WAANWIA (2551) oD Weissella confise NHO2
= & == a 9 ~ ~ a < a 9 1 dy a <
FuilunuaiiGeunaninnnldnsendauiienunsonaadnlenedusanlsa 1a wuiuFeamnsonaadn lane
a PN o d' 1w 6 < a s Yy 9
ausan lsatiiminluanamaoniny 1.13x10° vazaisazaleon lswoausaal lsanamdudu s
¢S g Ao ¢ wYr g a o a yy £ =
nefiduataianunilaminy 9,363 cP sz ldiuen Taweduwa lsainan 1do %o w. confisa NHO2 T

A 9°/ Ly 1 = o a ad A ng’.a ngﬂdw 4
mmwummzmwuﬂimaqaqam%uﬁﬂﬂmwiumiummamwawamw”lﬂ AIUUIIUIVB NI Y2 aen

q

'
[ A

= =) wa a o gJJ o ad 1 9 a S J I a s
nanNoANEINSIRsoNLazauLAveINau 5’Jll‘VI\‘1ﬂ']'iWGJJ1!']1/\]ﬂ3J@’E)ﬁ'luZgau‘VIiﬂ‘ﬂWﬂLﬂﬂT‘*ﬁWﬂﬁu“ﬂﬂﬂWqﬁﬂ‘ﬂ

a 9 9 Y A ad Aq YA @ v 2 A
Han 18 . confusa NHO2 Tagiuns 15a13aaaugaunigsnnsssuana 1nuanenmlunsdugimsnigves

=

Aa s o Y a = = A A ard T Y
aUNIY Lﬂumm@mﬂmﬂmmmﬂmmmms LazAnEIFNUANNNaLaZ aNUAN NI NI aNAen 1Y

2D

A I

aunsdn 18 worh ldwnsandawn Tdumni lidsggnal¥ lundadausiomnsese el amnsorsyaens

2D

A = o A dy a A Jd o Y = 3 A tg Y
L’d’ﬂllLﬁEJGU’EN’E)”I‘I/i”I'if’JuL“Ll?JQM?%WﬂﬂTiﬂuLﬂﬂuﬂlﬂﬁﬂﬁuﬂiﬂ V]WiﬁﬂTﬁTiNﬂ?QﬂﬁLﬂUﬂEJTJUTL!sUullﬂ

U

agilszasn

A = Yy 9 3 Aa 4 Aa 4 ar d 1 wa
1. LW’f]ﬁﬂ‘H']WaBU@\1ﬂ'J']lllfUllﬂULﬂﬂTGﬂW@allcﬂﬂﬂ']uliﬂlla3Wa']ﬁﬁll“]ﬂ“]f@i1“ﬁ1§ﬁ$ﬁ1ﬂﬂﬁﬂﬁ@ﬁﬂﬂ@ﬂﬂﬂ

ad A a <] a s g
“Namnwawmmaﬂmwammmﬂmmm%a W. confusa NH02

'
S A =~

A = a A o g’; a ~ X o g’; a I o Wdy
2. lW@ﬁﬂB1ﬂ5$ﬁ“l/l‘ﬁﬂTW"U'ﬁ)\?ﬁ’]iﬂﬂﬂ\iﬂqau‘ﬂiﬂiuﬂ1iﬂﬂENﬂ’]ilﬂiiLJ"lJ'fNLHJﬂﬂﬁﬂﬂlﬂuaﬂﬁﬂﬂ'ﬂﬁluﬂﬁu

[~1 1 =
UFITUINTY
d‘ =1 =® vAa % g‘/ a =4 a J < a o dy
3. 1tetaSeunazAnyIautanisdudegaunidveslamonlaneausanilsaaintdo
'Q [} gz a Jd Aa 1
W. confisa NHO2 NANA156UTI0aUNII¥HANE

q

y a o

A = g Yoy & <3 a 4 &’ A a o a
4. LW@ﬁﬂB"IﬂTT]JiSQﬂ@]iﬂfwaNﬂ?ﬂlﬂﬂI%W@aLlcﬁﬂﬂ"llliﬂﬁl"lﬂﬁfﬂ W. confusa NHO2 NIANT158UIIIAUNTY

3w e 13
1umsﬁﬂmqmimmﬂyWmamgmﬂﬂu



16

MIAN3IBNAT
a d
1. Bnlsnaausanlsa

< a 4 . A a s A a ~ ok ~
on Tynoausan 15a (Exopolysaccharide, EPS) A9 waau«mm"lm‘wwaﬁmﬂfgaumaiummzaJ
Aa o J a < a J a A o o Y
NIIRTYLASVIUDDNVIUBNLTAA 1uﬂ13Na@]mﬂi“]ﬁW@aL!“]ﬁﬂﬂT]’liﬂﬂ1ﬂi]aLl’ﬂﬁ81@]8ﬂ5$ﬂ]uﬂ15‘ﬂilﬂi]$vlmﬂﬂicﬁ
a S A = wa @ 1 a s a A a a
W@al!ﬁﬁﬂﬂf’lﬁﬂﬂNﬂﬂﬁﬂ’ia']ﬂwa']‘t’JLLa$3Jﬁ1J‘1JﬂLﬂWW%@?NWﬂﬂ?WW@aL!%ﬂﬂWqﬁﬂﬂNaﬂ‘mﬂwsﬁ NITHAANDALLYE A
4 zil aa Ay a A a a SN Yo Aa
ﬂ']llﬁﬂfmﬂlslfﬂll‘ﬂﬂﬂlﬁﬂllﬂl@ﬂ 1o ﬁ'm']ﬁﬂWaﬂWﬂaLlﬂfﬂﬂ']ulﬁﬂll@]QWH'JuﬁJTﬂ HASHEINITOAIUANAUNINUDINDA
9 Y] a a 4 A AY o v A = a &
Ll,clfﬂﬂ']llﬁ@ﬂﬂ Iﬂﬂﬂ?ﬂﬂﬂﬁﬂ??%iuﬂﬁ%ﬂ']uﬂ']ﬁ‘ﬂuﬂ fﬂﬁW'ﬁﬂWﬂaL!ﬂfﬂﬂWulﬁﬂfﬂ']ﬂwslfiﬁlﬂ‘mﬂﬂ 19 NYFUATT U
a a 4 a [ o A gjj a J {
ﬁ"]iJ']'iﬂWﬁ@]W’t’)ﬁLL‘ﬂ)’ﬂﬂ']ulﬁﬂﬁQTﬂcﬂuWW%}EHJ“] nu m“lﬁ’é’fmmeu@mummﬂﬂwaaumﬂm"lmﬁﬁ}mmsaaﬂm

[ Y
Fan1Ata 1991099 (Whitsler et al., 1998)

v Aa 1 a I a 4 dy aA Y a A U
ﬂﬂﬁ]fﬂ/lllWﬁﬁ@ﬂ'l'iWﬁﬁl@ﬂT“D’W'ﬂaLL“D’ﬂﬂ’lulﬁﬂﬁ]']ﬂlslfﬂLLUﬂﬂlﬁﬂ ulﬂll,ﬂ REN NPT Qm'ﬁgﬂ IRE RGN

4 Y] v a A ] aA a =\ a <
ATUDU L!a%ﬁﬂ’ngGl,uﬂ'liﬁilﬂ@]a@ﬂﬁ]uﬁ’]flwuﬁllﬂﬂﬂﬁfJ LBU LLUﬂVILifJL!aﬂ@]ﬂﬂzilﬂ'J'IMﬁ'liJ'ﬁﬂﬂluﬂ']iW'ﬁﬁL@ﬂ

a 4 1 o 1 v J I a < a 4 dy
I"Iﬁ/‘l'ﬂaL!"Ifﬂﬂ']uliﬂlmﬂ@]']\iﬂuulﬂﬂlull@]agﬁWfJWLle 'f)']ﬂ!fﬂll!ﬁWinﬂahlﬂﬂ'lﬁWaﬂl@ﬂIWW@allcﬁﬂﬂflﬁﬂ‘U'ﬂﬁlcﬁ'ﬂ

[ [ 1 a < a 4 Y] [ d @ a []

UADNAWNDU LYY ﬂ']'iWaﬂl@ﬂI‘ﬂ)’W'ﬂaL!‘ﬂ)’ﬂﬂ']ulﬁﬂﬁﬂﬁ'lﬂﬁﬂwu‘ﬁﬂﬂﬂ'ﬁlﬂﬁﬂlu (Growth-associate) %Y Ped.
pentosaceus (Manca de Nadra and Strasser de Saad, 1995) (8¢ Lb. plantarum EP56 (Tallon et al., 2003) Iag

~ 1 a < a s A I Y a I ~ 1 ~ o Y

anmeimnzaemsnaadn laneauyanl lsaie 11 latsuaunaniuanneimuneauaemsnag i In
1 a dy ) 9 ~ dy A o a < a 4 = dy ==

s lumswsgeudordu il Iduu luvaziielionimsnaaon Tawoduaan lsage FuFonuniise

a v A a < a d @ v Jo a g a < a

LANANLNE BN UM INaaDn Tanodusan lsAduRus UM IS YuaziFIzHgaNIHAMD N Tanoauaan
s A a £ A a 3 a 4 dy v Y I v o Jdo a

lsaiomsnsyduga Tuvnzimsnaaon lswoausan lsaam¥ouisaenug hillanuduwusnunsnsy
' =Y a I a L

(Non-growth associate) 1¥U Xanthomonas spp. Wae Alcaligenes spp. 1aviions1mIHanen lywodauyani lsqlu

[ 9
annzinaunas lulasou wazi¥elinsiv3yog1use Stationary (De Vuyst and Degeest, 1999)

a [ a o 4
Tallon HazAMy (2003) ANEINISHAALDN IsNoausAn 1SR lABI¥eLb. plantarum EP56
= a s a Y A < a s Y a YY) 4 <
WU'J']L’f]ﬂIG]fW@aL!G]fﬂﬂ'llliﬂﬂwaﬁulﬂll 2 gﬂl!‘ﬂ‘ﬂ o L@ﬂI%Wﬂallcﬁﬂﬂ']lliﬂ1/]ﬁi’N@ﬂ@gﬂﬂﬁj!cﬁaallaglﬂﬂicﬁv\l@
A PR s < A s 2 2 X ' < A
ﬁl!“lfﬂﬂ’]]liﬂ‘ﬂﬁﬁ']\iﬂﬂﬂiﬂﬂ’]ﬂu@ﬂl“]}'ﬁﬁ Tﬂﬂﬂ%u’]ml@ﬂi“ﬁW@ﬁL!“Ifﬂﬂ"liﬂ‘ﬂ\i 2 qﬁj‘lh!f].l‘lllWiJSUL!f’JfJ']\15'Jﬂ!§'JL3J'ﬂﬂ']§

a X ' . ' o t X 3 a
193 YV0UWDDY 1UTLBY Stationary phase TAg1urIIa1 25 92 TuausnveIns@eare Usuaudn lswoansan

o s a R )

P a "o a a o a 1 @ @ = I a
lsdnadreAnegiuauraanan ldgeda 73.6 HaanSuaeiiadans uanaanin 25 931w Usuauon Taweduwn
A ' <

s a 9 A A Aa o 1 aa a s 9 S
mllswwam”lﬂaﬂmmaﬂ 44.6 yaansuaouaaang ﬁ"J‘L!L’(’)ﬂI"BW’EJﬁLL"]fﬂﬂTlliﬂTlﬁiN@i‘JﬂﬁJTﬂTfJu@ﬂL“ﬁﬁfl‘mlfﬂ

[ 1T A

& L4 j’ 1 1T W A A A y g A 3 I & &’
25 2 T19U09NTIAUYD UAUNINY 36.8 Haansuaeans ustonarlums@eauremuvudy 97 ¥ 1ud 1¥e

gs} 1w a Aav 1A

a a3 a N Y A A - < a
ﬁ”linjﬂWaﬁlﬂﬂI"D’Wﬂangﬁﬂﬂwnljﬂllﬂlwu“"uﬂgﬂl‘ﬂhlﬂﬂ 79.3 WAaAnNUADANT Gl;u"llﬂlgm‘ﬂﬁiJTmL@ﬂIGKW@aLLC]fﬂﬂT

o s

lsanadeanedniudusasanad

U



17

J

a <3 a 4 ,é’ a A a 1 zﬂy 1 v =\
Tunrswaadn Tewedusanilsaveudouuaiionanan wua youaaza 1oWus i
a < a o 9 % [ a @ [ [ 9 % A g
anuanusolumswaaon lgwodusani lsa lasldihmaawytiany Tasdrulvaaunsaldimaiiiu
o Y] g}/ A d 1 &1 a 1< a 4 ] Ay
p9A1lsznouvanvednIrsuug Mdluuvaslumsusniye lunsnandn Tenoausanl 158 15U 1350 Ped.
4 a < a S Y %’ a A
pentosaceus 1IN A NsanaaEn Tsnodusaal lsd lwainiimanaloyiia Ao ng lnd Wynlad uazylasa

1 a s A % {
uafSunamedusaa lsaninaaainiaiag Iasavzgeiiqa (Manca de Nadra and Strasser de Saad, 1995)

Y] 4 4 a dy A A a 9 = 1
251511 2ARNINA (2551) neniFouuaiiieuanan . confusa NHO2 910 Tdnsendaiu wum
f a < a o 4 1 {
Foawsandanon laneausan 15 laaiemealue1ms MRS (e 7.0) Nsznoudioy Tnsaanududu

a

[ 1A I 1 14 @ 1A I 1 dy dy A
40 nSuapanas 1uunanSuou uag Tryptone 10 nsuaoans unraslulasou Tasdourehguugi 37

u

= 1 a I a I [ v Jdo a dy = a I a
RN RIS IS W‘]J'J'lfﬂfl'WﬁGlL@ﬂTGﬁ‘W@ﬁLlclfﬂﬂ'lhliﬂllﬂ'ﬂi\lﬁﬂwu‘ﬁﬂﬂﬂ'ﬁﬁ]iiy Iﬂﬂﬁf@ﬂﬂ'ﬁWaﬁl'ﬁ]ﬂi‘;ﬁwaallcﬁﬂ
) Y ~ @ ' = o a - Q < a s A Y 1w
m“l‘mhlmﬁmmnm 12 %UINQLljﬂ LFHRAYINUNITIVTEY C]N'JﬂﬂiﬂJWiﬂL@ﬂIGﬁWﬂaLlcﬁﬂﬂWI‘liﬂﬂwaﬁ]‘lﬂl‘ﬂWﬂ‘]J
v 1A ] o a 1w A o & a J ¥ o Y
18.08 NIUNDAANT ﬂﬂlﬂu@ﬁﬁ?ﬂ?ﬁﬂﬁﬁlﬂ’lﬂﬂ 37.60 uazmammﬂimwammmﬂ‘mmazmﬂﬁlumﬂauiwu

Yy 9 S 3 4 Sol @ [ = [ A < a AN Y
anuandu 5 wWefitud hminaelsuiag) wunmanunilavesasazaioon lsnedusan lsan 1o
[ { ] ¥ g 1 I a
11914 8,500-9,400 cP Tagial 12 % THATAVDINITIALUFD AIANNHLAYRIaITaza 18D IynoauyAn
Ay Y W &2 A ' ~ Y 9 P-4
lsan latiangagaminy 9,363 cP #41AIMWINNI1 Xanthan gum NANGNA 0.5 11lo31dUA (1,113 cP) Hazan
a o sol A 4 < a L4 9 =] a P
MsuneHvhmaniluesnlsznouveudn Taneauxsani 15 laels HPLC wuludn Teweausani lsan
I a Jd A a P . o
ladluweduznnlsayiiala Tunodusan lsanlsenoudlong Ind FeaeandonUNITNAADIVY Van der
H [ { a < a
Meulen {agAL (2007) NWUN W, confusa 30 W. cibaria 38.2 Nuen 1a21n Sourcream ay15anNaadn Tynoa
Jd a a S I o Y 1w o 1A = ax
uxan lsdytialeTunodusan lsaniing Inailuesnlsznoulaminy 8.6 nuasdns 1INMIANMIITNS
1< a 4 ) Aa Aa 1
anaznaudn lanedusanlsaalediiiazale 2 ¥ia A9 1951UAUATOLT IAY WUIINITANALNDUALY
1 %’ o [ 1 < a 4 {
i Iuean N ludnsdIu 0.5:1 @1soanaznewdn laneausanllsa launiiga uaz1nnsAnyn
g @ 3 a 4 . (=] a
miin Tuanaveudn Tawoduann115a 1y Gel Permeation Chromatography (GPC) WU DN IswaaLasAn

I ?,’ o A 1w 6
"lmuumuﬂimaqamaﬂmmu 1.13x10

[ ¥ { a 3 a
Wang itagaae (2008) AALENLAYD Lb. kefiranofaciens Nwanonlagnoauyn

Y . . =] a Ay Y . ~ wa &
M 13818910 Tibet kefir grain wuauen lyneduyani lsan laitu Heteropolysaccharide wazauvailuas
¥elunmsanazneu (Flocculant) 1nd1AB9AY Xanthan gum (Flocculation activity 1M104 80 unit/ml) LAAAIN
Guar gum (Flocculation activity 191111 70 unit/ml) LaZlANABUNAUNINY 93.38 DIAUTALTA FIAINI

Xanthan gum (153.4 99AUFAIFE) 11aC Guar gum (490.11 DIAUFALTHH)

wa & a I a 4
Freitas Llag A (2009) ﬁﬂ‘lﬁ']ﬁiJ‘]JﬁL’f]ﬂIGIfW’E’)aLLGIfﬂﬂ']lliﬂﬁWﬁﬁﬂ']ﬂL%@ Pseu. oleovorans NRRL

(A A <} a I Y o = wa
B-14682 W’]J’ﬂﬂ115]’311]1(?1!@"llfNﬁﬁa$ﬁ1EILE]ﬂI°]5WE]m!G]fﬂﬂ1uliﬂiJﬂﬂ,ﬂaLﬂENﬂ’]J Guar gum ngnﬁhﬂﬁlﬂuﬁﬁ



18

1 dy =] a s a Y A o ya Aaov o
¥olumsanaznou uﬂﬂ%WﬂuWUﬁH@ﬂI%W@ﬁLL%ﬂﬂWqﬁﬂﬂWﬁﬂulﬂllﬁﬂﬂﬂﬂfl‘ﬁlﬂﬂ AFULAZUANNAINTO

2 3
Tumsyugihiuay
a wA I3 a d
1.1 sHanazanifveusnlanedusnmlsn
o a < a 4 [ 7 1 Y o dy
mssumunstiaveudn Isnoauwaa lsaodonasi lumsuialaaail

LL1 31uamuanyaemsaig

a < a = o o J Y 4 Y
ﬂTﬁNaﬁl@ﬂicﬁWﬂaL!clfﬂﬂ'lulﬁﬂllﬂﬁ'luﬁuwu‘ﬁﬂUTﬂﬁx‘]ﬁi'l\iﬂlﬂ\Hﬁliaa ulﬂ!,l,ﬂ
< a I g ) s A A A w I A
LE)ﬂI“BW’OaL!ﬂfﬂﬂ"Iuhﬂ“l/ll‘ﬂuTﬂiQﬁSNﬂWﬂuﬂﬂm’aa 2 gﬂLL‘U‘U 1) Glugﬂmmuﬂﬂcyamgﬁa‘uwmwaa%u
. = ' A Ay v ' o
mmwmuazmgﬂ (Arglra etal., 1992) !,!,a3LL‘U“U°I/Iﬁ@ﬁ@giugﬂ‘U’EN!JJfJﬂ‘VIﬁﬁNLLﬁ’JQﬂﬂﬁfJﬂfJ@ﬂMWH@ﬂL“ﬁaa3J

o 1 ] ] a v d a a
ANyt gﬂsn"lmmuau a1y RIYITTATSAA, 2530)

