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tll"lll' LlJ'-l Lii~ll : 'lfl LYi L'lIlJ L tlULLf'lullLfliu'TJtl~1'l1l'11hu,ih~YlTu1uYlftlJ LYin~UL~tlU~tl1tjml'LriU'TJtl~Li1tl~j;l'rlli'~ LLIJi~ 
(LiPOSOME ENCAPSULATION OF ANTIMICROBIAL SUBSTANCES IN PECTIN FILM FOR EXTENDING 

SHELF LIFE OF FRESH-CUT MEAT) tl.~mml'1ilYltJ1ilYiutf1.lftn: tl . ~1. 'lI1ft~1 Ul'lJYliU'll1~flfl ,tl.~mm!t1 

ilYltJ1ilYiufi1'llJ: c.JIU1. Yi11'l'l~ Ur::VlU:::LI'lU 150 1.l1h 

~1uil4'uUiJrr tll QU1:::1'l~ I'1L ~tl ~ mn nr:::U'lun 1l' 'lfl L Yi L'lIlJ L tlULLPlUll Lfliu lum1ri n LriUI'l1l'1'l ri ~~ill'llJu"ii til 1UL ~tl' fiUYlTEf 

'l~LLri J1lJumUYi~ J1lJunr:::LYiUlJ 1'l11I'lri~~1mufttlmiu~lJ~'ltJLtlfi1Utlfl L~tl'll'lUf'l~~Ylitll1UL~tl,fiUYlTEf LLfI:::1l1'luH'l~ 
tlEh~ilUl':::~Ylfi1l1Yi lUm1Yl~fltl~t1'lULLrnUl':::LnU~Yliml'tII1u,fiUYlTEf'TJtl~ 1'l1l'1'l ri ~~ LfttlnlJ1 ~ ml'1 YiU~1 J1lJumUYi ~ 
J1lJunr:::LYiUlJ LLfI:::1'l1l'l'lri~~1mufttlmiu~lJ il~Yliluml'tII1UL~tl,fiuYlTEfritlbf'lluYl1~L~utl11.l11'l~LLri Escherichia coli 

ATCC 25922 Escherichia coli ATCC 8739 Salmonella Typhimurium ATCC 23564 LLfI::: Salmonella Choleraesuis 

.l ~ .. r.J , 1" ~ .. '!! 1 .l % r'l.!' ' . ATCC 25923 LLfI:::L'lltl,flUmUYlntl \lLn~ml'Ll'ltllJLrW ULUtlntll'l vlLLn Pseudomonas sp. ATCC 25619 LactobacIllus sp. 

TISTR 539 LLfI::: Lactobacillus sake TISTR 890 lum1;uXULfI;~UYiU~1f'l'l1lJLiilJiiutitlU~t'l~~1'l1lJ11tlLii~'llJL'lIflft'TJtl~ 
1'l1l'fI:::fl1tJLfI;~U~tlrtlUfI::: 11L~uJ11.lUn ~1mrULtllTUlJ~lJfliuI'l1l'l'lri~~il~Ylitll1u,fiuYlTU1~uilfiIli'ULdfl~lJfliu 1M0111f'l 

J1lJuUl':::ntlU ~'lUI'l1l'fI :::fl1tJLfI; ~u 1 UL tlfi1Utl fI LLfI :::J1lJUc.J I'llJ (J 1lJunr:::L YiUlJriuJ1lJumUYi~) LLfI :::1'0111 f'lJ1 Lilu 

1'l11f1:::fl1uJ1'TJtl~1'l11I'lri~~1mtJfttlmiu~lJ~'ltJLtlfi1Utlfl L~U LLUl'f'l'l1lJLiilJiiuI'l11f1:::fl1tJLfI;~U~TtlUfI::: 12 14 LLfI::: 16 L~U 
"..J """ 
1l11.lUn LLfI:::~lJfliuYlil~ ~ t1'lU'TJtl~1'l11f1:::fl1U LfI;~ulJitlI'l1l'1'l ri ~Yi~1.llJ~ (1l1lJumUYi~ 1l1lJun i:::LVlUlJ LLfI:::1'l1 il'l ri~"t 1 n LU~tl n 

Yiu~lJ~'ltJLtl!l1Utlfl) Lvhriu 1:3 1:6 LLfI::: 1:9 L~uJ11.lUn'TJtl~1'l11I'lri~~~ 3 'llil~LVhriu f'l'l1lJLiilJiiULfI;~UrtlUfI::: 12 L~U 
J11.lUn LLfI:::tltllnt1'lUi:::1.l~1~1'l1rfl:::fl1tJLfI;~ulJitlI'l1itll1u,fiuYlTEf 1:6 l~~lJfliu~f'l~IIi''l LLfI:::1'l1lJ1l'mruJ~,fiuYlTEftl~lu 
Lncu.,r~ ml'Yl~fltl~~l'ltl~~n1!t1mr;uluYlftlJ'TJtl~LYin~u (rtlUfI::: 2.5 3 3.5 LLfI::: 4 L~uJ11.lUnlJitl1.ijlJ1tlli) c.Jl'llJ LLf'lflL;UlJ 

f'lfltlh~ (TtlUfI::: 3 5 7 LLfI::: 10 L~uJ11.lUnlJitlmlJ1tll1) LLfI::: Yifl11'l~'l'llL'lItlf (nftL'lItl1tlflLLfI:::'lItlfUYltlflTtlUfI::: 40 50 LLfI::: 60 

L~uJ11.lUnlJitlmlJ1tll1) L~tJLLU1LiilJiiu'TJtl~LYin~U~rtlUfI::: 2.5 3 3.5 LLfI::: 4 L~uJ11.lUnlJitlmlJ1tll1 YiU~1~PI'l1lJLiilJiiu 
LYin~UTtlUfI::: 4 L~uJ11.lUnlJitlmlJ1tlll'c.Jl'llJLLf'lflL;UlJf'lfltlh~1tlUfI::: 3 L~uJ1V1unlJitlmlJ1tll1 LLfI:::nftL'lItl1tlflTtlUfI::: 50 L~U 
J1V1unlJitlmlJ1tlll' l~rh tensile strength (TS) 19.09 MPa rh elongation (%E) 7.85% LLfI:::rh water vapour permeability 

(WVP) 6.49 Ilg/m s Pa ill'llJmiYl1~n1U111Yi~~tl~lULncu.,r~utllJfu'l~ L~tltll'MflLYiL'lIlJ~ilI'l1l'tII1U,fiuYlTEf (1tlUfI::: 2 4 

LLfI::: 6 L~uJ1V1Un) fI~luYlftlJ LYin~u~c.Jfitll;u 1l1lJ1ur:::LnU~Yli!TuJ~,fiuYlTEf YiU~1 bJilf'l'l1lJ LLtllnIJi1~riu'TJtl~~Ylilum1t111u 
,fiUYlTEftlEh~iltitJihi)t1I Um~Uf'l'l1lJLiilJiiu'lflLYiL'lIlJ~rtlUfI::: 4 LLfI::: 6 L~uJ11.lUn ~1~~Ylilum1!TuJ~lJ1n~t'l~tlEh~il 
UU~1 f'l t1I1u, fiUYlTEf n ~lJ LLfI f'l~ f'l ~1 mrUYl ~ M1Ul'llJU"iiYl1~ mU111Yi'TJtl~Yl ftlJ YiU~1 ml'L~lJ 'lfl L Yi L 'lIlJ fI~ 'luLu LLcJUYl ft lJYi11 ~rh 

TS fI~fI~ f'i1 %E WVP I1E LLfI:::f'i1P1'l1lJ~UL~lJ;UL~tlLmuULYiuuriulIi''ltlEh~f'l'luf'llJ L~UPI'l1lJLiilJiiu'lflLYiL'lIlJ~1tlUfI::: 4 

L~uJ11.lUn 1~f'i1 %E ~~t'l~ LLfI:::l'llJmiYl1~mU111Yi~U11ULncu.,r~ LLfI:::UtllJfu'l~ ~~LfttlnYlftlJLYin~U~c.Jl'llJ'lfl LYiL'lIlJ~ilI'l1l' 
t111u,fiUYlTEfc.Jl'llJ~TtlUfI::: 4 L~uJ11.lun'luliiriutl11.l1r ;~YlftlJ~L~tlnill'llJu"iiYl1~mU111YiIli'~U TS 17.78 MPa %E 15.4 % 

WVP 10.2 Ilg/m s Pa I1E 16.55 LLfI:::f'i1P1'l1lJ~U 5.02 Au xnmillm lu,rUtlltlut'l~Yi1tJL~tlIl1YlftlJ'lu1ii1'llJriULi1tl~tll1"lIi'~ LLIJi~ 
L~U~lJ~ULi1tl Lriu~flCU\llJn 4 tl~1'I1L'lIflL;UI'l YiU~1 LLcJuYlftlJLYin~Uc.Jl'llJ'lflLYiL'IIlJ'TJtl~1'l11t111u,fiUYlTEfI'l1lJ1l'Clfl~41U'lU 
,fiUYlTU1~ 0.96 - 4.01 log CFU/g lu1'ut'l~Yi1U'TJtl~ml'Lriufn1!t1 (16 1'u) L~uYlftlJLYin~Uc.Jl'llJ'lfl LYiL'lIlJ~~lJ Li1tl~tll1"lIi'c;, LLIJi~ 
1'l1lJ11C1U~tl1tjn1l'LnULdtlrJ'lIli'~LLIJi~'l~lJ1nn~1 6 rJu LLfI:::1'l1lJ11C1U~tl1tjml'LriulULdtl1.ll;JIIi'~LLIJi~'l~lJ1nn~1 8 rJu LLfI:::l~~Yli 

~ ~ .J 
lum1!Tu!T~~~t'l~lu,fiuYlTEfn~lJ'TJtl~ E. coli LLfI::: coliform LLfI:::l~c.JfllumnruU~YllnftL~u~riu1:::1.l~1~ Pseudomonas sp. 

LLfI::: Lactobacillus sp. 
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ORACHORN MEKKERDCHOO : LlPOSOME ENCAPSULATION OF ANTIMICROBIAL SUBSTANCES IN 

PECTIN FILM FOR EXTENDING SHELF LIFE OF FRESH-CUT MEAT. THESIS ADVISOR : CHALEEDA 

BOROMPICHAICHARTKUL, Ph.D, CO-ADVISOR: ASST. PROF. PASAWADEE PRADPASENA, Ph.D. 150 pp. 

The aim of this research was to determine a suitable condition to encapsulate antimicrobial extracts from herbs 

and spices in liposome for using in pectin film in order to maximize the antimicrobial properties of those extracts against 

food spoilage microorganisms. Clove oil, garlic oil and pomegranate extracts were selected to used in the experiments. 

In the first section, antimicrobial activity of clove oil, garlic oil and pomegranate extracts was tested and it was found that 

they had ability to inhibit food pathogen and food spoilage microorganisms such as Pseudomonas sp. ATCC 25619, 

Escherichia coli ATCC 25922, E.coli ATCC 8739 , Salmonella Typhimurium ATCC 23564,Sa/monella Choleraesuis ATCC 

25923, Lactobacillus sp. TI STR 539 and Lactobacillus sake TISTR 890. For liposome preparation, critical micelle 

concentration (CMC) of lecithin to form liposome was 11 % w/w. The emulsion of antimicrobial extracts was prepared by 

using double emulsion method. Oil phase contained lecithin solution in ethanol and mixture of clove oil and garlic oil 

(weight ratio of clove oil to garlic oil = 1: 1) while water phase contained pomegranate extract. The concentration of lecithin 

was varied to 12, 14 and 16 % w/w and ratio of lecithin solution to antimicrobial extracts was 1 :3, 1:6 and 1 :9. Stability of the 

emulsions was then examined . The results showed that the emulsion prepared with lecithin concentration of 12% and ratio 

of lecithin solution to antimicrobial extract of 1:6 gave the best stability and good inhibition . All prepared emulsions showed 

positive result for bacterial inhibition. In the second section , physical properties of pectin film were studied at different 

pectin concentrations (2.5, 3, 3.5 and 4% w/v) mixed with calcium chloride (3, 5, 7 and 10% w/v) and plasticizers (glycerol 

(GL Y) and sorbitol (SOR) at concen tration of 40, 50 and 60% of the weight of pectin into film mixture).The results showed 

that at pectin concentration 4 % w/v with calcium chloride 3% w/v and using GL Y 50% exhibited better physical properties 

(TS 19.09 MPa, %E 7.85%, WVP 6.49 IJg/m sPa) than other treatments. Then liposome with antimicrobial extracts was 

added into selected film condition at varied concentration (2, 4 and 6% w/w) . Antimicrobial effects of pectin film 

incorporated with the liposome showed no significant different (p~0.05) in bacterial inhibition zone between liposome 

concentrations except those of 4 and 6 % w/w had highest inhibition zone against Lactobacillus sp. and Lactobacillus sake 

significantly. The result showed that TS of the film decreased while the %E, WVP, I1E and film opacity increased when 

compared to the control, the pectin film incorporated with 4% w/w liposome had highest %E and the other of physical 

properties were acceptable. Therefore, pectin film incorporated with 4% w/w liposome was selected. It had the following 

physical peoperties; TS 117.78 MPa, %E 15.4 %, WVP 10.2 IJg/m sPa, (I1E) 16.56 and film opacity 5.02 Au x nm/lJm. 

In the final section, pectin film incorporated with liposome was tested against microbial growth (aerobic plate counts, 

Pseudomonas sp., lactic acid bacteria , Salmonella spp., Ecoli and coliform) of fresh-cut meats (pork and beef loins) during 

refrigerated storage (4 DC) for 16 days. The result showed that it could reduce microbial load of 0.96 - 4.34 log CFU/g after 

16 days of storage. The pectin film incorporated with liposome had ability to extended shelf life of fresh-cut meat morethan 

6 days for beef loin and extended from 8 for pork loin . The film was most effective in inhibiting growth of Ecoli and coliform 
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('V1n1~~~mfJ 2,000 L'Vl1LL~:;'Vln1~~~mfJ 3,500 L'Vl1 1?l1~~1"'1J) ...... ............. 87 

4.61 tUti1fJ~'We1') (A) LL~:;tU~"'~,)1~ (8) ~'fl~Yl.;~~rl')1~L;r~;r'WL~n~'W 
¥'flfJ~:; 4 t"'fJ~1V1'1!nLPl'flm~11?lJ'~~~~LLrl~L;fJ~rl~'flh"'1'flfJ~:; 3 

~ ~ 

t"'fJtJ1V1'1!n LPl'flm~11?lJ' Hn~ L"ll'flJ''fl~ 50% t"'fJtJ1V1'1!n~'fl~ L~n~'W 
, , 

(
q 0 cv I.Q 0 ..... I 0 cv 

'Vln1~~~mfJ 2,000 L'Vl1LL~:;'Vln1~~~mfJ 3,500 L'Vl1 1?l1~~1"'1J) .................. . 88 



4.62 

4.64 

4.65 

4.66 

" , 
nJ ~1tJYi'\J~'J (A) LL~:;~iJ (;] "'''lJ'J1\l (8) "lJ'el\l:YM~Vi ~'J1~ L .jf~.jf'\JL 'Yin &i'\J 
" " " , 
~'eltJ~:; 4 t"'tJ-W1Wwn~m.fi~1(;l~ Vic.J~~LL~~L:ntJ~~~'elhm'eltJ~:; 3 

" " 
t"'tJ-WTvl,rn ~'elm~1 (;l~ Hn~ L'li'el~'el~~'eltJ~:; 60 t"'tJ-W1~,rn"lJ'el\l L'Ym &i'\J 

," 
~mtru:;LL~'\JYl~~Vi~'\J::iJYl~~lJ'\JLL~'\J acrylic 1~ (A) 

.... e l tr.... t ,Q tr !l 
LL~:;~ m~tru:;11~~1l1tJ~~\l1Ol1 n n1~LLn:;'el'el nlOl1 mL~'Vi~'Ym~'J (8 ) ...... .... .......... . 

~1 ~'J1~~'\J1"lJ'el\l LL~'\JYl~~~ LLiJ~m~1 ru1~ t 'Vi t'li~ ~1\l1 n'\J ..... ....... .... ...... ....... . 

~1 ~'J1~ ~1'\J'Vl1'\JLL~\l ~\l"lJ1 "'''lJ'el\l LL~'\JYl~~~ LLiJ~m~1 ru1~ t 'Vi t'li~ ~1\l1 n'\J ... .... . 

~1~'eltJ~:;n1~~ '" (;]'J~\l' "'"111 "'"1I'el\l LL~'\JYl~~~ LLiJ~m~1 ru1~ t 'Vi t'li~ ~1\l1 n'\J ..... . 

" 
4. 67 ~1 ~'J1~~1~1~Cl1 '\Jn1~~~ ~1'\J"lJ'el\l1'el-W1"lJ'el\l LL~'\JYl~~ 

90 

91 

92 

93 

~LLiJ~m~1ru1~t'Vit'li~~1\l1n'\J... .... ... . . . .. ... .... ... . .. .... ... .. .............. . .. .. ... ...... . 94 

4.68 ~1"lJ'el\l~'J1~~1\l"lJ'el\l~"lJ'el\lLL~'\JYl~~~LLiJ~m~1ru1~t'Vit'li~~1\l1 n'\J.. ..... .... ... . 95 

4.69 ~1 ~'J1 ~~'\J"lJ'el\l LL~'\JYl~~~LLiJ~~'J1~ L.jf~.jf'\J1~ t 'Vit'li~ ~1\l1n'\J. . .... . ....... .... . . .. 96 
" , 

4.70 1l1'Vi ~1tJYi'\J~'J (A) LL~:;1l1'Vi (;] "'''lJ'J1\l (8) "lJ'el\lYl~~Vi ~'J1~ L .jf~.jf'\JL 'Vi n &i'\J 

~'eltJ~:; 4 t"'tJ~1~,rn~'elm~1(;l~ ~c.J~~LL~~L:ntJ~~~'elh"'1'eltJ~:; 3 

" " t"'tJ-W1~,rn~'elm~1(;l~ Hn~L'li'el~'el~~'eltJ~:; 50 t"'tJ-W1~,rn"lJ'el\lL'Vin&i'\J 

LL~:;LLiJ~~'J1~ L.jf~.jf'\J1~ t'Vit'li~~~'eltJ~:; 2 t"'tJ~1~,rn 
, , 

(Vin1~\l"lJmtJ 2,000 L'YhLL~:;Vin1~\l"lJmtJ 3,500 Lvi1(;l1~~1~lJ )........... ..... ... . . 97 

4.71 1l1'Vi ~1tJ~'\J~'J (A) LL~:;1l1'Vi (;] "'''lJ'J1\l (8) "lJ'el\lYl~~~ ~'J1~ L.jf~.jf'\JL'Vi n &i'\J 

~'eltJ~:; 4 t"'tJ~1~,rn~'elm~1(;l~ ~c.J~~LL~~L:ntJ~~~'elh"'1'eltJ~:; 3 

" " t"'tJ-W1~,rn~'elm~1(;l~ Hfn~L'li'el~'el~~'eltJ~:; 50 t"'tJ-W1~,rn"1l'el\lL'Vin&i'\J 
, " 

LL~:;LLiJ~~'J1~ L.jf~.jf'\J1~ t 'Vi t'li~Vi~'eltJ~:; 4 t"'tJ-W1~,rn 
, , 

(
.c:I 0 .... I ~ 0 ... I 0 .... 

'Vln1~\l"lJmtJ 2,000 L'Vl1LL~:;'Vln1~\l"lJmtJ 3,500 L'Vl1(;l1~~1"'lJ) ..... ...... ... .... . . 
" , 

4.72 1l1'Vi ~ 1 tJYi'\J~'J (A) LL~:;1l1'Vi (;] "'''lJ'J1\l (8 ) "lJ'el\lYl~~Vi ~'J1 ~ L .jf~.jf'\JL'Vi n &i'\J 
" , 

~'eltJ~:; 4 t"'tJ-W1~,rn~'elm~1(;l~ Vic.J~~LL~~L:ntJ~~~'elh"'1'eltJ~:; 3 

" " t"'tJ-W1~,rn~'elm~1(;l~ Hn~L'li'el~'el~~'eltJ~:; 50 t"'tJ-W1~,rn"1l'el\lL'Vin&i'\J 

LL~:;LLiJ~~'J1~L.jf~.jf'\J1~ t'Vit'li~~~'eltJ~:; 6 t"'tJ~1~,rn 

97 

(~n1~\l"lJmtJ 2,000 Lvi1LL~:;~n1~\l"lJmtJ 3,500 Lvi1(;l1~~1~lJ ) ..... ........ .... .. . 98 



4.73 
.,. .. I 

~'VlfiUUU-:)"~kl'Vi~t.J"1l'rl-:)YJ~~ L'Vi n ~klVl r-J~~1rl t 'Vi t'1l~ 
" CIrio cI ~ ?~.q. , . 

"1J!l-:)~1~j;\1kllilrlkl'Vl~tJr-J~~ ~(1)mfi diSC diffusion ...... ...... ...... . .. .. ........ .. ... . 99 • 
.. I 

4 .74 ~m~tru::')-:)'t~'tkln1~UUU-:)Iil~kl'Vl1t.J"1J!l-:)LL~klYJ~~ L'Vin~klVlr-J~~1rl t'Vit'1l~ • 
..t ......... 

"1J!lWll!llilrlkl'Vl~tJ E. coli ATCC 8739 (A) E. coli ATCC 25922 (B) • 

Salmonella Choleraesuis (C) Salmonella Typhimurium (0) 

Pseudomonas sp. (E) Lactobacillus sp .(F) LLrl:: Lactobacillus sake (G). . 100 
.,. .. I 

4 . 75 ~'VlfiUUU-:)"~kl'Vl1t.J"1J!l-:)YJ~~ L'Vi n ~klVlr-J~~1rl t'Vit'1l~nu~,rrlikl 

"1l!l-:)~1~~1kllil~kl'Vl1t.Jr-J~~~~(1)~,)kl1:6 t(1)tJHLrl:n~kl • .. "'''iI l' 0 fV<;'Qq , . . 
F),)1~L"1J~"1Jkl~!ltJrl:: 12 ~(1)tJkl1"'kln ~(1)mfi diSC diffusion ... ....... ... ...... .. .. . 102 

.,. .. I 

~'VlfiUUU-:)"~kl'Vl1t.J"1J!l-:)YJ~~ L'Vi n ~klVl r-J~~1rl t'Vi t '1l~ nuYJ~~ 4.76 

.. 
4 . 77 ~1kl,)kllil~kl'Vl1t.J~-:)"'~(1) (Aerobic plate count) • 

~ ~ ~ ~ 

~::"'~1-:):nklLU!l ~ (1)LLj;)-:) F)')U F)~ LLrl:: :nklLU!l ~ (1) LLj;)-:)~~YJ~~ L'Vi n ~kl • • 

r-J~~1rl t'Vit'l!~ 'tkl~::"'~1-:)n1nnufmt1 16 .)kl. .. .... ......... . .. .... .. .. ..... ... ... ..... .... 104 

4.78 ~1kl')kl"1l!l-:)Iil~kl'Vl1t.Jn~~LLrlF)~n (Total lactic acid bacteria) • • 
~ ~ ~ ~ 

~::"'~1-:);klLU!l ~ (1) LLj;)-:) F)')U F)~ LLrl::;klLU!l ~ (1) LLj;)-:)~~YJ ~~ L'Vi n ~kl • • 

r-J~~1rlt'Vit'l!~ 'tkl~::"'~1-:)n1nnufn~1 16 .)kl.. ... ... .. ... .. ..... .... ..... ... ................ 106 

4.79 
o .Q .<C:IiI cr' I 

1il1kl')kl"1J!l-:).,rlkl'Vl~tJn~~ Pseudomonas sp. 

" " " " ~::"'~1-:);klLU!l ~ (1) LLj;)-:) F)')U F)~ LLrl::;klLU!l ~(1) LLj;)-:)~~YJ~~ L'Vi n ~kl • • 

r-J~~1rlt'Vit'l!~ 'tkl~::",~1-:)n1nnufm~t116 .)kl. ... .. ..... ..... ... ... ... ....................... 108 

4.80 
o A .Q", I 

1il1kl')kl"1l!l-:)lilrlkl'Vl~tJnrl~ E. coli • • 
" " " " ~::"'~1-:);klLU!l ~ (1) LLj;)-:) F)')U F)~ LLrl::;klL U!l ~ (1) LLj;)-:)~~YJ ~~ L'Vi n ~kl • • 

r-J~~1rl t 'Vit'l!~ 'tkl~::"'~1-:) n1~Lnufn~1 16 .)kl. .............. .... . ...... ....... .... ... ........ 109 

4 .81 
o Q Q.,.. I 

1il1kl')kl"1J!l-:)lilrlkl'Vl~tJnrl~ coliform • • 
" " " " ~::"'~1-:);klLU!l ~ (1)LLj;)-:) F)')U F)~ LLrl::;klLU!l ~ (1) LLj;)-:)~~YJ~~ L'Vi n ~kl • • 

r-J~~1rl t'Vit'l!~ 'tkl~::",~1-:)n1~Lnufm~t1 16 .)kl........ ..... ... .......... ........ ..... ..... .... 110 

n1 
.. 

, (1)'1'1 (1)~!lU n 1 ~~~ ~ 1kl "1J!l-:) 1!l,J 11h::n!lu ~') tJ n')tJ'Vl (1) ~!lU 
" I "I 

dI I 1 0 ......... 0 IV 1" 'I 
n1~'l!~r-J1kl"1l!l-:) !lkl1 (A) LLrl::L(1)'1lLF)Lj;\!l~'VlU~~lilkl1nrlkl ,)fl1tJ ~kl (B) ...... ..... . • 133 



d 
UVI'VI 1 

o 
'U'VI'I.n 

i1'"l'"l~'W~'J1 ).JUm.J1 'WmJ''ltHJl We.J1 .. nJ'~ ~ LL'C'l :;'tl1~1J'~ ~1'Wn J':;u'J'Wm J'LLthnJ,J'tltJ~~ ~ . " . 
ij L~).J~'WL~'tl\l'"l1 nij ~'J1).J~).JUJ'ru'V11\1 tn"lf'W1 mJ'~\I LLt;l'tl1~1J'L~~1eij;]'tl L~tJ ~'tl Ln ~mJ'L~'tl).J-

" " ~ ~ 

L~tJl~~1tJ LL'C'l :;'tl1tJ m J'LrhJ5"m~t1 i'W L'VIJ'1:;l1 mh:;~1Ji1 ru~1 mJ'u'WLu'tl'W"lJ'tl\l'"l~'W'Vl~u ri'tl b~ . .,. 
'" I I I I 

L~tJ L'ilYn:;t:J~ {;lJl ruerl n~).J L il'tli 1n~\I LiJ'Wt:J ~ Inn ruerl~ij ~'J1).J L~tJ\I~\I L -W'tl\l'"l1 nmuJ'~'W~\I LL'C'l:;ij . "" 
~ 

1"11 water activity m).J1:;~).Jt;l'tlmJ'L'"l1'kJ"lJ'tl\lLL1J~~C~,tJri'tlb~~'C'l1tJ"lfU~ L-W'tliln1l1nLn~Lij'tln 
~ 

1J1L'JruCj'J~,J1"lJ'tl\lL-W'tl (surface slime) Ln~'"l1n'"l~'W'Vi~tJ1'Wn~).J Pseudomonas sp. LL'C'l:;Ln~ • • , ~ 

mJ'LU~tJ'W~"lJ'tl\l L-W'tl Ln ~'"l1n'~'W'Vl~tJ1 'Wn~).J Lactobacillus sp. (~"lJt'"l ~4''W'Vlf, 2547; ~).J ru'Vl1 

l' [?JJ'W~ 'Wi, 2549) ~\I LU'W~ 1 L~ 1n"lJ 'tl\l n 1 J'L~'tl).J L~ tJ"lJ 'tl\l L n'tl i 1n1 ';)fi m J'~UtJ).J1 'Wn 1 J'~ ~'tl1tJ •• • 
~ ~ 

n 1 nn 1J 'tl1 ~ 1 J'n ~).J ~ ~ 'tl n 1 J' LL'll Ltj 'W LLt;l tJ \I hJ ~ 1).J 1 J'mJ1J tJ \I n 1 J' L'"l1'kJ"lJ 'tl\l, ~ 'W 'Vl~tJ1~ 

(Jeyamkondan, Jayas and Holley, 2000; Quintavalla and Vicini, 2002; Devlieghere, 

Vermeriren and Debevere, 2004; Buffo and Holley, 2005; Aymerich, Picouet and 

Monfort, 2008) LL'C'l:;m J' 10n ~1J'L~ij LU'W~1 J'~'W'tl).J'tl1~1J'hJLu'W~UtJ).J1 'Wi1'"l'"l~'W L'VIJ'1 :;eJ1J1tn ~ . " 

1nJ':;~t1n 1 'W~1'W~'J1 ).JU'C'l'tl ~n tJ).J1 n~'W ~\ll111 ",ij n 1 J'U 1 t:J ~ Inn ruerl'Vl1\1 fiJ'J').J"lf1 ~).J11on1 'W 

n1J'~'W'tl).J'tl1~1J'LL'Vl'W~1J'L~ij ~\I LU'W~ n'Vl1\1 L~'tl n~~\l1 'Wn1J'~'W'tl).J'tl1~1 J'~ij ~'J1).JtJ1~'W1'"l1 'W 

n 1 ~il'tl\l Ii 'Wm J'L'"l1'kJ L~1J Lin "lJ'tl\l, ~'W'Vl ~U~l11 t'" Ln ~ m~ L~'tl).J L~tJ LLri'tl1~1 J'LL'C'l:;~ ~~:;tJ:; L'J 'C'l1 

mJ'LtJ1 L~tJ"lJ'tl\l'tl1~1J''tl'tl n lu 

~1~~ Ii ~'"l1 nL~i'tl\l L'Vl fI1 (spices) LL'C'l:;~).J'Wl 'VIJ' (herb) LU'Wt:J~ Inn ruerl'Vl1\1fiJ'J').J"lf1 ~'tlth\l • 
I I '" " 

~il\l~ij mJ'~ mt1,;)4'tJ'VI1J~1ij ~'J1).J~1).J1J'~tJ1JtJ\I L~'tl'"l~'W'Vl~U (Antimicrobial activity) 1~ LU'W • 

'tlt11\1 ~ Lti'tl\l ~'JtJij~1~~ LU'W'tl\l f>fuJ':;n'tl1J~1 ~ 'kJ1 'W~1 J'~ Ii ~"lJ'tl\lYl"lf L~~1e L'll'W eugenol 1 'W 
~ ~ ~ 

u1l1'Wm'W'VI'C'l ~1'tl allicin 1'Wm:;L~tJ).J LUWJi''W ~n'Vi\lYl"lf~).J'Wl'V1J'L~~1~4'~'tlt11'WJ':;~1J GRAS 
" ." 

(generally recognized as safe) ~\ll111 '" Ln ~'tl1mm~ LL'C'l:;t:J'C'l;]1\1 L~m,J'tltJ n~1~1~i\l L~J'1:;i 

(Cowan, 1999; Nychas, Skandamis and Tassou, 2003; Burt, 2004; Holley and Patel, 
I .." I 

2005) L~tJ ~1 J'~ Ii ~~ ~'W 1 'VI J'~ij ~'Vl fltJ1JtJ\I m J'L'"l1'll"lJ'tl\l, ~'W'Vl ~u~H{ LL 'VI1~'C'l1tJ'tl~ LL~ 'J 1 'W'tl1~1 J' 
~ ~ 

l'VltJ L'll'W u1l1'Wm'W'VI~ u1l1'Wn~:;L~tJ).J ~1~~Ii~'"l1n'tl1JL"lftJ LU'W~'W 
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LLr;lL~'el'!~l"'lln~l~~ rl '" L'\.Hh~51 ~(:n~L,)r;l'el~,! LL'J "'~'el~ Ln "'n1~L~'el~MntJ LLfl~~ '1! L~tJ 
~'J1~~1~1~Clhm1~U'tl'!rl'm1~L"'l1'1!"lI'tl'!,~'W'Vi~tJl~~ltJ (Hao, Brackett and Doyle, 1998; 

" 
Dorman and Deans, 2000) ~,!,r'W m~u'J'Wn1n'el'WLL~tJ"nLfl-i'W~1-'eln1~~'el~~ (encapsulation) 

., , 

L~ Cl nU1~11·n 'Wn l~L~~mJ~1-'el~'el~~ e,J~ (;1Jl ru"'Vl1'! D~~~"Jj1 ~ L ~~ 1ilL Yl'tlU'el'! rl'W~l ~"'l1 n 
~ q 

, ~ " 
~Jl1'Ym'J"'~'el~ ~'!vhl~'el'eln~'VlfiL~'W1'W ~~'el~.,r'!~l~l~ClmU~~LLfl~"Jj~fl'eln1~tJfl",tJ~'eltJ~l~ 

I '" I I 

'tl'tln~l (;11~~~tJ~L'Jfl1~ ~'el,! n1~ 'W'tl n"'l 1 nilu'!']I'JtJl 'Wn1~nfltJn ~'W LLfl~hj LU'W~l~~ ri'tll ~ Ln '" 

., .... ~ ., .... ~., 

'el1n1nL~ ('el~'1!'1!1 ~ ~'WM'eltJ LLfl~ '''In,,,"Jj ~ ~'WM'eltJ, 2545; Chacon, Buffo and Holley, 2006; 

Liolios et al., 2009) n1~HfL'Vl~i!~n1~rlmnU~'JtJLflt~t"1l~ (Iiposome entrapment) l'Wn1~vh 
I I II '" iI I 

L'el'WLL~tJ"1I Lfl-i'W LYl'elLnUrln~l~~rl "''''llnYl"1l~51.,r'!~~u'1i51-n'J L-rl'W ~l~~rl "'~'JrJU1 LLfl~~l~~rl"'~ 
~ 

" ., , 
51~~u'1ihJ51-n'J L-rl'W U1lJ'W~'el~~~mtJ L~ 'W t~ Lfl nfl L~mrl'W ~'! L~~l~~l~fu~l~~ rl "''''llnYl"1l~ 

q 

" " , 
51 ~'J1~ LU'W-n'J LL(;1n r;l1'! rl'W ~'J~.,r'!Lfl t ~t"1l~ LU'W~l~~ L·ih rlU 11'1 n1rJL~~ LLfl~i1 ~'J1~tJfl'tl "'JlrJ~,! 