[

o d 1 9 dy
1.1.2 U UNMUNNDUDINDT L!,'leillﬂ 4 ‘]Jiglﬂ‘ﬂ JU

a P 4 I a =4 a A A 9 1 a
1.1.2.1 W@ﬁllcﬁﬂﬂ'lhlﬁ@‘]ﬂllﬁ]{lﬂﬂﬁgﬂ@‘]JL‘]Juﬁ’lﬁ@uTlifJ A1TOUNTYNNU Ul@l,!,ﬂ DIHWIAN VI,WE'L'J‘I/]
I Y a ~ J 1 dyd 1 a 4 9 a 4
Lﬂumu Tﬂﬂﬁ'?iﬁ]uﬂiﬂlﬂﬁ’luhWﬁﬁﬁ]ﬂﬁgﬂﬁjhﬂuiﬂmQﬁﬂl’ﬁ]\‘lW@ﬁLl“]ﬂﬂﬂ']hliﬂ L!,a31?]5017510%@@1/“96&%?]?”15@

o 1A a I d Y
“LING]’JWU’JWNﬂi@]@%NIuLﬂu’OQﬂﬂizﬂE]“LIﬂ’JfJ (Sutherland, 1995)

I A

1122 woausam lsantiwemaifluesdsznou Tavazeglugives Phosphorylated

Y] 4 )=}
exopolysaccharide Iaewu TupmiusaauoauANzonnsuLIN (Sutherland, 1995)

a I I a I
1.1.2.3 Taluneauwan1sa (Homopolysaccharide) tHunedusanilsanilsenouale Ty Tuusa
s a A ! g I a sl < %
A lsaeariiafed 1951 1ANFUNTY (Dextran) Lﬂuiaiuwaaucuﬂm‘liwmmavxh-ﬂgmu Wuesndsenov
{ { a I 4
Tael¥eNaNSONAAANTUNTY AD Lew. mesnteroides subsp. mesenteroides WQY Leuc. mesenteroides subsp.

dextranicum (De Vuyst and Degeest, 1999)

a 4 . I a Ia Y] s
1.1.2.4 1anmaIsneauynn 15a (Heteropolysaccharide) tHuneatsam lsanilseneualenenemes
ANFUANU

v
=3 a = a

uuanig Llaﬂ@]ﬂ‘VIWamﬁ‘lfll‘ﬂ@Ii‘W@angﬁﬂﬂ"llliﬂl‘ﬂuLL‘]JﬂVIL'iEJLLaﬂ@]ﬂiuﬂaﬂlﬂﬂijuwaﬂ

a a

]
(Thermophilic) f1e3 S languugiiqe mﬁmmﬂm"lmm 45-80 DA NS QLT LYW Lb.  acidophilus,
9/
UAU

G

Il

a 1

wazuuanisananannguil lewan (Mesophilic) m%sm”lmmmwgﬁﬂmﬂma

q ) q

I
S.  thermophilus 1w

a a Yt A = ' I 9
Lﬁ]iilellm‘]ﬂﬁ]lﬂﬂﬂ 20-50 9IAUYALYY N LYY Lac. lactis subsp. lactis, Lac. lactis subsp. cremoris wWuau (De Vuyst



19

Y
1 v

a sy Y aA an I A 1 a <3
and Degeest, 1999) Tﬂmaﬂmahwaau%ﬂﬂiw"lﬂmmmﬂmiﬂﬂauuuaﬂymzlﬂumaﬂ"lumgﬂ HagHasaion

q

a ] 1 a 4 1 4
Tawoauxan 13a Ia1Sananies nazlinnudanguiiesnwedamesnquon
ard a ¢y . . .
2. Wanmnweaues¥3mMN (Film from biological polymers)

2.1 mssﬁﬂ'ﬁﬁu (Film formation)

' v
JAA o @

a o 4 o a % A Aa

Wduiiesalszneunan e wedawoeiniminTuanags (Uszum 10-10°) Flduiane
ar d ) : a 4 @ wa = & a d {
Weuld dvhazanouarasReduguduaslihived vl jeautidvesilay lumsweuilduiiuse 2 usein

[

~ 9 9 [ A v . I 1 a J Y a 49! 1 a A d o 9y a
NYIUVD ulﬂl!ﬂ TERIGES Y (Cohesion) WIS ITEHINNANDIABAULDS NATUTEHINMTNaNan g
A @ Aa o =) 9 9 [ A g = 1 FY 9 A 9 [ v Aa
NITLFINAIVDIINIIAUAYINUTAITNWUTENLUILI F9391) 090 UHITOAUNIUMTUINDDNIINAU TFeNUKA
1 = Y 1 9 A = a 4 ~ a o
NERIGER T "lmm Tassasazauyananiiveaneamwes ssuumsazanatazanz lumsimsouiay lag

%% v o

o ¥ ) o ] A g
uselagFuiinnuduwusnuiinmin luana anuadnaueves Inseadwae e nsurnedIuaIu wagns
1 Ada gJ; a 14 a oA o Y a = [ Y~
nizvBveINguIAlNNTILUmeneaes Tasmensdmeinevzi liinamssaimenulaa minszaeves
1 gjj 1 = = a 14 1 Y a @ @ a U L) Iy
naualednlszideuludienedmesazieliinaiuse leTasnunazwuse lossiinsznangaie Tavi 19
3 a o = ad oA 1 A o A 9 a 4
ANV NTAZA1VDINDANDST IUNSToNNandilnanans11naFu Ao 01 luanavedInoaNeIazalY
A (3 9 A 9 9 = A v Y Ao A ald A Y < 1 = a
vaonated launiiga 1z 14 Tnseadeagureunuaeuss Ingsunann Havun 1alinnundawss dauusdniia
< A A v . I 1 a J v A A A 9 o ~ a o o
NUIADUITWBATTY (Adhesion) 1TU15952119 TUIANAVBINDAWB TN VA ITOUNNGIVOINUM TIATONHAL 1
a 1 ar d [ ] a Jd v a P =1 1 oA 1
TdinaTasesrvesilay 18 wu ussszrnelumnavesnedwesnuna1aa lswes Farzinanodulian1en ¥oq

Wanwunu (Banker, 1966)

@ [ 2 1T d 4 [ A A
Xiao azAME (2000) wau‘lﬂimmﬂmﬂmﬂuic%mmi?ﬁugﬂuwuwamﬁaﬂmﬂ;sqﬁu‘ummﬂa
?)I a d LY [ ar d @ Y A
uazmmmmmMmiagmﬂuwmwaﬂﬂiﬁmu W'U'N@GIi1’(3f'3‘LlGUGQV‘IﬁiJVlﬂTGIG]HUﬂULHJQLIﬂ‘W 7:3 910150
Yt A

9 o U a Ay Y Yy a o 9 J 9 =3 .
wammﬂu"lﬂ@mj@ l,l,’dZL!W‘L!’V\Iall1/]11@1llﬂ’NllGlﬁ’i’)iJT]\ﬁJﬁiJ’UGW]Nﬂ’Niﬁﬂu AN NUATUNMULTIANVUIA (Tensile

strength) 1AZAIN58A B 9AV1A (Elongation at break) gAY

Li  uazame (2006) ANEIANBAUZNIINANAZNINIENTNYDINSUTINT NI Konjac
glucomannan 18z 1aTas 1y nu31n151% Konjac glucomannan ae'laTasulusasidiu 80 do 20 1FHSudT
AMUAIUMUISIRINANINTIGA (102.8 3.8 MPa) naziinnwiU3ala aunsoazareth uazsasinsduru
vadlothiia 1nmsinsziinseadiavesildulasmaiin Differential scanning calorimetry (DSC) 11ag Fourier
transform infrared spectroscopy (FTIR) wm'mWﬂiuiuzaqallﬂiwmﬁ}euﬁ’u Konjac glucomannan AW U

TaTasiau



20

a A d ' v
Colla tiazae (2006) ﬁﬂmmiwammmﬁh Amaranth 310 Amaranthus cruentus 3IUNUNITA

Jd A

A A . . ' A a A wa 9 o =< E - v A
T1§189n (Stearic acid) ‘W‘U'J’]ﬂﬁﬂﬁlﬁﬁfﬁﬂGIf'JfJW\uJﬁuﬂﬂﬂ']ﬁﬂ@\iﬂuﬂ']ﬁﬁﬁuw']umﬂqllf)unuallﬁﬂﬂlﬂﬂﬂﬂﬂwauﬂ

laisimsidnlatla (Tapia-Blacido e al., 2007)

a Jd a v o
Cheng ttaznae (2008) AnEIMSIAssuTaNINaNTaz e NATUUB Konjac glucomannan g

Carboxymethylcellulose Mianuaz limuTldmdenlaasonled nunmsaulldadenlansonlesd viemy

(2 a

v o (J s a o aan @ o
ANuAIIveIETazatedady sz ludmon leason laaniduez 1vi §5 0100 Palm olein lipid vi119

H Y H
A o 1 =

- 2 : 2 4 - g o A o ¥
mamshiinadauiiian (coo) awsnazate laluihezgusenuiueniiveseymatiniuioazarvegluii

Y
=S o

' ~ ? o v ¥ o Y Y o oA A o o Y
uazdrun lifivazae lalusymatiniu duiuezi Ideymainiudilszgaumiloununuannoynin vl

B ] '
v v A (4 A

o @ o 1 % I a o a . ..
w1 uﬂigfl]'lflﬁjlmljuaﬂﬂﬁ3@Qiuuuﬂu@ua%u%nﬂj’]uiﬂqgj Hazluviy Palm olein lipid aﬂuﬁﬁazmﬂ

;4
o A

a @ 1A a < ' I = 1Y aAv o R o 2 A way 1
UAYU WU'J’]?JhlﬁﬂﬂﬂJu'l@LaﬂLLWfI'ﬂ§'$Fﬂ']fJL“]JuLu@Lﬂﬂ?ﬂuﬂ’]ﬂiuﬁ’]ﬁaga']ﬂﬂﬂaﬂfu Gﬁﬂllaﬂﬂuﬂfﬂﬂl‘i/\lﬂﬁﬂﬂﬁqﬂ

¥ a d [ Y =< 1 EIE] ard
¥ouU1veslay ﬂ?iﬂﬂﬂTﬂJﬁWNWﬁﬂSl,uﬂ'liclfllW'IHGIJ@QVI,E]HWWWHV‘I@M@@@Q

= 9 a a a Y a| d .
Fabra uagAde (2008) ANKINAYDY IATIa319uTnaAaziIn I luveslansin  Sodium
. Aa A a A aa gé’ Y v 1 = = a)
caseinate NINAIFDIBALALVOINAL lala Ao nsaleadn uazune lasldonsiaru TUsau:ndsesea: latla
1T @ " aJd 1 a 1 @ { 1 a) 1
A 1:0.3:0.5 wodlauaaugy (uillatle) anwldscdauazanuivinigsiige vazi lalelinadons
=3 = 1y a o d‘ = té‘dﬂg A dﬂg a d' a
Nuudaazmsgadeanuiuimvesilan TasmwzlolSaananuiuluvewwanlaila osinmanis

Y a a a Y a 9 a o
Lmzmmm"laﬂ@mnmmwmuawamu“lumm%lam

. = wa o A £ = Y
Elizondo tazAmz (2008) Anmiautianiinavesiduiigesaais lanaganimlasmsnaunila
1 a d { a { o
Amaranth 310 Amaranthus cruentus Uag Polyvinyl alcohol (PVA) wunWauan PVA 325 filiseaulalas
a o - = A ' ' A s 3 o =
Tagerd (98 odidud) Ianudangu, Ansta o gaua (89 nledisud) nazanvuzman)dsugiuny
A ' P A ¥ Aa o A P-4 ' A
gavigu (16.3 nlofidud) anansld PvA llszaulalas ladagae 98.8 nlodidua) uaznuns@y PVA
sanuudls Amaranth dawaldauianiana (AIAUMULTIAWIAMIND 44.8 MPa UazAINITEA 01 919
P

1T o J I Ald aX A = v oA A Y = [ " Y =
N 84.4 L‘]J?JSL“H‘L!G]) maaﬂammummlﬁ*ﬂumﬂmm\lawmzﬂa Amaranth INYIDYIUAYD (ANATUNTULLTIAY

1w ' 1w <
VIANINY 5.8 MPa Lmzmmiﬁﬂ U AVIA NIND 13.8 Lﬂaiﬁﬁuﬁ)

Q

= =~ a o A o 1
Rao HazANE (2010) AnEIMseseudaunlalawiu (CH) tag Guar gum (GG) NeAs1aIuU

' v Yy v & 1 = s Z & A ~ ' a ' ¥ wa ¥
a199 Tagly GG aNnuUnIUAILa 0 99 50 tesisua (Usuas/lsuias) wunmsay GG dewalvauianiu

J ald A ~ 1 [ 1 = 1 %} v 1T Jd a
anuTsalaveslduiinsnlasuuilas ua ludananemsduriiuvea loriruunuidy uagmsdy GG anw
- 4 1 ] 1 a ] " ad A ] 1

WA 15 nesidud (Suiesalznes) dawaliainmsduriuvetesndnusauuHulauiamanad ualiais

£y = A X
ATUNTULIIAIVIALNUUY



21

Trinetta HAZAMY (2011) ANHIFUIAYDINAY Pullulan NUMIHANVDIAT 4 ¥iiA AD Pullulan
(Pul), Glycerin (Gly), Xanthan gum (Xa) 11@% Locust bean gum (Lb) NANMTNYUAII) WUIANMYUTUN
Y v
iz anlumsiug sy Pullulan innfiga Ao Pul 1Ay 100 nFUADAAT Gly 1N1AY 10 NTUADAAT Xa 1NN

[ 1

a 1w o 1A 1 U 1 o a d
1 NSUADAAT Lag Lb 1Ny 1 nSuAAAT 1Agn1SHANITEHIN Pul lag Gly dINanoaNAveINal Pullulan

E4
4 & o =

2 < ' ! 4 o A &
ﬂﬂﬁlu@ﬂ‘ﬂ']ﬂﬂ']ﬁﬁ%ﬁﬂwu‘ﬁz HULIITENIN Pul-Gly Uag Xa-Gly “?\'1W?ﬂ%"lﬂﬂ']iﬁﬂ‘]&l']ﬁﬁ"lﬂ"lﬁﬂll']‘l’\lﬁu Pullulan

[

Twaidluussasaaidmduens 18

Q

. = a wAa a| Y 1y o (% = ]
Chinnma tazaae (2012) AnwimMsnaauazauiavesay Iaensnauuilaiudrdzvaaz Jusauanon
(M99 (SPC) NN UNALEDTOANANUANTUAII] WUIIMNIAY SPC LAZNALEDITOANNNANTY 30 1ay 20

S 3 4 o W 1 Y ~ ad = [ ad dé’ dyq.l 1 1
odiFua muaay dawalnanumterveslavanas Tuazdnyuzlsnguesiaudyu yenanldiainane

A a| d ] ] [} ] ] 4
aufannaveilay e MATUNIULTIAINIG ANBYEanUTANYY (Elastic modulus) 1tazAINIToALIDYIA

a| d A 4’3 d' 1 = [ % ] " ad A
vosWlauwnuy vuznaNnuamsalunmsazay L!ﬁgﬂWﬂ'lfiG]ﬁJW'IIJG]JENVI,E]‘HWWWULLWHV\I@NN?\W@@@Q

Rachtanapun LAY (2012) ANMIAMSIATENNAY Carboxymethyl cellulose (CMC,) AefA1N
A a Y aaa . ] 2 sa Y Y
nldennisoudellfinien Carboxymethylation Iagldmsazarelamaey laason lesananududuaies (20-60

v A aa 1A o { a Y { o 9 4 Y 9
n3uAe 100 Haaans) nunay cMC, inaa ldanuldenySeunanaaie Tmaoy laason laannududu 30

=)

1 a Aaa S 1 | g
AU 100 UAAAAT UAIRIUNIULTIAIVIA (140.77 MPa) tazlia1n1sFumiuyedlon (220.85 g/day m’)

J 1 o

gaga daummsdaauiioia e luuananuediaisdiny

a 1 ad
2.2 I5msvuguruilan

ax v o Y

é’ 1o Jd a =) o Y ds@’ a Aq9 ~
ﬂTiGU‘L!E“]JLLW‘L!V‘IﬁiﬁnﬂW@ﬁm@iﬂﬂﬂ1Wﬁ1iﬂiﬂ‘I/nvl@“riiﬂﬂ TUU ’]J'JGIQWU‘VIGI,% LUAZHBDIUNIT
Aaa 4 Yy o 2 < a a Y a a d ]
araugurginmanzan e lddan luayuglisuiull daziuivesildauzaguse nazuandte (Banker,

ay dsf A Ao w = da/
1966) AM3vugUdauRd 1Ay el
2.2.1 msvugilaglidainazare (Solvent casting)

o q ¥Ya "o ° a s A A 9 Y o qU 9
mimﬂmﬂmmuwauTﬂﬂmsmmiaza”|ﬂwaammmmﬂumaﬂmmummm uamﬂmm

9 9 a d a =) A Y A o 1 1 1 %’ 4 d% [ a
ANYANIDU Wauwaammmmwﬂmzuaﬂymﬂﬂimm uazmuiwmzazmﬂuﬂﬂ ("IJME’JQﬂ‘]JGIfuﬂ"IJ’EN

'
%,‘9} A LY

a =) = A a d ) 9 [ a| d ] A v
NOALNDIVININ) a”|ﬂ3JmsmaauWawmmﬂmsmJamJmiumumsﬂsuﬂ;mmmwwau Y NITINAdUNY

§ A wa o . y P} )
ae' sl weauauia lumsdesnumssuriuue it 1Ay (Zhong and Li, 2011)

Rao tazane (2010) wiienuidulaTasy (CH) Wauiy Guar gum (GG) Noas1ama1ae) dals

Y
a ' ar d aa ' v
matiamamvaennasazarglumsiugiay Taewsouaisazars CH Tunsaezdananududuminy 1



22

P ~ I g . y
wosikua (1511035/150105) nazwsenalsazats GG lagazals GG 1uinau MNUUIIEITaLa1eNIad D9
v Ao J =y I ad A Yy = 1 a
NauAUNBRT I 8.5:1.5 (TadSu1a9) uazmasluman Teflon wu Waun IanaMsFuFIUVIDDAT Y

° = A Al ¢ Aa
M wazlguUanenaveslaung

Rachtanapun HagaMe (2012) wTeudy Carboxymethyl cellulose (CMC,) Panavnlaen

=

NisouUR81[N301 Carboxymethylation TaelFa15azats NaOH Ainnududuaise seldmatanmsmvasan

2 ~ < a 34 Y o v y A
a1sazarglunisyugiian wssuasazars cMc, Tagazars CMC, Tunau udnihunlnanuioun

=

a I zgzl.l o o < a
auvnil 80 eerusaFed 11ua1 10 1A mnvuihuh ldiduneuvai 25 esrusaded udunaisazaly

Q G Q Y

a Jd 1 a Jd { [ [ 1 Aa aa
Waw cMC, aaluman Cellulose acetate WUNHEW CMC, Nanag1e NaOH Anuidiudu 30 nsuaeiaaans i

1 =S 1 1 % 1 1 a\f 1 1
AMFIUNULTIRIA (140.77 MPa) waz a3 EuEuYee lothE LRy (220.85 g/day.mz) qIga aaun

v v

A o A =l v 1 [ 1 = 9
ﬂﬁﬂﬂGI'JLiJﬂsll'lﬂiJﬂ'lvlﬂJLMﬂﬁNﬂu’GEJNiJuﬂﬁ?ﬂﬂl

]

222 m3vuzflagnszuIUMIMInuFou (Thermal process)

a o & 1 a [
Cunningham tazaAe (2000) w3 suAanTUsAudunaesinaundesoa lagldnaiianissa

a =

Y v ' Hq v X ald A v A o
[UI39U NUN ﬁmazmmzﬁwﬂlﬁﬂumsmugﬂﬂau A9 NTINADANYUYNY 150 DIFNLFALTYT ATNUAU 10 MPa

@

a 1

< ~ a & A a o Y} A A
L‘ﬂunm 2 UIN TﬂSGIuflﬂmafNLﬂﬂm'iﬁa1EJGIWINﬂJW’i@uVIqm‘HﬂNﬁQﬂN 180 DA ALY (Ogale et al.,

U U

=

Y Y
2000) an1gmsvugdainanawnsadunlFlumsyusdunuildnTsdulo TaannnndIdsunu Taonui

a

= I a o o A I J =
T‘ﬂi@]umﬂl’JfJLﬂﬂﬂﬁﬁﬁWEJGI’JGL‘Llﬁﬂnz‘miﬂﬂ@ﬂ%ﬂmﬁﬂngﬂlﬂul’mTL!TLlﬂ’N 2 UM

q U

J

1 1A 4 a ? 2
Sothornvit uasamue (2003) ﬁ']fJQ']U'JWLLNU’V\Iﬁ?JTTJﬁaUL’JEJ CRTRIRIIRY

=h.

a s A o J 3 4 H v y d‘éj ) a (% Y A
Wﬁ”lﬁ@]ll‘ﬂﬂ"“lfﬂﬁ (n3zav 30, 40 1ag 50 L‘IJ’OﬁL“Hu@]ﬂl@ﬁuTWuﬂﬁ’JuWﬁﬂJﬂﬁﬁﬂJﬂ) ‘nmugﬂmamﬂuﬂmiaﬂmm

v
=~ [

v <3 ' o A 1T aJd 2 A A I a 4
aﬂymmlfumﬂiwuazUlmxawuﬂuﬁumgmmm\lanTﬂmummMﬂalﬁmiamﬂuwmﬁmulmmai (nsgau 30, 40

Y
= @

s 2 o ¥ @ g ~ A ' 3 s
uag 50 Lﬂ@il%u@lﬂlﬂdu1WUﬂﬁ’JuWi’fll“l/N'HiJﬂ) NANIATTY U Iﬂﬂﬂﬂ?ﬂﬁ?ﬂ?iﬂiuﬂ1iﬁgﬁa1EJuVUENW’ﬁiJﬂJuﬂ

H Y
ganginlslumsiugidy

a d ar d A @
Sothornvit 118 Songtip (2012) ta3suauuileninndrenazHauudlsninndlrefrmumsaans

=~

A a 9 a o Y Y v A a a I3 A Y qU
NNTUNALBDIOA Iﬂﬂi"‘lﬂ‘ﬂﬂuﬂﬂ'ﬁ@@lﬂ'ﬁ@u ﬂﬂﬂﬂﬂﬂmﬂﬂvﬂ 105 93AUY ALY Lﬂunm 4 UIN LLﬁ'JTI’iﬂT]lI

E]
= 1

o < ar d 9 Y A [ = ¥ 1V o
AU 5 MPa Lﬂunm 3 UIMN WU'JT’V\Iﬁ1]llf]J\?’1]'lﬂﬂa'JEW]W’]uﬂ’lﬁ@@LHJ3Mﬂ'J’Illﬁ’lll’lﬁﬂﬁluﬂ'ﬁagﬁ']flu']f;f\iﬂﬂ']wﬁll

As 19 =

lL“ﬂ\WWﬂﬂé}’JEJ Tuve NTAIAUNIULTIAIAAINI



23

U

2.3 auiiamfveslanne e STINMN

o

A Aa aa ¢
2.3.1 anvamanddalana

. = 3’, 1 a 9 g‘; a ~ 1 I
2.3.1.1 A2MUY U (Thickness) ®N1YD FLYZTAININTTHINAINTINIdDIveIlan Urvleilu

o Y = 3

Aa A a d 1 J o wn A 1
vllliﬂilll@]i w%uaamm ANUHUIVOIN AN T T IUTUNUS Uﬁ’lmﬁﬁu (YU msﬁ’mmummwm BATINIG

=< ' 2 g 9
“IﬁJW']uGUfJ\‘]llfJHW 1uau

o = 1 1 .. A a 2 A=
2.3.1.2 amwmwumu‘lam (Water vapor transmission rate) A® ﬂium"l@um«mmumﬂ
[l Y
=2 Y = A a

a Y v A 1 & 1 Aa o d A o 9 A
mﬁm”hJmmaﬂmuwumaﬁuwmawuwmwaucluixﬂzgaammwuﬂ u,azmaﬁlmmazwmuquqmmu

U

Y
o o A A

I o ] I o @
Llagﬂﬁ']il%uﬁﬂw%‘ﬁ Nrieduhminmunxna

d' o [ = ] g = [ 1 [ 1 9 a d
mammmammﬁwmumm"lamgﬂ‘%smmﬂummamqmmﬂu”lamaumazmummwan
= 1 té‘l d' o 1 g a J d‘ ] a| d = 1 gl
13YNATUIT Water vapor permeance HazieMUIUMHUVDINAUNNATDURNIUANNHUIVOINAN (TINA1N

Water vapor permeability #30A10a@ 13150 1un13duruved 19101 (Guilbert, 1986)

o = 1 [ .. A D ¢y A = ' a 9 o
2.3.1.3 9AT 1M ITFUNIUNIY (Gas transmission rate) AD YSunavesmaiduriunnamii 1l

1 k4
=2 1 1 =}

= 9 Aa oo A o 9 ' v A I 3
jﬂﬂﬁuqﬁuﬂﬂﬂwuﬁﬂwuﬂW?V‘Iauﬂl’uizﬂgnaqﬂﬂ'lwuﬂ llazﬂ’]ﬂiﬁﬂaﬁ’mm@ﬂﬂﬂ’]uﬂu N‘Viuﬁﬂlﬂu ﬂ%iﬂﬂﬁ/

=)D

ke

~ o A= YA o w @ a 1 o s @ 3 Y =
UHNXLIAN Tﬂﬂﬂ?%ﬂ%uﬂ?uqﬂﬂﬁWﬂﬂJ LU NIEDONBLIAU ﬂ?clfﬂ'liﬂﬂuulﬂﬂﬂﬂulcﬁﬂ ﬂ?clfhlUI@ﬁﬁ]‘Ll Lﬂumu BN

Y H ]
L= 9 (% [ a 1 9 A

{ aaa a o o a o =
']G]ﬂwa']‘HLﬁﬂjﬂl’ﬂ\‘]ﬂﬂﬂﬁi'lﬂ'ﬁlﬂﬂﬂgﬂiﬂ']’f]’f]ﬂ‘;]ﬂ@"]fu Lla$ﬂ§]51ﬂ1iﬂ1ﬂﬁlﬂﬂlﬂqwa@ﬂmm%ﬁﬂwn LUASIND

Q

Ds =

=2 1

o o (9 ' a1 { = J i
ﬂWU?mWW@ﬁi'lﬂ'liG]ﬁJW'llﬁl@\?ﬂ'l‘ﬁfWWUﬂ'Nll'ﬂuWﬂlﬂﬁwﬁhﬁi%ﬂ@ﬁﬂﬂ 138071 Gas  permeability ‘Vid‘i!"f]

= ] 2] ] a J .
ANV TUMIFURIUVOIMBHIUT A (Guilbert, 1986)

a s . A o A o a o v
2.3.1.4 msaza1eueaan (Water solubility) A9 n15A1IMUaSIBUALIMUNVRIW UL
[ o %I I < ~ @ aol v ad A 9 1 o
nawni llazarainiuma 24 ¥17u4 TasnfSsumeudmitmindus uduneuriinisazais (Gontard et

al., 1992)
2.3.2 anyaniena

. L
232.1 ANUMUNIUUTIAIIA (Tensile strength) D ANMAUNA 1T IumsAsldunaretiala

D) & o A Ao v ~ VN2 & v A o A

Tanilavearuilaunnageuiinnua e awunuilduivviameldannzmsnaaeuimyua Iniioe

I A o 1 a a 4 1 1 =1 o 9 9 =

Ay Tduaemaauas madunaiad lsaesasllulasersavielinarm ianudumuussfeaviaanas

omeunuaun luldidunwarad a3 (Guilbert, 1986)



24

A o . Ay Ao o A Y} = 1
2.3.2.2 M3gan (Elongation) ND i@ﬂagﬂlﬂxﬁg837]1\1141"Iﬁﬂgﬂ8ﬂ@ﬂﬂﬂ?ﬂllﬁ\iﬂ\?ﬁ]lﬂﬂﬂﬂ@ﬂ??ﬂ
a I A a Y A d A @ 1A [l Aa a Jd o Y <3
g11a Y mmm&@mmﬂauu@ﬂ V‘IaiJiJaﬂ‘Hﬂ!%HJﬁW% lliJfJWViﬁJ.u ﬂ']ﬁmiJWﬁ']ﬁﬁul“lflclf@5‘1/]11‘1’?’?]'3']%!.&5[]\‘]!,!,5\‘]6[]@\‘]

@ U ] [ 9 1 a 14 A ~ 9 da!
WuszszrInae g luanaanas uadsra ldae Tswedmosnaoui launiu
Al d . .
3. waad lawiwes (Plasticizer)
wA Al d
3.1 anvarazdszanveananad lyiaes

a 4 a = A F) [ a S Y A
Wﬁ?ﬁ@]ul“mﬁ]iﬂi MuUIINVeN IUPAC U180 ﬁ"lﬁVlL‘U"lll‘]Ji’JiJ UWDALUDILUAIBIYLWUAIY

o A 9

1 o 1 J wa a IA o < 4 @
DDUA mmmwuﬁ@mﬂ%}ﬂm L!,axmiﬁﬂm ﬁuummwmﬁﬂmmaiﬁmﬂm o ﬁﬂﬁﬁ?ulﬂu!ﬁﬂlﬁﬂ?ﬂ‘UW@

9

a o’A:; Y o A d = 1 gJ/ 9 =R o = A % o A:;
awesnlgmaau Tﬂﬂillliﬂi%ﬁ’)']\ﬂilmQﬁ‘l/]\‘]ﬁ'@\‘]ﬂa']ﬂﬂa\‘]ﬂu HIAUADAFI TSNYYIN azareludrhazaien

Y ]
1148 wonaniinlsez 1id naw sa ludluiy vazlida W wanad laaeeramaiaIdilu 2 Uszianlvag

[

N

=le

4
o 53 o

a s . < A c Y
1. Wﬁ”lﬁ@]hlcm"”lfﬂiﬂ"lﬂuﬂﬂ (External plaStlclzer) LﬂuﬁWiV]NUWWUﬂTNLaﬂaWW ﬁgmﬂllﬂmﬂ

q

an U

o Y o a 1) YA @ 1 1 o Y o
ﬁ'nﬂiﬂWﬁ'iJS’JNGI’JLGIJWﬂUW@aLM’E)iulﬂﬂ Tﬂﬂﬂzlmiﬂ@]’Jiz‘Vi’JNﬁ?ﬂT"IﬂTM’df]"d ﬂ?iﬁ@ﬂ@]iﬂiﬂ?izﬁ%?ﬁjﬂlaf}a

a 4 ' a IR A Ay Y d%J .
YOINDAMDI AT A8 TsnodmeTundoui ladrau (Pommet et al., 2005; Sothornvit and Krochta, 2005)

a 4 .. I { a y o Y A g 1 1
2. wanad laesn1elu (Internal plasticizer) Huansituas liornihnduaisiwyielu

a a Jd o Y a A Y = a 4 .
NITNANDAINDT ‘Vlﬂ‘mﬂﬂﬂﬁlﬂﬁﬂuuﬂﬁxﬂﬂ‘i\iﬁ‘iNﬂNLﬂiJeU’ENW’E]miJﬂi (Guilbert et al., 1996)

a al d
3.2 wmmwmaﬂ"lmwm

[ ~

@ [ a SAq Yo a d a =) Y 1
m@mwmwmﬁﬁulmmeiﬂ% minmmm\lauwaameﬂmm U]J@U,ﬂ

= ] A 1

a A a a < I v J g & = =S
3.2.1 Woaeoa (Polyols) 1139 W@aqaﬂiﬂllﬂﬁﬂ@ﬁﬂﬁ nJumgwugsummmaﬂmuwgﬂimum@wyjuaaﬂ

4 A 9 1 a a = A 1 = 9 YR ] v 1
"laﬂgmmuﬂmwuﬂam@ﬂ%a NOADDANTUUAAINUADTITIAN Llfﬂ$ﬂ313J'ifJuUlﬂﬂﬁNthﬁﬁ18J@’N”lﬂ EERER

o & X gy
ARG INUANNYU Lmzasmﬂuﬂﬂ

a a a { 1 [ a
Arvanitoyannis  LtazAe (1998) iuneaseandluilaunwsensinlalasusiunueaiau

1 a ] a d A A 1
NuINedeearIvannNNzvesildutasinaNta lumsdumunsede wazanvauso lumsFuniy

Y
vod lorhuazma'la

a a a Jd J a a ]
Wu uagae (2010) wuneanoaluilau polyvinyl alcohol (PVA) WU NTINNDADDALIY
A A o < a7 o Y wa Y =
MNANNEINITa luMsTaaas ALY IvoIiay PVA Tuvazndgawa lRauyansAmUNIuLIIAUIAveY

du PVA anaq



25

=\ I a A 14 =\ = = 90’ o =\
3.2.2 naaIoa (Glycerol) WunedeoanuMsuoU 3 9znan ygeasiay C,HO, uumuﬂimaqa 92 U

wa g A A I o o a A Y W Yy zil
guinmiuvouralnuanuria HJ1!ﬁ’J“I/I1@18@118@1!71387]1!1%1!&'1%13@636181@@W@ﬁuﬂ’35 ANANITUTUIN

9 = I a S A 9 A = ard a =)
’éﬂﬂ'lﬁulﬂ‘]hl.lﬂa"lﬁ ﬂﬁl“ﬁﬂﬁ@ﬁlﬂuWﬁWﬁﬁhl%LW@ﬁﬂuﬂiJiﬂfﬁJWﬂﬂq@iuﬂWimifﬁJwﬁiJ’ﬂWﬂWfJaLlJ’f)ﬁslﬂﬂ'lW

a = o A a 4 '
Tong HazAL (2008) ANNALF050a IUNAUMATENIINNORINOTHANTZTII Pullulan,
1 a a o 2 1 (%
Alginate i8¢ Carboxymethycellulose wmwmimuﬂﬁwaﬁeaaﬂmiﬁ’mmmmﬁwmmmﬂau LWiJﬂ']ﬂTigﬂﬂ’J

v ' ¥ 1 A ¥ a
U AvIA aﬂmmmmmiumi‘i’jmﬂumi@nwmmm%m LW]LW?Jﬂ’NlIﬁnJWiﬂGIUﬂ15ﬁ$a181“‘1]9\31/\"@%

. . a a ad A A s Ay 1A
Piermaria Hasaae (2009) wunayosealulauNeIendn Kefiran WU Wmm"lm

~ = < A 1 v A 1 . 1 Y =
ﬂal“lfﬂi’ilaNﬂﬂHm$Lﬂ51$LLa$LHN IﬂﬂﬂJﬂ'lllE)E]aﬁﬂﬂ‘Viqu (Elastic modulus) uazmmsmumuuimwmqq
~ A A S a a o q Y1 A o 1 P} A ' Y A v A
uaznmnﬂaﬂugﬂuuuquum ﬂ'lil,@lllﬂmclf’ﬂﬁﬁlaV]Wiﬁﬂ'lﬂ'lﬁﬂﬂ@?’gﬂsllu uaﬂwmmquuiﬂammﬂu‘vxlau

a Jd o 4
NNDANDITIUATIEU

a a| d 4 1 a
Ghasemlou tagae (2011) ANNAE0T0a IUNaNNATINDN Kefiran WUIMISIANNAIBOTOA
o q Y & ANy = 6 R A1 o 1 NI o P
M 1AWaun Kefiran A8 1UNIULTIA9V1AA1 BIUAIGINNWANTUATIZH 15U LDPE, Polyester 1ta¢ Cellophane
1 Yy o = A o A ds!édl " W d
uaeara IR an Kefiran UAINTEAAULDVIAGITY FINAIGIN AN UATIZH 19U Polyester 118 Cellophane

dy a = 1 Y = v %’ a o = A 43!
uaﬂmﬂumimuﬂm%aiaachwa1Wﬂ1ﬂ15muw1u”lau1manau Kefiran UAWNNUYY

Aa = Al A a Y v A 1 o '
Matta iagame (2011) L@Nﬂﬁl%ﬂﬁ@ﬂ1UWﬁﬂﬂlﬁiﬂN‘ﬂ']ﬂ!tﬂﬂﬂ'llﬂlﬂ'ﬁ')llﬂﬂ Xanthan gum WL
a = o 9 a = a o 1 [ A a o A o 9
ﬂTimiJﬂﬁL“If@i@ﬁ‘Vﬂﬂlﬁﬂ’ﬂiJfﬁlﬂiﬂﬂluﬂ?ilﬂﬂWﬁﬂﬂJ@\W\lﬁNﬁﬂﬁ\‘] tazaInanoaNlaANIINaveINay Ao ‘Vnﬂlﬁ

ad 20 9 = = A o A ag
WaudmMuUmMuLsIaIvInanad HANAINITYAAUNDUIAGIVY

v

4

J A . 3 a S A 3 @
323 495UNDA (Sorbitol) tunofooanla1suou 6 0zaol U']TTUﬂIlILﬂQﬁ 182

7 a Z 9 ya Ay YA A 5 g ? o Ay a A qu Y 9 ¢
‘ﬂf@ﬁﬂﬂ@ﬁﬁgﬁTﬂu'lulﬂﬂ miaszmhlﬂummwuﬂm Lﬂuﬁ’]ﬁﬁgﬁTﬂu'llluﬂthﬂ LiJf’JGLGI)'ﬂ'J']NHﬁJGIJH"U@Q%f’Jﬁ

A = P o X o A ' Ao v
1Unoa 30 94 60 1lo5iFua ﬁ'liﬂﬁﬂﬁﬂH']ﬂ'J'UJGIf‘HL!ﬁZﬂQﬁﬂymgﬂ]@\i‘ﬂﬁ'lllﬂﬂﬁquﬂl@ﬁ‘l/\lﬁll"l'ﬁﬂ

A = 4

a 4 a a 1
Ryu utagaue (2002) ﬁﬂi&l’]ﬂﬁm@ﬁwa']ﬁ@“l“mcﬁaﬁ 2 ¥UA AD NALYDIDA LATHEDIUNDA MO
A ar s 9y . o = ' Yo A X A 9y 9 =
mJ‘UGIﬂJ’fN‘V\ImeﬂLuJQ High-amylose corn Wll:]’]ﬂ’]ﬂ’]ﬁcﬁllW’]ullﬂUTNﬂTLWNﬂ]uLN@ﬂfJTNLmNmum@Qﬂal"]f@i@a
7 a 2 2 A ) Y Y A ) o =< ] Y A d A a A Ao
UAZEDTUNDAINUYU HANTSAUANUIVNVULIRASINU W’]_l’ﬂﬂqﬂwi"])'llW"Iu"l@u"IGlJ?JQV\Iﬁﬂﬂl@]u%@ﬁﬂﬂ@ﬁuﬂ’]ﬁnl
v = = 1 = v %} A J A a a 14 g’; a 1 1 -9 -9

NINNALEDIDA G]f\?ﬂ']ﬂ']icﬁﬂw']uul’f]u'lmﬂqwaﬂT]LﬁMwa']ﬁﬁllcﬁl,c]f@iﬂﬁﬁﬂﬁ%u@@giu%jq 11.7x10 -14.7x10  g/m

s Pa

a 4 a da
Srinivasa tagaue (2007) ﬁﬂHWNﬁﬂlﬂﬁWﬁWﬁﬁqcﬁlcﬁ@i 3 ¥UA ﬁf] ﬂalﬁ]ﬂﬂi’ﬂﬁ FOIUNDA LS
a ag v A a d 1 1 = 1 %’ a o = A a
W’E]ﬁ!’é)‘ﬁaullﬂﬁﬂﬁ)ﬁ Glﬂﬁhﬂ@]%@dﬂﬁuulﬂiﬁ%1u W‘U’Zﬂﬂ1ﬂ1i“]fllw1uhlf]‘tﬂ"l]@QWﬁuqﬂiﬁ%1uuﬂ1ﬂﬂﬂﬂmﬁ)mn

= a0 =< v H a o 2 dy A a Ja a an dy
NALEDIDA I,LGIIIﬂ'lﬂ'liclﬂlN'luul,’é]u'l"ll@\?%lﬁMLWNGUHLN@WIN%@'B'UTI@Q Lm%W@al@ﬁﬁuulﬂﬁﬂﬂﬁ UBNITNUNIT