~ 

L~~l~51'el'!rltJ~~n'elu~~n LU'W~1~D~~~"Jj1 ~ L-rl'W Lflen~'W"'lln L 'llLL",'!~1-'el6'J L~~'el,! ~'el Lfl~ L(;1'el~'elfl 

LU'W~'W 

L~'el ~'J1~~~"''J n~'!~'Wl 'Wn11U1~1 H1 'W'el (;1~l~n ~~~'el1~1 ~ n1~U1 ~11~ rl "'~ ~1'W 
q 

n1n'el'WLL~tJ"1I Lfl-i'WLL~'J LtJ~'W~tJ LU'WLL~'W~~~u1Ln ~ L~ (edible film) t"'tJl-if~l~~'el~ L~'elf"'lln 
~ ~ 

D~~~"Jj1 ~ ~'el t~~LL"1I~~l h~~lLU'W~11~l111~Ln "'n1~~'W~tJ LU'WLL~'W~~~ ~'! LL~'W~~~-rl'JtJfn~l 
~ 

t~N 11'1 LLfl ~n1~~'! r;i'J"lI'el'!Lfl t ~t'1l~~~~~l'! n1~Lnufn~l L~'el LL~'W~~ ~ l~ ~~rlU e,J~ (;1Jl ru" 

'tl1~1 ~ ~'J1~;'W~tJ~'tltJ'el'eln~1"'l1 n'el1~1~ l111 ~~1~~ rl "'~ rl mnuJl1tJl 'WLfl t~t"1l~ l"1'tltJ1 

" 
tJfl ",tJ~'eltJ'el'el n~1'elth'!-if11 ~1 ~~ rl ",il~ n rl m~~~l'! ~'Jl~ ~ ~"lI'el,!'el1~1 nLfl ~L "lIlJ'W"lI'el'! e,J,r'! 

Lfl t~t"1l~l111 ~ Ln '" n1~L~~'elU LU'WLL~'W~~~~~'J~'lJ1'el1~1~ l111 ~~1~~ rl "'~l~l~Cll~ ~~ rlU 

'el1~1 ~L~~l n~'!~'W ~'!-rl,)tJ fl '" m1~ L~tJ'!1 'Wn 1n"'l1'1!"lI'el'!'~'W'Vl1tJl~~1 n~'WLLfl ~u'!-rl'JtJU'el,! rl'W 

" o ~lVr q", 

n1~~~mtJ"lI'tl'!'W1"'llne,Jfl(;1Jlru'Vl'el1~11'tln"''JtJ (Quintavalla and Vicini, 2002; Han, 2005; 

Cutter, 2006) 

n1~U1Lfl t~t"1l~~11-if L~'elrl n Lnu~1~~1'W"'l~'W'Vl1tJ~11-if1 'W'el1~1~51~1 rl '" ~'J'W~ln l-if1 'W 
q 

n1~rlmnun~'W~~ (flavor) "lI'el,!'el1~1~ (Gibbs et al., 1999) ~'J'W'!l'W':3r.rtJ~~n~ln1~rlmnU~l~ 

~1'W'~'W'Vl1tJ1"'tJl-if1fl t~L"1I~i!tJ~1-if1'J~rlumtJ~ih'W~LU'W~'J'W~ln (Pourkavoos, 1992; Hill 

et al.,1997 ; Rukholm et al., 2006) ~'!hh~~1~1'Wn1~i!tJ~~"'l~'ll1~11-if1'W~(;1~1~m~~'el1~1~ 
" ., , 

~,!,r'W '!l'W':3r.rtJil~'!i1 LL'W'J Fi "'~"'l~~ n~l m~u'J'Wn1 ~L'tl'WLL~tJ"1I Lfl-i'W t"'tJ l-if1fl t ~ t"1l~ 1 'Wn1~rl n Lnu 
~ 

'Vl1'! n1~~ (;J.J'W1 n1~1-if~1 ~~ rl "''''l1 nD~~~"Jj1 ~ ~1 LU'W~11~1-ifl 'W n 1 Hl'W'tl~'tl1~11L~'elth'!i1 

tJ~~~'VlfiJl1~1'W~~~U'el(;1~1~n~~~ 
q 
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Q..I .. I ~ 4. ..., 

';jj;1C1"U'i::ff.:Jfl'!J'a.:Jn1'i';j'UJ • 
~ m~t'l m::;'IJ')'Wmntl'WLL~U'll L~-n'W L'MJH1~ L ~ LnJ1 'Wm~n n Ln'IJ~ 'l ~~ n t11~'l nYl'll~;J ~~'IJ"ii 

'" 
fi'IJfi'l L~tl~~'W'Vl1tT ~ ~tl~~'l ~n~'l m::;'IJ')'Wn'l~~'W~u~ ~~ L~ n ~'WL~tl H1 'Wn'l ~[;ll~~'l~~h'W 

q '" 

" ~ ~ 'W'Vl1tT 11 'l rJ ~ ~ 'I n 'l ~ L tl'WLL~U'lI L~ -n 'W LL ~::;-w 'l1 UU ~::;rJ n [;l1-n n'IJ L i'ltl i [;l rf ~ t11 LL(;]'l1~tl rJ 'l'l;J 
q '" q 

U ~::;~'Vl fill 'l ~ L ~ tl dJ'WLL 'W,) 'Vl 'l'l n 'l ~~ (;J.J 'W'l n 'l ~ 1-n ~ 'l ~~ n ~~ 'l n fin~'lI 'l ~ ~ 'l dj'W~ 'l ~~1-n1 'W 

n'l~n'Wtl~tl'l~'l~1~tlrJ'l'l;JU~::;~'Vlfill'l~1'W~::;~'lJtl[;l~'l~n~~~(;]tl1U 
q 

'!J'a'UL'!J j;1'!J'a.:J.:J1'l.1~4'!.J 

1. U~::;Lij'W~,)'l~~'l~'l~n 1 'Wm~fi'IJfi'l~~'W'Vl1tT"1Itl'l~'l~~n t11~'ln m'W~~ m::;LVlrJ~ LL~::; 
q '" 

LU~tlm1'IJ~~ Lt11rJ':jfi disc diffusion 

2. n'l~':jL~n::;'Ifrh critical micelle concentration (CMC) "1Itl'l~'l~~::;~'lm~~~'W 

3. ~n~'l~'li ~~,)'W~::;~~'l'l L~~~'W LL~::;~'l~~nt11 ~h'WL~tl~~'W'Vl1tT~ L~~'l::;~~ ~'l~f'IJ 
q 

" r " 

mn.J~ ~1~ L ~L'lI~ L~m'Vl ~il~ ~'IJ Lij~~~~-n'W LL~::;U~::;Lij'W~'Vlfifi'IJfi'l' ~'W'Vl1tT"1Itl'l 

1~ L~L'lI~Ltl'WLl~U'lIL~-n'W"1Itl'l~'l~~n~ L~rJ':jfi disc diffusion 
'" 

4. ~ n~'l i ~~,)'W~ L ~~'l::;~ ~"1Itl'l L~ n ~'WLL~::;LL~~ L:nrJ~ ~~tl h~ ~ ~'l~ ~1'l1 L'lItlf 

LL~::;~'l~~ n ~fi'IJfi'l~~'W'Vl1rJ1 'W~u1~ L ~ L'lI~ ~'l~f'IJm~~'W~u Lil'W~~~ L~ n ~'W 
q '" '" " , 

5. ~ n~'l ~,)'l~ ~'l~'l~n 1 'Wm ~fi'IJfi'l~ ~'W'Vl1tT"1Itl'l~ ~~ L ~ n ~'WVl;J1~ L ~ L'lI~~tl~~~ 'l ~ 
q q 

, " 
~n~~'lnm'W~~ m::;LVlrJ~LL~::;LU~tlm1'IJ~~ LiJtl1-nn'IJLi'ltli [;lrf ~~LL(;]'1 

" 



d 
tJ'VI'VI 2 

I I " I 

L(;1rJ~'J hJn1J'L~'r.l~ L~ml'r.l-.l Ltl'r.l~ (;1 Ln (;11Ol1 nlOl1 n ~~'Vl1-.l~'J Ll"1ij LL~:;IOl~U'Vl1~~1 n~~ (;1 • • 
" I 11 I 

Ltl'r.l~ (;1 1'L'r.l-.l 4' (;1 LUULL ~~-1'r.l1~1J'~~ (;1~~~\!nll ~-1UU ~~U'Vl1w.i-1 LUU~1 m ~~1 ~ t"\j'1l'r.l-1 n1J'L~'r.l~ 

, '" 
L'r.l-1~L1rJn~1 autolysis L"llU IOl1nUlJmrJ1'1l'r.l-1L'r.lu1'l!~1uLtl'r.l~(;11'L'r.l-1 J''J~~-1mJ'L~'r.l~L~rJ 

I I" I I 

'eiUL tl'r.l-1~11Ol1 n mJ''r.l'r.l n:n1(;1;'1l'r.l-11'1l,ru~ijL UL tl'r.l~ WJ m J'L~'r.l~ L~rJ'Vl1-11Ol~U'Vl1~~ Ln (;11Ol1 n • 
" " , 

n1J'tJULtl'r.lU~~U'Vl1rJ1uLtl'r.l~~1~t"\j~11Ol1n 2 LL~~-1 ~'r.l IOl1n~fl1'Ym'J(;1~'r.l~fl1rJU'r.ln"1l'r.l-.l~(;11' 
" ~1'r.lLtl'r.l~(;11' L"llU ~fl1'YlLL'J(;1~'r.l~"1l'r.l-.l'Yhf~ 'r.lunnll~1'r.le4tJnUi-.l1U n1J'Lnufn~1 LL~:;IOl1n 

• 'lJ ':.J 

~fl1'Yl LL'J (;1~'r.l~fl1rJL U"1l'r.l-.l~ (;11' ri'r.lULL~:;~~-.l n1ri1 LL~~:; L"llu 1"1'J1~~~unu~1'r.l 1"1'J1~ LUU LJ'I"1"1l'r.l-.l 
'lJ 

" ~ (;11' ~ ~U'Vl1~ ri'r.l LJ'1"1 L UL~'r.l (;1 LL~:;~ 11~ L(;1rJ,r mn (;1 n 1 J'UULtl'r.lUL u"ll'J-.l m J',j1 ~1 LL ~~:; LL~:; 
I II "I I 

n1 J'r;l (;1 LL~-.l n1J'L~'r.l~ L~rJ"1l'r.l-.l Ltl'r.l~ (;11' ~1~1J'(1~1 LLUn 1~IOl1 nYlu f41U~ Ln (;11Ol1n n1 J'L~'r.l~ L~rJL U .. 
~fl1YflJJ'J'rJ1 m PI LLUUij'r.l1 m PI~1'r.l U'r.l1 m PlJ''J~ ~-.l'l!U(;1"1l'r.l-.llOl ~U'Vl1~~l11L ~ Ln (;1 m J'L~'r.l~ L~rJ • 
~-.l~ (~"1lLIOl 'l!4'U'Vlf. 2547; ~~ru"Yl11'~u~ufi, 2549; Quintavalla and Vicini, 2002; "'lJ q q 

Develieghere et al., 2004; Aymerich et al., 2008) 

" LUltJLLUU~1-.l1 ~'r.l n1J'Ln(;1L~'r.lnu1L'Jrutj'J~U1"1l'r.l-.lLtl'r.l (surface slime) 1~LLri Pseudomonas 

Acinetobacter Moraxella Alcaligens Streptococcus Leuconostoc Bacillus 

" " 
Micrococcus LL~:; Lactobacillus U1-.l~1rJ~uf ~ru~J:Jij LL~:;1"1'J1~;Uij~~ L Un1J'LIOl1t"\j"1l'r.l-.l L;'r.l 

" " , 
L"llU ~ru~J:JijLL"llL£jULL~:;ijl"1'J1~;U~-.l L;'r.l Pseudomonas Alcaligenus LIOl1t"\j1~~ mn1~ 

X ~ .Q Q, CIIr I q r .J.c::::.t,I .Q 

1"1'J1~"]jU(;11 'YlUn1J'LIOlJ't"\j"1l'r.l-.l~~U'VlJ'rJn~~ microcci rJ~(;1LL~:;J'1 'Vl~ru~J:J~~'r.l-.l 'YlUn1J'LIOlJ't"\j 

.,. .... .- , 0.... I"; • 1 -=! .of 'i' -=! .of • I"; .!'I 
"1l'r.l-.l~~U'VlJ'rJ n~~ mesophilic ~1~J'Un1 J'Lu~rJULLu~-.l~"1l'r.l-1 L U'r.l ~(;1rJ~ LL(;1-.l ~ (;1'1l'r.l-.l L U'r.l Lu~rJULuU 

~ L;rJ'J LL~-.l LL~:;L 'Vl1 IOl1 n~1 J'uJ':;n'r.lU'Yl'J n'r.l'r.ln:nL~:n-.l L"llU LtJ'r.lf'r.l'r.l n L'l! ~IOl1 nlOl~u'Vl1rJ1 '\..In ~~ • • 
" " 

Lactobacillus LL~:; Leuconostoc n1J'LtJ~rJULLtJ~-.l~Ln~LU~'JU"1l'r.l-.lL"1l,rU"1l'r.l-.lLtl'r.l~(;11 Ln~IOl1n 

n~~ lipolytic bacteria ~l11L~Ln~ lipolysis 

Acinetobacter n1J'Ln~ phosphorescence Ln~IOl1n 
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" " ~1'el Flavobacterium .,(;)~tl1L~'t.mmJL~tJ'lntJ.,(;)~tl"1I;}1~~1~"·1n Chromobacterium lividum 
" , , 

~~'l.:ltJ'l.I-n'l.l1"Il~'l.I (stamp-ink) Ln(;)r.nn"~'l.I'Vi~un~~ cocci LL~~ rod n~'l.I~1'el~~YlL~tJhJ L1tJn~1 

Taints L"ll'l.l Actinomycetes vhl~iJn~'l.I1'1~1tJ~'l.I L1tJn~1 mustry ~1'el earth flavor 

2.1.2) m~L~'el~L~tJl'l.1~J11'V'lU'el1mf'l L,j'l.l"~'l.IYl1tJ1'l.1n~~ facultative LL~~ anaerobic 
1I II I I " 

bacteria L~1'1!J11tJl'l.1:n'l.lLi'l'elmn~'el~L~tJl'l.1ltJLLtJtJ~h.:l1 ~'tl souring L(;)mn(;)n~'l.I~~Lmm 

L(;)tJ~1nn1nj'eltJ~~1tJLtJ~~'l.I~1'eln1HJ~(;ln~(;)LL~I'1~1'1 L"ll'l.l Clostridium LL~~ LI'1~yj'elf~ 
, " 

m~L~'tl~ L~mLtJtJi1L1tJn~1 stinking sour fermentation 1'l.1J11"ll'l.l~~ '1! '1!1n1f'1~nLn(;)~1nn~~ 

LL~ 1'1 ~ 1'1 LLtJ I'1Yl L1tJ putrefaction ;.:1 Ln (;)~1 n m~LtJ~tJ'l.ILLtJ~.:I LtJ~~'l.Ivh 1 ~Ln (;) n~'l.ILt.l1 L ~ij'l.l L"ll'l.l 

Clostridium LL~~n~~ facultative tJ1.:1n~~ • • 
" " 

'l.I'el n~1 n n 1 ~L~'el~ L~ tJYl Ln (;) ~ 1 n n1 ~LritJ ~nM1 L i'l'tl 'i (;lrfLL~'l ~ nJ~1Jijl 'l.In 1 ~LritJ~.:I iJ 

" " 1'1'l1~~1~n 1~'el"ll~(;)~~'l.IYl1U L"ll'l.l Ylip)nJ~J1ij~11n~~(;)L~'elnLL.;j.:l vhl~L:n'el~~'l.IYl1UL~1n 1.jf1~1'el -kj ~ q 1J q q Dk:1 

I '" I I I 

~~ (;) L~ 1'1! L(;)tJYl LLtJ I'1Yl L1tJ~.:I1~ (;lItJ L:n'el"~'l.IYl1UYl L~1'1!1~Yl~ nJ~1Jij ~1 L"ll'l.l Pseudomonas 

Acinetobacter Moraxella Alcaligen Streptococcus Leuconostoc Flavobacterium LL~~ 

Lactobacillus L,j'l.l~'l.I ~'l'l.l Clostridium ~n~'tl.:lm~~nJ~1Jij~~.:In~1~nJ~1Jij~Lu'l.Il'l.1m~L~1'1! 
," , 

m~L~'tl~L~tJ"Il'el.:l Li'l'el~~~ (;) LL"llLU'l.I ~ niJn1~L~'el~ L~tJYl1.:1;'l Ll'1iJLL~~Yl1.:1~~'l.IYl1U~ n Ln (;)~1 n 
'lJ • 

, 
.J "" "" • I .. "."1 .. "" .. "" Pseudomonas Acinetobacter LL~~ Moraxella 'C'l'l'l.lLLtJ I'1YlL~tJ1J~~LJ1Yl LL~ 1'1 (;l n nL1J'l.I"~'l.IYl~tJYl 

I I I" 

~1~'1!Ylri'ell~Ln(;ln1~L~'tl~L~tJ1~ 3 LLtJtJ ~'el Ln(;)LiJ'elnYlEj'l~1'elJ11tJl'l.1Li'l'tl Ln(;l~L~tJ'll'l.1 
" I '" I 

e.J~ (;lJl nJorl LL~ ~ Ln (;) ~~ LmtJ'l n1 ~L~'el~ L~ tJ"Il'el.:l L i'l'tlrr 'l ~ (;) ~ niJ m ~L~'tl~ L~ tJYl1.:1;'l Ll'1iJ L'll'l.l 

reddish-brown methemoglobin green-gray-brown oxidation pigment L(;)tJtJ~mtJ1"Il'el.:l 

'el'eln:nL~'l.I LL~~Yl1.:1"~'l.IYl1U~'el~nLn(;)"(;)~~1n"~'l.IYl1U m~Ln(;) phosphorescence "(;)LI'1L~i1 

"Il'tl.:lLLtJI'1YlL1tJ ~~r;lLL~~~1 L,j'l.l~'l.I 

A. B. 

"'" Yl~1 : Coma (2008) 
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~ I I~ 

Oussalah LL~:;r1ru:; (2004) ~lJ~'l Lll'e)t)')Vi~1'Wn'l~~(11 LL(;]~ LL~,) nmtJ n'lnrilJTm~nVi~'W , 
I ~ I ~ 

~'e) ~:;~~'l~ 3 ~~ 5 t)'W LiJ'e)LrilJTn~'lLll'e)Vi'e)ru~[l;jl-J'lnn~'l 4 'e)~fi!'lL'l!~L~tJ~ t~m;'e)iOl~'W'Vi~u , '" , 

n~lJ Pseudomonas Enterobacteriacea LL~:;LLlJr1Vi~tJn~lJLL~r1~mti'Wn~lJiOl~'W'Vl~u~ri'e)1.~Ln~ 
ct q q q 

, ~ ~ 

n'ln~'e)lJL~ml'e)~Lll'e) 'W'e)niOl'lmr'WU~~lJiOl~'W'Vl~tJ1'Wn~lJ'1I'e)~ Samonella Enteritid is E.coli , , 

~ " 
~n(11iOl'ln~'l!(;]'l~1 ~')'e)th~ L"lI'W tJ'llJ'W~'e)lJ~:;L~tJ n n'l~~n~'l ~~tJ'llJ'W~'e)lJ~:;L~tJ'1I'e)~iOl'l n~'l! 21 

" " 'l!U~1.'Wn'l~UlJu~n'lniOl1'k!'1I'e)~L;'e)'~'W'Vl~uri'e)hr11.'Wm~'l~ 5 'l!U~ ~'e) Campylobacter jejuni 

E. Coli Salmonella Enteritidis Listeria monocytogenes Staphylococcus aureus ~lJ~'l 

~'llJ'WiOl'l mlJU 'e)lJ L 'l!tJ n'l'W~ ~ LL~:;L 'Vl~ 1. ~~'Vli1. 'Wn'l~UlJ~~lJ'l n~~ (11~ r1,)'llJ LiflJif'W~'l n~'l 
" " ~'e)tJ~:; 0.075 t~mElJ'l(;]~1.'Wn'l~UlJU~L;'e)iOl~'W'Vl~U (Smith-Palmer, Stewart and Fyfe,1998) , 

" , " 
'W'e) niOl'l mr'W~'l~~ n ~iOl'l ml~~lJ'l!'l ~'l!U~~'W1 L"lI'W ~'l~~ n ~iOl'l n~'l!~l-J'W L ~~~htJtJ'l LL~:;LlJfi'l'W'e)~n 

.. " , 
~'VlfiUlJU~'~'W'Vl~uViri'e)t~r11.'W'Vl'l~L~'Wm~'l~ ~'e) E. coli Shigella sonnei Shigella flexneri 

LL~:; Salmonella sp. ~lJ~'l ~'l~~n (11 LlJfi'l'W'e)~'1I'e)~ LU~'e)n e.J~~lJl1lJ~ r1,)'llJ LiflJ-if'W 8 lJ n ./lJ~ . 
q J'..... ~ ~ _ .. .c:J it 0 IV .q I ..... ~ 
lJ~'VlfitJlJm'~'W'Vl~tJ'Vl'Vl~~'e)lJ~'e)tJ~:; 56.8-59 64.3 - 70100 50-51 .5 (;]'llJ~'l(11lJ lJr1'ln'l~tJlJtJ~ 

lJ'lnn~'lmu!J~')'W:; chloramphenicol LL(;]hJlJ'lnn~'l trimethoprim (Alanis et al., 2005) LL~:; 

~'l~~n~iOl'lnn~:;LVitJlJ ~~ n'l'W~~ ~1nL'VltJ~'l LL~:;~1m~m~n~~')tJ~'l ~lJ~'ln~'Vli1.'W 
~ ~ 

.......... ..:tI Q q... . . . . 
n'l~tJlJmL'l!'e)'~'W'Vl~tJ Bacillus sphaencus Enterobacter aerogenes Eschenchla coIl 

Pseudomonas aeruginosa Staphylococcus aureus Staphylococcus epidermis Shigella 

flexneri LL~:; Salmonella Typhi t~tJ1.~'1I'W'l~')~1.~1.'Wn'l~UlJ~~~~LL(;] 19.3-30 ;j~~LlJ(;]~ (Arora 
, " 

and Kaur, 1999) LL~:;LiJ'e)tJ'l~'l~~ n (11iOl'l n~'l!LL~:;~lJ'WL ~n~~'l{jLUU~:;tJn 1?l1-DnlJ'e)'l~'l~ ~lJ~'l , 
~ " 

n'l~1. -D ~'l~u~:;n'e)lJtJ 'llJ'W~'e)lJ~:;L~tJ 9 'l!U(11 LL~ :;tJ'llJ'Wm:;L VitJlJ ~'llJ'l~1.ltl ~m~ n'lnrilJTn~'l 
" , 

'1I'e)~~'WU~'l~(11iOl'ln 4 i'WLti'W 12 i'W LrilJfn~'lVi'eJru~JJ;j 5 'e)~Pl'lL'l!~L~tJ~ (Mahmound et al., 

2004) ~~n'l~1.-De.J~I?l,nruey]iOl'lnfi~~lJ'l!'l~ L"lI'W ~'llJ'W~'e)lJ~:;L~tJ ~'l~~n~(;]'l~1iOl'ln~'l! L~'e)1.-D 

'Vl ~ LL 'Vl'Wn'l ~1.l'W'e)lJ'e)'l~'l ~~')tJ~'l~Lr1n LL~:;v'i 'l1. ~ e.J~ (;],n ru"Yl'e)'l~'l~~U ~:;~ n 1?l1-if e.J~ I?l,n ru"YliOl'l n 

fi~~lJ'l! 'l ~ L ~~ 'len~'e) L1tJ n~'l "green label" ~~ Lti'W~ ~'e)~ n'l ~'1I'e)~ ~lJ1t[l r11. 'WUiOl,U'W 

(Devlieghere et al., 2004) 
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Iillnm1~~U~~I'l.llJl~llJl1(l~pJ~11'el'eln~Yl'iuu6~~~'l.lYl1~lilln~11~n~lillnYl"J!(;jl~1 
mlJlrurl'JllJL;rlJ;r'l.l~1-n'l.l~'J'elth~m~11 LL~:;"J!u~'1J'el~L~'elIil~'l.lYl1~~(lnuu6~1~ 1'l.lj;]ln~~ . " 
2.1 LL~:; 2.2 

Herb /spice Active compound Herb /spice Active compound 

Allspice eugenol, methyl eugenol Coriander r3-pinene, d-linalool 

Cinamon cinnamaldehyde, eugenol Pimento eugenol, limonene 

Cloves eugenol, eugenol acetate Basil linalool, methylchavicol 

Cumin cuminaldehyde Mustard Allyl isothiocyanate 

Garilc allicin, diallyl disulfide ginger Tanins 

Mint menthol, menthone Lemon grass citral, citronellol, geraneol,cineole 

Oregano thymol, carvacrol Chili capsaicin 

Rosemary borneol, 1,S-cineole Onion d-n-propyl disulfide 

Sage thujone, borneol Ginseng Saponins 

Thyme thymol,carvacrol,menthol Hops lupulone, humulone 

VllJl : ~~LL1J~~lilln Nychas LL~:;rlru:; (2003) 

Antimicrobial agent Concentration Food Organism 

Basil 1% (w/v) Spagetti sauce Shigella spp. 

Carvacrol 3% (v/w) Fish cubes S. Typhimurium 

Cilantro oil 6% in film Ham L. monocytogenes 

Dried beef Inoculated Gram-positive, 
Cinnamaldehyde 0.5% (w/w) 

Cream puff natural Gram-negative microfiora 

Cloves 1% (w/v) Beef L. monocytogenes 

Clove oil 500 IJg/ ml Cooked pork Aeromonas hydrophila 

Diallyl disulfide 20 IJI Ground beef Campylobacter jejuni 

Garlic 4 % (w/w) Sausages Natural microfiora 

Oregano 0.05% (v/v) Whole fish Natural microfiora 

Mint oil 2 Tzatziki S. Enterittidis L. monocytogenes 
, 

VllJl : ~~LL1J~~lilln Holly LL~:; Patel (2005) 



L~n.M. ~lfl ~Bt: 1 C'Blt.rl~1 I1B~1~LU ~ ~,~ ~ L~~ll~lA.f1.~~B~ ~~rlk1. '~~I1Bk1.f1.,ttLr-C'Blt.rl~1 ~l!! m1B~' 
" I I I " .... 

C'E n.E~ L Uf1. ~ lJ~ LI1 L~ I1L e.,l!!f1.t:'~~ [1C'B~ ~ lA. (L66 ~) ~ru l!!~ ~" BJBUBno 
" 

(Looe:) uaslO ~~" Jall:Jlns 'UBUBJS : LI1lA. 
t'" 

(J) ~M.f1.LUf1.,ttLr-f1.~~lA.bUBB~L~f1.\;}'C'~ IOUaOn3 
" ~ , 

C'L~~C'~l!!l~lfl~~~" (S) ~M.f1.LUf1.,ttLr-('V) f1.,ttLr-f1.l3ULI1Lr-~~M.f1.LUUB~~ru~Ul3 

tHO=H:)~tID 
'7

1 
~ 

(IDO 

HO 

'J 
'/,: 
/-; 

" 

c • 

, " 

~ 

II "I I 

I 
;., 

-.I ,. : 

" r 
.--

'S , 

I' (f}, ",' 
4' . 

.. -"'. 