26

a a 4 g’/ a 1 Y9 = a o [ A o A ad A
LﬂuWﬁWﬁ@lul‘iflclfaﬁﬂ\i 3 UM ?NWﬁiﬂ?ﬂ@]WHWWULLiQﬂQﬂIWQﬂIGQV‘IﬁNﬁﬂﬁQ UAAINITEAN AUUOVIAVDINANUA
LA X
INUUU
. =2 a 4 a A = I A
Ehivet agame (2011) ﬁﬂHTWﬁﬂlﬂﬂWﬁ?ﬁ@]qﬁm"Bﬂﬁ 4 YUA AND "!ﬂﬂﬁﬁ NALYEDIVA FOITUNDAQ
a a ' ua a d @ 1 a I a a o @ 1 I o
mewama‘ﬁau'lﬂaﬂaa ﬂaﬁuummwhmﬁjmumﬁ W‘U'J']ﬂTiLﬂﬂ“ﬁﬂi‘ﬂ‘ﬂ@aiuwaﬂL!.%IJQNUWIWENWaiﬁjwaﬂﬁ
waa A A x g = 1 A o A < 3 NS Ao

FUUAANTA AD UAIATUNIULIIAIVIA ATNITIANIUNBDUIA uazmwumu%uwawhuuié]umﬂU 7.96 MPa,

s 3 4 o w A =1 % a S a A
77.92 WU 1ag 0.212 g/ms Pa muaay ilenfFouieununarad ysessiaoug
d a dJ a Aafd
4. nslvlszlavviveudnlsneausan lsalumsnanila

o o I a P a 4 9 rd [ 9
JogtiulinisiudnTawedusani lsannaa Tasgauniduldlse Tomiodranduaelu
v ] < 9 o a a J 9 o
QATINNTTUAINE) IFU QAT IHNTTNYT RAdIMNTTNe11T ITudY TasiuonTewedusan lsaulfiudaga

FUNFINW tazsiraae 15 udu (Bender e al., 1994: Lee et al., 1997: Sutherland, 1998)

18ﬂM‘waELL«vﬂﬂﬂsﬁﬁﬁ1m1%’1uqﬂﬁmﬂﬁﬁu Taun BN FUNTY (Dextran),  UHFULNY
(Xanthan), B auau (Gellan), Waguau (Pullulan), ﬂguﬂumnﬁﬁﬁ (Yeast glucan) HAZoaUUANNULANIGT Y
(Bacterial alginate) (De Vuyst and Degeest, 1999) ums ﬁnwmmuﬁwa alag Xan. campestris (Garciagaribay and
Marshall, 1991) tazinauauiingn 1ag Pseu. elodea 1Auatluemsiitotsuladnyauzlsingvesemnsvans

¥a (Matsukawa and Watanable, 2007)

. . G ar d = < a sa a
Peirmaria  1102AMY (2009) 95U Aw1n Kefiran  Fuilwdnlawoduzani lsannaanin
a J J 1 I ad ! g ' o 1A o
90UN30 U Kefir grain WU Kefiran @1130vugihiluilan ldnanudududasua 589 10 nudon Tansu uaz
J 3 a d { 1w @ 1 Aa @ ad ' {
wuMsvulanTag1d Kefiran Nanmdudumin 10 nfuden laniu awnsoasnilaneenainnilddienga

a

a Jd o 2 o
Waw Kefiran amnsnazateninla lasanuaunsalumsazaeyunugumgil

U

o < a A A
Freitas (/aZANE (2009) ANHIAAHULUYDUDIN TEWOAUTAA LIANWAAIIN Psew. oleovorans
9 = I 1 I'4 1 < a S~ Y I
NRRL B-14682 Tagldndtsesoailuurasniivou wuluon lsnaausaairlsan lannian Taaiilu
< v A :g @ A 1w 6 =® 6 =] a Ju A v o 4
panilsznounan Hiviin Tuanamaminy 1x10° 09 5x10° waznuauon Isweausan lsagalauiari i

a a

' 4
maswadunayeunsovugiiiuiley (hidunarad lssed)1d

~ S =] a J A a
Alves U A (2011) wssuNauen Tenoauyani 1sa (EPS) NWANIN Pseu. oleovorans
' 1 a g a d { A o ! 1 1 g X
NRRLB-14682 w131 EPS eransavugianld Taefldau Eps nldtidnvmz Ti)sala luaeslinnudangu il
A A A o A z': A [ Any d A = ] % = = ]
iesnniainstadulioniad tazlinwegaage Tuvazidulimmsduriulotgs ualinmsdudu

9 P o
voamaasuou laoan laad



27

=1 a wa ar d =2 & < a
Ghasemlou Lazame (2011) ﬁﬂ]sl']ﬂ’lﬁwa@lllagﬁuﬂﬂell@qwau Kefiran Gﬁﬂlﬂul@ﬂi“ﬁwaallcﬁﬂﬂq
s a Aa A . ' ) A o A A a s a ' 9
"liﬂﬂwaﬂmﬂﬂqauﬂiﬂalu Kefir grain 3'33Jﬂﬂwa']ﬁ§]11“]ﬂ“ﬁaﬁ 2 ¥UA AD NALYDTIDA LLASHDITUNDA W‘U’J’]ﬂﬁlﬁﬂl%
= 2 a Jq ¥ wa ad a0 A A A ) = v ]
ﬂalcﬁﬂﬁﬂalﬂuwaWﬁﬂq“ﬁleﬁﬂﬁiﬁﬁuﬂﬂﬂl@\iwaNﬂﬂj']clfﬂﬁﬂclﬂ@a UAZIUDINUANUVNUVUUDINALEDIDA ﬁ\iwach’i

ad A A ] A = ' g dy =19 =3
Wauummawqu uazummwumu‘lamqwu UAUATINTUNTIULINAIVIN AN

=2 L2 =2

. . a a d I~ I~ Aa
Piermaria Hagame (2011) Anwiauaveenay Kefiran %1 won lsnwoa

1 [

s a a A . a J a A 1
Lmﬂm"lsﬂwwamm@aumaiu Kefir grain saununaad lesiyes 2 vila Ao Uiaa (ﬂQIﬂﬁ’,

a Jda J a a Jd 1 v
nwan Iaa uazg Iad) Laznodooa (NALwI0A HAZFDIINDA) NUNMIANNAIAA lanaoidana I auiAves

?\Ie’ ddﬁl =

A ~ v o d =) a a J A v < X o A~
ammummiﬁﬂumauﬂm\hm MllﬂﬁLmJWEﬂﬁG]vl“m%’ﬂi (uaﬂymmﬂiwuamm) FaWau Kefian NANIS

'
o A

a I a sq Y = [ % H Aa o A A a = I
L@Mﬂ@jTﬂﬁlﬂuWﬁ’lﬁQVlcﬁlcﬁﬂiiﬁﬂWﬂ’lﬁG]ﬂJWTLlVlE]‘Ll'WI ‘qu@] Gluﬁumz‘ﬂ‘vian Kefian ﬂuﬂWiLﬁNﬂal%ﬁ]i@ﬁlﬂuWﬁ’l

a sq Y LV aa
ﬁ@lvlcﬂlc]f@iclﬂﬁuﬂﬁﬂ%‘iﬂﬁﬂﬂﬁﬂ

a

v o a { EY a 1Y o ] a| d Y o a {1 9 = [
Jagiiuingaun s lunmswaaussyiust wu Hau l9ingaundesaas ldeniedewansznu

Q

A ¥ % o ' Y v & a P

apduadon ¥uludymingfdiwaneniig Tanfoululgiiv onTeweduwani lsasuiludnniuden
& a @ I A @ A ' Y = .

il lumsrdaussydusInIm Aaunsosulsemuuaz /Miodoeaats 1An19HIN W (Garcia er al., 1998:

Sorrentino et al., 2007)
\ =S
5. MU UTYUDIDITINT

= = ~ =\ = a é’ 3’/ = o Y
NITIUUTYUDIDIYT AD f’nﬁ‘1/]@114Willfﬂi!,‘ﬂaEJL!LHJaQLﬂWUL!‘VN‘1/INLﬂ§JLLa$‘VINﬂWEJIﬂW‘VIﬂTT

a a

a A [ dy v o A A a J 1A A
DIMITUNAU TAVIN o Lmzaﬂymzmaﬁmﬁmﬂaﬂuuﬂaﬂﬂ (iﬁfﬂ JUalAIHg, 2540) MIIUUTINTDINIG
A a9 o Y T A 1 A A = %’
DUANINUDIDINITUAIYNU 3 LUY llmm (1) MIUUTINWNMYNNW 1FU NITHYIUUDINNNITFULTIU NI
H ) = ] a aAan a Q a aAan a
G]ﬂGU’ENWﬁulfI} 2) ﬂTil,uH’(?fEJ‘l/]NlﬂidJ YU ﬂ?ilﬂﬂﬂaﬂiﬂﬁ)'ﬁ)ﬂ“]ﬂﬂ%u (Oxidation) ma:m@ﬂgnsmmnm

] o [ =Y a A J
(Browning reaction) N15898a Q1801403 (Autolysis) LA (3) migmmaiﬂaﬂauma T

a A I [ v o § ~ & a J a a
i]ﬁ‘u‘ﬂiElllﬂ’Nllﬁlﬂ/\lu‘ﬁﬂ’U’E]TI’iﬁlﬁ’E]iJﬂﬁﬂulﬂ’ﬂuhﬂu’ﬂﬂ’iﬁ i}ﬁuﬁ%ﬂﬂ%‘i%uﬂﬁ1m1iﬂﬁ]iﬂg

A J o

¥
1&luemsvsoveria luaunsonsy ldualime msdudlouvesnaunismliemsnindonazinalsn

a a =

< I A [ ' dy Yy 1 ) dy =~ J a a
@1W13Lﬂu‘W‘H AUNTY numummﬂm’m"lmm UUANLTY 1¥DTT LLasyda (M‘Hﬂi AINYIA, 2547) 91113

q

1 v dy v ] a A =) 9 A A a 9 @ ]
ﬂi%lﬂ‘ﬂ@nﬂc] WU DIUTITNTLA LUDTE AN lrl,"lJ Hy ﬁ'lll'lifll,ﬂﬂﬂ'liLﬁﬁ)lll,ﬁﬁlhlﬂﬂTﬂllﬂﬂﬂliﬂﬂa'lﬂ%uﬂﬂ?ﬂﬂu LU
Pseudomonas, Achromobacter, Flavobacterium, Vibrio, Salmonella, Staphylococcus, Corynebacterium,

] ¥
o 9 a = vy ~ v
Escherichia, Micrococcus W& Streptococcus Wﬂuazwa'lnmmmmﬂﬂmﬁamaﬂ'lﬂmmmﬂwﬁmmm%ﬂ LYY

Erwinia, Bacillus, Escherichia, Botrytis Wag Penicillium 0113n3zilosdrulvapininanisi@ondsnn

v
=3 =

2 3 = =t a a P ~ a0 a = < 3 a 4
Clostridium B uunni fn/muamwﬂuqquazamﬁmﬂsaﬂﬂ“l,uaﬂnzw“luuﬂwaaﬂcmu g uyauNs g

Q U Q

A Y

2 oA | Y ° v 9 Y ! .
DAYUANUINTIUTDLD aﬂm“lumwa"lu wen wa luie U Saccharomyces, Schizosaccharomyces 0%



28

° Y a A Iy A A g a X a Aa 9 a o A '
Hansennula 1’]1ﬁlﬁlﬂﬂﬂauwuﬂﬁlu91ﬁ1ﬁ Nli]@ﬂllagF‘l“ﬂﬂ%ﬂﬂﬁl')ﬂ!ﬂjﬁu’lﬂ’lﬁ’lﬁ !ﬂﬂV\lﬁNﬂ']C]fﬁ'iﬁ]ﬂ'J'uJeuuﬁlu
A o ¢ A A a & ' R < A o Y Y a o
NANNUNIATDINY Gluﬂﬁﬂmlﬂﬂl%ﬂﬁ’] U Penicillium u’t’)ﬂ%']ﬂ!ﬂuﬁ']lﬁ@!ﬂﬂﬁlalw@11’?’]51!1’?\1 WafnUNn
~ o Y a = aa A a a 9 @ 9 A Ad @ 1 Y
Lﬂlﬂﬂﬁlla$Wﬂwaulillﬂﬂﬂ’]ﬁlu’uﬁﬂ Nﬁllazﬂaumﬂﬂﬂﬂllaj EN?ﬂiﬂﬁﬂﬁﬁ'Nﬁqiwyﬂlﬂu@u@ﬁqﬂﬁﬂuuyﬂﬂ@ﬂ
Y & a Y, A & = 3 9 A 9 < o Sldy 3
A8 LGI)'fJﬁ']ﬁ'uJ']ﬁﬂL%ﬁmuulﬂﬁlu@'lw']ﬁﬂuﬂ?'lucﬁulwﬂﬂlaﬂuﬂﬂllagcluﬁﬂ']wcwﬂﬂuéll']\uﬂuﬂﬁﬂ Vnﬁh’imff)i’llﬂu

A 1 Y a I ] a o
JauUn fJ“I/Iﬂﬂﬁh’ilﬂﬂﬂﬂ]uﬁW]NQﬁﬁ?ﬁﬂiﬁh@WWﬁLﬂu@ﬂNNWﬂ (‘]ﬁfﬂ JYaATHY, 2540)

I d’d o w
5.1 uuant EJ‘YINU‘YI‘]JTYI'Gﬂﬂﬂﬂ‘i«!?)W’iTi

Aa d A acd a = A A Y a a
LL‘LIﬂ‘VI!,iEJL‘]J‘LJi]‘auTISfJW’JﬂIWSmiTBGI (Prokaryote) v luideuiinndea (Nuclear membrane)

q

A A < = (=] 9 ' = H 1 A a 1 =t
LL“]Jﬂ‘V]Liﬂﬂﬁlu'lﬂmﬂiﬂﬂi]\‘liJ’E]\‘lthmuﬂ’JﬂGﬂL‘]JQT IﬂEJSJGU‘LlWWNLm 0.5-5 lllliﬂilll@]i mauw%uamﬂwaﬂmam

v 9
’ﬁ'liJ'lii]W“]Jhl@%}‘]/l’Jhlﬂslu‘ﬁiihamﬁi’)lmﬁsl,uEﬂWWi lla$ﬁ11ﬁ®1ﬂ1iﬁﬁ18%uﬂ YUY WD Nﬁllfl} LL%}J\? UlelJ HY LA

= =

¥ v Ja 1 A 1 A 1 a ¥ I
Lﬁaﬁmmﬂmimnﬁﬂ LLUﬂ‘VI!:%fJ‘]J'l\islﬂqlﬂﬂ@TﬁﬂTﬂﬂﬂ']ﬁﬁ%}'l\iﬁ'lﬁwycluﬂ']ﬁ'ﬁ YU ﬁ"]ﬁWHEUfNL%ﬂ S. aureus 111

'
A A 9

au saednuuaiizendanudinnuazwuldnalylueris 18un Bacillus, Escherichia, Listeria 1@
Y

é = = A A 1 a v A
Staphylococcus HYAWINYASLDYAUDILUANLIULAAS TUAAIU
5.1.1 Bacillus

I ' ' a a v A A d%' a A @ .
maaugﬂinmu mmmwmmmmaumqummmzmmmimuuﬂi (Gram variable)

A

] 1 ~ A < 4 1 < 1
waounld lasldunannaal desniseenginulumsniy duwenadweuladiles (Endospore) inuau

a

k4 Y un & . ' ' 2 o IR <3| X da
iauqmazmmum”lﬂﬂ 1%¥%® Bacillus muﬁlwﬂﬂaumﬂﬂumammu 35-75 paA s e (LFenuuNUIm

Q U

o w @ ¥ 2 a 1 [ a @ 4 % a 4 4
ﬁ?ﬂﬂ]uclu@”lﬁ”lﬁ unwm%aﬁ“lummwmwm YU ‘ﬁﬂ]uﬁ%LLﬁ$Wﬁﬁﬂﬂ!“ﬂ (Ej'iJﬂl“VH INUAUT 2545) L%’EJTJN
a a 1 a 1 : a a o 4 °
GI)"Llﬂﬁ”IlJ”I'ii]ﬁ%}NﬁﬁW‘Hﬂ’f)IiﬂV]NLﬂ‘L!@TWTiulﬁsf 1YW B. cereus c‘fﬁﬁmwmmﬂuﬁlﬁ’ﬁlu%’n ADANUNBDINITITININ
Y A dal a [ 4 dal 9 a dy a da! A dy 1 5 4
uﬂmmmmmqmazwammwua NITATNANTNYUDUBD B. cereus %8Lﬂﬂﬂlﬂlﬂ@ﬂ%ﬂ13ﬂ%@ﬂ1ﬂﬂ?1 10" 1o
9
AD01NIT 1 NTU miwngﬂﬁmwﬁ/’mmm%}auqmwgu 56 NFAUGALKYE UIU 30 UIN LLUﬂﬂGﬂ%H@ﬁﬁWNWiﬂ

o = o o = =Y
a1 lasi TasAumie (Protinase) 11911135 man Tl sauninde 1@
5.1.2 Escherichia

LY~ = (% 4 Aana
Escherichia 30lunuanissluasz)a Enterobacteriaceae (UIaNHA g3t tag 159

Aana I == 1 g’; 9 = . 1 =S A 9 A
FITTUNUD |, 2547) WunuanFegineudu unsuay TN (Pigments) (¥U T1HADI AN 1A 11D

U
¥

A 2 X <2 3 A A a A Ao 1 = < Aa
RIYVUDTINIILAYIUTDLLUN HJUL(’D"E_]V]"]ff)ﬂlﬂifgiﬂﬂﬂ@ﬂ!ﬁ{]l]ﬁ’]ﬂj'] 30 DAY ALK W‘]Jﬂ'gulﬂc‘nllﬁiill"]ﬂﬁﬁlu

dy v

o I Y a T A ' dy . v o9
91M15UTANKD U uazLﬂuﬁ1gw@1WLﬂ@ﬂ1imuaa“lmuaam LU 1UBY (Lee et al., 2004) E. coli laiarsa

s A Ay Y a 9 . ad A o ¥ 7
ﬁ'ﬂ’t)'i ﬁ11|15ﬂl,ﬂﬁ’€)u‘1/1hlﬂ ﬂ?il%iﬂluﬁﬁ)ﬁﬂ1§®1ﬂ1mlﬂﬂ Facultative anaerobe mu‘mgium'lﬁmmmgm

d A ~ v

o J o o @ 1 1 a 4 : I a 4
dadidenqu nazdaiiln £ coli dnoglunguuesnuniiseTnanesy (Coliform bacteria) Faldiiugaunidawil



29

. . ! 1 4 4 I a o o A
(Index microorganisms) Us¥Msduilouvesgansz lusmsitosanidlugaunsdilsz$10u (Normol flora) 1u
a v o 1 { 4 a 4 ' o ' A
FTUUNAUD IITYIALIEZdATIRDAgY 91T AT 19N LITe Inawesy uaasnesuu hidzeia 019laq
1 = til d‘ d' 9 (% a a g’/ o
TaTasn iy ganszas lldzdu wazendime Isainerdenusz vuMuALo1HITE ISR Yy IO ITUY

1 lulaoansaemsns Ina

5.1.3 Listeria

. . <3| aa ' ¥ 4~ Y a v A A ]
Listeria \unyuanizesdnoudu WONDIYUBYITAATUNTNUIN  LALNBNUDIYUINVYUIL

u

{ I ] J 1 J a a
waswiluunsvay ldadwades uaadraueulaingaziae (Catalase) 18 doaniseonsaulumsnsig wu'ld

¥ [ %} I~ ¥ ] . 1 ¥ [
Tuuy iile1n e1msnzia uazvii Wwvens Tsaluauld (Rojas et al., 2007) 134 130 Lis. monocytogenes no13f
< a A . . . . a @ A o dy v A
91 3unyIe15A Listeriosis (McLauchlin ef al., 2004) 1na91nMs5UlsemueImsnminnilodaiuaz vy

A A a & 9 o Y a a 2 & Ao Aaa . a
mmﬂfaﬂfu@umn”lﬂwﬂmﬂﬂiiﬂmamumvm‘uazm%gumwummumﬂmm Lis. monocytogenes 81U1TDIVIY

o

De

A o 1 3 . . N ~ A ~ = X A
uazl,WiJiﬂu’JuhlmUEﬂﬂﬁlwwu (Trlvedl et Cll., 2008) !,LSJ’Ni]ZiJﬂﬁ’]JuLﬂ@uLWEJ\‘ILaﬂuE]EJ FIITONUVLBDBUAU

Y o v 1A 3 4 A ° Y o oA Y o ' ~
1@%31ﬂ1uﬁﬂ11ﬂlu’mmm LB AUl U Z‘Niiﬂﬂiﬂ SEINNY !,l,azi]Wﬂaﬂﬁﬂl’mﬁﬁnmmi’JiJ‘I/N’dG]’J‘]JﬂG]NG] N3

%

] Y v
ﬁi?ﬂWUiu@?W?iﬁﬂ?ﬁqﬂJQﬂ IFU U ‘161] DINITNSLIARN N 5'33J'I/N°]Jﬁ'l ﬁﬂ)’Nﬂ(’Huﬂﬁ’J Iﬂﬂlﬂ‘W'l%ll'LW\li\‘l 0]
o A 2 A P} Y ' a o ¢ A o s 9
HWNNI1AUT m%wm%auiummwmummi’auum LB uNLLﬁZWﬁ@]ﬂﬂ!cﬂuNﬂN'luﬂ'liiW'lﬁH]@ﬁllﬁﬁuﬁ'J

Y & o & g
swnailodgedae fudu
5.1.4 Staphylococcus

[ 1 [ o an aa
Staphylococcus ﬂﬂ@g%ﬁixgﬁ Micrococcaceae (AN FITIUNUI LAY 1390 FITTUNUD,

[
A

2547) WhunpanGeunsuuan ldamnsamaeunls o1aldmd lu'lamsaldvaresialaammie lugnnind

a 9 1 "9 2] Y A = Aa = 9 J A A w J
RIS ﬁﬁ'Nﬂﬁﬂlmllllﬁﬁ']\?ﬂT“IfﬂTfJi@]ﬁﬂTWﬂlliJiJ@ﬂﬂ%'ﬁ]u llﬂTﬁﬁi'NL'E)ull‘ﬁ)'llLlagﬁT'EWHVIﬂJU@@ﬂu@ﬂL%’ﬁﬁ

ADIN150INANIUY Facultative anacrobe gUUANNMNIZAUADNITNIYDYIZHIN 40-45 A UFAToT AU

U
a

qmmﬁ Lﬁ]iﬂ]llﬂﬂﬂi TUIN 7-47.8 DA UBQITIN (Smith et al., 1983) mwmwmm ’dﬂJ@@ﬂﬁLﬁ]iﬂJﬂﬂi N4

1 A

.0-7.5 ﬂ?ﬁl@%ﬂl%iﬂ]u"lﬂﬂgigﬁ’ﬂﬂ 4.2-9.3 WUMNHINUY JYNVIY LLﬁZﬁTNLﬂﬂuﬂlﬂQﬁJﬁ Lﬁﬂﬂﬂu Hrianeane

~

v A g dy ] ' Y a Aa 9 a A o
ugnidude T5a 19U S, aureus 3znoldiNalsamuduems Tasad wansiivoanu elidiulszniuernis
H k)
Faarsinrulnelisududed1dsudorn las i et ld
A I Aa A 9 1 1 1 d 1 A dy [
1109910 8. aureus Wunuaiizenny ldamdiuaenvesiamenyud 1w ayn Jo uraisoss
a o 3‘/ dy Y 1 Y] a o =K A d' aA a dy ]
A1 T U AR 019 tazuazepd (quam Taudus, 2542) 393 lomanuuaiizoytiailazunsan
4 v J J Y dy A Yo dy a o A Yo dy
wybduazdaiasgomns 1d msdudeuluemisuininmsle v wiems Idsudeniniimis nielasure

[N ] I'4 4 $ (BN} a A N 4 A
%’]ﬂ@’l'ﬁ’lﬁﬂ’]ﬂ'ﬁa\‘]W’]Uﬂ’]iW’]ﬁﬁ]ﬂil’lﬁﬁ ’E—]’n’i’liﬁllilw']uﬂ’liﬂﬁgﬁlﬁt%ﬂ@']ﬁ'ﬁf(;Tﬂc] AU ﬁ’]ﬁW‘HﬁLﬂﬂ%’]ﬂl%@%uﬂ

dy 9 9 = I = = I a = A A
ummmﬂumma@u”lﬂ 72 mmwmmmﬂunm 15 UIN LaE 143.3 D3afssalss e L‘}Junm 9 IUIN FI1TNHN



30

a ,i' a dy 1 o Y v =\ = A o A a Y I
pannnForiail luhlngddudavesemsiimslasunilaslan iWesulsemuomsndiansiwd lahiu
o a < A a X A A LA A o 9 o Y a
nawszna 1-6 $lue wxlomaunufavy iWesnnarsis lleengninweydildhldinaeins
] 1 Y 4 1 H
aauld e19su 11aNe4 azouaY (Evenson ef al., 1988) 81113 NWUA01 Av 113 naeuila vyuuilani

= A o 4 ' A o @ v o < 9
ATUUIDATNTA VUUWITUAWEG LIV LUDTA tazdaaIUn 1Wuau
L) &, v d
5.2 MU UTYUDIUIHDAN

Y
v d o a a
ilodaiNey (pH) Water activity (a,) HAEITOIMITIHNICAUNITRITYUDIFAUNTINNFUAI

[ =Y ~ v

Y a a 9 dy (=t 1 [ A A =1 A Y I )
meﬂ"lmw Tﬂ&lmwwmnmW’muwmmafummmﬂﬂaumu@uLummmmﬂm gnaeIn1sememiludinw

o

X v '

1A a A a ' ° v & g Aa A g v
L‘L!E]ﬂE]‘LlTGlﬂ1il,uHﬁ'ﬂﬂwclui]mﬂﬂﬂ‘]ﬁmmiﬂ‘]ﬁ] ﬂi%@ﬂﬂ@u ‘Vr]iﬂluallﬁﬂ’) LLUﬂVILﬁEJVILﬂuﬁHW{i]llﬂLLﬂ

A A o L ' A A g 2 1A o oA A a 9 2
Llﬂﬂﬂlﬁﬂiugﬂu’ﬁ Clostridium W% Enterococcus ’mumamwmﬂu%u@] AITIHUTIUAUNAUTLIUN I UIVDIBU

a A da

& A X A 1 A a A a A 2 X A a A a a A
(HD LUBDIUBDITUIUUTY UITNIUHNIVEAUINISINALNDNUYU Iﬂﬂlu@ﬁ]zﬁﬂﬂﬂauﬂﬂﬂﬂﬁ BATIVVSWUIAUNTYN

£y a LR 2 = 2 A A a A A o
ﬂ@\jf‘l'ﬁ@']ﬂ']ﬁl]quﬁuﬁlllﬂﬂﬁgu']m7 logCFU/cm a3 7.5 logCFU/cm UAZIUDITUISINALNDNINDATIVUY

A J a Y Y

a Y 2 = 2 a A e 3 A A A
JauUn ﬂﬂuﬂjﬁu']llﬂ 7.5 logCFU/cm™ 919 8 logCFU/cm ﬂ’]ﬁlﬂﬂlllf]ﬂUulu@ﬁﬂlﬂuﬂﬂ]uﬁ']ﬂ'lﬁlu'llﬁﬂsllﬂﬂlu@ﬂ

< EE] A o A a 1A . 2
Lﬂﬂﬂluﬂlﬂuﬂ']ﬂﬂﬁ:ﬂ ANHUSUITINIUNA Biofilm YU (Parsek et al., 2008)

(%

Aaa A g o Y dy v J 1 A ] &
LL‘]Jﬂ“VILSﬂﬂlﬂuﬁ%ﬁﬁ]ﬁWﬂﬂﬂﬁluﬂﬁﬁ’Jm1LﬁfJ WU Pseudomonas (Coates ef al., 1995) FIq1U1TD

o

[
A o

a o a 1 a 'o a { ]
naaou lad T auaziou lai lanlasenuuenaad langangiid aznin laanguvglian 15U Pseu.

U

aa dydd o o o Wdﬂlwo’ddd' Ao a =
fluorescens LL‘Uﬂ‘VILiEJ‘W’Jf‘l‘Ll%\13J°1J‘VI’]J”I‘VIﬁ”lﬂflﬂufﬂi‘VIﬂ‘mu’E)?f@]’J‘VILﬂﬂﬂqmﬁﬂuuﬁ%ﬂﬂﬂﬁmﬂﬁﬂ (Lebert et al.,
9 ]

dyo/ = 9 A A A A a A Aa dy A d
1998) uﬂﬂ%Tﬂuﬂﬁllﬂ’Nllﬁnﬂﬁﬂiuﬂ13ﬁi1\1ﬁ?ﬁlﬂf’)ﬂﬂﬂiﬂﬂ!ﬂ?ﬁﬂ?@?ﬁ?i YU ﬂTiLﬂﬂLll@ﬂ‘ﬂW'Jlu@‘ﬂLﬂ’]Jiu

=3 a < A dy Ao
ANINUDDNHWIIY uazmu"lﬂummaqua UNHIUA

= A Aa A g oA X o
Sakala Llazae (2002) ﬁﬂ]&l']ﬂ']ilﬂaﬂuuﬂaqmaquﬂﬂ‘ﬂl ﬂﬂlﬂua’lm’fGC]GIJUﬂ']iLu']LﬁEJGU@QLu@'J'J

a =

1 d A d o { < @ 4 A A ¥ o J 1
LL%Lﬂu%LﬂUiﬂHWﬁQTMWQN 2 oNFusaLy e ulunim 6 ﬁﬂ@ﬂ‘ﬂ WULUANLTININUA 14 ’ﬁ'lEJW‘L!‘]j l'l?’%j!,!,ﬂ Bro.
thermosphacta, Car. divergens, Car. piscicola, Lb algidus, Lactobacillus sp., Lac. piscium, Leu. gelidum,
Acinetobacter, Aeromonas, Bacillus, Corynebacterium, Enterobacteriaceae, Pseudomonas W& Psychrobacter Tag
& . L. . = 1 3 < 8 1
190 Leu. gelidum, Lac. piscium UQY Lb. algidus WUTIANVIUIN 5%10 CFU/g 13 10 CFU/g Turae 3
o 4 3 o a4 4 . L. A ;@ X v v 7
ddaviusnvesmsinusnyt luvuzniwe Car. divergens ¢ Car. piscicola wNUTIamemINY 5x10 CFU/g
o S o o Jd 1 ¥ 1 o 7 3 o
NANITNUINYT 3 ﬁﬂ@'lﬂ mug% Bro. thermosphacta mmmmnwﬂuma 2 ﬁﬂﬂWT‘i!Liﬂ"U@Qﬂ'ﬁ!ﬂ‘Uiﬂ‘]&ﬂ

v & & A X 1o 5
MUY G]f\‘]iliﬁn’lml“]f’f]lﬂ'lﬂﬂ 7x10 CFU/g

~ o J Aa A g 1A dy
Olsson lagAME (2003) L‘]FJEJ‘]JL‘VIEJ‘]J’fHEJWH‘Ij"U’éNLL”UﬂVIL’iﬂﬂlﬂuﬁ%ﬁ&{]sluﬂﬁl,uﬂﬁﬂ"ll’é)\uuﬂﬁllu

a

] @ <3 [ { a I 1Y)
nounaznaIMsNUSnEINguugl 4 eeruaaidod 1iuna 4 3u Taoldinaiin Polymerase chain reaction

U j’ ' S o A a = A A 2’,’, o J F
(PCR) NUIUUBHUNDUNIILNUINHINGUH U 4 AUEALKYT WULUANLIYINIHWUA 3 TIYNUF ulﬂl,!,ﬂ



31

o g o 4 A <
Acinetobacter, Staphylococcus W& Macrococcus uazwmmmﬂmﬂ‘ynﬁawuﬁqquu 4 eerusaITed 11U

Y
871 43U AWTDATINULUANITININUA 3 mﬂwuf 1aun Pseudomonas, Aeromonas Wag Acinetobacter

a A da

I { o

Ercolini tazAmg (2006) ANHIANNFUWUTTEHIIM T yvesaunidniluaunglilo
Aamsnin@efumafiuinyile luaazeieg 3 anz1dud (1) Terna (MAPD @) T 0, 60 tlaz CO, 40

-4 = -4 3 o = A = <
nlesiFud (MAP2) tag 1 0, 20 uaz CO, 40 1o31EuUA (MAP3) TaaNusnyINgaIvigl 5 o saled 11y
na 14 5u Tasldnaiin Polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) 4a&
4 Y k4 k4
MIATINUUFOUUDMITAOUTFD WUNAWITOATIVNULYO R. aquatilis, Rahnella spp., Pseudomonas spp., 1o
=] 4
Car. divergens JUANMIZTMIINUSIH MUY MAPI 11a2ATIVNUIFD Pseudomonas spp. W Lb. sakei 1WA

3 o { f 3 o
NTINUINEULUY MAP2 Gluﬂlmzﬁ@iﬁﬁlwm%ﬁ) Rahnella spp. Ws Lb. sakei Gluﬁﬂ’]'clgﬂ'ﬁlﬂﬂiﬂy’luﬂﬂ MAP3

A A

¥
Li ttagatue (2006) ﬁﬂ‘]slWﬂ’JHJ‘Hﬁ1ﬂﬂﬁ18ﬂl'ﬁ]\illfﬂﬂ‘ﬂLiﬂﬂlﬂu’ﬁn’ﬂGﬂ]iﬂﬂ?ﬁluuaﬂﬂlﬂﬂlﬁﬂﬂywﬂ

@ ~ 9y

< { < a @ a U o A
Lﬂuﬁm‘lﬁﬂymamwgu 4 'E]\iﬁ’]!ﬂfﬁl%ﬂﬁ L‘]J‘L!!'JQW 2,408 73U Iﬂﬂi“ﬂl%ﬂ‘i«!ﬂ PCR-DGGE ‘Wumﬁlua‘uﬁ 7 314

E]

S A A ~ v o A A A ¥ o A
Wa’]ﬂ'ﬂa']EJWJENLL'U?]‘V]L?ﬂa@aﬂm’mlﬁiﬂﬂlﬂﬂﬂﬂﬂﬂuﬂ 2 Iﬂﬂ‘WU!LUﬂ‘VILﬁEJ'VN’HiJﬂ 9 MYNUT NO Arthrobacter sp.,
Enterococcus sp., Staphylococcus sp., Moraxella sp., Pseudomonas sp., Lactobacillus sp., Aeromonas sp.,

. Aa A 9 o o 9)5’ [ 1A =~
Acinetobacter sp., Bro. thermosphacta Llﬁgllﬂﬂ‘ﬂlifJ‘ﬂlI'LIﬂﬂWﬂﬁWﬂiyiuﬂ?iﬂ’lslﬂLuﬁ]ﬂyjlﬁﬂﬂuluuﬁﬂ 1o

Pseudomonas sp. IWa% Bro. thermosphacta

. =2 v o J ' a a A oA ) v & a
Liu tiaznade (2006) ﬂﬂ’]&l1ﬂ’313JﬁlIW‘l!‘ﬁi$‘H’JNﬂ1§L%iﬂ]ﬂl’t’)ﬁﬂqﬁuﬂﬁﬂﬂlﬂuﬁ%ﬁﬂiﬁlu@ﬁyj!’ﬂﬂ
] o 3 o ¥ { 1 1 {
ﬂﬁlu%ﬁﬂﬂ‘ﬂﬂTiLﬂUiﬂEHﬁ@ﬁﬂuﬁﬁﬂT}gﬁN‘] memmmmnwm% Bro. thermosphacta 1481¢ Coliforms Tu

{3 o 4 1 1 a
nnanmznuinyuilony Av -2, 4 1ag 10 eerusaiFed Hoimeiaz 1980108 1a Pseudomonas 321939y Tu

=

anziformam iy mszfunuaii sNaoan1seondaulunisinsey 1ae Bro.  thermosphacta,

' A S o
Pseudomonas 118 Coliforms 9$UMIIIIYgIganguvil 10 esrusamed Tuanznlemalumsnusnm

9

A
tHany

[
S A A

Y
Jiang LlagAMe (2011) ﬁﬂ']sﬂllllﬂ‘1/]!,3fJ'VIiJ’]J‘1/]1JTVIﬁ?ﬂﬂ]cluﬂﬁﬁﬂﬁjmﬂﬂﬁllﬂlﬁﬂﬂl@\ilﬁﬂﬁM“LLGB

< {d o a o a 1
LUHﬁLﬂUﬁﬂHTﬂ@mWﬂN 4 @Qﬁ']!“]fﬁl“lfﬂﬁ L‘]J‘Lll')ﬁ'] 12 U Tﬂﬂiﬂf!ﬁﬂﬂuﬂ PCR-DGGE (lag Real-time PCR WUMN

q QU

9
(% =)

9 A A 1 dy Y dy I =} A o w o Y dy
M35 IHNANANT 2 (nala ’GT'IiJ'Iiﬂ”]J\?‘]ful@'J'll‘lf’E] Pseudomonas \ ULy EJV]?JUV]UTV]ﬁTﬂiUUGluﬂ'lﬂ/]'lclﬂl,uf]ﬁll“
[~} L=
LB ULUNET Y

a A Ja

< ¥
Pennacchia siagaue (201 1) ﬁﬂ‘]&ﬂﬂ’ﬂllﬁllwu‘ﬁi mwmimimmmﬂaumﬂmﬂumm@ﬂﬁlﬁa

@ " 3 a 1% @ Y S o {
’J’JLL‘BLﬂum@mil,mmflmjmimiﬁﬂynuma‘ﬂﬁmazmm (N@1ﬂ1ﬁllﬁ$5$ﬂﬂﬁﬂlﬂ11ﬂ1ﬁ) Iﬂﬂ!ﬂ‘ﬂﬁﬂ‘]&ﬂﬁ

a9 9

a g

a I @ a v 4 ¥
UNHU 4 ’f]\‘]ﬁﬂ%ﬁl%ﬂfff Wuan 20 U Iﬂﬂi%}lﬂﬂuﬂ PCR-DGGE !l'ﬁgﬂ'ﬁﬁﬂﬂﬂmulﬂﬂlﬂﬂl%@ﬂﬂﬂuﬂﬂ'lﬂ
9

Y ¥
1 = v
9111510891%0 (Bulk cells extraction) NUNFINITOATRNUFBLUANTY 5 T1OWUT A Pseudomonas spp., Car.