~-- ~. ". ~ . 

f, 
• 

C, 
I ,--~/~ -- .-' I !~ .~ 

''V 

... 
Z'ZIA.IU !'P 

(Le:Se: 

',!\~~~f1.~ I1BrlM.) h~h I1Lmrm f1.fl.' Bt:1Ue.,M.L~~Lk1.LBf1.~UC'~"~LUf1.U~~M.f1.LUf1.,ttLr-ULI1f1.e.,~ 
'" " 

~ M.f1.LUf1.,ttLr-C'BIt.~L M.~1f1.~U ~f1.,ttLr-~ ~ L~t:~t:!T.f1.lfll~~L~ IAWB-U-IAlllaw B~ ~ M.f1.LUf1.,ttLr-
" I t1 " " 

f1.~rlBt'-ruLI1Wn.M.~~L~~~11 06-0L ~~rlB~C'~~B 10UaOna f1.\;}1 ~t:!T. £ C'~n.BU~~[1~L~ULl!,rl~l 
, " 

66 ~~rlB~f1.\;}1f1.1111e.,~ auaIiAlldoA.JB:J ~~" alBla:JB louaona rle.,~n.BU~~[1C'Et:ULI!,UBf1. 
" 

1l~ lA.f1.~ ~C'Blt.m-t I!,'~ L U C'En.E~ LUf1. ~~ lA.b U BB~~ L~f1.\;}' C'~ (loualld-(IAuadoJd-e:)-v-Axolllaw-e:) 
" .. I I 

louaona f1.\;}1 rm~f1.e.,~ S8 ~~rlB~L~UrlBt'-rt\ ~Bf1.~Ue.,M.n.BU~~[1~L~f1.\;}' ~M.f1.LUf1.,ttLr-~~1 ~~ 
" 

~~'1I1Bk1.f1.~U ~e.,f1.~f1.\;}1 Btk1. ~~rt\~I!,Lrtk1. ~f1.l3U B~' Lr-B\rle.,~f1.l3U LI1C'~ "~M.f1.LUUB~ Lr-~LU I I I" I 

.. U LI!,~\ C'~f1.,ttL~f1.\;}' ~ M.f1.LUf1.,ttL~ f1.B~ ~~, ~~ ~~ ~'1I1Bk1.f1.~ U ~ U BBf1.~~lfl e.,L!T.C'BIt.f1.Lf1.e.,Lrl 

LI1f1.l1 U }l~C't:k1.~t:!T.~1' Lf.l1leJ lA., C'Btl!!1f1.\;}' ~} rllA. \1eJ lA. 1 ~~[1f1. ~ U LI1U ~[1~LM. 1~LU ~ C'~f1.~I1Le.,l!! 
I I I " 

~~'1f1.B~IelLULBn.B!T. f1.B~C'B~1!T.~f1.\;}' (,UU!l) Wn:J/JBWOJB Wn/OAZA$ B~ C'B~B~~ UOSPJBH la 

>i:J0llns (laOuaJds) snl/AL{doAiBJ B/UaOn3 Le.,~lfl~LIeJLrllA.e.,C'LlA.B!T.I1~M.f1.LU I ., "=" f"JI:I' 

(110 8"0IJ) ~Mnl.Untn.n ~ 'Z'Z , ,." ~ 

11t1n.~~t:l UB~[1' 

U LI!,~ 11~~ L~~~" I1rl~ ,~~U ~ 11 ~~L~ ~ M.f1.LUf1.,ttLr-B~ JH LI1Lr-ll~lA.f1.~~C'En.E~lA.b ~L~n.M. 
" " ~ 

rllA. \1eJ lA. 1 ~~ [1f1. ~ e., ~1' ~BrlL~k1.f M.', ~ ~~ M. \f1.i1~~~" IeJ lA., C'Btl!!1 U B~1 ~!' ~\t:rl}~f1.LN1£k1.L~ 
, , " 

8 
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~ 1 ,r kl n 1 kl ~ ~ ~ ~ 'Vl t 1 kl n 1 ~ tJ 1J ~ \l LL 1J Fl VI L 1- U ~ ~ ~ ~ i \l LL 1J Fl VI L 1- U LL n ~ l-J 1J ') n ~ 'tl 
Brochothrix thermosphacta Carnobacterium piscicola A TCC 43224 Lactobacillus 

curvatus ATCC 25601 Lactobacillus sake 

Pseudomonas fluorescence Serratia liquefaciens ~ Fl,)1l-J Lil-Jikl1 klrei j;Jnn1n~'tl1il1\l 1/100 
I I ,.. I 

LL~:; 1/10 Vl'tlru~fli1 20 'tl\l1i!1L'jj~L~m'l L1jklL,)~1 48 -n,)Ll-J-:l L~m:n'tlIil~kl'Vl1-tJVlHlkl-:l1kl'Vl~~'tl-:l . .., . 
" I I I I II 

LLun L~1il1mil'tl~ j;JiVl Ln1JVI'tlru~fli1 4 'tl\l1i!1 L'jj~ L~m'l ~-:l~ Fl,)1l-J Lnu')i'tl\ln1Jn1nt!1 L~tJ'lJ'tl\l Lil'tl . .., 
~ ~ ~ 

LL~:;~1J~1J''tl'tln~'VlfitJ1JtJ-:l '~kl'Vl1-tJ ~'tl eugenol ~~LUkl¥'tltJ~:; 93-95 'lJ'tl-:l'tl1,rkln1kl~~ LL~:; 
" hJ~1J phytotoxic effect 1kl'tl1,rkln1kl~~ .., 

m:;LVlmJ (garlic) LUkl~'jjtr') (bulb) iJ'tl1~'tl~L~~~1tJil tr,)lh:;n'tl1J~')tJn~1J 

(clove) ~~1tJ n~1J LL~~:;n~1JiJ Lm'tl1J1-:l~'lJ1')~1'tl'tl~'jj~~ iJ~klih Li1~ 1 klj;J'tlkln~1-:l'Vl~iJ L'tlL~tJ .., 

, " "" .... L)' tr .dI 4 0 .CII .CII 
nJ':;L'VltJ~Fl'tl n~ ~Fl'jj1tJ~ allyin ~~'tl alliin (sallyl-L-cystein sulfoxide) L~'tlkl1m:;L'VltJ~~1'lJtJ 

~1J~1'tl~1 L'tlklL'jj,J allinase LiJ~tJkl allyin 1'lXLUkl allicin (allyl thiosulfinate) ~-:lLUkl~1~iJ~:;n'tl1J 
I II '" II 

~')n-n~L~'tlf allicin VlLUkl'tl1,rklhJiJ~ ~:;~1tJ'tl1 LL~:;~~~LUklLil'tlL~mn1JL'tlfi1kl'tl~ L1Jkl=nkl LL~:; 
~ " " 

~ L 'Vl'tl f iJ ~'Vlfi~~ (;1 tJ-:l n1 n1il1C]J L~1J Lj;J'lJ'tl-:l LL'U FlVl L1-m1-:l LLm~'U') n LL~:;LLm~~'U~~1tJ'jji1(;11~~ n~1 
, " "" ""'" OV'i'.I""~iV.s """''''0'liV ... .?I .1 ...... ~iV allyin LL~:; allicin ~~~'Uj;JJ',)~ n'U ~u~j;Jkl b(;1 'jj-:l~~'Uj;Jkl'Vl1 b~n~:;L'VltJ~ LukltJ1u!l'jj')kl:; b~ L~J'1:; 

"I II II 

allicin LiJ~')~n1JLiJ~~kl'lJ'tl-:lL:n'tl'~kl'Vl1-M-:lLVhn'ULUkln1~":h~1m:n'tl~kl1 (Ankri and Mirelman, 

1999) 

I) 
2 • 

, 
VI~1 : Ankri LLoc:l:; Mirelman (1999) 

" 
Siripongvutikorn LL~:;Flru:; (2005) ~m~1~~1kln1J'U'UU-:l'~'W'Vl1tJLL~:;~~~ 

" I '" ",,, 

U'UU-:l'tl'tlqj~~M:;'lJ'tl-:l LFl1'tl-:l L'VlIi!L 'Vl rJ1 'W~~ih ~'U~1'tl'l,r'Wm:; L VlrJ~1lX ~ ~ 1 'Wn1J'u'Uu-:l'~'W'Vl1~~-:l 
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" " , 
49839 E coli 0157:H7 S. aureus ATCC 13565 

cv ..::::III.:tI I 

L. monocytogens Yl-:JUL"ll'tl'd'l allicin 
," , 

(diallyl thiosulfinate) LtlU'&'l1~U~:;n'tl'tJVli1'&'ll-J~U'tJU'l'"l~uYl1u1um:;LVlm.J ~'1n~lnn1~vi1'11U • 
" 

"lJ'tl'l allicin ~'tl i1~~u'tJU'l~'tlU~mU1Yl1-:JLI"1i1"lJ'tl'ln~l-J thiol "lJ'tl-:JL'tlU1-n,r~~1U"llU(;lLU~~UYl1u 

~'dl-J~'1LtlU'&'l1~1'J~'tlu~mU1 thiosulfinate L"liu alcohol dehydrogenase thioredexin 

reductase RNA polymerase cysteine proteinase ~'1'&'l1l-J1~f:lU'tJ~-:J'"l~UYl1u1~ LL,j'~1"1'J1l-J • , 
" " 0 L"lJl-J"lJU(;1'l 

" , 
l-J1n LL~~:;Ll-J~(;l~l-J~l'Jmil'tl~"lll-Jl:1L'&'l1 i1n~U~'tll-J '&'l1~~1riC)JLUvi'tJYil-J ~'tl LL'tl~1"11~'tlU~ 

.col .col ~ ~ .col .col 'I .IAI ....... 
m~~LYl'tl~U (pelletierine) L'tlL"llLYl~~LYl'tl~U (isopelletierine) LL~:; tannin LULu~'tln~~Yl'tJYll-J 

(~1~n-:J1u-n'tll-J~'&'ll-JulYl~ , 2538) ... . 
, 

~ !I.....dI .dI CIIt. .Qj 41::11., !I 
Ahmad, Mehmood LL~:; Mohammad (1998) L(;lI"1(;lL~'tlnYl"ll'tlUL(;lUYl L"llYl1-:J 

I " II II 

n1nLYlYlUVli1'&'ll-J~LUn1~U'tJU-:JL~'tl'"l~UYl1u L(;lU'&'ln(;l'&'l1~~'JU,J1 LlInL"llU LL~:;L'tlfi'lU'tl~ LL~:;H' • 
I " I " 

1"1'J'll-JL-nl-J-nUVl200 l-Jn ./l-J~ Yl'tJ~1 '&'l1~'&'ln(;l~'Jm'tlfi1U'tl~L"'~hn1~u'tJU-:JVl'&'l'ln~1n1~'&'ln(;l~'dU,J1 ... 
r " 

LL~:; LlInL'l!U L(;lU'&'l1~'&'ln(;lL'tlfi'lU'tl~'"l1nLU~'tln~~vi'tJYil-Ji1~Ylfiu'tJU'I B. subti/is ATCC 6051 

.col, 

Proteus vulgaris ATCC 6380 P. aeruginosa ATCC 25619 E coli K-12 S. aureus l-J1"11 

inhibition zOne'tl£JLu"li'J'I l-J1nn~120 10-19 10-19 10-19 LL~:;20 ~~~Ll-J(;1~(;11l-J~1~'tJ ... 
, " 

L(;lUYl'tJ flavonoid tannin steroid LL~:; triterpene LtlU'&'l1~u~:;n'tl'tJVli1'&'ll-J'tJ~U'tJu-:J~~UYl1u1u 

LU~'tlnvi'tJYil-J LL~:;n1~';jLI"1~1:;il"1'J1l-JLtlUYlMLU~:;~'tJL'l!~'Cf~'tl fresh sheep erythrocytes hlYl'tJ 

1"1'J1l-J LUUYlM L u~:;~'tJ L'l!~'Cf 

" , " o .... q.c.i 0ACt0........ .t:II .Q 

Burt (2004) ~'J'tJ~'Jl-J ~~ n1 ~Yl (;l~'tl'l"lJ'tl-:JU1l-JU~'tll-J ~:;mUYll-J'&'ll-J'tJ (;1U'tJU-:J LL'tJ I"lYl L~U 

LL~:;1"1'J1l-J'&'l1l-J1~f:l,J11uH1~ Yl'tJ~1 n~ In n1~'tl'tln ~Yl'i"lJ'tl-:J'&'l1~~hU~~UYl1u l-J1'"l1 n 1"1'J1l-J LUU 
" " , 

hydrophobic "lJ'tl'l,J1~U~'tll-J~:;L~U LL~:;~'JU"lJ'tl-:J'&'l1~u~:;n'tl'tJ~U'tl~ L U"J1~UYl'&'l1l-J1~f:l LLYlm L-n1 

lUll1UL u~'Jul"lJ~U"lJ'tl-:J L~'tl"'l-J L'l!~'CfLL~:;1l-JL(;1I"1'tlUL(;l1U"lJ'tl'l'"l~UYl1u ~~'1 ~~ ~'tl n1~*'d"lJ'tl-:J • • 

intercellular membrane 
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2.3 1'it L'YiL'lIJJ L'el'ULLfltl'llL'it-a''U (Iiposome encapsulation) ... 

mJ''t111~ LYiL"l!~ L'tl'WL~tJ~L~i'W ~'tl mn~~'tl'lJ~1-'tl'IA'tl~~'tl'4Jl1 ~"1l'tl~LL;~ L~n1 ~1-'tl~tJ '" 

"1l'tl~ L ~~'J L~ n1 ~1-'tl rl'l"l! L"'tJ~1J'~H' L~~'tl'lJ ~'tl~hJ Ln ",tJ~mm n'lJ'tl'4Jl11"l~1J'~ ~ n LI"l~'tl'lJ LL~:; 
~'tl~ hJ L~'tl~~ ~1tJ ri'tl'W'IJ 11tJ1-if Li~'tl'IJ11tJ L~~ 'tl'lJ LL~'J ~'tl~tJ~ ",tJ ~'tltJ'tl'4Jl11"l~ LI"l ~'tl'lJ (core) 

'tl'tl n~11~ (;l1~~ ~'tl~mJ' L"'tJ'tl'4Jl1 ~~ ~ nL~~'tl'lJB L~tJ n~1 LL~tJ~~ ~'HU'W"1l'tl~ e.J~(;lJl ruoy]~ 
'tl'tl n ~'VIi'W 1'W iJ ~ n~ru:;~'tl ~ 1 J'~ ~ nLl"l ~'tl'lJ ~'JtJ ~ 1 J'~1-ifL~ ~'tl'lJ L ~'tl"l! :;~'tl n 1 J'tJ~ ",tJ~'tl tJ 

'i' '" 4 
b"'tJ~'J'lJI"J~'tl(;lJ'1mJ'"l!~LL~:;mJ'~:;~1tJ (Mathiowitz, Kreitz and Peppas, 1999) 

m:;'lJ 'J 'W n 1 J' L 'tl'WLLl"ltJ"l! L~i'WiJ tj (;l Cl tJ J':;~ 'I f>1L ~'tl U'tl~ n 'W ~ 1 J'~ LU'W LLn 'WiOl 1 n ~'1 LL'J '" ~ 'tl ~ 
'U • 

Jl1tJ 'W'tl n~ 'tl 1iOl't1 11 ~ ~1 J'~ LU'WLLn'WhJ I"l'l ~'J LL~:; L~ 'tl~ ~ ~ 1tJ1~~ 1tJ ~ 1~ 1 J'tl U'tl'l n 'Wn 1 J' Ln '" 

tJ~ mtJ 1 J':;~~1'1 ~ 1 J'~'tl'l"l!il",~';h L 'tl'WLLl"ltJ~ L~i'W 1~ ~ 1 ~ 1 J'tl LtJ~ tJ 'WLLtJ ~ '1"1l 'tl~ L ~ ~'J~ 1-'tl Ii 1"l! 

1tJ LU'W"ll'tl~ LL;~ ~ '" m J'J':; L ~tJ"1l'tl~ ~ 1 J'~ LU'WLLn'W ~ '" 1"l'J 1 ~ LU'W~~"1l'tl~ ~ 1 J'~ LU'WLLn'W J''J~~~ iJ 

tJJ':; LtJ"ll'W1 'Wn 1 J'"ll'JtJ n ~'lJ n ~'WLL~ :;J'~~1,j~~tJJ':;~~ rl"1l'tl'l ~ 1 J'~ tl n L~~'tl'lJ LL~:; LU'WJ'tJ LL'lJ'lJ~ Ln'lJ 
'U 'U 

fn~11~'W1'Wn~11 'WltJ"ll'tl'l L~~'J 't111 ~~:;"''Jn 1 'WmJ''lJ11tJH' (Young, Sarda and Rosenberg , 

1993; Bakan, 1994; Gibbs et al., 1999) 

-if'tl~iOl1 J'ru1~1~f'lJ m J''t11 L'tl'WLLl"ltJ"l! L~i'W ~'tl ~~~"1l'tl'l~ 1J'~ LU'WLLn'W ~1 J'~1-if L~~'tl'lJ 
'U 

I I I " 

~1n~~'tl'lJ.y] Lu'W1"1l~'W"llil"'~'W1L"'tJ1.j{~'J'WtJJ':;n'tl'lJ.y] Lu'Wi'W (layer) "1l'tl~~'tl~L ~~~ '" hJ LU'W~~ 

LL~:;~1~1J'tl'IJ11tJH\u'Wm~1J'1~ (Finch, 1993; ~~Yi1iOl 'tl~J'~'H(;l'Wn~, 2543) • 
" Chacon LL~:;~ru:; (2006) 1~~n~1e.J~mJ'U'lJu~"1l'tl'l microencapsulated "1l'tl'l allyl 

isothiocyanate (AIT) 1'WmJ'u'lJ~~ E. coli 0157:H7 1'WL~'tl~'lJ~:;L~tJ",~~ru~J.Jij~LU'W Yi'lJ~1 
AIT ~'IA'tl~~iJl"l'J1~~1~1J'tl1'WmJ'u'lJ~~ E. coli 0157:H7 ~"'~'1~1nn~1 2.5 log cycle 1'Wtj'W~ 
6 "ll'tl'lmJ'Ln'lJfn~1 LL~:;~1~1J'tl~1L~'tliOl~'W'VI~tJ1crL'Wtj'W~ 15 "1l'tl'lmJ'Ln'lJfn~1 't111~~1~1J'tl • 

" ~"''tl1~mnn'lJfn~Ltl'tl~'lJ1~iOl1n 15 tj'WLU'W 18 tj'W 
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2.3.11~L~L"if~ (Iiposome) 

., 
l~L~Lenl-J ~'el 'el~fl1 .. m1'el~~n~l-J1 ~hl1"'L~n~'el~~1J'1~l1hl1hl~1J'~:;~1tJ~1 

I " I if 

~1J'1 "1ll1hl~'eltJ1 hlnl"1l'el~'elt.lfl1 I") Ln "'fOl1 n Ll-J L~ n ~"1l'el~ 1 ~l1hl'tlJ':;Lfl'Vl~'el~ L ~~~ "'l1~~,)hl~~i') LL~:; hi 
1lJ qJ" q 

II I" I" 

~i') 1 hl Ll-J L~ n ~ L~tJ') nhl L"'tJ L'el1 ~ ') hl~hi~i') L -if1~1 ~ ,)hl~llJ ~i')"1l'el~ Ll-J L~ n ~~') n L~tJ') nhl • • ., , ., 
~,)hl'tlJ':;Lfl'Vl~i') (polar lipid) ~~1l-J1J'C1~U nU~1 LL~:;Ln '" Ltlhll~ L ~Lenl-JU1'el~1 hl~ m~tru:;"1l'el~ 

... 
n'lJ'L1m ~') LtlhlLLm"1l'el~ Ll-J L~ n ~ 1 "1ll1hlL1tJ~.n'elhlnhlLtlhl~'el~-nhl'eltJt hlJ''tl Ltlhl LI") N~ ¥1~"1l'el~ r.J-W~ 

• 'lJ 'lJ 

" I II I "" " 

~'el~-nhl (double layer) ~~mfOl~ r.J-W~~'el~-nhl.n'elhlnhll-J1 n n~1~il~-nhl L"'tJ~-nhl"1l'el~~1J'~:;~1tJ~1 
"" " II 

nhl'eltJJ':;~~1~ r.J-W~~'el~-nwil~ vh 1 m~ L ~Lenl-J~ 1"),)1l-J~1l-J1J'C1 Lnunn~1J'11~~l-J~~i,)LL~:;~,)hl 
'lJ 

, ... , 
"1l'el~~1J'~n"'~~~l-J~llJ~i') l~hlLl-J L~n~ L~tJ')nhl LL~:;l~ L ~Lenl-Jri~"J!')m~l-J 1")')1l-J I")~ ~') il'el~ nhl • 

(Barenholz, 2003) 

-if'el~~'el~l~L~Lenl-J ~'el 
... 

~~-Whl ~~ llJ Ltlhl 

'fihl[;1J'1tJ LL~:;llJvh 1 ~Ln "'mn'lnL~ L~'el L-if1~i1~ n'ltJ 1~ L~ Lenl-J"J!')tJ L~l-J 1"),)1l-J I")~ ~,)"1l'el~~1J'~ C1 n 
'lJ 'lJ 

I 11 "''' 11 

Lnun n LL~:;"J!')tJil'el~ nhln'lJ'~~1tJ ~,)"1l'el~~1 J'LI")~~ C1 n Lnu n n llJ~1~ 1 J'-WhlLnu n n 1 t)1 hl-nhl~1~1'el-nhl 
'lJ 

~,)hl'tlJ':;n'elul"1ll1hl~ L~l-J1:;~l-J LL~:;~ "'''1lhl1 "'''1l'el~1~ L ~Lenl-J ~1l-J1J'C1 I")')U I")l-J n'lJ'm:;fOl1tJ ~') LL~:; • 
n 1 J' 'el 'el n ~ 'Vl i"1l 'el ~ 1 ~ L ~ Len l-J ~ L [;11 tJ l-J 1 ~ LL ~ :; ~ 1l-J 1 J' C1 ~ '" LL 'tl ~ ~ ~ l-J u~ "1l 'el ~ 1 ~ L ~ Len l-J 1 ~ ~ 1 tJ 

L"'tJ n'lJ'L~'eln~,)hl'tlJ':;n'elU"1l'el~ 1 "1ll1hl LL~:;L'Vl l")ijl")~1'el~fin'l J'L[;11tJl-Jl~ L ~ Lenl-J~~Vi11 m~~ L ~ Lenl-J~ 
~"1lhl1 "''el~fl1 I") LL~:;'tlJ':;,uhlEj') LL[;1n j;h~ nhll~l-J1 nl-J1tJ ('el1'Y 'Y 1 l-J L hl~¥'eltJ LL~:;~ J'L",en l-J L hl~ ¥'eltJ, 

2545; fi1'en-ntJ LL~enl1"" 2547; Redelmeier, 2001) 

L~~~hl (Lecithin) Ltlhl~1J'~~1l-J1J'C1ri'elJ''tl Ltlhll~ L~Lenl-Jl~ Lti'el~fOl1n~~l-J~ Ltlhl 
'lJ 

~'el~L~~~ ",enij"'~'el~~1~~~I")'el~hl ~~'tlJ':;n'elu~')tJn~ Len'elJ''el~ m",l"1ll1hl m"'~'el~~'el1-mL~:; 

I")'el~hl L~~~hlLtlhl~'el~ L~~~ "'~~U~')11'tl1 hlLen~;"1l'el~~ [;11' ~~~1~ L~tJ') nUn'lJ'Vi1~1hl"1l'el~ 
Ll-Jl-J LUJ'hl L~~~hlLtlhl amphoteric ~ 1"),)1l-J Ltlhlm"'-~1~ 7 ~~ Ltlhl zwitterion ~1'el dipolar ion 

~'tlJ':;fOl~U'eltJ~m"'~'el~~'el1-n LL~:;~'tlJ':;fOlU,) n'eltJ~l hlL[;1J'LfOlhl"1l'el~ I")'el~hl L~~~hl~,)hl1 ~ ru~~lJ 
q '\J q qJ cv cu 

L'el~ ~ Ltlhl n J'''' 1 "1l,r hl"lfij"'~l-J ~') ~ ~ 1 LL ~t.l~~ 1 LL~:; Ltlhln J'''' 1 "1l l1hl"lfij", llJ~ l-J ~') ~ ~1 LL ~t.l~~ 2 

L"'tJ m", hl1hl~ Ltlhl'el~ .-l'tlJ':;n'elu1 hl Ll-J L~ n~"1l'el~ L~~~hl~hl'eltJ nU"lfij","1l'el~ L~~~hl L"J!hl 'tl1;~~~ 
• 'lJ 

L~~~hl~ m"''tl1 ;l-J~ ~ n L~~ ~hl~Ul-J1 n 1 hll ~ LL"'~ LL~:;5') L ~~'el~ L"'tJ L'U~1:; L~~ ~hl1 hl5') L ~~'el~ 1.jf 



13 

LthJLLm~~1'~~~u WlHJ~~L~:n~'Wl'W~~~1~m'nJ L~:n~'Wu1-~'VlihliJ~ iJ~n~ru:;~'W (greasy) 
~ , 

~n1l!L!1l~1~iLL~:;'e:l'e:ln:n1!1lll~~1tJ 'W'e:ln"'l1nn~~iJfil'J1~~1~1~tl~'J~nU~1~~'W1~ L"lf'W hh~'W~1'e:l 

fil1flu1eJLM~ (ilfim f~'W1tJ'W'Wi, 2549) 

~U~ 2.4 ~ ~~ Lfil~~~11~ L~:n~'W (lecithin) iJ~~miLu'WYl'e:l~LYl~Yi!1l LU'W~1~~ ri'e:l~tJ LU'W 
~ ~ ~ 

1~L~L'1!~ 

'" 1~L~L'1!~ ~1'e:l"ll'W1!1l"ll'e:l~1~L~L'1!~ ~~n ('e:lfCjJCjJ1 ~L'W~1'e:ltJ LL~:;~~L!1l'1! ~L'W~1'e:ltJ , 2545; Fielding 

1991 ; Vemuri and Rhodes, 1995) 
, '" ~ 

2.3.2.1 1~ L~L'1!~Y1iJe.Jt!~~'e:l~-n'W~~1tJ-n'W (multilamella vesicles, MLV) iJ bilayer 

~~1tJ-i'W L!1ltJiJ~1 LU'W~'J ~'WLLl91~:;-i'W Lu'W1~ L ~ L'1!~~~1~1~tl L~1-tJ~~'W"'l1 n Wl~m':;"'l1tJ ~'J~1'e:l 
'" , 

~'e:l~ ~'J"ll'e:l~1 "ll,j'Wl 'W~1~~:;~1tJU1 iJ'lJ'W1!1l L~'W~1 fil'WU n~1~ L'U~tJtJ~:;~1ru 0.5-1 0 1~ Lfil~L~~~ 
~ 

LLl91"ll'W1 !1l1~ L ~ L'1!~~1~iJ fil'J1~ LL~ n 1911~ n'W~1 n Lri'e:l tl ntJ~ !1ltJ~'e:ltJ ~1~~ tl n n n Lnu tl ntJ~'e:ltJL!1ltJ 
~ ~ ~ 

"" " " ~1'W-n'W'lJ'e:l~e.Jt!~~'e:l~-n'W (double layer) 1tJ~-n'WU1 LL~:;~1~1~tlU11~L~L'1!~tJ~:;Lfl'Vl,j~~~1-
" I" '" 

L~~~1fn~1 L~1-tJ~ Lu'W1~ L ~ L '1!~Y1iJ e.Jt!~ ~'e:l~-n'WL~tJ~-n'WL~m 1~!1ltJ n ~:;U'J'WWl~l911~1 L"lf'W Wl ~ l-n 
, , .... ..,. 

fil~'Wfil'J1~tl~~ (sonication) 
~ 

'" '" 2 . 3 . 2 . 21~ L~L'1!~"ll'W1!1l1~C1!i1e.Jt!~~'e:l~-n'W~~1tJ-n'W (large multilamellar vesicles; 

LMV)i1'lJ'W1!1l L~'Wch'Wp\'Wumn:J L'U~m.h:;~1 ru 0.05-1 0 1~ 1"1~'e:l'W i1,j~::;~'Vlfifl1~L 'WWl~nn LnuL 'W 
~ 

.r'W~11'e:ltJ~:; 5-15 ~1~1~m~1-tJ~1~!1ltJHLfili'e:l~L'lJth(mechanical stirring ~1'e:l vortex) 1~L~-
'" , ~ 

L'1!~,j~:; LJl'Vlni1I"1'J1~ n!1l ~'W~'J L Yl1 nu ~'Wui1 n 1 ~L,j~tJ'W LL,j ~~'e:ltJ 1~-n11"ll'e:l~ e.Jt!~ 1 "ll,j'W~'e:l~-n'W 

(double layer)"ll'e:l~1~ L~L'1!~1,j LU'We.Jt!~1 "llir'W.r'WL~m (monolayer) "'l1mr'W~1~~~ nnmnu f'l'e:l tJ1 

'" '" ,j~'e:ltJ'e:l'e:ln~1~-n'WU1 
~ 
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, .. .. 
2.3.2.3 Lf'l LVi L"lI~~\.I'l ~ L~nYli1 e.J,r~~'t)~;\.IL Vi m;\.IL~tJ') (smell unilamella 

vesicles, SUV) ~\.I'l~L~\.I~'lfi'l\.lUnf'l'l~L~~mJ1:::~'lru 0.025-0.1 0 L~r11't)\.I i11..l1:::~'Vl~1l'lVi1\.1 
" 

" " I I 

n'l1n n Ln'lJ 1 \.I;\.IoW'l1't)tJf'l::: O. 5-1 LL~'lJ 11~ ~'l1L~,J't)mL~~\.I'l ~Yl L(;l~tJ~ fi1't)\.I.;r'l~~l-1'l L~~'t) LLf'l:::r1~ • 
(;]') ~ ~'l~'l1() L(;l~tJ~L~~tJ1-nLr11't)~ L ~th~'r.l ru\UJ~~~ n~'l'r.l ru~JJ~'Vl1'l\.l=n;\.I~'t)~Lf'l LVi L"lI~ ~-;-'t) 

, .. .. 
n'l1oW'l Lf'l LViL"lI~Yli1 e.J,r~Ml~;\.I~f'l'ltJ;\.I (MLV) ~'l~'l\.ln'l1 sonication 

, .. .. 
2.3.2.4 L f'l LVi L"lI ~ ~ \.I 'l ~ n f'l 'l ~ Yl i1 e.J,r~ ~ 't)~;\.1 LVi tJ ~; \.IL~ tJ ') (intermedate 

.. .. 
n'l1nmn'lJ1\.1;\.IoW'l~'lnn~'l SUV LL~,J't)tJn~'l LUV 

, .. .. 
2.3.2.5 Lf'l LVi L"lI~~ \.I'l ~ 1 ~ 'klYl i1 e.J,r~~'t)~;\.IL Vi tJ~;\.IL~ tJ,) (large unilamella 

vesicles, LUV) ~\.I'l~L~\.Ie.h~\.Iunf'l'l~L~~tJ1..l1:::~'lru 0.1-0.4.0 L~r11't)\.I i11..l1:::~'Vl~1l'lVi1\.1n'l1 
" " " " I 

nmn'lJ1\.1;\.IoW'l1't)tJf'l::: 35-65 i1m~'l(;l11\.1;\.IoW'l~'lnn~'l LMV ~~ 10 LVl'l LL~"ll\.l'l~YlL~"bJfi1't)tJ 

~~'lL~~'t)LLf'l:::r1~(;]')hj~ ~'l~'l1m(;l~tJ~L~~tJH' reverse phase evaporation ~-;-'t) ether 
, , .. 

vaporation L ~~'l:::~~n'lJn'l1oW'l~~m Li1't)~~'l n ~'l~'l1()'lJ11,mYlf'l:::f'l'ltJ1 \.I1'!Jll'l ~oW'l L~~'l n 

A. B. 

plY! 2.5 L~N~1'l~~'t)~'t)'tll'l~Lf'lLViL"lI~LL'lJ'lJfJ-nf'l'lL~f'lf'l'lf (A) LLf'l:::~f'l~f'l'lL~f'lf'l'lf (B) 

~~'l : Walde LLf'l::: Ichikawa (2001) 

L{j \.In 'l1~'l r1 ') 'l~ i~~\.Ifi1:::~~'l~ LLN ~~ ~') ~'t)~ ~ 'l1f'l :::f'l'l tJ (;] ')vi 'l;S ~ f'l;\.In'lJ 

~,)'l~ L .;r~.;r\.l~'t)~ (;]')vi'l;S~ f'l;\.I1 \.I (;]') vi 'l f'l:::f'l'ltJ ~ 'l~ 1 L~tJ 1-nL~ L"lI f'l ;"ll't)~ ~ 'l1vi 'l;S~ f'l;\.I~~ ~'l1~ n ~ 
I" "I" 
YlhJ f'l:::f'l 'ltJ 1 \.loW 'l vi 'l1 ~ n'l1n1:::~'ltJ"ll't)~ ~'l1~ n ~ 1 \.loW 'l ~ l-1 'l L~~'t) c;1~,r\.lr1 ') 'l ~ L.;r ~.;r\.l"ll't)~ ~ 'l1vi 'l 

;S~ f'l;\.I~1-nt \.In'l1L(;l~tJ ~ ~ 'l1f'l :::f'l'ltJ L~ L"lI f'l; ~'t)~ ~~ n~'l r1,)'l~ L .;r~.;r\.l"ll't)~ ~'l1vi'l;S ~f'l;\.I~'l ~ ~~ 