Q



32

[

@ { 3 o
divergens, Bro. thermosphacta, Rahnella spp. Q& Ser. grimesii Tuuf 0 voIMSINUSNYI LAZHANINNITENA
g [ o Y @ 4 ‘:91 &' 1 L&l AAa Ao
DNA 1t 1agasanunsana DNA 31nA1aa U U0 1M5I83%0 WU §18150ATINUFoLUANIE o
o J 1 @ 4 @ 4 [ §
TWNUTUANA NN A9 AWNTDATIVNVIEO Photobacterium spp- 91NN1TaNA DNA N lasase Tuvash
Y o 2 Y a}’ Y
ﬂi’JﬂWUL%@ Ser. grimesii, Rhanella spp. 8¢ Leuconostoc spp. mﬂmﬁﬁﬂﬂ?ﬁmm@mmL%mﬁmmﬂmwmﬁm
Ay dy < o &1 o 1 3 [ Y a Ay
1% uaﬂmﬂumim‘u3ﬂyuummmauiu3$‘U‘Uqmuﬂgwmﬁmwaclwﬂﬁmmwe Bro. thermosphacta,

Pseudomonas spp. 118¢ Enterobacteriaceae N1/511a1anas ua ludinaaomsnsgyuesnuaiizonanan

[y :’J a d
6. M3TVTIAUNIE

Q

[

a 4 U 1A 4 @ ] { ' ]
Waf mclnE]TH15ﬁ’m1wmutﬂﬂﬂ1ilﬁanﬂmﬂ1Wﬂ1ﬂwaﬂﬂizuaumimuflm HagnNauUNIINY

DY

@ A ¥ a Y o A o a A A dy A o aaa AAA
5ﬂwummﬂmmiuun”l@ fﬂiuWiJWLL‘]Jig‘]JLW’E]ﬂWﬁ'Iﬂi]ﬁuﬂifJ‘VIEﬂi]‘]JuL“lJE]‘Lliﬂ ‘Viif]‘ﬂ?ﬁWEJﬂg]ﬂ‘iEﬂ‘ﬂNLﬂlmll

8

= 9y = J A Ay vq ¥ ax S o A @
RGN G IR ﬁif)ilhlﬂ1%ﬂ1%u5ﬂiiﬂllﬁ3’)ﬁﬂﬁlﬂﬂﬁﬂHWVILTTiﬂgﬁllﬂ‘Uﬂﬁ’ﬂi

U

9
pgluoIMsIug Aaenssy

(]

9

a ¥ A~ < y g =2 o q 9 g A A L A Y R o
FUAUU uJfJ11m'im‘umm'iuu"b!,ﬂunmmum1/1ﬂ‘ﬁa1miuulﬁauﬂmmwmmmmﬂ% FIANHUENIT

A A (= Y I A a A o dy Y A o
lﬁﬂﬂﬂmﬂTWWiﬂluuﬁﬂm@\i@']ﬁ']illﬁﬂchﬁlﬁu{ﬂ']ﬂﬂ']ﬁcl/l@']ﬁ'ﬁuﬂau TH ANHUSIUDTUNT Wﬁﬂaﬂymgﬂi']ﬂa

a A da

] k4
yop1sAalna 1l esninmanindevesomsdiulvginmasngaunisndudouunluems msldy

A J a

v 2 a A IR I an o A ] = a 9 o & A o
ﬁ"]iEJ‘UENfga1!‘VIifJ%\iL'lJ‘Ll'J‘ﬁﬂTﬁW1!\‘l‘ﬂGH'JEJZ‘Iﬂﬂ?ilu']Lﬁf]“ll’f)ﬁ’f)']ﬁ']i%?ﬂﬂqﬁuﬂiﬂblﬂ q139VYIIaUNT Y

Q

I { a a 1 'd 4
(Antimicrobial agents) iHua1sUseneuniivsoveanauvesasisznouniinlsavaslundaduaionmis e

'
A A

1 ] < 4 ] g’/ a o A o [
Glfgﬁ@ﬂ']ﬁLuTlaﬂﬁéﬂGﬁﬂﬂﬁﬂ@']fjﬁ'ﬁlﬂﬂall@ﬂﬂ']ﬁ'ﬁ Tﬁ@Lﬁ'ﬁ)fJ‘]JfNﬂ']ﬁLﬂﬁ@ﬁ%ﬂﬂWaWﬂ‘gauﬂ‘%ﬂcﬁu@ﬂﬂﬂiﬁﬂllﬁg

a A Ja o Y a A s a a
%qﬁ‘lﬁ/lﬁEJ‘VI‘Vnﬂlﬁlﬂﬂﬂ?ilﬁ@ﬂ!ﬁﬂ%@\iﬂ?ﬁ?i (ANNT AWIVY , 2546)



Table 1. Potential antimicrobial agents for antimicrobial food packaging systems.

Classes

Antimicrobial agents

Organic acids

Acid salts

Acid anhydrides
Para benzoic acids
Alcohol
Bacteriocins

Fatty acids

Fatty acid esters
Chelating agents
Enzymes

Metals

Antioxidant Antibiotic
Fungicides

Sanitizing gas

Sanitizers
Polysaccharide
Phenolics

Plant volatiles
Plant/ spice extracts

Probiotics

Acetic acid, benzoic acids, lactic acid, citric acid, malic acid, propionic acid
Potassium sorbate, sodium benzoate

Sorbic anhydride, benzoic anhydride

Propyl paraben, methyl paraben, ethyl paraben

Ethanol

Nisin, pediocin, subtilin, lacticin

Lauric acid, palmitoleic acid

Glycerol mono-laurate

EDTA, citrate, lactoferrin

Lysozyme, glucose oxidase, lactoperoxidase

Silver, copper, zirconium

BHA, BHT, TBHQ, irons salts

Natamycin

Benomyl, imazalil, sulfur dioxide, ozone, chlorine dioxide, carbon dioxide
Cetyl pyridinium chloride, acidified NaCl, triclosan

Chitosan

Catechin, cresol, hydroquinone

Cinnamaldehyde, eugenol, linalool, terpineol, thymol, carvacrol, pinene
Grape seed extract, grapefruit seed extract, hop beta acid, brassica erucic
acid oil, rosemary oil, oregano oil, basil oil, other herb/spice extracts

Lactic acid bacteria

11: Han (2005)
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Table 2. Antimicrobial agents for preservation and shelf-life extension of foods.
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Antimicrobials  Meat/poultry Seafood Product Bakery Beverage Minimally
processed
Organic acids Fresh meat Fruits Fruit Precut salad
and their salts Sausage Vegetable juice Noodles
Ham Jam/jelly Wine Pasta
Chicken Steamed rice
Sauce
Ethanol Fish Bread Noodles
Shellfish Cake Pasta
Cookies Sandwiches
Bacteriocins Fresh meat Fish Nuts Ham/Egg-
Sausage Shellfish Sandwiches
Ham
Chicken
Enzymes Fresh meat Fish Ham/Egg-
Sausage Shellfish sandwiches
Ham Meatball
Chicken pasta
Chelating Fresh meat Fish Fruits Fruit Precut fruits
Agent Sausage Shellfish Jam/jelly juice Sauce
Fungicides Ham Citrus
Chicken Berries
Nuts
Sanitizers Fresh meat Fish Fruits Precut salad
Chicken Shellfish Vegetables

11: Han (2005)



Table 2. (Cont.)
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Antimicrobials Meat/poultry Dairy Seafood Product Bakery Beverage Minimally
processed
Volatile Fresh and Shredded Fish Berries Bread Fruit Noodle
essential oils  processed cheese Shellfish ~ Nuts Cakes juice Pasta
meats Dried Jam/ jelly Cookies Steamed rice
Ground beef fish Sandwiches
Chicken Hamburgers
Nugget Precut salad
Sauce
Spices Fresh and Cheese Fish Fruit Noodles
processed Shellfish juice Pasta
meats Dried Steamed rice
Fresh Fish Sandwiches
and cooked Sauce
chicken
Probiotics Fresh and Cheese Fermented Deli mix
processed Yogurt Vegetables
meats
Cured meat
Oxygen Fresh and Shredded Dried Nuts Bread Fruit Noodles
scavengers processed cheese fish Jam/jelly Cakes Juice Pasta
meats Cookies Wine Steamed rice
Ground beef Sandwiches
Dried meats Sauce
Chicken Hamburgers

31: Han (2005)
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Figure 1. Locations and mechanisms in the bacterial cell thought to be sites of action for ~ essential oil

components.
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Figure 2. Structural formulae of thymol.

17: Burt (2004)
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Figure. 3 Structural formulae of eugenol.
M117: Burt (2004)
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Table 3. Inhibition of bacterial and yeast growth by grape seed extract (GSE).

Microorganisms GSE concentration (%, m/V )

Bacteria 16.5 8.25 4.13 2.06 1.03
Bacillus cereus ATCC 11778 - + + + +
Bacillus subtilis NCTC 8236 - + + + +
Staphylococcus aureus ATCC 6538P - - + + +
Staphylococcus aureus ATCC 29213 - - + + +
Staphylococcus epidermidis MFBF - - + + +
Streptococcus faecalis ATCC 20201 - - - + +
Streptococcus sp. MFBF - - - + +
Listeria monocytogenes MFBF - - - + +
Escherichia coli O:157 MFBF - + + + +
Escherichia coli O:128 MFBF - ; + + +
Salmonella enteritidis MFBF - _ _ - +

Yeast
Candida albicans MFBF 1 - T + + +
Candida krusei MFBF - . n + +
Candida tropicalis MFBF T1 - n 4 + +
Candida parapsilosis MFBF - n + + +
Saccharomyces cerevisiae MFBF V1 - . 4 + +

—no growth of microorganism (bactericidal/fungicidal activity of GSE)
+ slight growth of microorganism (bacteristatic activity of GSE)

+ normal growth of microorganism (no activity of GSE)

17 : 9au)a’ann Cvetnic ag Viadimir-Knezevic (2004)
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Figure 4. Hurdle technology in antimicrobial packaging system compared to the conventional packaging
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Figure 5. Antimicrobial packaging systems: (A) conventional packaging system and (B) coating system.

11: Aau1)aga1n Han (2003)

v
a v v A 4
8.2.3 ‘ﬁiill‘])"l@]‘ﬂNLﬂﬁﬂJ’ENET'IiEJ‘]JENi].ﬁuTIL%EJ

Y a aca Yy o

4
° o Y
ﬂ'J’liJ?f’liJ’liﬂGluﬂ’liﬁ$ﬁ1ﬂu'l"’U'ENﬁ'lfl'fl‘]JENfl]ﬁu‘ﬂiEJLﬂEJ'JGU't’]Qﬂ‘]Jﬂ'J’liJ'L’f’lll’liﬂGluﬂ'lfinﬁJulﬂ

Q

Y
5% v G v

1 a 4 a 4 a U 1 wa @ 4
TENINATIUIIYAUNTY ‘]JW'E]aHJ@iW%@Wﬁ’Iﬁ@Iﬂ INFICVITAINAADTNUANWNIYNINUYDIUITITAUN

dyo/ 9 a 1A A J @ Z’, dy 9 Z’, a A A A Jq Y v A
UONVINUTIADINITUIAMNDFNNUIE AUADNMTIVIUTOVRIATIUINAUNT Y 1WoLaen 1% Iirangaunun

Q

g}/ d(zg 1 1A

yUINEANI Az IMs i zlszaniamlumshnuvesansduduauidruegiuniitosaie

[ Y
Cha tlazaaie (2002) WuNWau TmAen-6a3iun (Na-alginate) NWANAITTVEA Etylenediamine
tetraacetic acid (EDTA) ANuudy 5 Taa wa Tuguanududu 100 lulasnsu/iiadans Lysozyme A

I 3 s 3 o ¥ o @ < . .
Wty 0.1 oS iEud (HINUD/UINUN) NIDETANANLAN Grape fruit (grape fruit seed extract; GFSE) A1

=

Y 9 73 9V o ¥ VA - ¢ o A v ¥ a 7
uuUU 0.1 ﬁJf’JﬁMﬂ!@] bl‘WWﬁUUUQQQﬂ'J'W‘IﬁiJTWLW]ﬁL“IffJiJ-ﬂ'ﬁﬁ'muuu (K-Carragenan) UDNTFUFITIVYIAUNTY

a

v A 1

{ @ 4 I ara 14
nanuduTuRenu esnnamilulalasilan (Hydrophilic) wos Iaden-sadiuagenin InundiFeu-n13

9 9
Y v v A A J

= I ya o ~ X o 3 ya3 J v 3 Y1 @ 2
J1UUU mJuwaclwV\Iammugwuuﬂmiamw uazwmmmuma”lmw muumia‘um%auma“luimm&u—

q

[

a =2 1 & Jd 3 J ~ Jd A
a"l]m@]ﬁNQﬂﬂaﬂﬂa@EJ@@ﬂ"l]"Iﬂ‘V\Iallli’Jﬂ’J"IIWLL‘I/IﬁL“]fEJ‘JJ-ﬂﬁﬁ"I]Lmu

9
v v A 1
8.2.4 ﬂﬁﬁZﬁWﬂ"U’ﬂ\‘lﬁWiﬂ‘Uﬂﬂﬂauﬂdﬁl qo1113

v

V- a ~ U A < v A9 o & = '
ﬂ1iﬁ$a1ﬂ"U’f]\‘]ﬁ"l§EIUEl\‘]ﬂﬁ‘l!“l/liﬂﬂq@1W1iﬂﬂtﬂuﬂﬂ%8ﬂﬁ1 wlsemsHHUNsS1ZUNAND

Q )

a a 19 t&’ [ J . 9 v ¥ a A J Y
ﬂizﬁ‘l/l‘ﬁmwclumm’amuwa"uamﬁﬂﬂmm 910 Figure 6 ﬂ1ﬁ’l'§ﬂﬂﬂﬁﬂqﬁuﬂiﬂﬁ%ﬁ’lﬂl‘lﬂﬂ{lu@'lﬁ'li ITVVVITY

v
o A J

S Aa a 1 v a °
wsiwtiail Ao SzUUYWIUA Unconstrained free diffusion (A) uad1esdugsgaunsdazaelddluoims oy



51

= = A @ (% J

! = g . . { H )
{5oNN32UVFIIA Monolithic system (B) 910 Figure 6 Malusidmaesy amdneMilumin o drnssyius

Q

9 9 ' 9
% ~ v A A I v @

a 4 o @
§99AUNTI MUUNTU1 AD 011113 Laztdullse Ao AnuduTuMgAUIa1SEUTIAUNI INTNNTDEUOT

9

de

=

QRIS E YUY aunidla (Minimum Inhibitory Concentration; MIC) 5%UU%1a Unconstrained free diffusion ®13
J

9
% v =

a v @ g’; a I a J v
VeIaUnNIgIga QWEJQ’@WWﬁVl@%}gQ ﬂ’)ﬁJL‘lsljiJslaljusll’t’NﬁﬁfJ‘]JfJﬂﬂal‘lﬂ INHI9111S (Cs) &AARUNINNUAINY

%
%
9y 9 g’/ a A J ° 1

o o o o ' o & a
LGU1.|GU°HGU@\‘]ﬁ'lﬁfJUfJ\iﬂauﬂﬁﬂﬁluUﬁﬁi]ﬂﬂ!m ﬂ'l‘lﬂﬁgﬂ\iﬁﬂj']uﬁﬁ}usﬁ}u@']ﬂj MIC %Qﬂuﬁ’]u’]iﬂﬂﬂﬂ\iﬂ’lﬁmiﬂﬁl@\i

q

9 '
~ = v v A A /A

aun3d1a vagRszuusiia Monolithic system Ha1360d39aUNTINazatoge113 Iae Cs Salianududud
¥ Y 9

1 o ?zl.z a L o o o (Y
NIANUATNTUVDIENITVEIAUNTI lUUs s A MaNTFITzAUURIAMTLIY Cs HIuogiuauaIsaluns

U

gl.: a A

v & a 1 { v A @ @ 4
aza1eveassudIgaunsd lgems Cs wzasi lvunsenalSnavessnsduduaunidluussysusivua

Q U Q

¥ ]
A v = a G

@ A a @ o o & o Y 4 1w
uuﬁ@ TJ§$ﬁ"ﬂ‘ﬁﬂ’l‘Wﬂ’ljEJ'UENLG])"E]ENﬂ\TVlﬂuﬂigﬂ\iﬂ%uwmﬂl@Qﬁ’ljﬂ'ﬂEN%EIuﬂiﬂiuu5§i}ﬂmm‘ﬂu@ﬁ5uﬂu (Han,

Q

ewe

2003)

v 9 Y
Coma pazame (2001) Anyunenunsa lviuseauiialunisdudauseves

a a| o 1 A a X & ) A a a| o [ A
Tugululan Hydroxypropylmethylcellulose Wunsaa@ssndFuunsa lvduiemuasluidusiomiuns

Y [ ] 9 % a| d Y 1 Iy Jd a 4 ] a . .

Yoanunsiutioonved lervesflan laaniinsa lvdunazdmesstiadug 1w Tewmdn (Oleic acid),
. VA Yy 9 a2 A A 2 4 Y a a o 2
Methylpalmitate Li6i& Methylstearate LW]Lll'E]ﬂ')'lllLsUZJGUHGU'ENﬂﬁﬂ’ﬁmﬂﬁﬂLWlIGUuﬂwaiﬂﬂﬁgﬁﬂ‘ﬁﬂ']wsluﬂ'ﬁﬂﬂﬂﬂ

a o d‘ a d' aan 1 a2 A [ a o Y
yosflauinan luguaaas esnndasensenindszgavvesnsamaginiulszquanues lugu vhldlu
9

a =< ] a d 1 A o 9 Ao & a ~ 9
%umqeg“luﬂan"lnmmmﬂszm&aaﬂuuwemwumsmmaumsﬂﬂ

q

Lee Llaznale (2004) AnpuneInunsunsves luguas Ol-tocopherol W&l Vinyl acetate-ethylene copolymer il

@

1 1 1 a @ Jd a A v W a
mﬁauuuuwuﬂizmy W‘U’NﬂWiLLWiGU’ENhlu"“D’uLLa$(l-tocopher01 UANUTUNUTIUFUAvID N AU Tﬂﬂllu‘ﬂ)’

v W

2 A so’d lB}dd’Q I a’o’w 90’ . . 1 "W Y Y A Aav o &
umm/rwaumiNLLWs”lﬂmmaua%mﬂuﬂfmumu‘lum (Oil/Water emulsion) Lmuws"lﬂuammam%mﬂu

v v ! ' ¥ . ' '
yHau1 1111300 (Water/Oil emulsion) Va1 Ol-tocopherol 3eru1i@ I (Hydrophobic) 321Ws lAtieen

] 9
v W [

A A I a 90’ o 90’ 1 ] o 4 a =] 9 =1
maam%mﬂmﬁuﬂumu‘lum muumuﬂizﬂauiumms YU ]15111]1! HoaANvena LaznNIABUNSY 1uau U

an

a =)

y 9
HanaNITLUNTVDITITIUYIGITAUN E]’



52

tw i

it g

o

(A) Unconstrained free diffusion system

=0 =0

(B) Monolithic system

Figure 6. Concentration profile at the surface of foods: (A) unconstrained free diffusion system and (B)

monolithic system.
1171: Han (2003)
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5. 1In5eaNaNFUMINAADY

A3 paFanATion 2 Aumiia 8 AND USHN A&D Weighting, Japan

1F30991 4 @119 B0 Sartorius U3EMN Sartorius AG, Germany

1A3e30TaN3Y (Hot air oven) 8410 Sanyo j1 MOV.212 U3 H% Sanyo Electric Co.,Ltd.
Wﬁjﬁlﬁwjn%@ (Autocave) Lé‘l/ai}’ﬂ TOMMY U38% Tommy Seiko Co.Ltd., Japan
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Lﬂé@ﬁ UV-Vis spectrophotometer 'g"' U Genesys 10-s 13HN Thermo, USA
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druaueungiiuazausu§ning §1fe WTB Binder, Germany
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Table 4. Effect of exopolysaccharides (EPS) concentration on thickness, tensile strength,  elongation at break

and water vapor permeability (WVP) of EPS film from Weissella confusa NHO02.

. Tensile strength Elongation at break WVP
EPS conc. (%) Thickness (mm) o
(MPa) (%) (x10 " g/msPa)
1.5 0.031+0.003"" 4.05+0.53" 68.638.60" 3.1040.12°
2 0.060+0.007" 6.61+£0.69" 25.9746.56" 3.56+0.42"
2.5 0.062+0.002° 7.2340.52° 24.06+5.65" 3.75+0.28"
3 0.063+0.003" 8.27+0.46" 27.76+4 87" 3.80+0.44"
3.5 0.063+0.003" 6.21£0.40° 28.63+2.11° 3.38+0.45"

# . T . .
Values are given as mean £SD from triplicate determinations.

" Different letters in the same column indicate significant difference (p<0.05).
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Table 5. Effect of exopolysaccharides (EPS) concentration on transparency value, solubility and film color of

EPS film from Weissella confusa NHO2.

, Film color
EPS conc. (%)  Solubility” (%) Transparency value
L* a* b*
1.5 39.30+2.78"" 2.22 +0.39° 88.83+0.10°  -1.43+0.02" 4.30+0.01°
2 31.1943.39" 2.10+0.28" 88.68+0.00° -1.41+0.03" 5.21+0.53
2.5 36.80+3.69" 1.91£0.25° 88.38+0.02°  -1.37+0.04"  5.31%0.0"
3 34.90+1.29" 1.94+0.20" 88.21£0.01°  -1.41+0.02" 5.57+0.08"
3.5 35.39+0.30" 1.90+0.07" 88.27+£0.02"  -1.38+0.00°  5.50+0.33"

# . . g . .
Values are given as mean £SD from triplicate determinations.

" Different letters in the same column indicate significant difference (p<0.05).

Table 6. Effect of exopolysaccharides (EPS) concentration on light transmission (%T) of EPS film from

Weissella confusa NHO2.
EPS conc. (%) Light transmission (%) at different wavelength (nm)
200 280 350 400 500 600 700 800
1.5 0 792" 63.90°  7335"  8047°  83.95° 8550°  86.02°
2 0 345" 4635 57.67° 68.20° 7537 7815  79.72°
2.5 0 400" 5115° 6245 72.90"  77.80" 80.85" 82.97"
3 0 332°  49.40"  61.62°  71.00°  77.90" 81.20a 83.27"
3.5 0 437" 5067 62.17°  72.90"  78.00" 80.87° 82.62

" Different letters in the same column indicate significant difference (p<0.05).
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1AL d a 4 wal) 9 . X A a aa =
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Figure 7. Appearance of exopolysaccharides films from Weissella confusa NH02 using polyethylene  glycol

(PEG) as plasticizer.
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dAa ] a I 4 U a o A % . A 3
yosuneaiiny laasongalussdlsznou dewaldidulaurialunissoniin (Hydrophilic) 1WA (Tong et

al., 2008)

Table 7. Effect of plasticizer types and concentrations on thickness, water vapor permeability (WVP), tensile

strength and elongation at break of EPS film from Weissella confusa NH02.

Plasticizer Plasticizer , Tensile strength  Elongation at break WVP
Thickness (mm) ;
type conc. (%) (MPa) (%) (x10 ~ g /ms Pa)
20 0.064:0.002"" 11.18£1.06° 27.65+4.27° 4.27+0.38°
25 0.063+0.003" 7.38+0.37" 30.8246.31% 4.34+0.21°
Glycerol 30 0.064+0.001" 6.82+0.63" 34.46%3.00° 4.80+0.43°
35 0.065+0.005" 5.2140.15" 45.53+4.68' 5.27+0.28"
40 0.0630.001° 3.50+0.03" 47.9742.42" 5.07+0.14"
20 0.065+0.001" 25.56+4.71° 2.37+0.79" 0.51+0.01"
25 0.065+0.001" 28.50+2.81" 2.95+0.22" 0.89+0.01"
Sorbitol 30 0.065+0.002" 27.43+1.13 3.3140.19° 0.88+0.07"
35 0.062+0.002" 19.3042.22° 15.57+2.86" 1.40+0.33°
40 0.063+0.002" 12.04+1.72° 22.20+7.82° 1.16£0.10%

# . T . .
Values are given as mean £SD from triplicate determinations.

" Different letters in the same column indicate significant difference (p<0.05).
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Table 8. Effect of plasticizer types and concentrations on solubility, transparency value and film color of EPS

film from Weissella confusa NHO2.

Plasticizer Plasticizer Solubility# Transparency Film color
type conc. (%) (%) value
L* a* b*
20 40.49+4.95"  1.75+0.10  87.92+0.18" -1.4120.03*  6.15+0.25"
25 41.28+0.55" 1.8240.23"  88.33+0.23" -1.35+0.03°  5.76+0.48"
Glycerol 30 42.34+1.42"  1.74£0.11°  88.17£0.26" -1.45+0.05°  6.59+0.49"
35 45.09+0.75™ 2.40£045°  87.54+0.17° -1.41£0.10°  7.60+£0.61°
40 51.5240.52° 2.50£0.23°  88.07+0.85" -1.30£0.07°  6.63£0.22"
20 4454112 1.44+0.05" 88.39+0.84°  -1.64+0.02°  6.63+0.22"
Sorbital 25 44.49+0.05°  1.45+0.12"°  88.76+0.08"  -1.59+0.03"  6.58+0.22"
30 47.064+2.39" 1.20£0.08°  88.57+0.26"  -1.56£0.01"  6.16+0.14"
35 47.1143.00 1342025  88.36+0.07"  -1.63£0.05"  7.00£0.29°
40 50.08+0.96°  1.61£0.17°"  88.66+0.93°  -1.65+0.04"  6.78+0.33°

# . T . .
Values are given as mean £SD from triplicate determinations.

" Different letters in the same column indicate significant difference (p<0.05).
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Table 9. Effect of plasticizer types and concentrations on light transmission (%T) of EPS film from Weissella

confusa NHO2.

Plasticizers conc. (%) Light transmission (%) at different wavelength (nm)
200 280 350 400 500 600 700 800
Glycerol 20 0 1.95"  4475°  5825°  70.70° 7630  79.47°  81.15°
Glycerol 25 0 272" 4420° 5667  69.20° 7545  79.30b  81.60
Glycerol 30 0 1.77°  4270° 56770 69.85°  75.77°  79.15°  80.92°
Glycerol 35 0 125" 3420°  47.40°  61.02° 6797 7195  74.65
Glycerol 40 0 247" 36.65°  49.07°  61.97° 69.05° 73.67° 7635
Sorbitol 20 0 1.90ab  52.80° 6525  7622°  79.90° 81.60° 82.70°
Sorbitol 25 0 1.80° 5257 6587 76.62° 8037 8232 83.07
Sorbitol 30 0 237" 57.85° 7075 79.17°  8420° 85.67°  86.07°
Sorbitol 35 0 235" 5882°  70.10°  80.10° 83.22% 84.67 85.10
Sorbitol 40 0 2.00°  54.00°  6590° 7645 7945 80.50° 80.30""

"Different letters in the same column indicate significant difference (p<0.05).
2. wamatdlalaawu (CS) AeaaniATlamenlsweduasanlsa (EPS) 21010 W. confusa NHO2
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(A) (B)

Figure 8. Appearance of EPS film plasticizer with 25% glycerol: (A) EPS film; (B) EPS film covered on pork slice.
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Table 10. Effect of chitosan (CS) on thickness, tensile strength, elongation at break, water vapor permeability

(WVP) and solubility of EPS film from Weissella confusa NH02.

Thickness'  Tensile strength  Elongation at break WVP Solubility
Film
(mm) (MPa) (%) (x10"° g /msPa) (%)
EPS (conc.1.5%) 0.042£0.006™"  4.85+0.38" 25.2246.56" 2.30+0.12° 35.30+2.75°
EPS (conc.3%) 0.062 +0.003° 7.02+0.21°" 22.27+1.50" 4.14+£0.21° 47.71+4.42°
EPS/CS (conc.1.5%)
1:1 0.051£0.004"  14.24+2.62" 51.05+1.70" 2.78+0.22 14.95+2.01"
2:1 0.049+0.002°  5.35+1.71° 62.63+2.11° 3334027 21.68+0.92"
CS (conc.1.5%) 0.066£0.007"  25.01%2.40° 76.77+4.55" 3.20+0.26° 12.76+0.75"

# . T . .
Values are given as mean =SD from triplicate determinations.

“Different letters in the same column indicate significant difference (p<0.05).
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Table 11. Effect of chitosan (CS) on transparency value and film color of EPS film from Weissella confiisa NH02.

Light transmission (%) at different wavelength (nm)

Treatments (%)
200 280 350 400 500 600 700 800

C

EPS (conc.1.5%) 0 495" 4965 5957 7255 7727 80.15"  81.65"

C

EPS (conc.3%) 0 2.60 5157 63.02°  75.59"  80.52°  83.22"  84.60°

EPS/CS (conc.1.5%)
1:1 0 15.67° 58.05°  72.12°  81.20°  83.95 85.27° 8627

C

2:1 0 1215 5625 69.12°  7832™° 8147  83.70°  84.85°

CS (conc.1.5%) 0 19.30°  46.82"  68.60° 78.80°  81.57"  82.10°  82.75"

# . T . .
Values are given as mean £SD from triplicate determinations.

" Different letters in the same column indicate significant difference (p<0.05).
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Table 12. Effect of chitosan (CS) on light transmission (%T) of EPS film from Weissella confusa NH02.

_ . Film color
Film Transparency value
L* a* b*
EPS (conc.1.5%) 3.38 +0.48™" 89.00+£0.25"  -1.80+0.21" 6.10£0.91"
EPS (conc.3%) 1.46+0.21° 88.55+0.10°  -1.77+0.08" 6.61+0.40°
EPS/CS (conc.1.5%)
1:1 1.50+0.27" 89.5440.89°  -1.58+0.09" 4.74+0.30°
2:1 1.84+0.41" 88.82+0.21°  -1.48+0.02" 5.09+0.43"
CS (conc.1.5%) 1.29+0.44" 83.64+0.67°  -1.93+0.15" 5.76+£0.46"

" Different letters in the same column indicate significant difference (p<0.05).
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Table 13. Characteristics of spoilage bacteria isolated from refrigerated pork.

Isolates Gram stain* Shape
P1-2 - cocci
P1-3 - short rod
P1-4 - short rod
P1-5 - short rod
P1-6 - short rod
P1-7 - short rod

P1-12 - short rod
P1-13 - short rod

*: - is Gram-negative bacteria.
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Table 14. Minimal inhibitory concentration (MIC) of nisin and thymol against the growth of Acinetobacter iwoffii

MAO2 and Pseudomonas fragi MAO7 by agar well diffusion method.

Minimal inhibitory concentration (MIC) (mg/ml)

Strains
Nisin Thymol
Acinetobacter iwoffii MAO02 5 1.25
Pseudomonas fragi MAO7 - 2.5

-: not inhibited.
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Table 15. Effect of thymol on thickness, tensile strength, elongation at break, water vapor permeability (WVP) and

solubility of EPS/CS film.

Thickness’ Tensile strength WVP Solubility ~ Elongation at break
Thymol (mg/ml) o
(mm) (MPa) (x10 " g /ms Pa) (%) (%)
0 0.056+0.003""  18.22+0.52" 2.58+0.18" 12.27+0.53" 58.12+2.38"
2.5 0.065+0.002°  17.18+1.30" 2.42+0.062°  11.31+0.49° 70.48+5.88"
5 0.063+0.004" 16.58+0.78" 1.85+0.54" 10.97+1.37" 61.59+5.01"

#Values are given as mean £SD from triplicate determinations.
" Different letters in the same column indicate significant difference (p<0.05).
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Table 16. Effect of thymol on transparency value and color of EPS/CS film.

Light transmission (%) at different wavelength (nm)

Thymol (mg/ml)
200 280 350 400 500 600 700 800
0 0 13.80" 5522 6947  78.15 8195  84.12° 8545
2.5 0 7.97" 3432"  48.25° 61.70" 68.62"  73.12° 75.70"
5 0 1.27° 37.07° 50.30" 63.27" 70.20°  74.07" 77.00"

# . T . .
Values are give as mean £SD from triplicate determinations.

" Different letters in the same column indicate significant difference (p<0.05).

Table 17. Effect of thymol on light transmission (%T) of EPS/CS film.

) Film color
Thymol (mg/ml) Transparency value
L* a* b*
0 1.23+0.06"" 88.66+0.47" -1.66+0.11" 5.70+0.65"
2.5 2.39+0.16° 88.38+0.17" -1.68+0.03" 6.86+0.35"
5 2.37+0.20° 88.14+0.22° -1.62+0.04" 6.74+0.60"

" Different letters in the same column indicate significant difference (p<0.05).

[y :’J d
5.5 Uszansmumsdudaunanizavestla

9 [
Tumsnageuanua 150 lumMssuguuaNiSe (4. iwoffii MAO2 1A Pseu. fragi MAO7) N1

9/&’ 1 g [ = a o A a 1T Aa Y 9 A Aa o I A Aaa A
11{?&!@1435!&!,%&81&1!HﬁEJﬁUi’NW’diJ EPS/CS ‘nmmms:"lumu"lmaammmmu 2.5 U408 5 UaanNIuAdNANANT K

E4
Aav A

a 4 Aa a wg‘/ AA A o 9)&’ (] A A Y 1 ya
ﬂ"li’JLﬂﬁS‘Iri‘]J53ﬁ‘V]TJﬂW\lﬂ15EJ‘]JENLL‘]Jﬂ‘miEJ‘VI‘VI1blﬁL‘LA’EJW?;IJLLGBLEJHLHTLE‘TEJVILLEJﬂllﬂ bluﬁi‘!’ﬁ]ﬂulluﬁﬁﬂiﬂbl%?‘ﬁ

. . . a v A o S 9 a7 A o o o
Agar disc diffusion Gluﬂ']'ijlﬂi'lgﬂll@ Lu’f]\ﬁ]']ﬂwall EPS/CS 1/!ﬂﬂ']iﬂﬂa@\illﬂ15ﬂ3uﬁﬂﬂl@qwaNLN@ﬁNWﬁﬂﬂ



91

=< o

P v o A P K4 "oAar o
91T OUFOLTI JTIMTAATIEN JAUNITHEALTD A iwoffii MAO2 LAY Pseu. fragi MAO7 DULHUTNAY
Y ]

=y a ) = ¥ 1 a [ ] I &
EPS/CS (S uauteisuduyszuns 6-7 log cfwml) tdivdSnayenseasiandenntuiunat 6 41 Tug

v
S A =

v H 9
wunmaau Inuealuildy Eps/cs dewalilauiidseantamlumsdudanaiiGeiduaugivhlile

L] 1A dda! = o g}/ a zil . . Y 1 . =
RYUFHUHUTIAUY BIFINTDIUVIINITLOTYVDUYD 4. iwoffii MAO02 ‘lﬂﬂﬂ’n Pseu. fragi MAO7 Tﬂﬂuﬂ%u1ﬂ!

k4 i
A A

aa 1 W J I S N A a Y 9 A a o 1 A Aaa
FONTOATIANMINY 73.32 uay 78.62 11lo51Fua (V\Iaumm”lﬂmammwmu 2.5 UaanITUAdNAAANT)
o A ~ v o d A 1 a 2 A dy A aa 1T W
awdey iwenfFeuieunuidy EPs/cs Nludy Inuea (ganiuqu) Feiidsuanrensoadiaminy 99.58

J 2 J o w A a aa 24} ¥ v J
iag 91.99 Wosisua muaay (Table 18, 19) mim;ﬂmuﬂmﬂ?mmmﬁaﬂmmmmam 2 gnUTanal

v ¥
aA A a =

A =4 = 2 J a 4 A o 2 Y
@'Iﬁ]t‘l!@ﬂ“’l]'lﬂiﬂllﬁdﬂﬂﬁll EPS/CS 4 CS G]NHJ‘L!‘WE)@L?JE]i‘VlllE‘ﬁJll@1Uﬂ1§8ﬂﬂﬂlﬂfﬂﬂau%§ﬂﬂ (Dutta et al., 2009)

Q

a o 1

4 a A 3 a Aa aa I A a o 1" A aa
uamﬁa‘wmimma611@Qﬂ’nm%’n%}umaﬂwmmwﬁmm 2.5 Uaansuneliaaans v 5 Jaansunolioaans
Y

1 A 9 9 1 9 a a L v ¥
‘W‘]J']'lﬂ'lﬁlWﬂJﬂ']'liJHJﬂJﬂluﬂlENhlﬂﬂJﬁlaﬁ\‘IWﬁGlW‘]Jﬁgﬁﬂ‘ﬁﬂ'l‘Wsluﬂ'lﬁil‘]JfJ\‘lL%’O A. iwoffii MAO2 WY Pseu. fragi

o [

2 49! ] = ) 2 A A dy A aa 1 o J 2 4 o w
MAO7 tNUYUDY NN UIT ALY (p<0.05) GIf\?iJ‘]JﬂJ'ImLT’E]ﬂi’E]ﬂGH’W]L‘W'Iﬂ‘]J 51.35 e 71.47 1WoSIFUA MUEIAY

(Table 18, 19)

[ 1 Y I 1 a o ] g’; a
i]1ﬂWﬁﬂ'li‘]/lﬂﬁ’E]\“Iﬂ\“lﬂﬁ'l’)ilﬁﬂ\‘liﬂlﬁu’ﬂhhﬂﬂﬂﬁcl‘Ll‘V\IﬁM EPS/CS @013 08VYINTITLATYUD

v
A A =

I Y dy 1 3 [ = 9 2’, dy A v o .. . 1
puafizemiuauvg Iilonyumdunings 14 Nalloriiownain lnueaau1sadun Lipid bilayer Tuaau
H] . A A Y 1 Y a ] 4 °
VYBITU Cytoplasmic membranes Vouanize la denaliinanssivavesarsUseneumeluadesnuiim
v ~ wa ~ v & ° P = v Y .
Idgydeantiaves Tdsauuazdugimsinauveseu laisiudmsad1a ATP @18 (Wengiang ef al., 2007)
I ~ o ~ o g’/
Taswaminaaoudu I umafernunanisnaasaved Lim tazaae (2010) NANHIANNA N0 U516
a A J a a s A A a A (BRI 4
yaunidvesilduwedusan lsaNasoun Gelidium corneum (GC) Nimaanuaz luidulnuea wuilay
v Y
GC Mau InueaamsadugInsNs Qe Lis. monocytogenes hag E. coli 0157:H7 18 nazdoandosnunans
] Y
NANOIUDY Gniewosz LAZANY (2011) AANEITZANTAINMTIVEINTOIYVOI B. subtilis ATCC 6633, S.
a| d { a 1A
aureus ATCC 25923, Sal. Enteritidis ATCC 13076 1182 E. coli ATCC 25922 vo4¥law pullulan Mauuas Ly
" o { A J 3 4 g @ Aa a {
Inuea wunilay pullulan Ny Tnueannududu 3 wefigua Ghwmiinalfines) tdszansamangalums
Y
JUYINTTYVDN B. subtilis ATCC 6633, S. aureus ATCC 25923, Sal. Enteritidis ATCC 13076 Uag E. coli
Aa o a [ 21/ a 4 a 1
ATCC 25922 ag luauiteved Kuorwel tagame (2011) 1dAnymansidua1sdugsgaunio 3 atia laun
a| d 1 Aa a o gz a &‘ A\,
Linalool, Carvacrol tag Inuealuilauuilidelssaniammsdudimsnsyveuso S. aureus 1981935 Agar
. . . 1 =1 Aa A Y 3}./ a &‘ Qldd' d' 9 9 [
disc diffusion WU Inwealilse@NEMWMsFUTEINMINTYUOUT0 S. aureus TaaNTA NANMATNTUNINY 2.38
A~ 4 =Y =Y [ a a 4 o {
wofiFud (1suaialsues) tvuardlaminu 23.8 Taawas tienfTeuneuny Linalool NANNITUTY
Y
Aoy Juu1aalaming 18.6 Haamas Uen1nil 1uUITeU09 Ramos HazAMe (2012) 1AANEIHANITIAN

a A

y 9
AsFudaaun3d 2 wiia 1dun Inuea waz Carvacrol uTau Polypropylene (PP) aolsz@niaimmsdudans

a
k4
Y

W3QYVOUTD E. coli ATCC 25922 wag S. aureus ATCC 6538P 1aol47% Agar disc diffusion wua1lnuea

9 9
TTYUVIINITIITYVDN S. aureus ATCC 6538P ul,@glj Lm"lnmmm&m&lmmmtymm E. coli ATCC 25922 Iag



92

'
I A =

a d A A Y 9 S 3 = a A o gla dy a ~
Waw pp mm'lmuaammmmu 8 1oITua Nﬂﬁ%ﬁ‘lﬂ‘ﬁﬂWWSluﬂWiﬂUﬂQLGHﬂﬂﬁuﬂifﬂﬂﬂﬂﬁﬂ mmmﬂﬁ

C)

o w

1w a ] < o 4 { o
N 3.70 isudias 061 lsnaw Inuealidesinalumsih ld1dluems mszidie ldnanududugeazih
v o A A (4 ' o & Yy Y a s A
Temnstinausain)asunlawas limuzay duinnnranmsnaasstedy Haunodwesnay EPS/CS 9
du'lnueannmdudy 25 fadnsudedadaas Wulduii 11 unsdnumdeld ilesniquaniad

a S

g
ﬂf)\‘]ﬂﬁ ﬂ’é] Nﬂ’JHJﬁ'liJ'lﬁﬂGluﬂWifJ“]JfJ\‘]ﬂﬁLﬂiﬂJusUﬂx‘llmﬂﬂ L38gNn uJummﬂclmueﬁmmammmﬂ Nﬂ?WiJ!L‘lN!Li\‘]

llﬂ’JWllEJﬂ‘HEJuL‘WENWE) Uag mmsaaammuﬂamaﬂmm "IQ Tﬂullﬂ\ﬂfl mamu'lwﬂmmmmﬂmamm

Inyeafiguusannin

Table 18. Effect of EPS/CS film incorporated with thymol against Acinetobacter iwoffii MAO2.

Relative survival (%) of Acinetobacter iwoffii MAO02’

Thymol (mg/ml)
0h 6h
0 100 99.58+0.14°"
2.5 100 73.3240.13"
5 100 51.35+0.17"

*Values are given as mean £SD from triplicate determinations.

**Different letters in the same column indicate significant difference (p<0.05).

Table 19. Effect of EPS/CS film incorporated with thymol against Pseudomonas fragi MAO7.

Relative survival (%) of Pseudomonas fragi MAO7

Thymol (mg/ml)
0h 6h
0 100 91.99+0.32°"
2.5 100 78.62+0.76"
5 100 71.47+0.23"

*Values are given as mean £SD from triplicate determinations.