Ln ~ L~ L"lIf'lf'l1 \.I~'l1f'l:::f'l'ltJ ~'t) CMC ~'t)~~'l1vi'l;S~f'l;\.I1 \.I~'l1f'l:::f'l'ltJ~oW'l~'l L(;l~tJ~ e.J ~ (;lJi ru-n 

~~~'l L~~'l n r1,)'l~il.J~\.Ifi1:::~~'l~LLN ~~ ~') n'lJ r1,)'l~ L .;r~.;r\.l"ll't)~~'l1vi'l;S~f'l;\.I L~tJ CMC ~'t) 
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fil'l1~ L ;J~;J'kl'1l'tl.:l i'lVi1~,r ~-n'kl~ ri 1 LLN~.:l ~'l L~~ fil.:l ~hJ~ ~~.:l L~'tl L ~ ~ fil'l1~ L ;J~;J'kl'1l'tl.:l i'l Vi 1 

~,r ~-n'kl L~U f'l 'l1 ~ L;J~ ;J'kl'1l 'tl.:l i'l Vi 1~ 11' ~-n'kl hJ;:J ~ ~ ~ 'tl ri 1 LL N~.:l ~ 'l (Hiemenz, 1977) 
I " I I 

L\l'tl.:l~11il1n ~ L~~~'1l'tl.:l~1~~ ~ LLN~.:l ~'lVi1'tl~1~Vi1~,r~-n'kl'tl~ L~~ ~'l'VI~TW1 LL~'l LSj'tl L Vi~~1~~ ~ 
~ , 

LLN~.:l ~'l ~'l'klLn'kl'1l'tl.:l~1~~ ~LLN~.:l ~'l,r'kl\l n ~~ n L;J1 hJ'tl~L~~'li~ cr ~ ;.:l m ~ri'tl ill Lij'kll~ L ~ L'll~ 

Ln (;)1il1n m~~u1u1~4' ~ L-;'U.:l ill L~'tlL ~'tl~L 'kllU~;:J~ ~.:l.:l1'kl~1 L~'tlL~;:J fil'l1~f'l.:l i'l~ ~~~ ~ m~ 
, >-

n!) L'Vl'tlfL~1~'kl1n n (fi1''ll-nU LL~"ll,r ~ , 254 7) L~UlUi1.:l L~ L~~~~'l'kli'lVl'll'tltJ'W1~'l~ ill n'kl'tl~L 'kl 
" I II I '" 

U1 LtI'klL~ L~ ~~Vl L-;'U n~1 micelle r;;.:ltr'kl~.:l ~1~1~'ln ~:;1il1U~'l'klVlhJ~:;~1UL 'klU1L ~~1~1~~ 
~ 

n~:;1il1uL'klU11~ 

Surl.,c~ t~nsiod'l 

I I 

------~~~~ ~--OM--C----
I I 
I I 

4. a 

it/vi 2.6 m~Ln~ 1~ L'll~~~f'l'l1~L;J~;J'kl~1~~~'1l'tl.:li'lVi1~,r~-n'kl 

~~1 : Purohit LL~:; Balasubramanian , 2006 

m~LJ;)-;'u~l~ L ~L'll~;:J ~~~'tlm1n~:;1il1U i'l'1l'tl.:l'1l'tl.:l~1~~\lnn n Lnu (homogenous 

'VI'1'tl heterogenous) '1l'kl1~'1l'tl.:ll~L~L"ll~LL~:;~1'kl'l'kl bilayer '1l'tl.:ll~L~L'll~ (Walde and 
~ ~ ~ 

Ichikawa, 2001) m~LJ;)-;'u~YJn~fi u~:;n'tlu~'lU 4 i'klJ;)'tl'kl~'kl~1'kl r;;.:lil (1) m~~:;~1U~'tl~L~ -

~Vi(;)L'kl~'lVi1~:;~1U~L'VI~1:;~~ (2) m~LLuni'lVi1~:;~1u'tl'tlnIil1n~'tl~L~~Vi~ (3) m1n1:;1il1U 
I .... I I I 

~'tl~t~~Vi (;) L'kl~'ln~1.:lVlLtI'kl~1 (4) mmun~1~Vlhl\lnnnLnuIil1n 1~ t~t"ll~Vl LJ;)-;'u~l~ ;.:If'l'l1~ 

LLJ;)n ~1.:l'1l'tl.:lLL~~:;~fi 'tl~~ m~L-n i'lVi1~:;~1U ~fim~~:;~1U~'tl~ t~~Vi ~ LL~:;mmun L'tl1 i'lVi1 

~:;~1U'tl'tln 1il1nm~~1U.:l1'kl'1l'tl.:l'tl1'k!'k!1 ~L'kl~1'tlU LL~:;~~L(;)"ll ~t'kl~1'tlU (2545); fi1'"ll-nU 
>-

LL~"ll,r~ (2547) LL~:; Vemuri LL~:; Rhodes (1995) 'tlfiu1u~fim~LJ;)-;'u~1~L~L'll~ r;;.:lil 
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2.3.4.1 n11L~i1m./l~L~L"l!~~I)U1fi'Vl1~Lf'1il (chemical method) 

n11Ll'l1U~Lt'lu1-n1'il)';h~:;~1u (solvent dispersion method) ~'el 111 
~ I I ~ 

oWfl~ L oW~~ f111 tll'il)Yh~:;~1U~tl'Vl1U~1 m:;'"I1u1 tl1'nll1 f'1111;~ill'il)m~:;~1U'el~ ;~1'nn 1 f'1111 ~ n 

n 1:;'"11 u I'i I) LL~:;~ nVi11 ~ f'1~ l'il) ~I) UoW fl ~ LoW ~~ t'I Lt'I U L~ L~ ~ ~"tl'el~oW 'el ~ LoW ~~ (;I L1u~ I'i I) LUtl 
, ., , 

monolayer ;~LUtl'(;II'i~~tl"tl'el~n11Ln(;lLUtl bilayer "tl'el~1~L~L"l!~ il~~1m'Vlf'1ilf'1Y1ilu~1-n L"lltl 
., 

Ll'l1u~~~~-ntlLf11u1frjfin11Ll'l1u~~~~-ntl 2 f'1~~ (double emulsion technique) Ll'l1u~1~L~-
, ., ., 

L"l!~ Lt'lU L1~'"I1 n n11Ll'l1u~~~~-ntl'l!ilf111111 tl1"tl~tl ~I)U n111~£'l11~ :;~1u111m~1 ru,J'elu~~1 tl 
, ,., 

~ 11~ :;~1 U"tl'el~oW 'el ~ L oW ~~ (;IYI ~:;~ 1 U 1 tll'i I)Vi1 ~:;~1 u~tl'Vl1u iftl1 ~~11~:;~ 1u11 1 LLl'l n'elfl n LU tl 

fl'4Jl1f'1"tltl1t'1L~n 1tl'th~n1Lilt'lf'1~tlf'11)1~~~~ (sonicator bath) ~-;''el1fin11~tl1~L;hntl'"ltlLn(;l 
.,., , 

LUtl~~~-ntl fl~1l1 f'1111 L~ n1 L ~~hi1~1~11() f'1~ l'il)fl~1~(;IUYlL~ L~ ~~oW'el~ LoW~~ t'I L1u~ l'il) LUtl 
., , 

fl~1l1 f'1'VlN n ~~~~ L~ L~ ~ ~1111~1l1U 1 tlL"lltlL~ UI) n'U n11Ln f111~ L "l! ~ ;Y1oW'el ~ LoW ~~ t'I ~fl~ il~ 1tll)tl 
II II "" I 

~1n~'el~~Ln t'I~nr~~'el~-ntl '"11 mrtl111~~~-ntl"l!ilt'l1111 tl111~tl (W/O) Y1Ll'l1u~1~~1 L~~ 
"I ""''' I 

~11~:;~1u111m~1ru~1myj'elLl'l1u~LUtl~~~-ntl'l!ilt'l1111tl111,rtl1tl111 (W/OIW2) ;~il'el~J11f'1 
" I" I 

"tl'el~oWfl~L oW ~~ t'I L1u~ l'il) LUtltJ'I!~~n-ntlWn~1'el'U-ntloWfl£'lL oW~~ t'I L~~ Lijfl1:; L~U l'il) Vi 1 ~:;~ 1U~tl'Vl1u 
.,., ., 

tJ'I!~oWfl~ L oW ~~ f11-ntltl'el n n'U-ntl1 tl; t'I ntlLn t'I LUtlt:J'I!~~'el~-ntl"tl'el~ 1~ L ~ L"l!~ ~~ 1~~ L ~ L"l!~'l!ilt'l t:J'I!~ 
" I"" I 
-ntlL~mn11L1i'Unn~11Y1~:;~1U111~I)U1fii1LUtl1fiYlillh:;~'VlfiIl1~~~ 

- ------- - - - - -- - - -
a (C) 

" , 
LL~:;1'nn1f'1111,rtlYloW'el£'lLoW~~t'lm':;'"I1U'el~ (A) Ln(;l primary emulsions L1un~1 W,I0 

., , 

(8) '"I1n'l!tl primary emulsions L1.J~UtlLUtl double emulsions (W,I0IW) (C) 
, 

Y1~1 : Wang LL~:;f'1ru:; (2006) 

2.3.4.2 n11Ll'l1u~1~L~L"l!~~I)U1fi'Vl1~n1UIl1~ (physical method) 

" LUtln11m:;'"I1UL~ L~~~"tl'el~oW'el~LoW~~ (;11 tl111 Lt'I U'el 1 ~U~~~~1tln~ 

"lll)u1 tln11L ~'el1 ~ Ln t'I n1111)~ l'il) LUtl bilayer L(;IU~:;~1UoW'el~L oW ~~ f111 tll'il)Vi1~ :;~1u~tl'Vl1u 
" " 1.1 I 

'"11 n'l!tl1:;L~U Lfl11'il)Vi1~:;~1U'elfl n 11.J'"Itl1~LL~tlYl ;~'U1~1 Lf'1~'el'Ufl~ '"11 n'l!tlL~~1'nn1 f'1111Y1il 
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~1 ~~'tl.:J n1~ri nLntJ~ :;~'lrJ'tlU LLeJ'WYhf~ Ln ~ llJ LrMi'WLL~ :;Vi'tl.:J ~'.l L C'tl.:J"'l1 n hJL~ n ~"1l'tl.:J~1 
OJ • 

, " " 
~'tl~ ~'tltJ~'.l'W "r'.lYliJ~ '.l"1l'tl.:J 1 "l)21'W "'l1 mr'WLLeJ'WYJ ~ ~ ~'tl n'tl'tl n~1 LL~'.l ~ '.l'W~'.l LU'WLLeJ'W th:;~ 1'W ri 'W LU'W 

," , 
'tl'4JlI f011~ L Vi L"lI~ 1~~ L Vi L"lI~YliJ l:.Ju.:J~~ltJi'W (MLV) LL~:;LntJ ri n~1 ~Yl LU'WLLn'WlrJi'-w'tlmYltJ.:J 

" I I '" I 

~'tltJ~:; 5-10 L'Yhu'W Lu'W';)fiYl~ltJYl~~L'Wn1nj;i~tJ~l~LViL"lI~ ~.:Ju'W ~.:J~'tl.:JUI1~LViL"lI~YlLI'11mJ • 

" ~1~I~m111~~tJ';)fij;]'tl hJi1 

2.3.4.2. 1 n1~~~'WrJi''.lmLN~.:J (high pressure homogenization) 

L~tJL.n~ LViL"lI~~ LI'11tJ~~'Wri'tl'WrJi''.ltJ';)fiLi~''tl.:J~'W~1 eJl'WLf01i'tl.:J ~~'W (homogenizer) "'l'Wl~~ L ViL"lI~ 
I , I I" 

"1l'W1 ~ L~ nYl~iJl L~~'tl1'11~ ~'tl.:J n1 ~ LLj;];]'tl L~tJ ~'tll~~ LVi L "lI~YliJ"1l'W1 ~ L~ n~1 nYliJ I:.JU.:J ~'tl.:Ji'WL YltJ.:J 
" , , 
i'WL~m (SUV) l11 h\ri mntJlrJi'~1 LL~:;~:;tJtJiJt1'1!~1 L1'tl.:J f01'.lI~~'tl'Wi'.l~ rJi''.ltJ 'tl1"'ll11L ,,\yJ'tl~LyJ-

~Yi~~1'tl~I~rimntJ~~ltJ~'.l1rJi' 

2.3.4.2 .2 L'Vlf01nf01n1~LI'11tJ~L~tJHff01~'Wf01'.lI~~~.:J (sonication) LU'W 
I I I II 

L'Vl f01nf01YlHVi~.:J.:JI'Wf01~'WL~il'tl L~tJ.:J (ultrasonic)L 'Wn1~U'tltJl~ L ViL"lI~YliJ l:.Ju.:J~~ltJi'W (MLV) L"\ 
II I I I 

L~n~.:J LU'Wl:.Ju.:Ji'WL~tJ'.l (SUV) LL~:;~iJl L~~'tl L~tJ f01~'WL~ml11L ~~ LViL"lI~Yl LI'11tJ~1rJi'LLl'1n'tl'tln 

LL~'.l n~tJ~1 ~m ~'.l ri'WL ~lJ L~tJ ~'tl.:J f01'.ltJ f01~~:;tJ:;L'.l ~1~L"\ f01~'Wf01'.ll~ ~~.:J L 'W~:;~~I.:J n1nI'11tJ~ L"\ 
• OJ 

~1'1~IL~'.l"1l'tl.:Jf01~'Wml~~LL~:;~:;tJ:;L'.l~I~l~LViL"lI~~wr~ritJLVi~tJ (2) Bath sonication L~~I:; 

~1~ftJn1~LI'11tJ~1~LViL"lI~L'Wm~lru~ln LLj;]HL'.l~I'WI'W 

2.3.4.2.3 L'Vl f01 n f01 n 1 ~ L I'll tJ ~ 1 ~ LVi L"lI ~ L ~ tJ ~ ~ eJ 1 'W LL eJ 'W L ~ ~ L tJ ~ 'W 

(membrane extrusion method) LU'WL'Vl f01nf01~ ~"1l'W1 ~ 1~ LViL"lI~L~tJn1~~~ eJl'WL~~ LtJ~'W 

Vi'tl~ f011ftJ'tl L 'W1'1~iJ"1l'W1 ~nL 'W'W'tl'W l11L"\ ML V 'tl'tln~liJ"1l'W1 ~ L~ n~.:J L~tJiJ"1l'W1 ~ Ln~ LFltJ.:J ritJ 
OJ 

" , cv o.-.c::.I Q.cY Q I 

'W'tln"'lln'W'W tJ.:J~L'Vlf01'Wf01'tl'W1 'tln L"lI'W French Pressure Cell Liposome 

microfluidizer calcium-induced fusion freeze-dried method freeze-thaw method pH 

gradient method 



~.-~~"~ 
I : '. ~t- dUpemoa 

r.Jte. ,app." ~ .",:::on B. me ran. C. A. 

ItlYl 2.8 LYlr1tlr1n1~lJl?1~,)tJr1,)1~~'W~-:I (A) LYlr1tlr1n1~L~~tJ~L~tJ1.nr1~'Wr1,)1~~~-:I (B) LL~:: 

LYl r1tlr1n1~L~~tJ~1~ LVi L"l!~ L~tJ'ti ~ ~1'WLL~'WL~~ LlJ~'W (C) 

~~1 : (A) LL~:: (B) r.nnn1~Yl~~'el-:l (C) 'el1t)Jt)J1 ~L'W~1'elmL~::~~LI?1"l! ~L'W~1'eltJ 

(2545) 

18 

" ~1~~~LLN~-:I~,)1h::LflYl~LYl'elfL~'W~ L'll'W Triton X-1 00 'll')tJ~::~1tJyJ'el~LvHH~~1'Wtl1 Ln~L,j'W 
" Mixed micelles ~::~~1-:1 ~ LYl'elfL~'W~ nlJyJ'el~L yJ~-w ~ ~1mr'W~1~~ LYl'elfL~'W~rlnLLtJn'el'eln~1 n 

OJ 

~::lJlJLl?1tJm::lJ,)'Wn1~ dialysis ~1'el gel permeation charography L~'el~LYl'elfL~'W~Qn~-:I'el'elnhJ 

L~L~~~yJ'el~LyJ~-W~L~tJ-:li')n'W1~~ Ln~L,j'W bilayer 1~LViL"l!~~1~ij~~1tJ"lJ'W1~ L'll'W SUV LUV 
, ", 

Viij'1l'W11?1~::~~1-:1 30-180 'W1 L'WL~ ~~ LYl r1tlr1i1iHr'el~1 n ~ ~'el ~1~Vin mri1Jf~''el-:lij r1,)1~r1-:1 i') ~'el ~ 
" 

L Yl'elfL~'W~ yJ'el~L yJ ~-W ~ ~'el-:l1~~~ ~1'WL~~ LlJ~'W'el'el n~1Vi 1'el~1 nlJ ~ L Yl'elfL~'W~1 'Wi'W~'el'W dialysis 

, 
.oj • 

Yl~1: Walde LL~:: Ichikawa (2001) 
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>-

Wang LL~:;1"1 ru:; (2006) ~ m!1 nI J'L(;lh.ll-J1~ L ~ L'nl-J LL'LJ1J e.J'W'l·n\.lL~t1'J 

(unilamellar liposome) "lJ'U1(;'1 submicron L(;'ItiH freeze-drying double emulsion LL~:;L-if 
" " 

L YlI"1U 1"1 freeze-drying ~ u ~ 11~ L ~ L'n l-J"r1 'l ~ l-J (;'I L ij 'U 1~ L ~ L'n l-J LL U U e.J'W'l-n 'U L~ t1'J L(;'I t1ii fOb 

encapsulation efficiency ~~'l ~'tl calcein (water phase) 1'tltl~:; 87 5-fluorouracil (water 

phase) 1'tltl~:; 19 LL~:; flurbiprofen (oil phase)1'tltl~:; 93 1~L~L'nl-J~~1'Un'lJ' rehydration 

LL~'J L~'tl LnUTm~n H~'tlru,\Mlij 4 'tl'l fil1 L'n~ L;t1~ LL~:;UJ'1 fiI"'l1mL~'l ~1J~1 hJiin'lnu~t1'ULLU~'l 
• 'lJ 

"lJ'tl'l ~1 L'tl'ULLI"1U~ L~-n'ULL~ :;"1l'U1 (;'I"lJ'tl'l1~ L ~ L'nl-J L~'tl LnuH Lij'UL'J~1 12 ~U (;'I1,r 

Liolios LL~:;l"1ru:; (2009) ~m~n1~L~L'nl-J~tA'tl~l-J cavacrol LL~:; thymol ~~n(;'l • 
" " "'l1n~1,:r'U~'tll-JJ':;L~t1"lJ'tl'l Origanum dictamnus L. L'Un'lJ'~u~'lnln"'l1'1!"lJ'tl'l'~'UYl1tJ ~U~1 

r II I " 

~1J'~ n (;'Iii nYlfiL 'UnlJ'~U~'l"'l~'UYl1tJl-J1 n n~1 ~1 J'~ n (;'IY1hj1~tA'tl~l-J L(;'ItiL ~ ~1'J'l1.~L 'UnlJ'~U~'l "I. • 

Staphylococcus aureus ATCC 25923 Staphyloccous epidermidis ATCC 12228 

Pseudomonas aeruginosa ATCC 27853 LL~:; E. coli ATCC 25922 "lJ'tl'l thymol LL~:; 

cavacrol ~~'ltA'tl~l-J~'Jtl1~L~L'nl-JL~l-J~'U 1- 4 ij~~Ll-J(;lJ' • 

n'lJ'Yl (;'I~'tlU 1"1'J1l-J 1"1'l ~'J"lJ'tl'l1~ L~L'nl-J (stability) Lij'ULI"11'tl'l~~1 lULL1J1J1~ L ~L'nl-J 
iim tJ n'l nnu (shelf-I ife) 1~l-J 1 ntJ'tltIL Vitl'lLI'l Ll'lml 11u Lnu1~ 'UJl1 'J :;(;]1'l1~~ 11uL-if'l 1'U"'l1'l 

L"lf'U YlI'l~'tlUI"1'J1l-J1"1'l~'J~ 4 'tl'lfil1L'n~L;t1~Lij'UL'J~1 1 L~'tl'U LL~:;iin'lJ'uJ':;Lij'Ue.J~"'l1nn'lJ'~'tl'l 
" n ~ 'tl'l, ~ Yl J'J' fiI~ n 1 J'~ 1'l"lJ 'U 11'l'tl~Jl 11"1 n 1 J'LLti n-n 'U "1.1 'tl'l ~ 1 J' n 1 J'~ I'lI"1 'J 1l-J ~i11'l (rheology) 

1"1'J1l-J1"1'l~'JYl1'lLl"1ii n'lJ'*'J"1l'tl'l~1J'~LnunnL'U1~L~L'nl-J (extent of leakage) Lij'U~'U ('tlT'kl'1!1 

l-JL'U~1'tltl LL~:;~J'LI'l"ll l-JL'U~1'tltl, 2545) L'UJ':;~~1'ln'lJ'LnUTnM11~L~L'nl-JLil-Jii"1l'U11'l~hj 
~~1L~l-J'tln'U (heterogenous) l-J1n~'U "'l1nt!'U~l-J~~'tll-JJ''Jl-Jn'U (fuse) LL~'Jii"l.l'U11'l1.~'1l.yhL~ 

~ 1 J'~ Cl n Lnu n n *'J 'tl'tl n"'l 1 n 1~ L ~ L'n l-J J''Jl-J ~'l nI J'LU~ tI 'ULLU ~'lYl1'l Ll"1ii"lJ'tl'lYl'tl ~ LYl ~Yi 1'l~'tl1"'l 
'lJ 

Ln l'luljn1t1 1'tl'tl n ~ LI'l-n'ULL~ :;1~LI'l J'1~~ ~~ LtJ'U~ 1 L ~ [;J~Vl 1L ~ n 1 J'~ l-J ~1 'U L U~ t1'ULLU ~ 'l1u 

'U'tl n"'l1 nt!'U~Ylfi~ ~~'U~ii e.J~ (;]'tl1"1'J1l-J 1"1'l ~'J"lJ'tl'l1~ L ~ L'nl-J L"lf'U iJ"'l4't1~ Ln 1'l~'UJ':;~~1'l nlJ'e.J ~ (;l 
1~L~L"lll-J (~1 pH "llUI'l"lJ'tl'luYlLYl'tlf nlJ'H~'JVl1~:;~1t1~'UYl1tJ ionic strength) iJ"'l4'tILL'JI'l~'tll-J 

J':;~~1'l nI J'LnUTnM1 ('fJ ru~1Jij LL~'l 'tl'tl n~ L"'l'U nI J'U'ULn'tl'U L~~:;~'Wn~ Lij'U~ 1 L ~ [;J nI J'Li'l 

uljmmYl1'ln'ltlJl1~LL~:;Ll"1ii) (Vemuri and Rhodes, 1995; Edwards and Baeumner, 

2006) 
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(;]1'11 L-n'W mJ'~'el~~ (enrobing) mJ"~ (dipping) mJ'LLUN (brushing) 'Vi~'elmJ'~'W~'eltJ 

(spraying) iJ1' (;l (lUJ':;~,! rlL ~'el LU'W1l1"ll'W:;UJ'J''"l'elTVI1J' L~'eliJ'el,! rl'W~1'el"ll:;~'elmn~'el~ L~tJ"lJ'el,! 
q q 

" 'el1~1J''"l1nu~mtJ1(;]1'!1 L-n'W "ll:;~'eln1J'L-n1'el'elmJ'el'!LLri~ l'eltJ1 l'elJ':;L~tJ ~1J'~:;~1tJ 

'~'WYl~~ ~1'el~1J'~'W1 '"l1 nm~1J' L~tJ~'J11u ~1~1YJff~~1'el~1J'L~~'eluhJiJ ~'J1~ LL(;ln (;]1'!rl'W 
," , 

'el~1'!-n ~ L'"l'W LL(;]L 'WYl~mn~~'elU Lu'WmJ'tJ1 Lm~1J'~,! n~1'JL 'W~ n~ru:;Yl LU'W"lJ'el'! L~~'J~1 L~~'elU 

rlU ~'J"lJ'el,! e.J~ (;l.tl ruonl~tJ (;IN LL(;]mJ'L-nYJff~ ~'el'!iJmJ'e.J~ (;l LU'WLL~'WYJff~~'Wri'el'WLL~'J~'!~1L-n rlU 

e.J~(;l.tlruorl (Guilbert, 1986) 

"'''' ~Icf ... eoIQ..O_1 'l'" 2.4.2 "lI'eI(;I"lI'eI-IJ"'''U.JU.~::~1'5UI~'eI'U'VI'itl1.J'i::'VI1'lJ (;I (Robertson, 1993; 

Debeaufort, Quezada-Gallo and Voilley, 1998) 

YJff~ LL~:;~1n~~'elu~fuuJ':;Yl1'Wl~iJ-n'el ~~ LWW'el n~1YJff ~Yi~1~ ~n ~'!~ 
1. u1'Lll~YJff~l~Yi~'el~rlUe.J~(;l.tlruorl~uJ'J''"l L~'el'!'"l1n~1~1J'm-n1rlU 

q 

h'!mtJl~~ (compatibility) 

2 . L'W n un ~hJu 1'Lll ~YJ ff ~ YJ ff ~~~'!lu ~ 1 ~1 J'(l ~'eltJ ~ ~ 1tJ Yl1'!~ 'J1l1 Yi 

lJl~1tJ ;'1 Lu'WmJ'-n'JtJ~ ~U'ld~1~~Yl~ 

3. L ~ ~ ~ ru~1Yl1'!UJ':;~ 1 Yl i~ ~ ~ "ll 'J 'Whhl1 fuu J':;Yl1'We.J ~ (;l.tl ruorl 
q 

J' ..: """... .1t 
~1 n"lJ'W L~'el1"llYJ~~UJ':;LllYl'W 

4. 1~iJ~'J1~Lu'WYl~LL~:;J'1~1~1 
" , 

5 . H~~'el1~1J'L~mLtJmu'WLL(;]~:;:n'Wl~ L-n'W r;i'J LU'W~'W 
q 

6 . Hi' LU'WLL~'W~'WJ':;~~1'!m~1 J'~i1'el-:J rllh:;n'elu LLI?l n f;]1-:J rl'WL ~'eliJ'el-:J rl'W 
I I iI iI I 

n1J'L~'el~~1l1Yi L -W'el-:J'"l1n n1J'~1tJ LYl ~'J1~~'WLL~:;1 "lJiJ'WL 'WL-W'el'el1~1J'Yi 

bbl?lnf;]1-:Jrl'W L-n'W Yl"ll-n1 Yi1tJ LU'W~'W 

7. .yhWW1~ LU'W~1J'iJ'el,! rl'W'"l~'WYl~tJ LL~:;~1J'rl'W~'W (;l~'el ~'"l'Wmu ~~ 
q q 

" ~ (;lJ'1 mJ'~~"lJ'el'!~1J'rl'Wb~tJ'"l1 nYJff~ L-n1 ~ L-W'elm~1J' 
'lJ 
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tl rh 'l n U J':; ~ VI fi III ~ 

9. ~1~1J'r;)Hi(mnuyM~~~I~~nt~tJ1~;~~u1tnrll~i~er~nUm~lJ' 

t~tJ[;IN 

Gennadios, Hanna LL~:; Kurth (1997) l~J''JUJ''J~ n1J'UJ':;tJ n [;I1-rn;~ Lrl~tluu1tn rll~ • 

nUL~tli[;lt) L~tli[;lwn LL~:;tll~IJ'VI:;L~ ~U~1 ~;~Lrl~tluu1tnrll~L~tltJl1uH'nuL~tli[;lt)n 
" • " 1.1 

th:;ttJ"]l~ ~'lil (1) 'lhtJ~ ~tft1J~1'Vhn~'"llnn1J'~ t1J L~tJrl'Jl~~'WJ':;~~I'ln1J'"1l'W~'l"1ltl'l LUtl~ ~~1tl 
" """. 

LUtlLL"llLL;'l (2) "ll'JtJfn~1 ml~'~~'W (juices) 1'WLUtl~~LL~:;LUtli[;lwn~~LLr;l'l L~tlnn1J'LLtJ n 

UJ'J'~~'l1 'Wm ~~~1~ ~m~tl"1l1tJu~n (3) ~ ~re) [;IJ'In1J'Ln ~u~mm~~ ~tltln; L~-n'W~ Lij'W~1 L~ [;J 
, , 

.::::.. .c::::. 4 ..c::. .:I .c::::. .c::::. Q.' 

"1ltl'l n1nn ~ n~'W~'WLL~:;~ ~nlJ'Ln ~ browning 'll'l Ln ~'"l1 nnlJ'tltl n'll L~'ll'W"1ltl'l myoglobin 
" , '" 

(4) ~ ~ n1 J'U'WLUtl'W"1ltl'l~~ 'WVl1u ntl brl LL~ :;v'h 1 ~ Ln ~ n1 J'L~tl ~ L~ tJ1 'WL Utl i [;It) LL~:; L'"l1t1Ju'W 

~'J~ill"1ltl'l L~tli [;It) (5) ~ ~n1J'~ t1J L~tJ n~'WJ'~~J':;L~tJl~~lmL~:;~ ~n1J'd'l1 'Wn1J'Ln ~n~'Whj 
.cl • I .. 
~'luJ':;~'lrl (foreign odour) 

2.4.2.1 ~;~~tl~LL'llrlrllh~ (polysaccharide film) 

~;~~l~'"lln~tl~LL'llrlrllh~~I~IJ'r;)tJl~IH~~[;I~;~LL~:;~lnrl~tlU~ 

u1tllrll~ ~;~~l~nrl'Jl~LL;'l (hardness) nJ'tlU (crispness) LL"IJ'W (compactness) 

I '" " " 

LLr;l L Utl'l'"l1 n Dn~'ll1 ~"1ltl'l~tl~ L~tl fL ~~hil'lltlUtJl (hydrophilic) ~'liltl'l n'Wrl'Jl~~'Wl~tJl n 

tlrh'lhn[;ll~ ~;~~1~~1-n'Wn1J'Lrl~tlUtll~IJ'Ul'l'll~~n~n~ru:;L~~tl'W1'W 'll:;~tln1J'~t1JL~tJ 
" "" rl'Jl~~'W"1ltl'lm~IJ'Ul'ltlrJl'll~ 'W"ll'J'lm~ n1nnui'W1 'Wtl n'"ll nil~ ;~~tl~ LL'll rl rll h~Ul'l'll~~ 

~'l"ll'JtJiltl'l n'Wn1nn ~u~mmtltln; L~-n'W (oxidation reaction) "1ltl'l~~ ~ LL~:;tl'l roluJ':;ntlU~'W1 

1'Wtll~IJ'1~~n ~'JtJ LL~:;n~~~1 'Wn1J'~~ ~1'W"1ltl'lril'lll~~ ~'JtlrJl'l~;~~tl~ LL'll rlm h~ 1~ LLn 

~;~'"llmLtl~~L'W[;I ~;~'"llnrllJ'I~LL'W'W ~;~'"llm'll~~t~~ ~;~'"llm~n~'W L1j'W~'W (Cutter, 
'lJ 

2006) 

Labell (1991) ~U~1 iln1J'1oif~;~~tl~LL'llrl"l1h~vftl~~L~tli[;l11.'WL=n'l 
, " , 

~ [;I~I~mJ'~1 'WU J':; LVI ~ ro~'W 1-nn1J'~'W~~ (warping) ~~ [;111 ru"'Lutli [;It) L~tltJl1uJ'~ rltJ'W~1tl 

tlU ~'JtJltl~ 1 ~ ;~~tl~ LL'll rl rll1J'~'"l:;~:;~ 1 tJ~~ ~'J~ill ~~ [;111 ru"'L~tl i [;It) t~tJ L~tli [;It)~ ~1'W • 
'" I "" 

m:;u'J'Wn1J'il1 ~ .. h n1J'~~ [;IVi~'l (yield) "ll'JtJufuu~'l trlN~~I'l LL~:;LUtli~ er~"lltl'l LUtl LL~:;~ ~ 
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" mJ'~ '1! L~tJrl':lll-J~'WL~ 

l-Jru'Yll~~tT tJ'W'U~l~ (2535) ~iJ~l YJ~l-J~'fl~LL'l!rl~l1hf'li1mnrl~'fliJ • 
" " " 

",h'W1 ~ n.J1 'W~~ j;l.rl ruorlLU'fli j;lrf L~tJ-rl':ltJ~ ~mJ'~ 'k! L~mJl ~ ~ml-Jlru'~'WVl1-tTiJ'W~':l LU'fl fm~t1~ 

LL~\I'jJ'fl\lL~'fl U'fl\lrl'WmJ''fl'fln;L~-n'W'jJ'fl\l~Vi~ LL~:;-rl':ltJ1,x~m~tru:;iwr~'jJ'fl\l~~j;l.rlruorl~;'W 

2.4.2.2 YJ~l-J~Vi~ (lipid film) 

YJ~l-J'l!U~~L,jUtJl-J;'WJ'tJ LtI'WLL~'WYJ~l-J LL~1-n LtI'W~lJ'Lrl~'fliJ Lti'fl\llill ni1 
'IJ 

" ., 
~l-J~1'WmJ'U'fl\lrl'W'fl'fln;LIil'WLL~:;rl':l1l-J~'WL~ J'':ll-J~\I~\I~~mn~tJ~~L~ L-rl'W ~~mJ'L~tJ~~"ll'fl\l 

" " ~':l ~~ L~ J':;~~1\1 n'lJ''lJ'W~\I~1'flU'fl\l rl'Wn'lJ'Ln ~~oWl m~ ~l J'tJJ':;n'fliJ~Vi ~~~ltJ'l!U~J'':ll-J~\I 

LL'fl~~~ Ll-JL'Wn~ L'l!'flLJ'f'lL'lJfiJ'J'l-J'l!l ~ LL~:;~lJ'~~LLN ~\I~':l (surfactants) ~1l-J1J'CloWll-Jl1-n LtI'W~lJ' 

LFl~'fliJL~ LL~'fltJl\1hnml-J YJ~l-J~Vi~~nLn~tJDmtJl'fl'fln;L~-n'W LL[;ln~l':l~ltJ (cracking) 

LtI'W~tJ (flaking) ~ ~-niJ LL~:; LniJ n~'WL,jYl\ltJJ':;~\I rl LL~:;1 ,xJ'~'lJ l-J L~'flfiJtJJ':;Vll'W (Cutter, 2006) 

[;]':l'fltJl\1YJ~l-J~Vi~ H1LLrl YJ~l-Jlillnl'lJ (carnauba beewax paraffin) YJ~l-Jlilln~l~'W LL~:;YJ~l-J 

Iilln~lJ'~~LLN~\I~':l LtI'W~'W (Cutter and Sumner, 2002) 

2.4.2.3 YJ~l-JLtJJ'~'W (protein film) 

YJ~l-J~l~i1 Fl':lll-J LL'li\l LLN LL~:;i1~l-J~rl'WmJ'~l-J ~l'W'lJ'fl\l LLn~ L~~ LL~hJ 
" ., 

~ll-J 1 J'ClU'fl\l rl'Wm J'~l-J ~ 1'W'1l'fl\lL'floWl1~ YJ ~l-J'l!U~~hmtJ l-JoWll-J l1-nt 'Wn'lJ'~'fl,xl-J'fll~l J'~ l~':l n • 
'" I I" I 

L U'fli j;lrf LU'fl\llill n L'fl'W1'lI,r~'fltJJlltJ1 'WLU'fli j;lrfi1 rl':lll-J ~1l-J1J'Cl~tJ'fltJYJ ~l-J LtJJ'~'Wl~ (Gennadios 
'IJ 

et al., 1997) LL~:;mJ'oW1YJ~l-JLtJJ'~'WltJ1-nt 'Wm~lJ'~ nrl'fl1,x Ln ~tr'1!~l ~l'W~'lJJll~ Lti'fl\ll-Jllill n 

mJ'LL~m~lJ'~i1'fl\lrltJJ':;n'fliJ'lJ'fl\l 'Wl-J 1~ 5':l~~\1 5':lL~~'fl\l ~1'fl LtJJ'~'Wlilln-ill':l (Cutter and 

Sumner, 2002) [;]':l'fltJl\1YJ~l-JLtJJ'~'W L~LLrl YJ~l-JlillnL':ltJ1tJJ'~'W YJ~l-JlillnLlil~l~'W YJ~l-Jlilln 

LtJJ'~'Wl~'lJl':l YJ~l-JlillnLtJJ'~'W-ill'J~l~ YJ~l-JlillnLtJJ'~'W'Wl-J LtI'W~'W (Ben and Kurth, 1995; 

Cutter, 2006) 

.¥ 1..1:':1'-
2.4.3 n1'1"l1'U'1 n"UJ .. 

YJ ~ l-J L n ~ lOll n L rl N ~ h \I 'lJ 'fl \I ~ 'fl ~ Ll-J 'fl f~ 'fll ~ tJ ~ 'fl \I LL N ~ 'fl LL N L rl '5 -n 'W 

(cohesion) LtI'WLLJ'\lJ':;~~l\1 Ll-J L~n~~'fl~ Ll-J'flf~':ltJ rl'WL'fl\l Ln ~;'WJ':;~~l\1mnn ~YJ~l-Jl1l1,x Ln ~ • 
n 1 J'L ~'fll-J [;]':l'lJ 'fl\l ~'J l' j;l Cl L~tJ'J rl'W ~l n LLN LFl '5-n'Wi1 ri ll-J 1 n l111,xYJ ~ l-J ~ ~~tJ'W rl 'J1l-Ji1 J'~ J''W .. .. '" .. 

mnL ~ i~1'W'lJ'fl\l n 1'l! LL~:;~1 J'~ :;~ltJ ~ ~~\I J':; ~iJ'lJ'fl\l LLN LFl '5-n'W;'W'fltJ rliJ LFlN ~~1\1 LL~:;~l-J~ 
'IJ 
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'Vl1'lL(O)ii"ll'el'lYf~~L~'elfYhYJ~~ n1:i'~~~nrJl'Wn1n~i~tmYJ~~ LL~~~1l1,)~L'Wn1nl,i~rJ~YJ~~ ~,)'W 

LLN~mLH'~~~'l ~'el LLNLL'el~~-n'W (adhesion) LU'WLLN:i'~ld1'lL~L~~~"ll'el'lYi'el~L~'elfriu~1:i'~'W1 
~1-ii1. 'Wn1:i'Lj;l1-rJ~YJ~~Yh L ~ Ln ~ L(o)N11'l"ll'el'lYJ~~1.~ L-D'W LLN:i'~~~1'l L~ L~ n~"1l'el'lYi'el~ L~'elfriu 

q 

~ ~ 

2.4.4.1 (o),)1~~'W1 (thickness) ~'el :i'~rJ~~'l'l1m~~~1'l~,)~,J1~'l~'el'l"ll'el'lYJ~~ 

ii~ti')mu'W1.~L(O)n~j;l:i'~1-'elil~~L~j;l:i' (o),)1~~'W1ii(o),)1~~~~'Wfiriu~~~~'W1 L-D'W LLN~1'W'Vl1'W 
~ 

LLN~'l (o),)1~~1'W'Vl1'Wn1:i'~~~1'W1.'el-W1 LU'W~'W (Guilbert, 1986) 

, io- <4 <011'" d~ !:"I 
2.4.4.2 (o)1(o),)1~j;l1'W'Vl1'WLLN~'l (tensile strength) (o)'el(o),)1~L(o):i'rJ~'Vl~"Jj ~'Wn1:i' 

I I I I " 

~'lYJ~~Y1U~1rJ.;r1'lL~.;r1'l~;j'l"1l'el'l LL~'W'Vl ~~'eluY1ii (0),)1 ~ n~1'l (o)'lY1"'l'WLL~'WYJ~~,r'W"ll1 ~1l1rJl~ 

~1l1')~n1:i''Vl ~~'elU~ rh~'W~ (U~1rJ~n ~1'W~~'lU ~'eluriu~) ii~ti')mu'Wil') ~'WIP1'elj;l1n'l L~ j;l:i' ., 

~1-'el L~ n n~U1~ (o)1~ (M Pa) ri1~~'W'elU riu (o),)1~ LL~'l LLN:i'~~~1'l ~1rJYi'el~ L~'elf~1n n~1 (o),)1~ ., 

LL~'l LLN1l1rJL 'W~1rJL-DYi'el~ L~'elf Lti'el'l"'l1 n L~'el'el'eln LLN ~'lYJ~~"'l~Lu'Wn1:i'yh~1rJUlj~~~'Wfi 

:i'~~~1'l ~1rJYi'el~ L~'elfri'el'W LL~,)~'lYh~ 1rJ~1rJ L-DYi'el~ L~'elf1 'W-D,)'l1P1'el~1"1l'el'l n1 :i'~'l (Guilbert, 

1986) 

t; .dI IV.c:t .odiI i.J 

2.4.4.3 :i''elrJ~~n1:i'rJ~mCl'l'''l~"1l1~ (% elongation at break) (o)'el :i''elrJ~~"ll'el'l 

:i'~rJ:;'Vl1'l~YJ~ ~£j ~'el'el n ~,)rJ LLN ~'l"1l1 ~ 1P1'el (o),)1~m') L~~ (o),)1~£j ~ ~,)"1l'el'lYJ ~~~'W'el~ riU:i':;rJ :;'Vl1'l 

:i':;~~1'l"'l ~~Ln~ulj~~~'Wfi:i':;~~1'l L~L~~~ Uunction zone) lh:i':;rJ:;~1'l"1l'el'l"'l ~~ Ln ~ulj~~~'Wfi 
~ 

:i':;~~1'l L~ L~n~~'W ~'elrJ~:;n1:i'£j~~')~'l"'l ~"1l1~"'l:;iiri1,J'elrJ (Guilbert, 1986) 
q q 

~ ~ 

2.4.4.4 n1:i'~~~1'W"ll'el'l1.'el-W1 (water vapor permeability) ~'el m~1ru1.'el-W1 

Lu'Wn f~~~~ ~1'W"'l1 n ~,)~,J1 ~1'W~~'l1.UtJ'l~ n ~1'W ~~'lIP1'el~~'l~ti,)rJ~'W~~,) 1P1'el~~'l~ti') rJ (o),)1~ 
..:o:IIotr ..:Jo "".J ~ JI ..... tr 

~'W1"1l'el'lYJ~~L 'W:i':;rJ:; L,)~ 1'Vl n1~'W~LL~ :;1l 1 rJLj;l ~1l1 ,):;'Vl (O)')U (o)~'el ru~ll~ LL~ :;(o),)1~"Jj'W~~Yi'Vlfi 
q q ., 

ii~ti')mu'Wnf~~11P1'elL~j;l:i'IP1'el~'W1Y11P1'el~ti,)rJ(o),)1~~'WU1~(o)1~ (g .m.s.Pa) (Guilbert, 1986) 
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2.5 LVm91U 

L'Yi n ~'lJLtl'W~ 1 j'1 ~LF1 N ~ h\l ~1~ 1 tJ'1I'el\l~;lJ L'Yi n ~'WLtl'W~ 1 j"lh tJ~'Wl,j~;lJ 

L~tJ~1j',jj':;n'el'lJ L'Yin ~'WLtl'Wn~lJ'1I'el\l'Yi'el~ LLein F11 hr;)~ ~'el~1 'Wn~lJ~ Ltl'W general recognized as 

safe (GRAS) LL~:;1~~1rl~mlJ1ru1'Wmj'-W11,jH (Nussinovitch, 1997) 

L'Yin~'W'Yi'lJ'el~1'W middle lamellae "JJ'el\l~,r\lL"J!~~~"llL~m'JlJ'el~rl'lJL"J!~~L~~ YiTI,nJ1~~~ 

Lm:;~,r\l L'1I~;~"ll1 ~~ ~ rl'W ~1j',jj':;n'el'lJ L'Yi n ~'WLtl'W'Yi'el~ LlJ'elf~1tJm'J'1I'el\l m~ m LL~ nXl Lj'i'ln 

(O-galacturonic acid) VI~'el U-O-galactopyranosyluronic acid) ~'elrl'W~~'Wfi:;1n~LF11"J!r;)~ 

~1LLWW\l fJ (1 ~ 4 ) L~tJVI~F11f'lJ'eln~~ (COOH) 1'WLlJL~~~'1I'el\lm~mLL~nXlLj'i'ln'lJ1\1~'J'W'"l:; 

t:l n L'el~ L'VI'el1-1 ~ r;) ~'JtJVI~ LlJfi~~ Ltl'WLlJ'VI'eln~~ L'el~ L'VI'elfLL~:;iJ'lJ1\1~'J'WLVI~'el Ltl'WVI~ F11f'lJ'el n~ ~~~ j':; 
OJ OJ OJ 

'W'eln'"l1n,r'WVI~1!1~j''eln~~ (OH) ~mf'lJ'el'W~1LLVI'\l\l~ 2 LL~:; 3 'el1'"l~n acetylated 1~ L~tJ 
L'Yin ~'WLtl'W gelling agent ~~ ~lJ'lJ~1 'Wmj'Ln ~ L'"l~'1I'el\l L'Yi n ~'W~'W'el~ rl'lJ F1'J1lJm'J'1I'el\l~1tJ'Yi'el~ 

, " 
LlJ'elfLL~:; degree of methoxylation LL~:;Ln~L'"l~1~'WJl1'J:;VliJnj'~LL~:;-W1m~ LF1N~11\1 

LlJ L~~~'1I'el\l L'Yin ~'WLtl'WLn~m (coiled) lJ1nnrh~1tJ ~N LL~:;iJ~'Wfi:;1!1L~n'"l'W.w'eltJ n~1'Yi'J n'Yi'el~ 

LlJ'elf~1tJm'J L"lI'W L"J!~~L~~ LL~:;~,j11\1'11'el\l~1tJ ~'el VI~1!1~j''eln~~~~1LLVI'\l\lF11f'lJ'el'W~~1LLVI'\l\l 
OJ OJ OJ 

2 LL~:; 3 ~\liJ,jj':;' 1~Ln~LLN~\I~'elrl'Wrl'lJVI~ OH LL~:; CH3 LL~:;,jj':;'~Ln~'"l1nmnL~n~,)'1I'el\l 
VI~F11f'lJ'eln~~ (i'lfim ~~'W1,j'W'W~, 2549; Mohnen, 2008) 

OJ 

\ ~ 

.~ 
~A. 

~
COOH (1->4) .• 'pha-O-gol.c:luron.n 

-0 0 

OH O~CO~H 

OH OH O~CO~H 

OH OH O~CO~H 
OH OH 

0 -
OH B. 

, ... 
'VIlJ1 : Mohnen, 2008 

.Q cJcI .c:tI dI cI 

L'Yin~'W'VIlJLlJ'VI'elF1'11~\I (high methoxy pectin, HMP) F1'ellJ degree of 
OJ 

" " 
methoxylation ~\ln~11'eltJ~:; 50 mnn ~ L'"l~'1I'el\l L'Yin ~'W'1Ii'l~U~1 Ltl'W~'el\l1-n~1j'"lI'JtJ ~ ~-W1'el'el n 

'"l1nLlJL~~~ (dehydrating agent) L"lI'W ~1~1~ "lI'JtJ~~mj'~:;~1tJ'1I'el\lL'Yin~'W1~.w'eltJ~\I LL~:;iJ 
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lJ1Ln~n'W1~LL~:;Ln1:;~'Jn'WL1j'W(Wl~1£J ~'J'WL~n~'W~~ .. h degree of methoxylation ~1 ~1'el 

'Vl1'1n1J'~1~£Jn~1L~n~'W~~LlJ'Vl'elI"l~~1(low methoxy pectin, LMP) n~1nn1nn~LiOl~~1L1j'W 

~'el'l'el1~m~1J'~~tJJ':;iOlL1j'W~'el ,nJ'Jn (divalent cations) D£JlJL-nLLI"l~L~£JlJ L~mn~iOl1nn1J' • 

L'W~m~n.l:; egg-box YhL~Ln~ junction zone J':;~~1'l~1m~n~'W~'el'l~1£J L~£J~'Wfi:;"1I'el'l 

... " X <i' • I <01 .d ''I' ' 'el:;(;l'ellJ'el'el n"l! LiOl'W"1I'el'l~1£J galacturoninan ~ n M1'l"1l'W ~~£JuJ':;' LLI"l~ L "I!£JlJiOl:;L"D'ellJ'el~ ~'W"D'el'l'J1'l 

i.I .:::. r .oCII ~ J' ~I 
"1I'el'l LI"l N~J'1'l~'el~lJ'elJ' 1"l'J1lJ ~1lJ1 J'1:lL 'Wn1 J'Ln ~ LiOl ~iOl:; L~lJ lJ1 n"1l'W LlJ'el1"l1 degree of 

methylation ~1~'l LiOl~~ Ln ~;'WiOl1m~n~'W"I!D~~1~~1 L1j'W~'el'ln~1(;l')~ LL~:;Ln~LiOl~ 1~'W"1i'J'l 

1"l'J1lJ L1j'WnJ'~-~1'l~n~1'l n~1~'Jn~~ .. h degree of methoxylation~'l LiOl~~1~iOl:;L1j'W"DD~ 
" , 

thermoreveri ble ~ nMn.l:; Ltj'el~lJ er~"1I'el'l LiOl ~iOl:;n 1"l'J1lJ'el'el'W~lJ LL~:;U ~~~'WlJ1 n n~1 LiOl~Vi1~iOl1 n 

L~n~'W"DD~LlJ'Vl'elI"l~~~'l ('JJ'J'n.l1 ~~£Jjr'kJ, 2549; Nussinovitch, 1997; Park and Zhao, 

2006) 

V~~>~F~·fV , , 
A B. 

ztJ;I 2.11 n1J'Ln~ junction zone "1I'el'l HM-L~n~'W (A) LL~:;n1J'Ln~ junction zone "1I'el'l 

LM-L~n~'W (B) 

~lJ1 : Nussinovitch (1997) 
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" 
Banker (1966) 1~'elfi1J1fJC1-:J1"l'J1l-J'IUJ1fJ"ll'el-:JYH'l1~~1"liL"li'elf ~-:JU YH'l1~~1"liL"li'elf 

'UJ1fJC1-:J ~1~~L;hhh'Jl-J'el~n1J~'C11~~nvi~'el elastomer LL~'J-rl'Jm~l-J1"l'J1l-JrelmJ~'J 'C1~m1l-J 
'lJ 

LtJ~1::: (brittleness) iJ 1"l'J1l-J I"l-:JYl~[;\'el n1~t -n-:J1~VI~'el1"l'J1l-J LVlum (toughness) LL'C1:::n1~ij ~ ~'J 

(flexibility) LL'l.J-:J'el'elmil~ 2 tJ~:::LflYl ~'el 

2.6.1. ~'C11~~1"liL"li'elfJl1fJ~'eln (external plasticizer) Lil~~1~~L~l-J'C1-:JltJt~LI"lN~¥1-:J 

~'el~ Ll-J'elfLL~'J vh H'Ln ~~1n~-:J-n'el~VI~'eln1~r.r1Jn~l-J"ll'el-:J Ll-J L'C1 n'C1 Lti'el-:JiOl1n~'C11~ ~1"li L"li'elfltJr.r1J~ ~ • • 

Ln ~ LI"l~-:J~¥1-:J~rel'el~~'J 

2.6.2. ~'C11~~1"liL"li'elfJl1fJ1~ (internal plasticizer) Lil~~1~~L~l-J'C1-:JltJLL~'JvhVlu1~ 
~1 ~'JfJ 1 ~n1nn ~tJ~~l-J~~jh:::VI~1-:J~1fJ~'el~ Ll-J'elf 

~;l-J~1-nhj~1iOl:::Lil~~;l-Jhh~~ L~~LL"li1"l1"l1h~LL'C1:::1"1l~~ iOl1n~'Wr ern LL'C1:::~'C11~ 

Lil~'el-:J~tJ~:::n'el1JVI~n"1l'el-:Jn1~~~~tJ~;l-J LL[;\~;l-J~l~;:j 1"l'J1l-J LtJ~1:::~-:J ~'el-:J L~l-J~1~~'C11~ ~1"li L"li'elf 
'lJ 

I I I I II 

:n-:J~ 'C11 ~ ~1"li L"li'elfYl ~Yl ~ ~ ~'el ~ 1 ~tJ~:::n 'el1J~'J n L"li 'C1 'C1 L'C1 ~Yl 'C1 :::'C11 fJ-W11~ LL'C1 :::iJmJleJ ~~'el n~ 'C1 
• 'lJ 'lJ 

II " , I 

Lil~~~ 11-:JuLYi'el-rl'JmYil-JI"l'J1l-Jrel'el~~'J 1"l'J1l-JI"l-:JYl~[;\'eln1~H-:J1~ LL'C1:::n1~ij~#('J 

2.6.1 ~'a1~~1'l1L'lI'!Iiv1U!l)J"l"ll' 'Un1~eJi ~~~)JtJiL11f1'lh'U"l~qj Fl'!l 
~'C11~~1"liL"li'elf~UfJl-JH1~n1~~~~~;l-J1J1-tnr1~'J~1V1'lJ ~'el 

2.6.1.1 mono- di- LL'C1::: oligosaccharide ~;:j1"l'J1l-J~1~'lJ l~LLri n~Lr1~ 

(glucose) ~~I"lL~~ (fructose) 1"li¥tJ (syrups) LL'C1:::~I~-:J • 

2.6.1.2 ~'el~'el'el'C1 (polyols) ~iJl"l'J1l-J~I~'lJ l~LLri n~L"li'el~'el'C1 (glycerol) 

m~~~fin~L"li'el~'el'C1 L~~L'elYlYi~~ In'C1I"l'el'C1 (polyethylene glycol) LL'C1::: 

"l!'elfUYl'el'C1 (sorbitol) 

2.6.1.3 1"1l~~LL'C1:::'el~~~fi1"1l~~ ~;:jr1'JIl-J~I~ru U1LLri m~l"1l~~ (fatty acid) . ~ 

Ll-JL~n~ L"l!'elh~ (monoglyeride) m~~~fiL'el~ LYl'elf ~'el~L~~Yi ~ 

.. -(phospholipid) LL'C1:::~I~'C1~LL~-:J~-:J~'J 
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" , 
~1~ftJ-:J1U~~rJtl1~ ~ ~ L~'e) nYH;l1~ ~1"1i L"1i'e)fViijrJ~-w1"J11-ifn 2 'llij~ 1~ LLn 

2.6.2.1 "1i'e)fijVl'e)~ 

LtlU L 'Yi~'e)'e)~~n ~1ftJ'e)u 6 'e):;(;]'e)~ ~ m~tru:;LtlU"1I'e)-:J LL;-:J~"1I1,) 

~u n~1~,rnhJL~n~ 182 ~;~~L~~"1I'e)fijVl'e)~n,"hn1~titJ~-:JLLN~-:J~-:Jn~1 
q. '" 

CHpH 

I 
H-C-OH 

I 
HO-C-H 

I 
H-C-OH 

I 
H-C-OH 

I 
CHpH 

'atl;l2.12 L~N~h-:JL~L~n~"1I'e)-:J"1i'e)fijVl'e)~ '" . 
...l 
Vl~1 : Voet LL~:; Vote (1995) 

2.6.2.2 n~L"1I'e)~'e)~ 

LtlUL'Yi~'e)'e)~~n~1ftJ'e)u 3 'e):;(;]'e)~ n~(;]~L~N~h-:J C3Hs0 3 

" ntl1~,rn L~ L~ n ~ 92 LtlW,J ~ e.J~ (;]'Yi ~'e)rJ1~'"l1 n n n1 ~e.J~ (;]~tl LL~:;n ~~ 1"1121u . '" 

" ~ ~~m1~~U'"l1nmn1fi\1~1.hun~1-:J n~L"1i'e)~'e)~vhl~;~n~,)1~~~~rJu vh '" , 
" l~;~rel'e)u hhun:;LL(;]n~1rJ LL~:;nf'i1n1~~~thu1'e)-W1~-:Jn~1"1i'e)fijVl'e)~ 

H 
I 

H -c- OH 
I 

H - C - OH 
I 

H -c - OH 
I 
H 

'atl;l2.13 L~N~h-:JL~L~n~"1I'e)-:Jn~L"1i'e)~'e)~ '" . 
...l 
Vl~1 : Voet LL~:; Vote (1995) 

'" 
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Guilbert LL~:; Biquet (1996) YnJ~1 n1n~h.J~~I~~L'llL'll'elft'Wn1nJ~[91YJ~~u1-LnrlL~ 

Ll'1fJ~'Jhl L~~1.'Wm~lru~'elfJ~:; 10-60 (dry basis) ;'l~'W'el~nU'l!UI'1"1J'el'l~'el~L~'elf~oWl~I~IYJ~~ 
I I I iI 

Ll'1fJ'ell ~fJ~~ nYl~1 ~'el~ L~'elfYliJ~lfJm'J 1. ~~~YliJ rl'Jl ~tj 1'1~~'W~ n~I~'el~ L~'elf~lfJ~'W1 

n1 ~L~~~ ~1 ~ ~L'll L'll'elfl 'W~:;~~I'l nl ~L[911fJ~YJ ~~~'W1.~fi~:;~ lfJ Ll'1fJ~'l 
~ ~ 1 ~ ~L 'll L'll 'el fLL~ :;~'el ~ L~'el f~:;~ 1 fJ1. 'W ~'J ~ 1 ~:;~ 1 fJ'llUI'1 L~ fJ'J n 'W LL~ 'J ~'loW 1 hJ~ 'WnJ L tl'W 

'lJ 

" LL~'WYJ~~ n1~H'~~I~ ~L'll L'll'elf~n~ru:;tlLtl'WLLUUlllfJ'W'eln ~11. ~ LLN ~:;Vdl'l L~ L~ n~"1J'el'l~lfJ • 

~'el~ Ll.J'elf~'elu1.n~ n'W'ti'el'W~'l ~'liJ~1 L~[91~llilln1. 'W~:;~~I'ln1~L[911fJ~~I~~:;~lfJYJ~~ ~11. ~ 
'lJ • 

~~1~ ~L'll L'll'elf~I~I~(1 LLVl m L.;]1 11J'elU~:;~~I'l~lfJ~'el~ L~'elf~lfJ~'W LL~:;~I1. ~~'Wfi:;LeJLI'1~L"'l'W 
'lJ 

";;-'el~'Wfi:;~'W1 ~:;~~ 1'l L~ L~ ~ ~"1J'el'l ~1 fJ ~'el ~ L~'el f~ ntrn ~ 1'l 11J L ti'el'l"'l1 n LL~'l ~'l ~ 1'1~ LL ~'l LLN 

" ~:;~~I'l~'el~ L~'elfnu~~I~ ~L'll L'll'elf ~11. m~ L~ n~"1J'el'l~'el~ L~'elfhJ~I~I~(14'un'WL'el'lL~ ~'J~11'l • 

., 
(Donhowe and Fennema, 1994) ~'l~'elhJtl 

2.6.2.1 ~1'1~lrl'Jl~i1rl'WVll'WLLN~'l ~'ln1n~~~~I~~L'llL'll'elft'WLrlNil'l[911~lfJ 

hJ~ I'1tJ~mm~:;~~I'l~'el~ Ll.J'elfnu~'el~ L~'elf Ll'1fJ~~I~ ~L'll L'll'elf4'u nu~'el~ L~'elf~'JfJ~'Wfi:;VJ ~fJ 

llijVI1 1. ~ ~'Jl~ LL ~'l LLN~:;vdl'l~lfJ L'liL~ L~ n~~ 1'1~'l ;'liJ e.J~~I1. ~ ~'Jl~ i1rl'WVll'WLLN ~'l~ 1'1~'l 
'lJ • 

I II I tI 

2.6.2.3 L ~~ n1 ~~~ ~ 1 'W"1J 'el'l L'el oWl Ll'1fJ~~'l'lI'WYl n ~:;i1r'Wn1nL ~ i"1J'el'lL'eloWl ~1'W • 

LL~'WYJ~~ (energy of activation for d iffusion, Ed) ~~~'WfinU~~'l'lI'W1.'Wn1mfJn~lfJ~'el~L~'elf 

L~'el L~~~~I~ ~L'll L 'll'elfl 'W L~Nil'l [911,] lfJ"'l:; hI LLfJ n~lfJ~'el ~ Ll.J'elf~'eltJ1.n ~ n'W'el'el n ~'l~'WL~'el LLN 
'lJ 

Shaw LL~:;~ru:; (2002) ~n~I~~~Vll'ln1fJlll~"1J'el'lYJ~~ L'JfJ1tJ~~'W~L~1-l.J~~I~~­
L'l!L'l!'elf~'JfJ n~L'l!'el~'el~ L'll~Vl'el~ ~1'el'll'elfijVl'el~ ~U~1 n1~L~~m~lrun~L'l!'el~'el~~1'el'l!'elfijVl'el~ 
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vh 1~jOh !Ol'J1'-J~'W jOhmJ'~'-J ~1'W1tl~'l jOhTtlU~:;mJ'u 1'1 ~'J'1Jtl~~~'-J L~'-J~'W LLj;] ~'l!Ol'J'l'-J ~'l'W'Vl'l'W 
LLN~~'1J'l1'1 elastic modulus LL~:;~'l glass transition temperatures '1Jtl~~~'-J~I'1~~ 

LI'1U~'-Jmi'Vl'l~ mUll'l~~ LL[;l n j;]'l~ rl'W[;l1'-J'llUI'1 LL~ :;!Ol'J'l'-J L .;r'-J.;r'W'1Jtl~~~'l ~ ~1'll L 'lItlf ~iJ tJ ~'"l'l n ~'l 
., 

mJ';:'tJ!Ol'J'l'-J;'W (hygroscopic) LL~::; crystalline properties '1Jtl~~~'l~~1'l1L'lItlf 

tJ ~'1Jtl~ n 'l J'L~'-J~ ~ 'l ~ ~1'l1 L 'lItlf~~ '1 'WLL~ 'W~ ~ '-J'llUI'1 ~'l~ 1 ~ ~~ tJ ~ ~tl ~ '-J~ L:n~ n ~'1Jtl~ 
LL~'W~~'-J LI'1U L~'-J ~'lTtlU~:;mJ'u 1'1 ~'J'1Jtl~~ ~'-J'-J'l n~'WLL~:;~ 1'1 ~'l !Ol'J'l'-J ~'l'W'Vl'l'WLLN ~~'1J'lI'1'1Jtl~ 
~~'-J~~ ~~[;l'ln~ 

Alginate­

calcium 

Alginate­

calcium 

Alginate­

calcium 

HCMS 

HCMS 

Lactoglobulin 

Lactoglobulin 

HP8-gelatin 

HP8-gelatin 

Alginate 

Alginate 

WPI 

WPI 

'1J1h'l (g 
~ ~ .-
~1J~ 'Y1 ti ~ ~1~~- plasticizerl 

(% RH) L'I!L'lHl'l g polymer) 

56 Sorbitol 0.4 

56 Glycerol 0.4 

50 Glycerol 0.5 

50 Sorbitol 0.3 

50 Glycerol 0.3 

50 Sorbitol 

50 Glycerol 

Glycerol 0.3 

Glycerol 0.3 

Sorbitol 0.43 

Glycerol 0.43 

50 Sorbitol 0.43 

50 Glycerol 0.43 

, 

(MPa) 

65.9 

64.7 

85.9 

10.2 

9.7 

2.7-10.6 

4.9-16.0 

53.8 

55.0 

21 .4 

27 

14 

13.9 

.. ~ 

nTHJ~~1 

'1Jil ,j YJ ~1J 

(%) 

2.5 

2.8 

3.8 

Olivas and Barbosa­

Ca' novas (2008) 

Olivas and Barbosa­

Ca' novas (2008) 

Rhim (2004) 

2.8 Kim et al., 2002 

7.7 Kim et a/. , 2002 

24.7-65.8 Sothornvit and Krochta 

(2001) 

11.3-76.4 Sothornvit and Krochta 

52.6 

38.5 

1.09 

4.86 

1.6 

30.8 

(2001) 

Arvanitoyannis at al., 

1998 

Arvanitoyannis at a/. , 

1998 

Parris at al., 1995 

Parris at a/., 1995 

McHugh and Krochta 

(1994) 

McHugh and Krochta 

(1994) 

q ~.J , 
'Vl'-J'l : I'1I'1LLu~~'"l'ln Olivas and Barbosa-Ca novas (2008) 

Park LL~:; Zhao (2006) ~n'tt'l~'-J~'1Jtl~~~'-J'tJlLll!Ol1~~tJ~[;l'"l'ln~'lJ'~rll'1'"l'lnmn 

LL!OlJ''WL'tJtlri LI'1U~n'tt'ltJ~'1Jtl~mn~'-JL~n~'W'llUI'1 LMP ~1tl HMP TtlU~:; 0.50 ~1tl 0.75 LI'1U 
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~'1 EL ~ ~~~ LL~:;~~l-J~ L~l-J"JI'elfijVl'el~l1'11 mrlN~h~"JJ'el~~~l-Ji1 W.l'll-J~lJ'1 LLtJlJLL~:;i1~ L;Jl-J n~'1 
~~l-J~ L~l-J n~ L"JI'el~'el~ L~rJ~~l-J~ L~l-J LVin ~lJ"ll~~ LM LL~:;"JI'elfijVl'el~i1 ~'1 rl'J'1l-J ~'1lJVl'1lJLLN ~~­
"JJ'1~(TS) L~l-J;lJ LLj;jm~~~~'J"JJ'el~~~l-J (EL) LL~:;~'1m~;l-J~'1lJl'el~'1"JJ'el~~~l-J~~~~ ~~lJnn~~ 
2.4 

Films WVP WVP test References 

(9 mm 1 m
2 

d Pal conditions 

Pomace extractLMP:G 73.2 25 DC, 100%/50% RH Park and Zhao (2006) 

(5.6:3:1 ) 

Pomace extract LMP:S 68.5 25 DC, 100%/50% RH Park and Zhao (2006) 

(5.6:3:1 ) 

WPI :G (1.7:1) 119.8 25 DC, 65.1 %10% RH McHugh et a/. , 1994 

WPI :S (1.7:1) 61 .9 25 DC, 79.4%10% RH McHugh et a/. , 1994 

WPI :G (2:1) 116 23 DC, 100%/50% RH Shaw et a/., 2002 

WPI:S (2:1) 84 23 DC, 100%/50% RH Shaw et a/., 2002 

WG:G (3:1) 370 23 DC, 50%10% RH Hernandez-Munoz et a/., 2004 

WG:S (3:1) 52 23 DC, 50%10% RH Hernandez-Munoz at a/., 2004 

Gelatin:G (4:1 ) 16.9 25 DC, 100%10% RH Thomazine at a/., 2005 

Gelatin:S (4: 1) 12.9 25 DC, 100%10% RH Thomazine et a/., 2005 

Chitosan:G (4: 1) 177 25 DC, 100%/50% RH Park and Zhao(2004) 

Calcium sodium 52.6 25 DC, 81 %/31 % RH Schultz at a/., 1949 

pectinate 

G = glycerol ; LMP = low methoxyl pectin ; S = sorbitol; WPI = whey protein isolate. 

~l-J'1: ~~LLU~~Iil'1n Park LL~:; Zhao (2006) 

lJ ~~,.n ru"'~ ~ '1l-J '1 ~mJ lJ J~ n '1 n 1il1 '1! ~1-'ell1 '1 ~ '1 rJ, ~ lJ Vl1u~ LillJ ~ '1 L ~ ~"JJ'el~ m ~ 
I I '" I '" 

L~'ell-J L~rJ"JJ'el~'el'1~'1~ ~1-'el1il ~lJVl1u n'el L~rlVlUlJLU'ellJ1lJ'el'1~'1 ~ L~rJ1-nYl'el~ Ll-J'elfVli1~l-JlJ'1itJlJtJ~ • 
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, ,., 
Cooksey (2001) 1.~J'')tJJ',)~~ IJ'YiiJ ~ ~u~iLu'WtJJ'J''''l.n ru-nYi ~ 1~1 HltJtJtJ\I n'l J' • 

., 
n . iJ n 1 J'J'') ~ n 'W J':;~~ 1 \I ~ 1 J' ~ 1 'W"'l ~ 'W Vl1u n tJtJ J'J''''l.n ru-n Lin rJ ~ 1 J'tJ tJ tJ\I-• • 

"~'WVl1u~I~IJ'tl1J~ 1n1J~'tlrJ'tl'tl n~I1.~ J':;~~I\1 n'l J'LntJ~m~1 

"ll. n 1 J'e.J ~ ~ J'') ~ ~ 1 J'~1 'W"'l ~ 'WVl1u ~ \11 'W~; ~ ~ LU'W tJ n"'l.n ru-nLlnrJ lJl N • • 
~, J' .1" "0 .?I " 0 4 4 'I 
blnrJe.JI'WnlJ'''ll'WJ'uln,)rJ~,)I~J''tl'W "'lILu'WlJl'tl\l~I'W\ltl\l~,)I~~I~IJ'tlb'WnlJ' ... 

ConJpooi1t~ 
(LDPF.I1NOH) A. 

. . . 
• 

MoiSiure OxY&en Microbial 
barrier barrier barrier 

~--------------~ B. 

, ., 
~~~J':;~~I\1tJJ'J''''l.n ru-nvl,) 1.1J (A) LL~:;tJJ'J''''l.n ru-ntJtJtJ\I"'l~'WVl1u (B) • •• , ... 
Vl~1 : Han (2003) 
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" 
Han (2003) LLtl~mJ'l1l~lU"lJ'el~UJ'J'IOlJl'lJ"nfiufi~IOl~U'Vi~tJ'el'elndJu 3 nJLLuu ~'el 

q q 'IJ 

2.7 .3.1 J':;UUU~(;lU~'eltJ (releasing system) 
, , 

.?1 4:11~ dI 1/ i.I ~ ~tJ" 

LuUJ':;UU'Vl Ln (;llOll n mnf'l~'elumtJ (migration) "lJ'el~~lJ'(;llU~~U'VlJ'tJIOlln 

" " 
UJ'J'IOlJl ruoyj'~'ell"'l J' UJ'J'IOlJl ru-n (;]'elfiufi~IOl~U'Vl1tJ1 UJ':;UUil'elUL UJ'U LLUU"lJ'el~YJ;l.J Lf'I~'elU (;]'el 

q III q q III cu 

incorporated film) ",1-'elYJ;l.J(;l(;liU~1J'~lUIOl~U'Vl1tJ (antimicrobial absorbed film) L(;ltJ'el11Ol 
'IJ q 

L~l.J~1J'~lUIOl~U'Vl1tJ~~LULU~r;)YJ;l.JL(;ltJ(;lN LU"lJru:;~YJ;l.J'elULU-Dr;)~"'~'ell.J ;~LtlU';jji~~:;(;lr;)n 
q 'IJ 

UU~r;)WW1YJ;l.J LL'VlU 

Siragusa LL~:;f'lru:; (1999) ~m~t1uJ':;~'VlfiJll~"lJ'el~YJ;l.J~'el~L'ell1~UL~l.JLU~U 
lIl/lI ~ IV'! i.I A,lq cv~ 

f'lr;)ll.JL"lJl.J"lJUJ''eltJ~:; 0.05 LL~:; 0.1 L(;ltJU1",Un"lJUJ'U(;lr;)tJnJ':;Ur;)unlJ''el(;lJ'(;l LunlJ'tJUtJ~ 
'IJ 

mnlOl1-'1!"lJ'el~ Lactobacillus helveticus LL~:; Brochothrix thermosphata ATCC 11509 uu 
'" II II I 

LoW'el.rr;) L(;ltJ~'elLoW'el~r;)tJYJ;l.J L'ell1~UL~l.JL U~U IOllmrUUJ'J'~ LLUU~ '1! '1!lmf"l Lnu~n~lVl~ru"'JJiJ 

4 'el~ f"ll L'l!~ L~tJ~ ~U~l L~'el'Vl (;l~'elU"'lml.Jl rumJ'LIOl1-ru"lJ'el~IOl~U'Vl1tJLmtJU LVltJunu ~r;)'elUl~ ., q 

" , 
f'lr;)U~l.J ml.JlrumnlOl1-'1!"lJ'el~L~'el~(;l~~ 2 log cycle LU~'el~.rULLm"lJ'el~mJ''Vl(;l~'el~ LL~:;Lu.ruVl 

20 "lJ'el~mJ''Vl(;l~'el~ ~UL~'el~~'elYJ;l.JijL~'ellOl~U'Vl1tJ~lUr;)U 5.8 log CFU/cm
2 ~ln~l~lUr;)U 

q 

~~U'Vl1tJ1u~r;)'elUl~f'lr;)U~l.J (7 .2 log CFU/cm
2 

) L(;ltJijf'lr;)ll.JLL(;ln(;]l~nU'elUl~ij'l1tJ~l~'1!'Vll~ 

~ii~ (p < 0.05) 

2.7.3.2 J':;uU~(;liu (absorbing or scanvening system) 

ij~ n~ru:;nl J'l1l~lU L(;ltJ L -ifl LU nl~ (;lt11Ol~tJ (;]1~1~ij f'lr;)1l.J~1 ~ '1! [;]'elnlJ' 

" LIOl1-'1!"lJ'el~L~'el~~U'Vl1tJ L-DU J':;UU~(;liU'el'eln~LIOlU (oxygen absorbing system) LUI:.J~(;lJlru-n 

L~'el~ (;lrfL~'el,j'el~ numnn (;l'el'el n~ L(;l.rULL~:;~ (;lml.Jl ru'el'eln~ L IOlU;..:J iJ t:J ~ [;]'elm nlOl1-'1!"lJ'el..:J~~U'Vl1tJ 
..... J' I Q I .CIt, 

J':;UU~(;l"1iUf'lr;)ll.J"1iU (moisture absorbing system) IOl:;~(;lf'll water activity w.J~(;l'elmnlOlJ''1! 