**Different letters in the same column indicate significant difference (p<0.05).
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Figure 9. Appearance of sliced pork without film (A), wrapped with EPS/CS film (B) and
EPS/CS film incorporated with thymol (C) at day 0 of storage.
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Table 20. Appearance and odor of sliced pork wrapped without and with EPS/CS film and EPS/CS film

incorporated with thymol during storage at 4£0.5 °C for 15 days.

Days Experiments Appearance Odor
0 Control Grayish pink Fresh
Treatment 1 Grayish pink Fresh
Treatment2 Grayish pink Fresh
2 Control Grayish pink Low freshness
Treatment 1 Grayish pink Fresh
Treatment 2 Grayish pink Fresh and thymol
odor
4 Control Grayish pink Low freshness
Treatment 1 Grayish pink Fresh
Treatment 2 Grayish pink Fresh and thymol
odor
7 Control Surface slime, little green at edge Low freshness
Treatment 1 Grayish pink, a little dried surface Low freshness
Treatment 2 Grayish pink, a little dried surface Fresh and thymol
odor
9 Control Surface slime, green color Off flavor
Treatment 1 Grayish pink, a little dried surface Low freshness
Treatment 2 Grayish pink, a little dried surface Low freshness and
little thymol odor
11 Control Surface slime, green color Off flavor

Treatment 1

Treatment 2

Grayish pink, a little dried surface

Grayish pink, a little dried surface

Low freshness Low
freshness and thymol

odor
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Table 20. (Cont.)

Days Experiments Appearance Odor
15 Control Surface slime, green color Off flavor
Treatment 1 Grayish pink, dried surface Low freshness
Treatment 2 Grayish pink, dried surface Low freshness and

little thymol odor

*Sliced pork without film
**Sliced pork wrapped with EPS/CS film

**%* Sliced pork wrapped with EPS/CS film incorporated with thymol
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Figure 10. Effect of EPS/CS film incorporated with and without thymol (2.5 mg/ml) on total viable count (TVC)

of sliced pork during storage at 4+0.5 °C for 15 days.
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Figure 11. Effect of EPS/CS film incorporated with and without thymol (2.5 mg/ml) on psychrophilic bacteria of

sliced pork during storage at 4+0.5 °C for 15 days.
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Figure 12. Effect of EPS/CS film incorporated with and without thymol (2.5 mg/ml) on pH of sliced pork during

storage at 4+£0.5 °C for 15 days.
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Figure 13. Appearance of sliced pork coated with EPS/CS coating solution (A), EPS/CS coating solution

incorporated with thymol (2.5 mg/ml) (B) and uncoated (C) at day 0 of storage.
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Table 21. Appearance and odor of sliced pork coated with EPS/CS coating solution and EPS/CS coating solution

incorporated with thymol during storage at 4£0.5 °C for 15 days.

Days Experiments Appearance Odor
0 Control Grayish pink Fresh
Treatment 1 Grayish pink Fresh
Treatment2 Grayish pink Fresh
2 Control Grayish pink Low freshness
Treatment 1 Grayish pink Fresh
Treatment 2 Grayish pink Fresh and thymol
odor
4 Control Little green at edge Low freshness
Treatment 1 Grayish pink Fresh
Treatment 2 Grayish pink Fresh and thymol
odor
7 Control Surface slime, little green at edge Low freshness
Treatment 1 Little green at edge Fresh
Treatment 2 Grayish pink Fresh and thymol
odor
9 Control Surface slime, green color Off flavor
Treatment 1 Surface slime, little green at edge Low freshness
Treatment 2 Grayish pink Low freshness and
little thymol odor
11 Control Surface slime, green color Off flavor

Treatment 1

Treatment 2

Surface slime, little green at edge

Little green at edge

Low freshness
Low freshness and

little thymol odor
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Table 21. (Cont.)

Days Experiments Appearance Odor
15 Control Surface slime, green color Off flavor
Treatment 1 Surface slime, little green at edge Low freshness
Treatment 2 Little green at edge Low freshness and

little thymol odor

*Sliced pork uncoated
**Sliced pork treated with EPS/CS coating solution

*#% Sliced pork treat with EPS/CS coating solution incorporated with thymol
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Figure 14. Effect of EPS/CS coating solutions incorporated with thymol (2.5 mg/ml) on total viable count

(TVC) of sliced pork during storage at 4+0.5 °C for 15 days
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Figure 15. Effect of EPS/CS coating solutions incorporated with thymol (2.5 mg/ml) on psychrophilic bacteria

of sliced pork during storage at 4+0.5 °C for 15 days.
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Figure 16. Effect of EPS/CS coating solutions incorporated with thymol (2.5 mg/ml) on pH of sliced pork during

storage at 4£0.5 °C for 15 days.
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Figure 17. Antimicrobial activity of EPS/CS coating solution incorporated with thymol (2.5 mg/ml) against

Acinetobacter iwoffii MAO2 (A) and Pseudomonas fragi MAO7 (B) during storage for 40 days.
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Table 22. Properties of EPS/CS film incorporated with thymol (2.5 mg/ml) at days 0 and 40 of

storage at 25 'C and 50%RH.

Thickness Elongation at break WVP Solubility
Storage time (days) TS (MPa) o
(mm) (%) (x10 " g/msPa) (%)
0 0.065+0.013 23.14+1.61 71.13+3.32 2.83+0.64 15.88+0.09
40 0.067+0.005 27.06+0.78 39.36+0.97 2.61+0.77 16.86+0.38

*Values are given as mean £SD from triplicate determinations.
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(B)

Figure 18. Appearance of EPS/CS film incorporated with thymol (2.5 mg/ml) at day 0 (A) and 40 (B) of storage at

25 °C and 50%RH.
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Figure 19. Changes in L*, a* and b* values of EPS/CS film incorporated with thymol (2.5 mg/ml) during storage
of 40 days at 25 °C and 50%RH.
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Table 23. Light transmittance (%) of EPS/CS film incorporated with thymol (2.5 mg/ml) films

during 40 days of storage at 25 °C and 50%RH.

Light transmission (%) at different wavelength (nm)

Storage time (days)

200 280 350 400 500 600 700 800
0 0 0.375 29.17 41.62 54.17 63.40 68.05 74.30
5 0 0.325 26.55 41.52 55.85 63.30 68.37 71.90
10 0 0.42 28.12 41.30 61.95 66.10 68.90 73.77
15 0 0.20 16.92 35.32 50.17 61.25 66.02 75.62
20 0 0.25 22.95 41.55 58.00 65.90 70.90 75.97
25 0 0.32 24.45 43.52 58.50 65.82 70.90 75.97
30 0 0.25 19.70 36.20 51.42 60.47 64.60 68.62
35 0 0.22 15.40 31.07 47.45 56.30 62.32 66.67

40 0 0.32 17.30 34.42 51.27 59.07 64.05 68.05
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Figure 20. Changes in transparency value of EPS/CS film incorporated with thymol (2.5 mg/ml) during 40 days of

storage at 25 "C and 50%RH.
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Table 24. Antimicrobial activity against Acinetobacter iwoffii MA02 of EPS/CS film incorporated with thymol
(2.5 mg/ml) during 40 days of storage at 25 "C and 50%RH.

Relative survival (%) of Acinetobacter iwoffii MA02

Storage time (days)
0h 6h
0 100 70.1040.25""
20 100 92.47+2.64°
40 100 97.06+1.87"

*Values are given as mean +SD from triplicate determinations.

**Different letters in the same column indicate significant difference (p<0.05).

Table 25. Antimicrobial activity against Pseudomonas fragi MAO7of EPS/CS film incorporated
with thymol (2.5 mg/ml) during 40 days of storage at 25 °C and 50%RH.

Relative survival (%) of Pseudomonas fragi MAO7

Storage time (days)

0h 6h
0 100 62.88+0.33"
20 100 68.53+8.54"
40 100 80.60+4.79"

*Values are given as mean +SD from triplicate determinations.

**Different letters in the same column indicate significant difference (p<0.05).
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Abstract

In recently years the biodegradable film from exopolysaccharide (EPS) derived from microorganism become interested.
In the present work, the ability of EPS from lactic acid bacteria, Weissella confusa NH02, to form film and the effect of plasticizer
addition at different concentration on film properties was evaluated. EPS was able to form films at concentration ranging from 1.5
to 3.5%. The concentration 3 % was selected because the films were easily removed from the plate. Films without plasticizer were
brittle and rigid since they showed high and low elongation at break. Glycerol was found to be the best plasticizer. The optimal

glycerol concentration for film forming was 25% of EPS.

Keyword: Exopolysaccharide film, Plasticizer
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Introduction

Lactic acid bacteria (LAB) are generally recognized as safe (GRAS) and polysaccharides isolated from them offer an
alternative source of microbial polysaccharides for use in food formulations (Laws et al., 2001). Piermaria et al. (2009)
demonstrated the ability to form film of an exopolysaccharide (EPS) isolated from LAB. Polysaccharide-based films are relative
stiff, and therefore, plasticizers are needed to facilitate handling. Water, oligosaccharides, polyols and lipids are different types of

plasticizer widely used in hydrocolloid-based films (Kim et al., 2002; Sothornvit and Krochta, 2005).

In recent years, the use of protective coatings and suitable packaging by the food industry has become a topic of great
interest because of their potentiality for increasing the shelf life of many food products. Nowadays, the largest part of materials
used in packaging industries is produced from non-renewable material with the negative environmental consequence. A big effort
to extend the shelf life and enhance food quality while reducing packaging waste has encouraged the exploration of new biobased

packaging materials, such as edible and biodegradable films from renewable resources (Garcia et al., 1998; Sorrentino et al., 2007).

EPS-producing  Wissella confusa NHO02 was isolated from Nham, Thai fermented pork sausage
(Wongsuphachat et al., 2010). EPS produced by W. confusa NH02 contained only glucose and had a molecular mass of 1.13x10°
Da and exhibited high viscosity. Accordingly, the EPS from W. confusa NH02 has possibility to be a raw material for film forming.
Taking into account EPS characteristics and the necessity of food industry for the development of multipurpose films, the aim of
the present work was to evaluate the ability of EPS from W. confusa NHO2 to form film and the effect of plasticizer on film

properties.
Experimental methods

1. Production of EPSs from W. confusa NH 02

Pure culture of W. confusa NH 02 was taken from glycerol 30% stored at —20 °C and grown in 4 mL of fresh MRS for 18-
24 hrs at 37°C. The culture was transferred to 10 mL of fresh MRS and incubated for 18-24 hrs at 37°C. Then, 1 ml of the culture
was transferred to 100 ml of fresh MRS and incubated for 18-24 h at 37°C. After incubation, the centrifugation was applied to
obtain cell free supernatant. The supernatant was mixed with an equal volume of chilled ethanol and stored at 4°C for 24 hrs. EPSs
were collected by centrifugation (9,000 xg for 15 min at 4°C). The collected EPSs were dried for 2 days at 60 °C (Wongsuphachat

etal.,2010).
2. Preparation of the film-forming solution

EPS solutions concentration of 1.5, 2, 2.5, 3 and 3.5% were prepared under continuous agitation to select the suitable EPSs
concentration. The effect of plasticizer addition was studied on the selected concentration of EPSs solution. Glycerol, sorbitol and

polyethylene glycol were added as plasticizer; concentrations tested were 20, 25, 30, 35 and 40 % of EPSs.
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3. Film casting and drying

Films without and with different concentrations of plasticizer were obtained by casting of 6 ml film forming solutions into
silicone plate (25 cm’). Films were dried at 25°C and 50% relative humidity (RH) in an incubator along 2 days. The obtained films

were removed from the silicone plate and stored at 25°C and 50%RH in an incubator.
4. Physicochemical characterization of films

Thickness of films was determined using a micrometer to the nearest 0.001 mm at 5 random positions around the film, and

average values were used in calculations.

Film transparency was determined following the procedure described by Zhang and Han (2006). Film sample was cut into a

rectangle and placed on the internal side of a spectrophotometer cell. The absorbance at 600 nm (A ) was recorded for each

600
sample using spectrophotometer (Biochrom Libra S21, UK). Film transparency was calculated by the equation of Han and Floros

(1997) as the ratio between A, and film thickness and expressed as (A ,,/mm).

600

In order to determine the solubility of films in water, a method modified from Gennadios et al. (1998) was used. Films were
cut into 20 mm % 20 mm pieces and films were weighed to the nearest 0.0001 g for the determination of the initial dry weights of
films. Films were individually placed into 10 mL of distilled water. Traces of sodium azide (0.1% w/v) also were added to inhibit
microbial growth. The tubes was placed in a shaking at room temperature for 24 h. Residual film in water were separated by
centrifugation and drying them in a hot air oven (105 °C for 24 h). The weight of solubilized dry matter was calculated by

subtracting the weight of unsolubilized dry matter from the initial weight of dry matter.
5. Measurement of tensile strength and elongation

Films were equilibrated at 50%RH for 48 h at 25 °C before being tested. The tensile strength of films were measured from
strips of 30 mm x 20 mm films. These strips were placed into the film extension grips of the texture analyzer (LLOYD, Canada).
They were stretched 20 mm apart at a speed of 2 mm/s by the texture analyzer. The parameters determined were: tensile strength

(MPa) and elongation at break. Ten film specimens of each formulation were used in the analysis.
6. Measurement of water vapor permeability

Water vapor permeability (WVP) was determined gravimetrically according to the standard method ASTM E96-00
(ASTM, 1980). All measurements were replicated four times. The films were fixed on top of test cells containing a desiccant (silica
gel). Test cells then were placed in a relative humidity chamber with controlled temperature and relative humidity (25°C and 55%
RH). After steady-state conditions were reached, the weight of test cells was measured every 1 h, eight weight measurements were
made. Changes in the weight of the cell were recorded to the nearest 0.0001 g and plotted as a function of time. The slope of each
line was calculated by linear regression (r2>0.99) and the water vapor transmission rate (WVTR) was calculated from the slope of
the straight line (g/s) divided by the cell area (m”). After the permeation tests, film thickness was measured and WVP (g m Pa's'

m_l) was calculated as WVP = [WVTR/S(R1—R2)] d, where S is the saturation vapor pressure of water (Pa) at the test temperature

(25 °C), R1, the RH in the desiccator, R2, the RH in the permeation cell and d is the film thickness (m).
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Results and Discussion

1. EPS concentration for film-forming solution.

EPS concentration for film-forming solution was selected considering the characteristics of the obtained film such as
solubility, plate remotion easiness and flexibility. The thickness of the films increased with EPS concentration used as expected
from 0.031£0.003 mm for 1.5%EPS to 0.063+0.003 mm for 3.5 %EPS (p<0.05) (data not shown). Films were still difficult to
handle, except those obtained from 1.5%, probably on account of their low thickness (0.031+0.003 mm). Films formulated with 3%
were easily removed from the cast plate. Thus, considering the previously described characteristics the suitable EPS concentration

for film-forming solution was 3%.
2. Physicochemical characterization of films

The effect of plasticizer types and concentrations on the properties of EPS film were analyzed. The thickness of the films is
shown in Table 1. It ranged from 0.058 to 0.070 mm, indicating that film thickness depended on EPS film’s nature and
composition. The optimal thickness of 0.064+0.005 mm was observed and plasticizers content did not affect significantly this

parameter.

Film transparency is a critical property that conditioned film applications. EPS film transparency was 1.82+0.23 A, /mm;
plasticizer addition did not modify this property except EPS film with 35 and 40% glycerol (Table 2). The obtained results
indicated that the obtained transparency values were within the range of those of some commonly used synthetic films such as low

density polyethylene (3.05 A, /mm) and oriented polypropylene (1.67 A, /mm) (Shiku et al., 2003).

EPS film solubility in water increased significantly (p<0.05) with increasing glycerol and sorbitol concentrations (Table. 2).
Glycerol and sorbitol have hydroxyl group and it can be attributed to increase hydrophilic of EPS film and enhance polymer chain
mobility due to the plasticization effect of glycerol which increased the diffusivity of water molecules in the film matrix (Tong et

al., 2008).

3. Mechanical properties

Films without plasticizer were brittle and rigid since they showed high tensile strength values and low elongation at break
value (data not shown). Plasticizers interfere with polymeric chain association facilitating their slipping and thus enhancing film
flexibility. Most plasticizers contain hydroxyl groups which will form hydrogen bonds with biopolymers, and increase the
flexibility of the film matrix. Thus, plasticizers decreases the rigidity of the network, increasing the movement ability of polymer

chains. (Piermaria et al., 2009).

It may be noted that higher tensile strength as well as percentage elongation will be preferable for food packaging films.
Considering the above fact, the EPS film with 25% glycerol with tensile strength 7.38+0.37 MPa and percentage elongation

30.82+6.31% (Table 1) was chosen for prepare film-forming solution.
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4. Water vapor permeability (WVP) properties

The mean water vapor permeability (WVP) values for EPS films are presented in Table 2. The WVP values were found to
increase with an increase plasticizer concentration from 20% to 40%. The addition of glycerol showed the greater of this property
than sorbitol. Meanwhile, polyethylene glycol (PEG) was used as plasticizer showed the brittle and rigid film that cloud not remove
from plate (data not shown). Glycerol is a hydrophilic molecule of low molecular mass that could easily fit into the EPS chains by
establishing hydrogen bonds with reactive groups of polymers. Glycerol incorporated to the film matrix decreased the attractive
forces between polymer chains, increased free volume and segmental motions; hence, water molecules diffused more easily,
resulting in the higher WVP (Dias et al., 2010). Plasticizers should only be used at the minimum amount required to obtain the
advantage of enhancing the film properties (Sothornvit et al., 2005). Accordingly, for EPS film formulations, the optimum glycerol

concentration was 25% of EPS.

Table 1. Effect of plasticizer type on thickness, tensile strength and elongation at break of exopolysacchrides film from Weissella

confusa NH02.
Plasticizer Plasticizer concentration Tensile strength Elongation at break
Thickness (mm)*
type (%) (MPa) (%)

20 0.068+0.004""" 11.18+1.06° 27.65+4.27°
25 0.064+0.005™* 7.38+0.37° 30.8246.31%

Glycerol 30 0.068+0.004"" 6.82+0.63" 34.46+3.00°
35 0.070£0.006" 521+0.15% 45.53+4.68"
40 0.064+0.002"* 3.50+0.03" 47.97+2.42"
20 0.068+0.005 25.56+4.71° 2.3740.79"
25 0.0650.003 28.50+2.81" 2.95+0.22"

Sorbital 30 0.063+0.003™ 27.43+1.13 3.31+0.19"
35 0.058+0.004" 19.30+2.22° 15.57+2.86"
40 0.060+0.003" 12.04+1.72° 22.20+7.82°

*Values are give as mean £SD from triplicate determinations.

**Different letters in the same column indicate significant difference (p<0.05)
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Table 2. Effect of plasticizer type on solubility, transparency value and water vapor permeability (WVP) of exopolysacchrides film

from Weissella confusa NH02.

Plasticizer Plasticizer Concentration WVP
Solubility*(%) . ) Transparency value
type (%) (x107 g m/Pah m’)
20 40.49+4.95"" 1.70+0.17° 1.75 £0.10%
25 41.28+0.55" 2.20+0.04° 1.82+0.23"
Glycerol 30 42.34+1.42" 2.4740.03° 1.74+0.11°
35 45.09+0.75% 4.19+0.08° 2.40+0.45°
40 51.52+0.52° 4.55+0.28° 2.50+0.23°
20 44.54+1.12" 0.120.003° 1.44 £0.05"
25 44.49+0.05" 0.14+0.007° 1.45+0.12"
Sorbital 30 47.06+2.39% 0.16+0.079° 1.20+0.08"
35 47.11%3.00% 0.18+0.030" 1.3440.25"
40 50.08+0.96" 0.19+0.037° 1.61+0.17™

*Values are give as mean £SD from triplicate determinations.

**Different letters in the same column indicate significant difference (p<0.05)

Conclusion

This is the first report demonstrates the ability to form films of an EPS from W. confusa NHO2 isolated from Thai
traditional fermented foods. It can form film at concentration ranging from 1.5 to 3.5%. The EPS concentration at 3% and the
addition of 25% glycerol allowed to obtain a film with an extraordinary flexibility. These characteristics of plasticized EPS films

enhance their potential uses, especially for food industry.
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