" " I " 

"lJ'el..:JIOl~U'Vl1tJ L Ut:J~ (;lJl ru-nLoW'el",1-'el~ (;ltftln ~(;lLL[;]~ L(;ltJ (;l(;li1J'W1Vi~l.J'el'elnl.Jl1Ol1 n L~'el (Appendini 
q 'IJ 

and Hotchkiss, 2002) 
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4 

2.7.3.3 :i':::UUn1:i'(;]:i'\I (immobilised systems) 
" , 

dJ'Wn1:i'~1~1:i'I1f'nJIOl~'W'Vl1~ (;]1\1u'W~'W~'J"IJ'el\lU:i':i'IOlJl ru"'el1~1:i' L~'el • • 

UUfl\l n1 :i'LIOl1''lJ''IJ'el\l, ~'W'Vl1~~u 1'L'J ru~'Ji~ er ~"IJ'el\lU:i':i"Jl ru" nUm~1:i' LI?whJiJ n1 nJ~ (?)tJ~mJ 
~1:i'11f1'WIOl~'W'Vl1~'el'elnlOl1 nualOlJl ru" ~1 :i'11f1'WIOl~'W'Vl1~ (;]1\1u'WU:i':i'IOlJl ru" L(?)tJ'el1 ~tJ~'Wfi::: 

q q q q 

!I Q ,qG".dI ..J. Q ... 4 
~1:i'(;]1'W'~'W'Vl:i'tJ 1"1'el peptide polyamine enzyme organic acid 'C"l'J'W~'el~L~'el:i' 1"1'el lonomer 

nylon LL~ n 1:i'(;] 1\1 ~ 1 :i'11f'el\l iJ n 1 :i'YilOl1 :i'ru1'elrJ 1\1 ~ L ti'el\llOl1 nmlOliJ n1 :i'LtJ~ tJ 'WLLtJ ~\I LI"1 N ~ ¥1\1"IJ'el\l ~ 1:i' 

Yhl~I"1'J1~~1~1nl~(?)~\I (Appendini and Hotchkiss, 2002) :i':::uudmlOliJtJ:i':::~'VlfiIl1~~(?)~\I 
I I "I 

~1n~1~1 Hfnu~~ (;]Jl ru"'el1~1:i'Vl dJ'W"IJ'el\l LL;i\l L-n'el\llOl1niJ~'WVlu1'L'J ru~'Ji~ er~i('eltJ:i':::~~1\1 
" " , 

'el1~1 :i'nuualOlJl ru" 'W'el nlOl1 mr'W :i':::uui11 -iiL 'Wn :i'ruVl ~1 :i'11f1'WIOl ~'W'Vl1tJ1~1~fu'el'Wru1 (;]'Vl1\1 
q q q QI 

Spray Icoating before packaging 

0 0 
• 

0 
0 

0 
0 0 

0 0 

0 0 

0 
0 

I ncorporation in package 

ACTIVE 
SUQSTANCE 

o 

o 

Spray/coating after packaging 

Chemical immobilization in package 

, " 
1t1;l 2, 15 n1:i'LI"1~'el'WU1tJ"IJ'el\l~ 1 :i'11f1'WIOl~'W'Vl1~"IJ'el\l:i'tJ LLUUm :i'l11\11'W"IJ'el\lU :i':i'IOlJl ru"UUU\I 
cu q '\J q 

.c::. .lICIt cr I cv 
'~'W'Vl:i'tJ (;]1\11n'W 
, 

Vl~1 : Han (2000) 
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., ., , 
~~'W'Vl1-tJ ~--l-n 1 'Wm J'e.J ~ (;luJ'J'~Ji ru" l?1'eltJutJ--l~~'W'Vl1-tJ ir"'l~rJ 1?11--l1Vi 101') J'tJ'1l-J1Vi"'l1 J'ru1 L"J!'W 

~n~ru:::"ll'el--l~1J'~1'W"'l~'W'Vl1-tJ m:::u')'WmJ'L~l-J~1J'~1'W"'l~'W'Vl1-tJ~--l1'WrrM1uJ'J''''l mJ':nwh'WLL~::: 
~ q ell q 

m J'J':::L~rJ"ll'el--l~1 J'~1'W~~'W'Vl1-tJ n~ 1n mJ'Ln ~nJ~mrJ 1 J':::~~1--l ~1J'~1'W~ ~'W'Vl1-tJ tlUrr~ ~UJ'J'~ 

101') 1 l-J ~1'W'Vl1'W"ll'el--l"'l ~'W'Vl1-tJ n~ 1n LL~:::tfl' (;lJ'1 m J'U~ (?1U~'elrJ~1J'~1'W"'l~'W'Vl1-tJ 'el--ll"luJ':::n'elU'Vl1--l , , 

101,)1l-J Lij'WVi~LL~:::mJ'rJ'ell-J¥U'Vl1--lUJ':::~1'Vlil-J er~"ll'el--l ~u1'L1101 LL~:::-if'eln!J~l-J1rJ~n e.J~U--l ~u1.jf 

~1 J'~1'W~ ~'W'Vl1-tJLLI?1 ~ :::"l!il(?1~ ~ l-JU~ L'U~ 1::: 1 'Wm nJ uJ--l m J'L"'l1-'1)"ll'el--l~ ~'W'Vl1-tJLLI?1 
I I I II 

~:::"l!il(?1Vi LL(;ln 1?11--l tl'W L Yl'el1 'IX Ln (?1UJ':::~'Vlfi1l1~ ~--l ~ (?1~--l ~'el--l L~'el n ~1 J'~1'W"'l~'W'Vl1-tJVi~1l-J1 J'C1tJUtJ--l .., , , 

L"'l1-ru"ll'el--l"'l~'W'Vl1-tJ Lti'el--l"'l1 n~1J'~1'W"'l~'W'Vl1-tJ~ C1 nu~ (?1U~'elrJ'el'el nl-J1"'l1 nrr~ (?1uJ'J''''l1 'Wtfl'(;lJ"")~ L~,) 
c.I q q qJ q q 

n~1tfl' (;lJ"") m J'L"'l1-'1)"ll'el--l~ ~'W'Vl1-tJ"'l:::~ m.]1 ~ 1ml;-'el~ '1) L~ rJuJ':::~'Vlfi1l1~1u n'el'WL -if1Y11U~mm tlU 

L"l!~~"ll'el--l"'l~'W'Vl1-tJ LLI?1~1 ntfl' (;lJ'1 mJ'u~ (?1U~'elrJ"ll'el--l~1 J'~1'W"'l~'W'Vl1-tJ.jf1 Ln'W1u"'l:::Yl11 'IX"'l~'W'Vl1-tJ , " 

, ., ., 
U J'J'~Ji ru""'l :::~1rJVi ~--l ~'el1~1 J'LL~ :::tJUtJ--l n 1 J'L"'l1-'1)"1J'el--l~ ~'W'Vl1-tJ U'WYl'W~ ,)"1J'el--l'el1~1 J' 1 'WJ':::~~ 1--l 

m:::u')'WmJ'Lriu¥n~1 LL~:::mJ'"1J'W~--l m.h--lhri (;l1l-J m J'L101~'el'W~1rJ"1J'el--l~1J'~1'W~~'W'Vl1-tJ~--l~ 
., 

'el1~1 J'Yl1L 'lXml-J1 rulO1,)1l-J L -if l-J-if'W"1J'el--l~ 1J'~--l n ~1,) ~ (?1~--l LL~:::~ (?1uJ':::~'Vlfi1l1~1 'Wn 1 J'tJUtJ--l 
., , ., 

mJ'L"'l1'1)"1J'el--l~~'W'Vl1-tJ ~--lU'W n1J'Vi"'l:::Yl11'IXuJ'J'~Jiru"I?1'eltJUtJ--l~~'W'Vl1-tJLL~(?1--luJ':::~'Vlfi1l1~1~~ 

~'W"'l :::~'el--lI01,)U 101l-J J':::~U m J'L -if l-J-if'W"1J'el--l~ 1 J'~1'W"'l ~'W'Vl1-tJU'W~'W~,)"1J'el--l'el1~1 J' L 'lXn fii1l-J 1 n n~ 1 fii1 , , 

101,)1l-JL-ifl-J-if'W~1~(?1 (Minimum Inhibitory Concentration, MIC) ~~1l-J1J'C1tJuJ--lmJ'L"'l1'1)"1J'el--l 
"'l~'W'Vl1-rJ1~ , 

'el (;l~1~n J'J'l-J Lti'el--l"'l1 n ~,)UJ'J''''lJi ru"n 101') 1 l-J ~1l-J 1J'C1L 'Wn 1 J'¥n~1101 ru1l1~'el1~1J'~~'ell-J~--l , , , 

~1l-J1J'C1{]'el--l tl'WmJ'L"'l1ru"ll'el--l"'l~'W'Vl1-tJ n'el LJ'1011~ L(?1rJ m:::u')'WmJ'L'el'WLI01U"l! L~.r'W1 'WmJ'(;l1--l~1J' 
~ , .., 

~1'W~~'W'Vl1-tJ ;--l~ (?1 LU'WL'Vl101 L'WL~~L ~aJ~nU'VlU1'Vl~1 ~ '1)1 'WmJ'~ (;J.J'W1UJ'J'~Jiru"'Vl1--l'el1~1J'~n 
101,)1l-J ~1l-J 1 J'mJ'el--l tl'W"'l ~'W'Vl1-tJ L 'VlI01UI01~~1l-J 1 J'C1"J!')rJL 'IX~1 J'~1'W"'l~'W'Vl1-tJLI01 ~'elU ~ (?1nuYJ~l-J~1'el , , ., 
rigid container 1~~~--l"'l1 n mJ'L'el'WLI01U,! L~-n'WLL~,) J',)l-JVI--ltJ--l"J!,)rJ¥n~1~1J'1 'lX101--l'Vl'WI?1'el 
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~Jl1Ym')"1~'e)~ L"J!'W ~ru~1Jn~~ ~1'e)m:;tJ,)'Wn1~e.J~lPl[;j1~1 LL~:;~~~1~1~nHf~1~~1'W~~'W'Vi~'cl' 

1~~~1 n~~1tJ"JjU"1i')~ n'W1~ n ~')tJ 'W'e) W"i1 n ~t 'W'e)'W1 r1lPl'e'l1'"liJ r1,)1~ ~'e)~ n1~~1 ~~1'W'"l~'W'Vi~cl' • 

t~~1 ~iJr1,)1~~1~1~n~~1n~~1tJ LL~:;iJr1,)1~LiJ'Wvhtil'e)tJ~n~')tJ (Appendini and 

Hotchkiss, 2002 ) 



3.1.1 

" 

""" 'U'VI'VI 3 

1. ~1~'Wm'Wyj~Vl1,m1~~1 (lJ1~Vl f'f~~'WVlf~~L'e)~() ~1n~, nNLVlyj ) '" , 

2. ~1~'Wm:;L~m.JVl1,m1~~1 (lJ1';-Vl Lri~'e)--1~'e)l.J1Vl£J-~'W ~1n~, nNLVlyj) , 

" 
Chloroform, ethanol LL~:;~1 

4. L-a-L~;~'W (phosphotidyl choline > ~'e)£J~:; 96.4, Merck, Germany) 

5. LM-Pectin ( Poly-D-galacturonic acid methyl ester, Himedia, India) 

Escherichia coli A TCC 25922 Escherichia coli A TCC 8739 

Salmonella Typhimurium ATCC 23564 Salmonella Choleraesuis ATCC 25923 

Pseudomonas sp . ATCC 256191~~~~1"'l1nn~l.J1Vlmf'11~tJlfmmyjVlu ('W'WVl'l.J~) 

Lactobacillus sp. TISTR 539 LL~:; Lactobacillus sake TISTR 890 1~~~~1"'l1n~mu'W1~£J 

1Vlm f'11~tJlfLL~:;LVl r1 L 'WL~~ LL1A--1u~:;LVlf'11 Vl£J (UVll.Jn1tJ) , 

1. ethanol r1'J1l.JL-ifl.J-if'W~'e)£J~:; 99 (Merck, Germany) 

2. Tetracycline (Becton, Dickson and Company, USA) 

3. Chloramphenical (Benex Limited, USA) 

4. lactobacilli MRS broth (Himedia , India) 

5. lactobacilli MRS agar (Himedia , India) 

6. nutrient broth (Himedia, India) 

7. nutrient agar (Himedia , India) 
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8. Calciun chloride (Calcium chloride dehydrate, Ajax Finechem, Australia) 

9. Sorbitol (Ajax Finechem, Australia) 

10. Glycerol (Ajax Finechem, Australia) 

11. Magnesium nitrate (Ajax Finechem, Australia) 

12. Plate count agar (Britania, Argenitina) 

13. Pseudomonas agar base (Oxoid, England) 

14. Pseudomonas C-F-C Supplement (Oxoid, England) 

15. Salmonella - Shigella (SS) agar (Merck, Germany) 

16. Peptone from casein ((Merck, Germany) 

® 
17. E.colilColiform Count Plate (Petrifilm ,3M, USA) 

18. Gaspak Anaerobic system (Merck, USA) 

19. Antibiotica-Testblattchen paper disc (Duran, USA) 

1. Lri1'tl'l~(:.J~~LLN'~\.!~'l (Homogenizer, Ystral X10/25, Ballrechten-Dottingen, 

Netherlands) 

2. Lrli'tl'ln1Lilc;)rl')1~~L~"''tlL~mLLuu,r'JLYmJ (Ultrasonication probe , 

Dr.hielscher Up400s, Germany) 
, 

3. Lrl1'tl'l1'C;)LL~'l~'l~'J (Goniometer FTA 100, First Ten Angstroms, Portsmouth, 

Wirginia, USA) 

4. Lrli'tl'ln1LilC;)rl'J1~~L~"''tlL~t1'lLLUU'fh'l (Bath sonicate, Ultrasonik, Fisher 

scientific worldwide, Germany) 

5. 'fl1'lrl'JUrl~'tlru~Jlij (Water bath, DH-60-11 0, Sentific promotion cO.th , 
•• qJ 

Thailand) 

6. Lrli'tl'lLrl~'tluyhf~ (Film coater PI-1210, Japan) 

7. Lrli'tl'l'tlULL~'l (17200 Tutingen, Wtc binder, Germany) 

8. Micrometer (Dial Thinckness Gauge 7301, Mitutoyo, Tokyo, Japan; 0.01 

J.lm limit) 

9. Texture Analyzer (Intron 5565, USA) 

10. Desiccator 
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11. LL~Yh.Jvr~'l~flJ;'WltJYhf~ ~'l"'l'lmL~'W~~'l~~n acrylic 't~ 
12. Lrl~'fl,6(;1~ (Minolta Chroma Meter model CR-400, Osaka , Japan) 

, 
..eM .... I .c:5I 

13. Lrl~'fl-:J')(;1rl'ln'l~~(;1n~'WLL~-:J (V-530PC, Japan) 

14. n~'fl-:J'~Yl~U\'W~L~nl'l~'fl'WLLlJlJ~'fl-:Jm'l(;1 (t'W JSM-5410 LV, Japan) 

15. Anaerobic jar (Oxoid, England) 
, , 

dlcv Q .CIt, 0 I I 

16. Lrl~'fl-:J"Il-:J~:::L'fltJ(;1Ylfi\'WtJ~ 4 l'l'lLm'W-:J (A&D company t'W HR-200) 

" 
17. ~rl,)lJrl~rl,)'l~~'W " , 
18. Stomacher (t'W 400 c ircular, England) 

19. ~-:J~~'l~~n"llU(;1 low density polyethylene 

... .cf o1IQ. ... cf 

3.2.1 .1 n1'a'~j;I'a'!J~~"lf'!l'"l~'LJ'VI'a'!J • 

" " CII 4 ~ CII tr 

L~tJ-:JL"Il'fl"'l~'WYl~tJ E. coli ATCC 25922 E. coli ATCC 8739 , 

Salmonella Typhimurium Salmonella Choleraesuis Pseudomonas sp. 't'W NB broth ~-:J"'l::: 
" " 

't-ifLiJ'W standardized culture LL~:::L~tJ-:JL~'fl"'l~'WYl1u Lactobacillus sp. TISTR 539 LL~::: , 
, 

Lactobacillus sake TISTR 890 't'W MRS broth Ltl'WL,)~'l 24 -n')'i:~-:J 'tW.~L.jJ'l~ stationdary 
" " , 

phase ij~'l'W,)'WL"Il~~tJ~:::~'lru 10
7 
CFU/ml Ltl'Wm~'lru~'l't,xLn'flL~'fl~L~tJl~ (Ouattara et al., 

1997) 

J ___ l:. .... .... r ___ r ___ .... 
3.2.1.2 n1'a''V1 j;I~'!I\J '1 'VI ti!J\J!J~ U\J fI'VI ~ 'a'!J"l.I'!I~'LJ1~'LJ n1'LJ~~ 'LJ1~'LJ n'a':a 'VI!J~ 

U~~~'l'a'~nj;l'"l1nLtJ;'!Im1\JYi~ Lj;I!J~6 disc diffusion 

" " oW'lL"Il~~r.l'ln standardized culture ~'l,j~'t'W'fl'l~'l~L~tJ-:JL~'fl NB broth 
, , " 

LL~::: MRS broth ~'flru~[lij 37 'fl-:Jfi\'lL"Il~L~tJ~ Ltl'WL,)~'l 24 -n')'i:~-:J "'l'lm!'W't-if sterile cotton , " 
" I I I 

swab r.l~L~'fl~H'Yl(;1~'fllJ LL~,)oW'lltJLn~tJ't,xi')e:h~tJ'l'fl'l~'l~ nutrient agar (NA) LL~::: MRS , 

agar oW'l sterile paper disc (L~'W~'l'W~'Wun~'l-:J 0.6 L"Il'W~L~l'l~) '~~-:J't'W~'l,r'Wn'l'W~\j ~'l,r'W 
m:::L~tJ~ LL~:::~'l~~n(;1"'l'lmtJ~'flnilJVi~~~n(;1~')tJr;i,)~'l~:::~'ltJ(;h-:J1 (hexane, ethyl acetate, 
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~ , 
chloroform, ethanol LLrl:::,Jl),Jl paper disc Ylr.ll.J~IJ'~":In~I'JLL~'Jl.Jl'Jl\1Ut.l~'J'I,nJl'tl1"nJ' • 
L~tJ'H~'el~ swab L~'elH;rl\1~t.l tJl.J~'elrul.ulij 37'el\lPllL"l!~L~tJ~ LUt.lL'J~1 24 -B''JLl.J\I JlltJ1~ . " 

~ ~ ~ 

~Jll'J:::U'tl1n1Pl1t.lnnllL~tJ\lL~'el Lactobacillus sp. LLrl::: Lactobacillus sake Vl(;l~'elU 2 '~h 

.r (;l e.J rl 't t.lnl nh:::d:jt.lr1'Jll.J~Il.Jl Hl 't t.lnl J'UU~\I L~'el'"l~t.lVl1tJl(;ltJYi'"l1 HU1'"l1 n L~t.ltht.lPlt.l6 nrll\1 . " 
'J\I't~ (clear zone) (Ahmad et al., 1998) 

'Jl\1LLe.Jt.lnlJ'Vl(;lrl'el\lLLUU completely randomized design (CRD) 
~ 

Vl(;l~'el\l 3 ~1 ';jLM1:::i;r'el~rlL(;ltJ't-nLllJ'LLml.J~IL~'"lll1 SPSS 13.0 LmtJULYltJUr1'Jll.JLL(;ln~I'l 

"ll'el\l~IL'U~tJL(;ltJ';jfi Duncan's new multiple range test 

;I L 'HJ1::~ ~ ~1\J11tJ n1HI~ (;1L'i LonL'li~L(;1!J L'VI flU fl ~tJ Ld'i~,r'i.a''U LL'i:: 

th':: Lij 'U fl 'l1 ~ ~1 ~ 1 '1 tit 'U n1 '1i tJ i.:J"'I ~ 'U 'VI ~!i''lI '!l.:J L'i L on L'li ~ L'!l 'U LLfl 1.1-• 

... .t, 
3.2.2.1 n1'1'lLfl'11::\JIfl1 critical micelle concentration (CMC) 'lI'!l.:J 

~1'1'i::'i1!J L'i:a;)'U 

L(;l1tJl.J stock solution '"lIn L-a-Lrl~~t.lr1'Jll.Ju1~Vli > ~'eltJ~::: 94 ~ • 
~ ~ , 

r1'Jll.JL;rl.J-irt.l~'eltJ~::: 20 L(;ltJ,Jl~oJn e.J~l.J~IJ'rl:::rllm~~~t.l 25 nfl.Jnu,Jln~t.l 125 il~~~(;lJ' 

L(;ltJL-nLr1i'el'l homogenizer ~~(;lJ'Ir1'Jll.JL~'JJ''elU 22,000 rpm/t.llYl LUt.lL'Jrll 1 0 t.llYl't~LUt.l 
" ,"" 

Ltj'elL~mnt.l (emulsified) LYl'el'tm~~~-nt.lLU'el'l~t.l '"llnoJt.l,Jl111 sonicate (0.5 cycle 60% 
, ~ 

Amplitude 400 W 15 t.llYl) L(;ltJ Ultra sonication probe '"It.lnJ':::~'l~IJ'e.J~l.JJ''Jl.J~'JLUt.lL~'el 
" ,~ 

L~ tJ 'J nt.l ~ ~ m=t·ru::: L U t.l~ 1 J'~:::~ 1 tJ 1~ LL~ :::hJ LLtJ non t.l Lil 'elVi 'l B 30 t.llYlJll tJ ~ ~'l sonication 

~" " 
'"llnoJt.lL~'el'"lI\1~IJ'~\I~t.l'tm~r1'Jll.JL-irl.J-irt.l~'eltJ~::: 0.1-20 L(;ltJ,Jl~oJn ml.Jlru~'J'elrJl'l~::: 10 

ilrl~~ (;lJ' L(;ltJ L(;l1tJl.J ~1J'~ :::~ltJ LL~~ :::r1'Jll.J L-irl.J-irt.l~'JtJ Lr1i'el'l homogenizer ~~ (;lJ'1 r1'Jll.J L~'J J''elU 

" I I I" 

LLn~1t.lL(;lJ'L'"lt.l Vi'lH 24 -n'JLl.J'l LYl'el1~~IJ'~:::~ltJ~l.J~'J '"llnoJt.lUl111~(;l~ILLN~'l~'J (surface 

tension) L(;ltJL-n Lr1i'el'l~ (;l LLN ~'l ~'J (goniometer) ~ (;l ~'JtJ';)fi pendant drop L(;ltJ1-ifm:::u'eln~(;l 

m"llt.ll (;l 3 ij~~~(;lJ' (;l(;l~IJ'~ ~'el'l nlJ'~ (;l LL~'J 1~ L~l.J~(;lm,r'J ~(;l"llt.ll (;lL~t.l~It.lPlt.l6 n~l\1 0.483 
" " 

" "I I 

mm ~(;l ~\I m:::U'eln~(;lmilUt.lLr11'el\l.r (;l LLN ~\I ~'J n (;lnlt.lrl n~UL(;ltJ r1'JU r1l.J~ (;lJ'1 L~'J 't t.lnlJ'n (;lYl 
" " q , ~ 

4.5 1-11 Is LYl'el1~"ll'el'lL~~'J~tJ(;l'el'eln'"llnll~lm~l.J ~t.l~nlll"ll'el'l~tJ(;l < 1 0 ~tJ(;l j;]'el 1 r1f'l 



40 

YlL11~'tl\l 2 ~1VJ n r;l'J'tlr11\1 hJmnnJ r1'tl~~'J Lj;l'tlf~'tl\l Lr11'tl\l ~1'W'Jru,"h LLN ~\I ~'J~'tl\l"ll'tl\l L~~'J~1 L11 

'"l1 nnJYlN~'tl\l~tJ L11~1J'WYi nnJH LL~'J~1l"i1 L'U~ tJ~'tl\l LLN ~\I ~'J~'tl\l ~1~~:::~1tJ L~:n~'W ~ r1'J1~ 
~ ~ 

L.jf~.jf'W~'tltJ~::: 0.1-20 LL11tJ~1~,rn~~1\1m1~r1'J1~i~~'Wfi~:::~~1\1LLN~\I~'J~'tl\l~1~~:::~1tJ 
~l1~-n'WfiU r1'J1~ L.jf~.jf'W~'tl\l r;l'JYh~l1~-n'W L~'tl~1l"i1 CMC "lI'tl\l r;l'JYh~11~-n'W1 'Wr;l'J~1~:::~1tJ 

3.2.2.2 n1~An'l!f1\1111j;l~'l'Uv1L\nJ1~·'UJ'iI'!l~~1~~~~1!1L~:a~'U LL~~~1~~nj;l 
J;}1'UL;'!l~i'U'Vli!l -d1\11~'U n1~j:Ji j;ll~ t 'n t'll~ tj;l!l L'VI flijfl ~'U L d~ • 

" " " L'tl'WLLr1U"llL~-n'W~1~~riL11'"l1min~"ll1~vi\l 3 "llUL11 ~'tl ,J111'Wn1'WYi~ ,J111'W 
~ ~ 

m:::LYitJ~ LL~:::~1~~ri L11'"l1n Lu~'tlnviuYi~ ~'JtJ L'tlfi1'W'tl~ LL11tJ LYl r1Ur1 ~u Lij~~l1~-n'W ~1'tl W,IONV2 

~\I~L11LLU~\I'"l1n Wang LL~:::r1ru::: (2006) LL11mj;l1tJ~~1~~:::~1m~:n~'W1'WL'tlfi1'W'tl~r1'J1~L.jf~.jf'W 

~'tltJ~::: 991m~r1'J1~L.jf~.jf'W~'tltJ~::: 12 14 LL~::: 16 LL11tJ~1~,rn Lj;l1tJ~1!)1l1r1~111'W (oil phase-
, " " 

0) LL11tJeJ~~~1~~:::~1m~:n~'W (Yir1'J1~L.jf~.jf'W~'tltJ~::: 12 14 LL~::: 16 LL11tJ,J1~,rn) riU,J111'WeJ~~ 

(~\lu~:::n'tlU~'JtJ~111'Wn1'WYi~LL~:::~111'Wn~:::LYitJ~ 1'WiL11~'J'W 1:1 LL11tJ~1~,rn) 1m~iL11~'J'WLL11tJ 
~ 

"" " ,J1~,rn~'tl\l~1~~:::~1m~:n~'lJ(;1'tl,J111'WeJ~~L'Vhriu 1:2 1:4 LL~::: 1:6 ~'J'W1!)1l1r1,J1 (water 
" , 

phase- W1) ~'tl~1~~:::~1tJ,J1"l1'tl\l~1~~riL11'"l1mU~'tlnviuYi~~'Jm'tlfi1'W'tl~ Yir1'J1~L-if~.jf'W~'tltJ~::: 
"" II iI '" 

13.3 16.0 LL~::: 17.2 LL11tJ,J1~,rn1'W-n'WLLm~1~11~-n'WLLUU,J11'W,J111'W (W,IO) iL11~'J'W"lI'tl\l1!)1l1r1 
"" "" "" II I 

,J111'W1'1'tl1!)1l1 r1,J1 L'Vh riu 2: 1 ~11 ~1!)1l1 r1,J1 Ln L11 LtI'W'tl~1l1 r1n~:::'"l1tJ1 'W1!)1l1 r1,J111'W LL11mJ'W 
, , 

~'Jmr11'tl\l homogenizer Yi r1'J1~ L~'J 22 ,000 ~'tlU/'W1Yi LtI'WL'J~1 10 'W1Yi LL~'J,J11u sonicate 

LL11tJ1-D'Lr11'tl\l ultrasonic ~ 60 Hz LL~::: amplitude 400 W LtI'WL'J~1 30 'W1Yi LL11tJ~1-i'Wj;l'tl'W 
" II II "" II I iI II 

m:::'"l1 tJ,J11 'W,J111'W~ 2 ~'tlU LL~'J,J1~11 ~-n'WLLUU,J 11 'W,J111'WYi Lj;l1tJ~1~~lu eJ ~~ riu1!)1l1 r1,J1 

(W2 ~\l1'Wn1~~r.rtJ;1 W2 
LtI'W~1~~:::~1m~tJ'Jri'Wriu W1) 1'WiL11~'J'W 3:4 '"l1n,r'W,J1®L111L11~1'WLL~'W 

m'tl\l~iJ"lI'W1L11~Yi~'W 1 00 'W1L'WL~j;l~ 3 ~'tlU r1'JUr1~'tlru~llijj;l~'tlL11n1nj;l1tJ~~11~-n'W1m~.JLn'W 
III q q q III 

" " 4 'tl\l 1"11 L"ll~ L~tJ ~ LL11tJ n1 ~~~'tl ~'JtJ,J1 eJ ~~,J1 LL.]\I 1 'Wn1 nj;l1tJ~ LLU~r1'J1~ L .jf~.jf'W"lI'tl\l L~:n~'W 

i L11~'J'W"lI'tl\l~1~~:::~ 1tJ L~:n~'WriU r1'J1~ L .jf~.jf'W"lI'tl\l~111'WeJ ~~ LL~:::~ 1 ~~:::~ 1tJ ~ 1 ~~ ri L11'"l1 n LU~'tln 
viuYi~ ~'J tJ L'tlfi1'W'tl~ L ~'tl1lli~ i L11~'J'W LL11tJ~1~,rn"ll'tl\l~ 1~~ :::~1tJ L~:n~'WI'1'tl ~1 ~~ ri L11~\I ~ 1~"llUL11 
~'J~ ri'W (~111'Wm:::LYitJ~ ~111'Wn1'WYi~ LL~:::~1~~ ri L11'"l1 mu~'tl nviuYi~ ~'Jm'tlfi1'W'tl~~iJm~1 ru 

~ 

, 
L'Vh1ri'W) b'Yhriu 1:3 1:6 LL~::: 1:9 r;i\lj;l1~1\1Yi 3.1 



41 

'el-:t fOftJ~~n'el'lJ~'el-:t i~~'l'llL~tJ~1'\.n!n~'el-:t~1~~~~1tJL~en~'lJ~'el~1~~1'lJiOl~'lJ'Vi~ut:J~~ • ... .., .., 
'el~~"ll'lJ 

1 :3 1 :6 1 :9 

m~1ru~'el-:t'el-:tfOftJ~~n'el'lJ~,r~-n'lJ (~'eltJ~~L~tJ~1'\.nrn) 

~1~~~~1tJ 9.43 5 .71 4.09 

...... 
L~'l!I'l'lJ 

~ .., 
'lJ1~'lJn1'lJ~~ 

'" 
9.43 11.4 12.3 

~ .., .,. 
'lJ1~'lJn~~ L 'VItJ~ 9.43 11.4 12.3 

~1~~n~iOl1mtJ~'eln 9.43 11.4 12.3 

.., ... " 'VI'lJ'VI~ ~'ltJ L'elfi1'lJ'el~ 

~ 
'lJ1 62.3 60.0 59.2 

Ln'lJ~,r~-n'lJ~ LI'l1tJ~1~t)~'elru~fl~ 4 'el-:t f111 L'l!~ L~tJ~ 1'l~'liOl~'el'lJn1mtJ n-R''lJ . '" 
" "1J'el-:t~,r~-n'lJfl1tJ~~-:tmrLI'l1tJ~dj'lJL'l~1 7 .r'lJ (Edwards and Baeumner, 2006) iOl1m!'lJ 

" " 
LmtJ'lJ LVltJ'lJ n1nLtJn-n'lJ~'el-:t~,r ~-n'lJ t~tJ LVltJ'lJ n'lJ rl'l1~ ~-:t11-:t~~ ~ ~11"11 i ~~'l'lJ"ll'el-:t~ 1 ~~~~1tJ L~ 

'" I • I II 

en~'lJLL~~~1~~1'lJiOl~'lJ'VI1u t:J~~Vl~1 nVl~ ~VlhJ Ln ~ mrLLtJ n-n'lJ"ll'el-:t~l ~~n ~ LL~ ~rl'l1~ I"l-:t ~'l'VI1-:t • • 
" n1tJfl1~"ll'el,:jl~t~t'l!~ 'VI~~'el,:j 3'1 

" 'll,:jLLt:J'lJn1~'VI~~'el-:tLL'lJ'lJ symmetric factorial CRD "ll'lJ1~ 3 x 3 'VI~~tl,:j 3'1 

ii 2 if'"l9tJ ~'el 1"l'l1~ Liwif'lJ"ll'el-:t L~en~'lJLL~~1"l'l1~ Li~i'lJ~1~~1'lJiOl~'lJ'VI1u t:J~~ fj LI"l~l~oJi'el~~ . '" 
t~tJ1. fLtJnLn~~~l L~'"lttJ SPSS 13.0 LmtJ'lJ LVltJ'lJ 1"l'l1~ LLl'ln ~1,:j"1J'el,:j 1"11 L'U~tJt~tJ';)fi Duncan's 

new multiple range test 
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disc diffusion 

" i'WIPl'el'Wn'WIPlT')r.H~'el1.JL"rl'WL~mri'lJ 3.2.1.2 Li?ltl1'i?l'lJ'W'li?l'lJ'el\l,)\l1M'el'lJLL~'W 

paper disc ~"ll'lJ;S,r~-n'W~~m1'l (;S,r~-n'WLri'lJfm1'l~'elruViflij 4 'el\lPl'lL"ll~L;t1~ LU'WL,)~'l 7 1''W 
q q '" 

"I r " 

nnilLfl i?l mnLtI n-n'W L~'el n L'tlY'l'l::;~')'WViU\l Fl\l LU'WFl1~;S,r~-n'W~'l'Vl i?l~'el'lJ~'VlfiU'lJU\I' ~'W'Vl1u) LL~::; 
, " 

~'lT~::;~'ltIL~:n~'WViFl,)'l~ Lif~if'W¥'eltl~::; 12 14 LL~::; 16 Li?ltltJ'lVl~n 1-n-dj'W negative control 

,)'l\lLLe.J'Wn'lT'Vli?l~'el\lLL'lJ'lJ completely randomized design (CRD) 

" 'Vli?l~'el\l 3 ~'l ';)LFlT'l::;-Jif'ellqj~Li?ltlHhJnLm~~'lL~iOll1.J SPSS 13.0 Lmtl'lJLVitl'lJFl,)'l~LLlPln~h\l 

'lJ'el\lrl'lL'tl~t1Li?ltl,;)fi Duncan's new multiple range test 

3.2.3 n1'1~n'l!t1-l~~'J'U;lL ,..",1~~UJ1J'eI~L .... n ~'Uu~~ Ufl~ L:afJ", fl~'ell'1~ .... ~114~1'li­

L'li'eli U~~141'114n ~"'U'1t11~ L .... L'li"'~1"'~1.J n1'1;'U'1t1 L iJ'U~i", L .... n ~'U 
~ ~ 

LLFl~ L;t1~ Fl~'el h~ (~i?l LL1.J~\liOl'ln Kang et al., 2005) Li?ltltJ'l e.J\I LY'I n ~'W~'l~::;~'ltll 'W deionized 

water (01 water) (240 ml) ~'elruViflij 90 'el\lPl'lL"l!~L;t1~ iOl'WLJ)Fl,)'l~Lif~if'W¥'eltl~::; 2.5 3 3.5 
q '" 

" " LL~::; 4 Li?ltltJ'lVl~nr;1'elm~'lIPlT iOl'ln~'We.J~~1,x~::;~'ltILU'WL,)~'l 30 'W'lVi L~~~'lT~::;~'ltILLFl~L;t1~ 

Fl~'el h~~'el ruViflij 65 'el\l PI'l L"l!~ L;t1 ~ (Fl,)'l~ L if~if'W¥'eltl~::; 3 5 7 LL~::; 1 0 Li?ltl~'lVl~n r;1'el 
q '" 

m~'lIPlT)~m~'lIPlT 1 0 ij~~~IPlTr;1'elm~'lIPlT~'lT~::;~'ltILY'ln~'W 30 ij~~~IPlT iOl'lnt!'We.J~~1,xLojh 

ri'WLU'WL,)~'l 10 'W'lVi v''lL1.JL~yj'el\lmmPl'el'eln Li?ltl sonicating J)')tILFli'el\l bath sonicate LU'W 

L,)~'l 25 'W'lVi LL~')tJ'lyj'el\lmn'lPl'el'eln iOl'lnt!'W sonicate r;1'el LU'WL,)~'l 25 'W'lVi ~'lT~::;~'ltl~LJ) 

1.Jf'lJ'elruViflij1 'W'tl'l\l Fl,)'lJ Fl~'el ruVlJlij~ 45 'el\l PI'l L"l! ~ L;t1~ iOl'l nt!'WtJ'lL1.J~'WT1.JYh{~'lJ'WLL~'W acrylic 
III cu III III 't1 cu 

1~ bi?ltlH LFli'el\l LFl~'el'lJYl~~ V,1 LL~'WYl~~~'WT1.JL1.J'el'lJl wlf'el'lJ bb,x\l~'elruVlJlij 40 'el\l PI'l L"l!~ L:ntl~ 
\J III q cu 

, "" 
iOl'Wm::;l1\1Yl~~ LL,x\l ~'el nLL~'WYl ~ ~'el'el nLL~ ')v, 'lL1.J Ln'lJ 1 'W~ Fl,)'lJ Fl~ Fl,)1 ~~'W bi?ltl Fl'J'lJ Fl~ Fl'J 'l ~~'W 

'" q q 

i~~'Vlfi}'eltl~::; 50 ± 5 J)')t1~'lT~::;~'lti magnesium nitrate ~~~') LU'WL,)~'l 24 i,)b~\I ri'el'Wv''lL1.J 

IPlT,)iOl~'el'lJ~~'lJ~r;1'l\l1 r;1'elL1.J 1 'Wi'el 3.2.3.2 
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,)l-lLLe.J'Wn'l~'Vl~~'e)-lLL'lJ'lJ symmetric factorial 
cI 

CRD "1l'Wl~ 4 x 4 ~ 

~l L~'"lliJ SPSS 13.0 LmtJ'lJ LVitJ'lJr1,)l~ LLI?l n "11-l"1l'e)-l roll L'il~r.i'i:~tJ~fi Duncan's new multiple 

range test 

,~ ~ 

1?l~,)'"l~'e)'lJ~~~"1l'e)-lYhf~LYln~'WVie.J~1?l1~'Wi'WI?l'e)'W 3.2.3.1 ~-ltl 

1.n'l~1'~r1,)1~VI'Wl"1l'e)-lLL~'WYhf~ (Film thickness) 1'~r1,)l~VI'Wl"1l'e)-l 

LL~'W~~~ (3 x15 L"l!'W~L~I?l~) 1-ifLr1i'e)-l micrometer 1'~LL~'W~~~~:;Lfi'1~lLLVltl-l LL~')tll~lV1l 

rollL'il~tJ (~-lntJ~:;L~tJ~1'WJ'l1r1e.J'W')n n.1) 

2. l' ~ roll r1,)1~ tli'l'W'Vll'WLLN ~-l LL~d'e)tJ~:;n'l ~~ ~ ~,)"1l'e)-l~~~ L~tJ n'l~1-if 

Lr1i'e)-l Texture Analyzer (~-l~ltJ~:;L~tJ~1'WJ'l1r1e.J'W')n n.2) 

" 3. n'l~'Vl~~'e)'lJr1,)1~~lW1HI1 'Wn'l~~~ ~1'W"1l'e)-l1'e)tll"1l'e)-lLL~'W~~~ (Water 

Vapor Permeability) L~tJ'Vl ~~'e)'lJ 1?l1~~fi~11?l~~1'W ASTM E 96-95 (1999) (~-l~ltJ~:;L~tJ ~ 1 'W 
~ 

fllr1e.J'W')n n.3) 

4. n'l~1'~rollr1,)l~LLl?lnl?il-l~ L~tJ1-ifLr1i'e)-l1'~~ Minolta Chroma Meter 

model CR-400 (~-l~ltJ~:;L~tJ~1'WJ'l1r1e.J'W')n nA) 

5. 1'~rollr1,)l~~'W"1l'e)-lLL~'W~~~ 1'~rolln'l~~~n~'WLL~-l~ 600 nm ~')tJ . " 

~ - - ~ -., .. ..,j.. , --- ... 3.2.3.3 n1'it'l n'l!t1 e.I'a'il'£l.:l'ilUj;lI.L'a::1.J'i~1 r;u~'a1~ j;l ~'liL'li'£l'i"~ j;l'£l~~1.J j;l j;l1U 

~1.:1 ''iI'£I.:I~i~L~n~u 

e.J~I?l~~~'"llmYln~'WL-rl'WL~tJ')n'lJ~fin'l~e.J~1?l1'Wi'e) 3.2.3.1 L~tJ~~L~'e)n 

~~~~e.J~1?l1~'Wi'e) 3.2.3.1 L~'e)n~~~~1~ LL;j-lLLN iJr1,)l~~~VlrJ'WhJ"1ll~~ltJ iJroll~l?l~ln'l~~~-• 
~1'W"1l'e)-l1'e)~1~1 ~"H~'e)nB 3 ~fll,):; iJf'lJfll'):;1'Wnl~e.J~1?l (m~lruLYln~'WLL~:;LLr1~L~tJ~ 

r1~'e)h~) L-rl'WL~tJ')n'lJ~')'e)rJl-l~~~L~'e)n1~ 3 ~fll,):; 1-ifYl~1~~1"l!L"l!'e)f 2 "l!i'l~ ~'e) "l!'e)fij'Vl'e)~ 
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., , 
"ll'e).,nh\.nrn"ll'el~L~n~kl~'t-n"Wm~~~t;lLL~klYl~~ (Choi and Han, 2001) ~~~nu film forming 

., 
solution ~1mrkl';)Lf01n:;-J~~~(;j1~1"ll'el~Yl~~L"1iklL~mnu.jJ'el 3.2.3.2 

,)1~LL~klm~Yl(;)~'el~LLUU completely randomized design (CRD) 

';) LfO)n:;-J.jJ'el~~ t(;)tJ't-Dtu~LLm~~1 L~~nJ SPSS 13.0 LmtJU L~tJU fO),)1~ LLt;ln (;j1~"ll'el~ ~1 L'fl~tJt(;)tJ 
~ ~ 

...... 
')fi Duncan's new multiple range test 

~~ t;lYl~~~1m~n~klL"1iklL~tJ')nu';)fim~CJ~t;l'tkl;)'el 3.2.3.1 t(;)tJ~(;)L~'eln 

Yl~~~~~t;l1~kl;)'el 3.2.3.3 L~'elnYl~~~'t~ LL;~LLN ilfO),)1~U(;)~tJklhj"ll1(;)~1tJ il~1~t;l~1m~~~-• ., , 
~1kl"ll'el~1'eltl1 ~1 UfUIl1,):;'t klm~CJ~ t;l (m~1 ruL~ n ~kl LLfO)~ L;tJ~ fO)~'el h~LL~:;'l!tl(;)nUm~1 ru 

, ., 
~~1~~18J! L8J!'elf) L"1iklL~mnU~,)'eltJ1~~~1~1~C1 ~(;) L~'eln 1~ ~1ntiklLLu~f01,)1~ L;)~;)kl"ll'el~1~ t~t8J!~ 
, ., 

~(;j1~nkl 3 ~:;~u 1~LLri~'eltJ~:; 2 4 LL~:; 6 t(;)tJtl1~tin't-inklm~CJ~t;lLL~klYl~~t(;)tJ~~~nu film 

" 
forming solution LUklL,)~1 1 0 kl1~ t;l1~';)fi"ll'el~ Del Nobile LL~:;fO)ru:; (2008) ~1ntikltl11u1~ 

~'el~'el1mfil'el'eln LL~')tl11u~kl~uYl;~ tl1LL(;j~:;~,)'eltJ1~tl11m LfO)~1:;~~U~"ll'el~~~~ L"1iklL~tJ') nu 
~ 

.-
;)'el 3.2.3.2 LL~:;U~:; Lijklf01'J 1 ~ ~ 1 ~ 1~C1 't klm ~U UU~~ ~ klYl1tJ"ll'el~Yl; ~ L ~ n ~kl t(;)tJ ';)fi disc • 
diffusion t(;)tJ~(;)~;~ L~n ~kl~~~1~ t~t8J!~ LUkl'),m~~~il"llkl1 (;) L~kltJ1klfilkltJ n~1~ 0.6 L8J!kl~ L~ t;l~ 

" , " ~ 

LLtJ~~~~~~'el n 1~~1 n mJYi~vrLukl~1~~,)kl ~1 ntikl~~~,)kl~:; 3 LL~kl~1 't-in klm~Yl (;)~'elU~Ylfi 

uuJ~L~'el'~klYl1tJLLUUL~tJ')nu,;)fi 3.2.1 .2 LmtJUL~tJU~Ylim~uuJ~L~'el'~klYl1tJ"ll'el~Yl~~ 
I I 11 I 11 

L~ n ~kl~ ~~~1~ t ~t8J!~ nu~~~ L~ n ~kl~ CJ~~tl1,rklmkl~~ Yl;~ L ~ n ~kl~ CJ~ ~tl1,rklm:;L ~tJ~ 
" 

LL~:;~;~ L ~n ~kl~ CJ~~~1~~ n (;)~1n LU~'elm1UVi~ ~')tJ L'elfi1kl'el~ ~~ (;)~,)klL~tJ') nklnu fO),)1 ~ L ;)~;)kl 

"lI'el~ l~t~t'l!~(~'e1tJ~:; 2 4 bLf~:; 6 t(;)tJ~1~tin) 

,)1~LL~klm~Yl(;)~'el~LLUU completely randomized design (CRD) 

" Yl(;)~'el~ 2 an1 ';)LfO)~1:;-J;)'e1~~t(;)tJ1-Dtumm~~1L~~~U SPSS 13.0 LmtJUL~tJUfO),)1~LLt;ln(;j1~ 
" " 

"lI'e1~~1L'fl~tJt(;)tJ';)fi Duncan's newmultiple range test 
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3.2.4 n1'aAn'l!t1 ft~1)J~1)J1'ar;J" 'U n1'a~'Ut.:J~i'U'VI~!1"'!l.:J~i)J L 'Yin ~'U;lij'1.~ L 'Yi L'lI)J • 
• IV "" ... tI- ""... ..a "I IV"" .x"y " 

~'!l~)J~1'a~n~~1nn1'U'Yi~ n-a::L'VI!I)JU~::L ~'!ln'VI'U'VI)J L)J'!l ~"lIn'UL'U'!l~~~ . ... 
~~ur;i.:J'a::w;h.:Jn1'aLn'U~n'l!t1;1'!lru~.nij 4 '!l.:Jpf1L'lI~L=a!l~ . ... 

I '" I I j.I I 

L~'el n LL~'W~ ~~ L ~ n ~'WVi~,j ~:;~'Vlfi1l1~ t 'Wn! ~U'IJU'l'"l~'W'Vl1uVi~Vi~ ~'"l1 ni'W(;1'el'WVi 
q q 

" " 
3.2 . 3 .4 ~1 ton i'J~ rl'IJ L ti'elr)'J m'l:;Lti!m~ ~ ~ LLr;l'l'"l1 n ~'J'W'1I'el'li'W'W'el n'1l'el'li (;111 'W~ m~'ru:; steak 

" , " " 
piece Vi~'1I'W1 ~ 10 x 6 x 1 L"1i'W~L~(;1~ (~I'I.nrn,j~:;~lru 60 n~~) tonLL~'W~~~ L~n~'W""~l1'l 

q 

" , 
~1'W'IJ'WLL~:;~I'l'1l'el'l Lti'el ~ ~ LLr;l'l 'IJ~~'"l'IJ'Wm ~ L ~~ LL~:;""~ ~'JtI~~~~'elm'\!ll~ Lfi'IJ~m~t1Vi'el ru'\!lll;J 

q q q ~ 

" 
4±1 'el'lralIL"1i~L~t1~ ~~~'J'elth'l~I(;1~'J'"l~'el'IJ~ru1l1~YJn1 2 r)'W ~'J'eltll'l~:; 2 enl Lij'WL'J~1 16 

r)'W (;1~'J'"lr)~ aerobic plate count (APC) lactic acid bacteria Escherichia coli coliform 

LL~:; Pseudomonas sp. (1l11il~'W'Jn '11) 

" 'J1'lLL~'Wn!~'Vl~~'el'lLL'IJ'IJ completely randomized design (CRD) 'Vl~~'el'l 2 enl 

~1 ~~~ (;1~'J'"l~'el'IJ1~~11 Lliln:;~-if'el~ ~'VlI'l~ (1~ L ~'el Lmtl'IJ L Vitl'IJ 1il'J1~ LL(;1 n r;l1'l'1l'el'l fOil Lll~t1 L~t11-n 
" 



cI 
'U'VI'VI 4 

" , , 
n1 J''Yl '" ~'el\l\l~ '" L~'el n ~ 1 J'~ n "'lOll n Lri'~''el\l L 'Yl PI LL~:;~ '-Jt.! 1 Vi J'Vl1-n nt.!LL Vi i~~ 1 U 1 t.!th:; L'Yl PI • 

1 'YlmL~:;1-nt t.!n1nh:;n'eltJm~lJ' LL~:;i1 fl'Yl'itJtJ~\lIOl~t.!'Yl1cl" ~'el ~lart.!n1t.!Vi~ ~lart.!m:;LVlu'-J 
VI. " 

LL~:; LtJ~'el m1tJVi'-J~~ n '" ~')u ~,)Yll ~:;~IU ~1\11 '-Jl'Yl "'~'eltJ ~'Yl'itJtJ~\I' ~t.!'Yl1cl" n'el hrl1 t.!m~1 J' 
, , " 

LL~:;LLtJrlVlL1uVlYll1"\n"'n1n~'el'-JL~ml'el\lL.w'el~IWr"llU"'~I\11 ~'el Pseudomonas sp. E. coli 

Salmonella Sp . LL~:; Lactobacillus sp. b",u1-nL'YlrlUrl disc diffusion method ~"'L~'elnb"'U 

VilOllJ'rul1Ol1m\l1~ (inhibition zone) (Ahmad et al., 1998) 1-nmtJ~;')t.!:; ~'el tetracycline 

LL~:; chloramphenical Ltlt.!~,)'eltJl\1rl')tJrl'-J • 

[;l1 n\l~ 4.1 LL~ "'\I ~'Yl 'i1 t.!n1 J'tJtJ~\I L~'el' ~t.!'Yl1cl"~1-nt t.!\1 1 t.!'Yl "'~'el\l VitJ~1 ~ 1 art.! 
... II I '" !J 

n1 t.! Vi ~i1 ~'Yl fi1 t.! n1 J'tJtJ tJ\I, ~t.! 'Yl1cl"YJ n"llU", 1 t.!\llt.! 'Yl '" ~ 'el\l '-J 1 n Vl ~ '" b"'U L'tl.Vi 1:;1 t.!n1 J'tJ tJtJ\I L~ 'el 

Lactobacillus sake ~i1"l1t.!I"'L~t.!~It.!Plt.!cl"n~I\1"l1'el\l,)\l1~'-Jln~~"'~'el 4.75 L"lIt.!~L'-J[;1J' LL~:; " . 
Ln'el LmUtJ L Vl UtJ~lart.!n It.!Vi~ ntJu ltJ1i;')t.!:;~t.! ~1 t.! VitJ~l~ lart.!fl It.!Vi ~i1 fl'Yl 'i1 t.!n1 J'tJtJ~\I 

~ d...I d \J "I 

" " L~'ellOl~t.!'Yl1cl"L VlUtJ Lyh~1'el'-Jl n n~IUltJ1i;')t.!:;Ylt.!~It.! b",m'tl.Vi 1:; Salmonella Typhimurium . ~ ~ 
, " , 

J''el\l~\I'-J1 ~'el~IJ'~n "'lOll n LtJ~'elm1tJVi'-JVl~ n '" ~')U L'elult.!'el~ 1 '-"1"11 n1J'tJtJtJ\lVl~\I n~1 ~,)Yll~:;~IU 
I I I ... i.I II 

~t.!1 L~t.!l~~1 ~,)Yll~:;~nu Ltlt.!~ mjlOl4'u~i1\1Vl.yh 1 '-"~'Ylfi1 t.!n1 J'tJtJtJ\I L~'el,~t.!'Yl1cl"LL[;1 n ~1\1 nt.! 

" '" I I II 

LL~:;1.11art.!nJ':;L Vlu'-J1 '-" 1"11 n1J'tJtJtJ\lii'elUVl~ '" ~\I"lIt.!1 "'"lI'el\l,)\l1~"lI'el\l ~1 J'~ n "'lOll nuJ'J''-J"lI1 ~l1\1~I'-J • 
"" , 

"lIU", (1.11 art.! n1 t.!Vi ~ 1.1 lart.!m:;L VlU '-J LL~:;~ 1 J'~ n "'lOll mtJ~'el nl1tJVi '-JVl ~ n '" ~')m'elUlt.!'el ~) i1 
" 

1"11 L 'tl.~U L~t.!~It.!Plt.!cl" n~I\1,)\l1~ 1 t.!n1 J'tJtJ~\I'-J1 n n~1 0.8 L "1!t.!~ L'-J [;1J' LL~ "'\I~1 L~'ellOl ~t.!'Yl1cl",rt.!i1 " . 
" "" rl,)I'-Jl')~'el ~1J'~ht.!,~t.!'Yl1cl",rt.! (Ponce et al., 2003) ~\I,rt.! ~\lL~'eln1-n1.11art.!n1t.!Vi~ ~1J'~n'" 

lOll n LtJ~'elnl1tJVi'-J~~n '" ~')U L'elult.!'el~ LL~:;~lart.!m:;LVlU'-J'-J1 ~m~t1~'elltJ L~'el~t.!ttJ Ltlt.!l~ b Vib"1!'-J 

J;]'elltJ 



j;J1'i1.:1v1 4.1 L~'W~1'W~'WU n'Cn--l"1l'el--l':l--l1~"1l'el--l~rnr'Wn1'W~~ ~1,r'Wm'~LVlmJ ~1~~n t'l"'l1nL1J~'elm1tJl1~~~n t'l bt'ltJ r;i':lV11~~~1tJ ~1--l1 LL~~~11Jli~':l'W~~'Wj1'W 
bt'ltJ~fi disc diffusion (L~'W~1'Wp\'Wun~1--l"1l'el--lLL~'W disc ~'el 0 .6 L"1I'W~L~[;W) 

" 

L~'fl,~'W'Vi1tJ .~ 1 ... 12 ~'W1{;)L'ilflEJ~'fl~'J~ ~ (L'!!'WI?1L~I?1~) . 

o or o or ~1~~n {;)"I1n LtJ~'fln"'lJli)J~~n (;) ~'JEJ 'W1)J'W 'W1)J'W 

." 

m'W~~ m:;L'VlEJ)J Hexane Ethanol Ethyl DMSO chloroform 

acetate 

E. coli A TCC 25922 2.25±0.07b 0.95±O.07 f - 1.4S±0.39 c 1.05+0.0S " - -

E. coli A TCC 8739 2.05+0.07 b 1.1±0.05" - 1.4S±0.1S c 1.0S+0.04 e - -

Salmonella 3.0±O.21 a 1.5±0.12 d - 1.33+0.24 e 1.05+0.07 e - -

Typhimurium 

Salmonella 2.75±0.35 b 1.20±0.14 " - 1.73+0.6 d 1.15+0.2S " - -

Choleraesuis 

Pseudomonas sp. 2.33±0.21 a 1.1±0.14 d - 1.S+0.0Sb 1.4S+0.04 c - -

Lactobacillus sp. 3.3S±0.17 a 1.46±0.07 c - 1.56±0.05 b 1.16±0.06 d - -

Lactobacillus sake 4.75+0.21 a 1.50±0.15 d - 2.13+0.0S b 1.20+0.14 " - -
~ ,." ~ ....... ~ 

- : b~~'J~ b~Ln{;)'lJ'W; N/A: b~~m~'Vl{;)fl'fl'l 

1 rh L'il~tJ L~'Wc.h'W~'Wunfl1~'lJlfm~1~llJm~uu~~ LLUf'lVl L1EJ ± rh LnEJ~ LlJ'W~'WI~31lJ 
2 ~'ltrm~~~LLl?1nj;h~nlJl'WLLlJ'JlJ'fllJiif'l'J1~LLl?1nj;]1'1nlJ'Vl1'1~n~ ~~:;~lJf'l'J1)JL~'fl~lJ~'flEJfl:; 95 

water tetracycline 

1.3S±0.04 d 2.2±0.12 b 

1.35±0.07 d 2.0±O.07 b 

1.1S±0.1S d 2.2±O.07 c 

1.20+0.12 " 2.4±0.13 c 

2.3S±0.04 a N/A 

1.04±0.06 e N/A 

1.S0±0.04 c N/A 

chloramphenical 

2.5+0.06 a 

2.5+0.11 a 

2.6+0.05 b 

2.9+0.09 a 

N/A 

N/A 

N/A 

~ 
-.J 

nkam
Typewritten Text
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.. 
.. 'UIOI51"O. 

- ~ ItlVl 4.1 ~..:j1~1'Wm~51J5..:jm~L~~'1!~'a..:j Lactobacillus sp. trM.J~fi disc diffusion method 
tJ '" '" II 

(LL~~..:jm1Ln~~..:j1~~'a..:j~1~'Wm'W"'H~ ~1~'Wm:;LYlm.J ~1~'Wm:;LYlmJ LL~:;~1~~n~ 
'IJ 

r ~ ~ 

~1~'a'an~'Vlfi51J5..:j,~'Wvttt.J1'W~1~'Wm'W'V'j~ ~'a eugenol t~t.J Ouattara LL~:;r1ru:; 
~ ~ 

(1997) ~1t.J..:j1'W~1 eugenol 1'W~1~'Wm'W'V'j~~lh:;~1ru1'at.J~:; 93-95 ~'a..:j~1~'Wm'W'V'j~ ~n~Ln 
~ , , 

1 'Wm ~51J5..:j' ~'W'Vl1~~'a..:jeugenol ~ ~ ~ ~'a phospholipids bilayer ~'a..:j L~'a~~ L"l!~M..:j \1.J 

Lll~t.J'WLLll~..:j lipid-protein interaction "'11 ~m~:n~ eJ1'WLL~:;Ln ~ m~f~~'a..:j L~'a~~ L"l!~;~1n;'W 
VI~'a"'11l~mmn1J~:;1J1JL'a'WL"l!~ L-n'W ATPase (Burt, 2004) 1'Wmcil~'a..:j~1~~n~~1mll~'an 

"r11JVi~ Voravuthikunchai LL~:;r1ru:; (2004) 'V'j1J~1~1~~~'a~1'WLll~'an"r11JVi~~'a flavonoids 
~ ~ 

tannins phenol sterols LL~:; triterpenes LL~:;'V'j1J~1~1~LVI',hi1~r1~1~~1~1~n1'Wm~51J5..:j 
~ ,~ 

L~'a'~'W'Vl1~ E.Goli 0157:H7 ~1t.J~'Wf~1..:j1 :n..:j~~1'Wm~51J5..:j'~'W'Vl1~~'a..:j~1~~n~~1mll~'an 

"r11JVi~1~~~L-n'WL~mn1J..:j1'W~{t.J~'a..:j Ahmad LL~:;r1ru:; (1998) LL~:; (;l1"ll!J1 ~'HmfLL~:;r1ru:; 
~ , , 

(2548) 'V'j1J~1 ~1 ~~ n ~~ 1 n Lll ~'a n"r11JVi~ ~~t.J L'a fi1'W'a ~ 1 ~ ~ 1 n 1 ~51J5..:jYl~..:j n~ 1 Pi~'" 1 ~ :;~1t.J~'W 1 

~'a hexane ethyl acetate choloroform n-butanol LL~:;~1 ~1~'a'an~'Vl~t'Wm:;LYlt.J~ ~'a allicin 
~ 

(diallyl thiosulfinate) n~Lnm~"'1..:j1'W~'a..:j allicin ~'a 51J5..:j1l~mm'Vl1..:jLr1~~'a..:jn~~ thiol ~'a..:j 

L'a'Wh~VI~1t.J"1l-U~1'W'~'W'Vl1~ t~mtl'W~1~L~~'a1l~n~t.J1 thiosulfinate L-n'Walcohol 

dehydrogenase, thioredexin reductase, RNA polymerase, cysteine 
. J 

proteinase "l!..:j 
~ 

~1~1~n'Jn51J5..:jL~ (Ankri and Mirelman, 1999) 
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4.2 n11Pin~11 "ji'l'U 1::Wl1·UI11'il::'il1!1 L'il:a 6i'U U'il::'111'1 n" i1'U L~'il'"li'U'VI1!1v1 • 
L "un::'I)J a1~ f'U n 1 H~ i" \'il L." L'Il)J L"!1 L'VI FIll FI ~'U L;f 'il i ~ 'il-l'U U'il::t11:: Lij 'U 

Fl11)J'I1)J11tlL 'U n11i'Ut~'"Ii'U'VI1tl'D'il~ \'il L." L'Il)J L'il'UUFltI'Il L'il-l'U'D'il~'I11'1 n" L"!1 . ... 
~fi disc diffusion 

... ~ . 
4.2.1 n111LFl11::~Fl1 critical micelle concentration (CMC) 'D'il~'I11'il::'il1!l 

L'il:a~'U 

1011 critical micelle concentration (CMC) Lij'Uf')'J1~L;r~;r'U'iI'tl'l~1~..11iSlT'Cl-n'U 
I I I I I '" 

~1 ~ ~Yl Ln ~ L~ L'lI'Cl 'Cl1 'U~1 ~'Cl:;'Cl1U L .w'tlYl'"l :;~1~1~~ m:;'"l1u~'J'UYlhl'Cl:;'Cl1UL 'UU1L ,x~1~1 ~~ 
" n~:;'"l1UL 'UU1L~ ,"1L~'"l1 n f')'J1~ i~~ 'Ufi~:;,"~ 1'1 LLN ~'1 ~'J'iI'tl'l~ 1 ~'Cl:;'Cl1U r;i''J..11iSlT 'Cl-nwi'IJ f')'J1~ 

L ;r~;r'U'iI'tl'l r;i''J..11iSlT'Cl-n'U L~U1' ~ f011 LLN ~'1 ~'J'iI'tl'l~1~'Cl :;'Cl1U L~'tl'"l1'1'i1'tl'l ~1~L'Clan ~'U~ f')'J1~ L ;r~;r'U 
" , 

1'tlU'Cl:; 0.1-20 L(1)UU1,",Jn L-nLIOi1'tl'l1'(1)LLN~'1~'J (goniometer) H'n1~1'(1)~'Ju~fi pendant drop 

E 
~ ., 
c 
~ 
("" 

:~ 
? 

~ 

100 

10 

- ....... N -.... 

r 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 192021 

A"nul-uuiiu-w~AilCu (i't:lU~uih....un) 

" 
1'tlU'Cl::1-20 L(1)UU1,",Jn 

CJ~ j;1Ji' ruorl~1~~1'U'~'UVl1-U ~~ ~'U1;'U,j~:;n'tl'IJ ~'JU~1~~ Ii (1) ~1'11~'Cl:;'Cl1UL 'U~1 LL'Cl:;hl 

" t '" I " 

'Cl:;'Cl1UL 'UU1 n1~L-n~1~..11iSlT'Cl-n'U'\.\'~~1 ~~ Ii ~Ylhl'Cl:;'Cl1U L 'UU1 L .w'tlL '\.\'n1~m:;'"l1U'iI'tl'l~1~~ Ii (1)~ • 

L'U~1~~1L~~'tl 'll'JUL'Un1~U1L,jL-if'1.~~1U;'U L'Un1~..11iSlT'Cl-n'UeL~'tl~'tl~~~1~~Ii(1) ~'tl'lL-n 
f')'J1~ L;r~;r'U'iI'tl'l~1~..11iSlT'Cl-n'U~L-n1 'Un1~Lj;11-U~~1~'Cl :;'Cl1UL'Cl L Yl L'lI~ ~'1 n~1 f')'J1~ L ;r~;r'U'iI'tl'l ~1~ 

..11iS~'Cl;'U~1~ (;1~ Ln (1)n1~'\.\'~L 'U~1~'Cl:;'Cl1U f011 f')'J1~ L;r~;r'U~1~ (1) L1-un~1 critical micelle .. , 
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concentration (CMC) \n \~r.nn r1,)1~i~~t.lfi1::~~1'1 ~1 log '1lt'l'lLLN ~'1 ~')n'U r1,)1~ L~~~t.I'1lt'l'l 

~11Vi1~~~-nt.l t~tJ CMC ~t'l r1,)1~ L~~~t.I'1ltl'l c;i')Vi1~~~-nt.l~~1 LLN ~'1 ~') L~~ r1'1~LL~::hj~ ~~'1 

L~t'l L ~ ~ r1 ') 1 ~ L ~ ~ ~t.I'1lt'l'l c;i') Vi 1 ~ ~ ~-nt.l (Hiemenz, 1977) 'il1 n r1 ') 1 ~ i~ ~t.lfi1::~ ~ 1'1 ~ 1 log 
, ", 

LLN~'1~')n'Ur1,)1~L~~~t.I'1lt'l'l~11~::~1m~~~t.I~11::~'U1t'ltJ~:: 0.1-20 t~ml1~~n Lt.lltJYl 4.2 'il:: 
, ., , 

L~t.I~1-rl,)'1r1,)1~L~~~t.lYlLYhn'U~1t'l~'1n~1 CMC ~t'l1tltJ~:: 11 t~ml1~~n Lijt'l,J1\tJe.J~(;l 

\~ t'Vit'l!~ t~tJL-n~11~n~'il1mtJ~t'lm1'Ul1~~::~1tJLt.lr)!J!J1r1~1 r11(11~1 ~1 CMC hJi:! LtJ~tJt.lLLtJ~'1 
I I" II I 

L 'ilt'l'l'il1 n ~ 11~ n ~'il1 n LtJ~t'l m1'Ul1~Yl e.J~~ ~'1 \ tJL t.lr)!J!J 1 r1,J 1i:!m~1 nJtit'l tJ ~'1~t.I~'1 L~tl n L-nYl 

" "" 
14 LL~:: 16 t~tJ,J1~~m(;l~tJ~~~~-nt.l'1ltl'l,J1~t.ln1t.1'Vi~ ,J1~t.I 

, ., 
i (11 ~')t.lYl L ~~1::~~'1lt'l'l ~11~::~1tJ L~~~t.lLL~::~11~ n (11 ~1t.1L ~t'l' ~t.I'Vl~tJ~ 1~f'U n11e.J~ (;l \~ t'Vi t 'l!~ 

., 
t(11m'Vlr1ijr1~'ULD~~~~-nt.l 

., ., , 
L t.ln 11'Vl ~ ~t'l'lCLLtJ1i (11 ~ ')t.l1::~~ 1'1 ~ 11L~on ~t.ln'U~ 11~ n (116'U6'1, ~t.I'Vl ~tJYlL-nL t.ln 11 

" 
Lt'lt.lLLr1tJ1 L~-nt.l t(11mLtJ1r1,)1~ L ~~~t.I'1lt'l'l~11~::~1m~en~t.lL,jt.l1'tltJ~:: 12 14 LL~:: 16 t(11 tJ,J1~~n 

" ., 
~')t.li ~ ~')t.I t~tJ,J 1~~n'1lt'l'l ~ 11~::~ 1 m~~ ~t.II;it'l ~ 11~1t.1'~t.I'Vl~tJ 1') ~~'1 3 'l!ij~ L t.I~~ ~-nt.l 

" 3 1::~'U ~t'l 1: 3 1: 6 LL~:: 1:9 L-nL'Vlr1ijr1;'ULD~~~~-nt.l (W,IOIWJ 'Vi'U~1YJm::;'U~1~11tl 

Ln (11 L,jt.l\~ t'Vi t 'l!~\~ 

B. 
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" ., ~(;l~'l'\.!'l(;ltJ ~mfru::1Jtl'l~,r~i'l.l Fl'l1~ L 1J~1J'I.l1Jtl'l 
., 

~1j'~::~1m~;n~'I.l 'I1T' .. Il1n1Jtl'l 

" (~tltJ~:: L(;ltJ'I11~l1n) ~1j'~::~1tJ 

L~;n~'I.ll'1tl 
1.1 <III:lro .. If'" 

~1j'[;l1'1.l'~'I.lVlj'tJ 

(:.J~~ 

12 1 : 3 Fl1~-if'l.l Li~tl~::L~tJ(;l hJ~1JmnLtJni'l.l 

1 : 6 .q . ~... :. " " 
Flj'~m~'l L'I.ltl~::LtltJ~ ~1Jmj'LLtJn"l!'I.lL~n'l.ltltJ 

1: 9 
... :;:. 

Flj'~L~~'l ~1JmnLtJn"l!'I.l 

14 1 : 3 Fl1~-if'l.l~m~tl'l Ltjtl~::L~tJ~ hj~1JmnLtJni'l.l 

1 : 6 Fl1~-if'l.l~m~tl'l Ltjtl~::L~tJ(;l hJ~1JmnLtJni'l.l 

1: 9 Fl1~m~'l Ltjtl~::L~tJ(;l hJ~1JmnLtJni'l.l 

16 1 : 3 ... '" ~ .... Flj'~1J'I.l m~tl'l Ltjtl~::L~tJ(;l hJ~1Jmj'LLtJni'l.l 

1 : 6 <II1II 1.1 ~ .. 
Flj'~1J'I.l m~tl'l Ltjtl~::L~tJ(;l 13J~1Jmj'LLtJni'l.l 

1: 9 Fl1~L~~'l L~tl~::L~tJ(;l13J~1JmnLtJni'l.l 

" " , 
Vl n~ (?l~'d'W L(?ltnJ 1'\.rUm':::~~1~~1 n~en~'WtitJ~1 T~ ri (?lfitJfi~'"l ~'WVl1-UVl1-n 'Wn'"! n 'el'WLLrltJ-, , 

~ L~i'W L(?ltJ1-ifLVl rlUrl~tJLn~~l1~i'W (W / OIW2) ~tJ~1'VJ m:::~tJ~1~1 Tmn (?l LU'WL~ L~L'l!~Lr11 
LL~n j;h~ ri'W~ rl'd1~WW(?l LL~ :::rl'd1~ L~'d 1 'Wn'"! nn (?l rl1~ L(?ltJ rl1~~11~i'W~ Ln (?l'"l1 n ~1T~:::~1tJ L~en ~'W 

2.7.2 

~l1~i'W~L~1-tJ~Lr11L~'elLntJ~'elOJ~lln 4 'el~Pl1L'l!~L~m-q LU'WL'd~1 7 tJ'W ~tJ~1 ~n'"!TLLtJn . .., 
1.1 I 1.1 I 1.1 1.1" 1.1 I 1.1 1.1 1.1 I 

i'W ~~ih1~VlLLtJn'el'elmU'W 2 i'W ~'eli'W-W1LL~:::i'WVlfi'lrl~ Lu'W~l1~i'W ~-;t'eli'W-W111'WLL~:::i'WVlfi~rl~ 
I 1.1 '" '" II I .... 1.1 I 

Lu'W~l1~i'W LL~:::VlLLtJn'el'elmU'W 3 i'W ~'eli'W-W1 i'WVlfi~rl~LU'W~11~i'WLL~:::i'W-W111'W (ltJVl4.4) 
II 1.1 II '" I 1.1 

LmtJtJ L VltJtJ~'eltJ ~ :::rl'd 1~ ~~"1l'el~i'W-W1~ -;t'eli'W-W 111'WVl LLtJ n'el'el n ~ 1 ri tJ rl'd 1~ ~~~~~~ (?l"1l'el~ ~'d'elU 1~ .., .., 
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A. B. 

C. ~ ____________ ~ D. 

'itlvl4.4 inMru:;n1~LLtJn-B\J'lJtl~;a,r~-nU Ll11mLl.l~Luu iU~tT~~~LUU;a,r~-nuhJiJn1~LLtJniu (A) ... 
'" '" '" I '" '" '" I 

-nutl'm~:;-nU~tT~~~LUU;a,r~-nU (B) ~1tl-nUtl1,rULL~:;-nU~tT~~~LUU;a,r~-nU (C) LL~:; 
I "'" " '" I " " 

~LLtJntltlmUU 3 -nu ~tl-nUtl1 -nU~tT~~~LUU;a,r~-nULL~:;-nUtl1,rU (D) 

" " , aI 
j;l1'i1~'Vl 4.3 n1 ~LLtJ n-nutl1'lJ tl~;a,r ~-nU~ m1 ~ L .;r~.;rU~1 ~~:;~ 1tJ L~~ ~ULL~:;i l11 ~ ,)U'lJtl~ 

, , 
AQ I i.I Q Q cr I tV ..::Y a ,q A. ,q 

~1 ~~ :;~1m~"ll J;lUJ;ltl ~1 ~~1U., ~U'Vl ~tJ [:oJ ~ ~ ~ 1~ nu L~tl Ln1J'Vl'~ ru ~JJ ~ 4 tl~ f111 L"ll ~ L"lltJ ~ 

LUUL,)~1 7 rfu 

.- .-
i~~~UL~~~1~un~~~ :.. 0 I ::. '" 

fI~1lJL~lJ~U~~.:I fI~1lJ~~~~.:I'IIUU1~~fI~1lJ~.:I'V1.:1~lJ~ (1~~~::) 

~11~::~1m~;~u ~11~::~1m~;~u~~ 

(~~~~::L~~~1~Un) " .. .., ... 1 .JU 2.JU 3.JU 4.JU 5.JU 6.Ju 7.JU 
~11mU"~U'V11~~~lJ 

12 1 : 3 a - - - - - - -

1 : 6 a - - - - - - -

1: 9 27.84 43.902 51.282 56.828 55.98 56.828 58.524 cd 

14 1 : 3 a 
- - - - - - -

1 : 6 a - - - - - - -

1: 9 13.599 16.260 18.67 25.833 27.728 32.478 37.898 be 

16 1 : 3 a 
- - - - - - -

1 : 6 a - - - - - - -

1: 9 a - - - - - - -

"unULYlI1l -: UJi1m1LLun"li'u 

a,b ,c,d LL~llhl~..:JrI'l1l-JLL(/\n~h..:JYl1..:J~ii~lULLU'l~..:JL~Yn::iu~ 7 '!Jtl..:Jm1L1iufm~n ~1::~Url'l1l-JL~tlJurtlUft:: 95 
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, , 
~Clt. I 11 .c:a, CII tr I Q.o' dI " q CIt. 

~1~~:;~ 1t1L~'l! (;]'WIWeJ~1~IW1'W~~'W'Vl~U I:J ~aJ (;]1~ now LaJ'fl LnlJ'Vl~ ruVlJ.JaJ 4 'fl~ P11-

L'l!~L~U~ LtI'WL,)~1 7 rJ'W 

" " i~~~UL~u~1~~n~~~ f'l~1~~~~~~iu~1~UlJl~f'l~1~~~11~~~~ (r~u~:;) f'l~1~L~~~U~~~ 

~11~:;~1m~~~u ~11~:;~1m~~~UlJl'el 

" 1 t)u 2 t)u 3 t)u 4 t)u 5 t)u 6 t)u 7 t)u (;:~tJf\::L~uU1~un) 
II ~ q ... 

~11j;]1U"l~U'Vl1U~~~ 

12 1 :3 - 0.758 1.515 2.273 2.273 3.788 4.545 ab 

1 : 6 - 0.82 4.098 4.917 6.557 6.557 7.317 abc 

1: 9 - 16.26 17.073 17.5 17.645 17.948 18.087 " 

14 1 : 3 - - -* -* -* 2.207 5.48 ab 

1 : 6 - 0.52 3.215 4.123 4.557 5.624 6.521 abc 

1: 9 - 8.13 9.925 10.256 11 .874 11 .874 11 .874 d 

16 1 : 3 - - - 0.68 1.361 2.749 2.773
a 

1 : 6 - - - 0.653 3.401 4.0833 4.451 ab 

1: 9 - - - 2.014 2.014 3.148 4.641 ab 

lnnW""ll * i:iul,ru'l-Jflfln.n uuitT~'W~nf\~l-Jl uun-nu 

a,b,c,d ,e u~(Mii~f1'l1l-JU~n"h~'V11~~Ci~1uuu'l~~L~~1::'i'u~ 7 '!Jfl~n11LritJfmn ~r::~tJl'I'lll-JL~fl,rurflUf\ :: 95 

, , 
q I oQ. 11 11 QCIrIo I 

r.nnm~1~'Vl 4.3 LL~:; 4.4 Y1lJ,)1m~LY1aJl"1,)1aJL'1JaJ'1J'W'1J'fl~~1~~:;~1t1L~'l!(;]'W'l!')U'l!:;~'fl 

'" I I '" II 

n1nLU n-n'W'1J'fl~~~~-n'W '1J ru:;Vl m~L~aJi (;l~')'Wt(;lUU1V1t!n'1J'fl~~1~~:;~ 1U L~~~'W(;]'fl~1~~lJ~~-

~~'W'Vl1-tJl:J~aJL1~m1LLun~'W L(;lU~,)'W~1~~:;~1t1L~:n~'W~~'flU~:; 16 L(;lU~1V1t!n;JmnLun~'W"lJ'fl~ 
"'" I I I I 

ib LL~:;U1~'W,J'flUVl~ (;l'fltJ1~;Jt!U~1 ~'1!Vl~:;~lJ 1"1,)1aJ L~'fl~'W~'flU~:; 95 1. 'WrJ'W~ (;lvr1U'1J'fl~ mnnlJ 
, , " 

fm~1 L(;ltIL~'flLlliUlJLVlUlJVli(;l~,)'WL(;lUU1V1t!n"lJ'fl~~1~~1'W9~'W'Vl1-tJ 1:3 1:6 LL~:; 1:9 Y1lJ~1 • 

L~'fl1"1,)1aJ L;raJ;r'W~1~~1'W9 ~'W'Vl1-tJ~~~ (;l ~~t!'W~i (;l~')'W t(;lU~1V1t!n'1J'fl~ ~1~~1'W9~'W'Vl1-tJ 1 :3 
q cu III III 

I I '" if '" I '" 

;J LL'W,) L UaJ1. 'Wmntl (;l:S~~-n'W1~~Vl~ (;l Ln'fl~91 nY1lJm1LLU n-n'W"lJ'fl~U1 LL~:;U1~'W,J'flUVl~ (;ll1~ri'fl'W • • 

LL~:;VI~~ m~~(;l1-(;l (extrusion) 1. 'W"lJru:;~maJ1ru'1J'fl~~1~~1'W9~'W'Vl1tJaJ1 n~'W~11. ~ Ltl (;l mmu n • 
~'WaJ1 n~'W 'fl19 Lti'fl~aJ191 n 1"1,)1aJ~1aJ1Hl1. 'Wm~~aJ~1~~1'W9~'W'Vl1u1r)'hJVlaJ (;l ~~ Ltl (;l n1 ~LLU n • • 
" J' ' 

-n'W"lJ'W L(;lm'il'Yn:::Vli(;l~')'W 1 :9 

.n1UVI~~~(;l1(;l Y1lJ~1 1"11aJ~I:J~(;]1~iJl"1,)1aJLilu'W~'W (nj~ 4.5) Lti'fl~91nm~~(;l1-(;l~1'W 
" 

L~'fl m'fl~~11. ~'1J'W1 (;l'1J'fl~1~ tY1L'l!aJ~ (;l~~ LL~:::iJ"lJ'W1 (;l1.n~ L~m~~1 L~aJ'fl n'W ~~ Ltl (;l 1"1'.l1aJ Lilu'W~'W 
(Liang, Davies and Toth, 2007) LL(;].n1UVI~~~(;l1(;l ~11.~Ltl(;lLL~~~(;lLL~:::1"1,)1aJ~'fl'W;'W~Cj,)"lJ'fl~ 
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L~'e) m''e)'!yi! 1,n~ L",,/l·nnJ1'!~,)klLL[;] n'e)'e) n ~'!n mnj~ ~tJ~mJ ~1J'~~'e)~~'e)'e) n~1vl11 ~Lfi ~ 
• 

mJ'LLtJn~kl~'e)'!I"1~~1~L~L"J!~Ln~~kl"Hr'!mJ'rer~~~ (Walde and Ichikawa, 2001) LL~::Ld'e)'Il1 
~,)kl~djkll"1~~1~L~L"J!~~1LntJ~m~n~1.lru~1Jij 4 'e)'!M1L"J!~L~tJ~ L,jklL,)~1 7 .rkl L~'e)'Vl~~'e)tJmJ' 

Li~ikl~'e)'!~1J'~::~1m~;~kl~1~ ~ 1 klJ'::~~1'!mJ'LntJ~nM1 1~ L~L"J!~n~kl1 ~~1~~J1 L~~'e) 
J' ~ q <i'''' cv cv .... t; ... 

(heterogenous) ~1n~kl r.nnklkl~LLkl,) ~kl~~tJj;J')nkl (aggregation) LL~')~~'e)~J'')~nkl (fusion) 

LL~')n~kl1 ~ 1 ~tki~kl vl11 ~~1J'~ Q mntJ Ii nf')'fl'e) n~1n 1~ L ~ L"J!~ J',)~ ~'! mJ'LtJ~tJklLLtJ~'!'Vl1'! Ll"1n 

~'fl,!~'e)~ L~ ~Yi ~~'fl1~ Ln ~tJnmtJ1'e)'e) n; L~-nklLL~::1!lL~ J'1~;~ L,jkl~1 L ~ (;J~vl11 ~ m J'on~ eJ1kl 

LtJ~tJklLLtJ ~'!1tJ kl'e) n~ 1 n,rkl~'Vlfi~ ~~kl~ n I:J ~ ~'e) 1"1') 1 ~ 1"1'1 r;i')~'e)'!1~ L ~ L"J!~ L"J!kl ,:r~4' tJ~ Ln r;)~kl 

J'::~~1'!mJ'I:J~j;J1~L~L"J!~ ,:r~4'mL')~~'e)~J'::~~1'!mJ'LntJ~nM1 (Vemuri and Rhodes, 1995; 

Edwards and Baeumner, 2006) 
, " 

~1nn1J''Vl~~'fl'!~tJ~1,:r~4'tJY1~,!I:J~~'e)n1nLtJn-nkl ~'e) (1) L,)~11kln1nntJ~nM1 

A. 

'1t1;14.5 1~L~L"J!~~I:J~j;J1~ri'flklmJ' extrusion (A) LL~::Il1tJ~~'!mJ' extrusion (B) ~'e),! 
" ", " 

~1 J'~::~1m~; ~kl~'e)tJ~:: 12 L~tJ'Il1wt!nY1 i ~ ~,)kl L~tJ'Il1~,rn~'e),! ~1J'~1kl'"l~kl'Vl ~~ • 

1 :6 

.... 1 ... 4.., ~ .- ... .. .-.., y. .., ~ ....... 
2.7.3 n 1 '11.J '1~ ~~ 1Hl'VI fi tI tJ tI ~"'" 'U 'VI '1t1 "11 '!l ~'eHJ 1l 'D 'U "11 iHI"'1 '1'" n ~ ~~ tl1 fi disc 

diffusion 

I I I 11 

Lij'e)'Il1~lT~-nklY1LntJY11.lru~1Jij 4 'e)'!M1L"J!~L~tJ~ LL~::1~LLtJn-nkl~~'!mJ'L[;]~tJ~ 7 .rkl LL~:: 
I ~ 11 I 

1 klm'ruY1nm J'LLtJn-nkl~~'! mJ'Lj;J~tJ~ 7 r3'kl 'Il1 L~~1::-nklY1~'!n ~ nMru::~'e)'!~lT~-nkl'e)~ (~'!I"1'!n 
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r II I I 

~m~tcw:;LiJul"i~'-J-lfu) '-J1Yl "'~'tl'lJ nYlfirj'lJrj'!'"l~u'Vi~U-~h11 H\ii '" n!n~'tl'-J L~rJt U!l1'\.nJ' Y/'lJ~1Yl n "I q q 

r ., , 

~'J'tlth'! LL~ "''I ~Ylfit Un! J'rj'lJrj,!, ~ UYl1U-YlYl '" ~'tl'lJ LL~ :;Yl'"l1 J'CW 1 L'tl Y/ 1 :;"1f'J'!Iil'J 1 '-J L-lf'-J-lfU"lJ'tl'! 

~1J'~:;~1rJ L~~~u~i "'~'JU~1J'~1U'"l~UYl1U-(:J~'-J (;]1'1 tlU 
q 

... r ., 

r;t1'i1.:1'V1 4.5 (:J~n!J'Yl "'~'tl'lJ~Ylfirj'lJrj,! LL'lJ IilYl iSrJ"lJ'tl,!~,r~iU"lJ'tl'!~1J'~1U'~UYl1U-(:J~'-J L"'rJ~fi 

disc diffusion 

gl1r~::~1tJ 

L~~~U[;)tl 

" '1~n~'I!n ) 

12 1 : 3 2.1±O.07 be 1.8±O.15 ns 2.2±O.05 b 2.3±O.11 bc 1.9±O.05 a 1.9±O.05 c 

1 : 6 2.3±O.08 cd 1.8±O.07
ns 

2.5±O.12 c 2.9±O.08 d 2.3±O.15 c 2.4±O.05 d 

1: 9 1.9±O.2 b 1.9±O.2 ns 2.5±O.09 c 1.5±O.07 a 2.05±O.07 b 1.58±O.12 be 

14 1 : 3 2.3±O.13 cd 1.9±O.11 ns 1.7±O.07 a 2.0±O.05 ab 2.0±O.11 ab 1.7±O.09 be 

1 : 6 2.2±O.07 cd 1.6±O.2 ns 2.2±O.2 b 3.0±O.13 d 2.2±O.14 c 2.1±O.17 c 

1: 9 2.2±O.2 cd 1.7±O.1 ns 2.2±O.14 b 1.8±O.2 ab 1.8±O.1 a 1.5±O.05 b 

16 1 : 3 2.7±O.12 e 1.9±O.23 ns 2.8±O.14 d 2.S±O.15 cd 2.2±O.OS c 1.17±O.08 a 

1 : 6 2.7±O.18 e 1.8±O.18 ns 2.8±O.16 d 3±O.17 d 2.7±O.12 d 1.5±O.06
b 

1: 9 2.4±O.2 cd 1.6±O.25 ns 2.6±O.13 cd 2.7±O.14 cd 2.7±O.21 d 1.33±O.11 ab 
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-a'tJvI 4.6 ... "lJ'W1 '" L'il~m.:ll~ 1 'Wn1J'~tJ~.:IiOl~h.l'Vi~u (L"1I'W~hlJ [;]J') Vi IO)'J1lJ L.JflJ.Jf'W~1J'~:;~1m~~~'W 
q 

3.5 

3 

12.5 

'/I 
2 ~ 

? 
r-
:::I 

'111 1.5 !! 

" r 

~ 
0.5 

0 

~'e)rJ~:; 12 L"'rJ~1~'I!n~'e)i"''''b'W~1J'rJh'WiOl~'W'Vi~u~1.:1n'W 

, 

E. coli ATCC 8739 E. coli ATCC 25922 Salmonella 
Typhimurium 

q 

d 

Pseudomonas sp. Lactobacillus sp. Lactobacillus sake 

! ~ 14% 1:3014% 1:6 ~ 14% 1:9! 

, " , 
-a'tJvI 4.7 "lJ'W1 '" L'il~m.:ll~l 'Wn1J'~tJ~.:IiOl~'W'Vl1-U (L"1I'W~ LlJ (;1J') Vi IO)'J1lJ L.JflJ.Jf'W~1J'~:;~1m~~~'W 
... q 
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, " , 
ZtJvl4.8 "llU1~L~~rJ'.l~L~LUn11tJtJtJ~'~U'Vl1U (L'JlU~iL~(;l1) V1~'l1~L;r~;rU~11~::~1m~:n~u 

" ~'elrJ~:: 16 t~rJ~1V1oJnf;i'el~~~'lU~11~1U'~U'Vl1U~h~nu 

a,b,c,d ,e lIi'lLfl'lJ~iltlm~t1fi1riULul1n~1.Jnulull~fl::llvi.JnnYhl.l1In(lh.Jnu'fl£h.JilutJri1rlClJ (p ~ 0.05) 

- " Ztl'VI 4.9 'l~'t~LL~~~f1i'l'elrh~n11tJtJtJ~n11L~~t1!"ll'el~ Lactobacillus sp. "ll'el~~~~-nU"ll'el~ 

~11~1U'~U'Vl1Ue.J~~ t~rJ~fi disc diffusion method 

, " 
~1n(;l111~V14.5 ~tJ~1 VJn~~~'lut~rJ~1V1oJn"ll'el~~11~::~1m~:n~U~'el~11~1U'~U'Vl1U 

" r " 
e.J~~i1~1'l~L~LUn11tJtJtJ~~1nn~1 0.8 L'JlU~L~(;l1 LL~~~~1i1~'VlfiLUn11tJtJtJ~'~U'Vl1U (Ponce 

.. II I II 

et al., 2003) t~rJi1~'VlfiLUn11tJtJtJ~'~U'Vl1U~~~~V1~~~'lut~rJ~1'VloJn~11~::~1m~:n~u~'el~11 
_.J _.J ~.., ~ ~ J' 

~1U'~U'Vl1Ue.J~~'Vl 1:6 'elrh~~oJrJ~1~t1!'Vl p < 0 .05 t~mLU'ltu~'tUn11rJtJrJ~L~~"llU 
.. '" <Q _... J' '" .J .J "* " L~'el~~~'lU~11(;l1U'~U'Vl1rJ~1n"llU rJm'lU'Vl~~~'lU 1:9 (ltl'Vl 4.6 4.7 LL~:: 4.8) L~'el1'elrJ~:: 

I I I " " 

~'l1~L;r~;rU"ll'el~~11~::~1m~:n~ui1~1~1 m~dj'el~~1~1nVl~~~'lU 1:9 i1n11LLrJn-nU"ll'el~~1~U 
" , 

LL~::~1~1 nn~1~ ~~'lU~U1 Vl1 L ~~'l1~~1~11~ L Un11n mihJ~11~1U'~U'Vl1rJ1.ul~ t~t'l!~tJ'elrJ 
I .J .4 .4 '" " '" .Q,Q.t '" ..... ::. m1'Vl~~~'lU~U LL~::L~'el1'elrJ~::~'l1~L"ll~"llU"ll'el~~11~::~1rJ L~'l!(;lU~1n"llU LLU'l tU~L Un11rJtJm 
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4 ~ .. ~J' 4%,J '" 0. 441'" J' 4,y,J .eM "'!.I 
"~'W'Vl1m~l-J~'W ~~~~'Gi'l'W~11[;11'W"~'W'Vl1t1l-J1n~'W 1'll-JCl'l'Gi~'Gi'l'W 1:9 L'W~'l1il1nf01'l1l-JL~l-J~'W 

~~'l~11~:::~1t1 L~on ~'WL ~ l-Jl-J1 n~'W -r111 ~ f01'l1l-J f01'l j;]'l~~'l'e),r ~-n'Wl-J1 n~'W dj'WCJ ~ 1 ~~1l-J11Cl~tJJ'l 
I I .. '" 

n11LIil1'1!~~'l,,~'Wvi1t11~Yli ~ ~'l'W~11~1'W" ~'W'Vl ~tJ~'l LL~~th'l L1ri [;11l-J Lij~ L YltltJ ~'Vlfin11~tJ~'l 
~ ~ , 

~~'l'e),r~-n'WLL~~:::"llU~ ~tJ~1~'Vlfi~tJ~'l"~'W'Vl~t11lJiJ f01'l1l-JLL[;1 n ~1'l n'WLn'Wt.rU'l L"ll'W~ Ll-J [;111 'W'YJ n 
~ ~ ~ 

i ~~'l'W L~ mhwwn"lJ~'l ~11~:::~1t1 L~on ~'W~~ ~11~1'W" ~'W'Vl ~tJ CJ ~l-J LL~ ~'l~1 ~'Vlfi1 'Wn11~tJ ~'l1.lJ 
, , ~ 

LL[;1n~1'ln'Wl-J1n (Burt, 2004) t1nLt)'WnJYl4 .6 Ylf01'l1l-JL-ifl-J-if'WL~on~'W~~t1~::: 12 L(;)t1,J1WWn .., .. ... 

i ~ ~ 'l 'W~ 11~:::~ 1 t1L~ on ~ 'W~ ~ ~ 11~ 1'W" ~'W'Vl~tJ CJ ~ l-J 1:9 LL~ ~'l ~'Vl fi1 'Wn 11~tJ ~'l 

Pseudomonas sp. ~1n~1i~~'l'W~11~:::~1m~on~'W~~~11~1'W"~'W'Vl~tJCJ~l-J 1:3 LL~::: 1:9 ~ti1'l 

L~'W1.~-n~ 

6 

15 c 

iI ;4 ... 
? 

!; 3 
r.a 
iI 
';2 
" -~ 1 

0 
E. coli ATCC E. coli ATCC Salmonella Pseudomonas Lactobacillus Lactobacillus 

8739 25922 Typhimurium sp. sp. sake 

,Au\1,rr 

~t1v1 4.1 0 f1'Vli~tJJ'lLLtJ f01YlL~t1~~'l'e),r~-n'W~~'l~11~1'W1il~'W'Vl~tJCJ~l-J~ f01'l1l-JL-ifl-J-if'W~11~:::~1t1 
" "I • 

L~on~'W~~t1~::: 16 L~mhwwnYli~~'l'W~11~1'W"~'W'Vl~tJCJ~l-J 1:6 ntJ~11~n~1il1n 

... , 
i~~'l'W~11~:::~1m~on~'W~~~11~1'W1il~'W'Vl~tJCJ~l-J 1 :6; • ~~,J1,r'Wn1'W~~Ylf01'l1l-J . .., 

~n~1il1m1J~~m1tJ'Vil-J~'lm~fi1'W~~~f01'l1l-JL-ifl-J-if'W~~t1~::: 100; . ~~ t111J5~'l'W::: 
• 4 .1 ....... 

tetracycl ine; f01~ tI1u{)"ll'l'W::: chloramphen ical 

a,b,c,d,e lIi'lLft'IJ~nti'm~t1fi1tltJLLlIln~h~nu1uLL~ft::LLYi~ n11~LLlIln(/h.lflUtlEh~ihru ri1f'it1J (p ~ 0.05) 

~ , ~ 

n11~tJ~'l1.~l-J1nn~1m11.jf~11~n~1il1nfi11l-J"ll1~~ti1'liJ,rtl~1~'1!Yl p < 0.05 ~~ ,J1,r'W 
~ 

m:::LYltll-J LL~:::~11~n~1il1nL1J~~n~tJ~l-J~'lm~fi1'W~~ LL~:::,J1,r'Wm'W~~1'Wnnil~~'l E. coli 

ATCC 25922 LL~::: Pseudomonas sp . LL~~1~'l1"11J1:::n~tJ~~'l'e),r~-n'W~f01'l1l-JL-ifl-J-if'WL~on~'W 
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" , 
~'f)fJ~:; 16 t~mJ1~~nVii~~!)'W~1J'~:;~1m~8]~'W~'f)~1J'~h'WIOl~'WYl1£fe.J~l-J 1:6 

q 

1/ I "" I 

~!)'W1JJ':;n'f)'IJ"ll'f)'l~1J'~1'W1Ol ~'WYl1£f~'l~1l-J'jjil~Vi f')!)1l-J L -ifl-J-if'W~'f)fJ~:; 11.4 t~mJ 1~~m Yh~'WL~'f) 
q 

LVifJ'lJfl'IJ~1J'~ n~1Ol1nfiJ'J'l-J'jj1 ~~ f')!)1l-J L-ifl-J-if'W~'f)fJ~:; 1 00 t~fJ~1~~n~'liJ f')!)1l-J L-ifl-Ji'Wl-J1n n~1 

lJJ':;l-J1ru 10 Lyh L~'f)LVifJ'IJ~Ylt~,r~-B''W~Yl~~'f)'lJn'IJmU~;!)'W:;~'f)'l'jjil~ ~'f) tetracycline LL~:; 

chloramphenical ~'IJ~1 ~,r~-B''W~Yl~~'f)'lJiJflYltl'Wn'"lJ'~'lJ6'l L~'f)IOl~'WYl1fJ1'Wn~wjJ'f)'l F coli ·1 q q 

" ATCC 25922 LL~:; Salmonella Typhimurium 1~l-J1nn~1mU~;!)'W:;~'l~'f)'l'jjil~ LL~M~1~1J' 

~ n ~~'l~1l-J'jjil~ 1 ~~YltL~1-l-J n'"lJ'~'lJ6'l L~'f)' ~'WYl1fJ1~l-J1 n~'W t~fJi ~~!)'W~1 ~~Yltn'"l J'~'lJ6'l 
" , 

~'l~~ ~'f) m1l-JLil-Ji'WL~8]~'W~'f)fJ~:; 16 t~fJ-w1~~nVi~1J'~:;~1m~8]~'W~'f)~1J'~1'W1Ol~'WYl1tJ 
OJ q q 

" " ~~l-J 1 :61'Wn'"lJ'~'IJ~'lL~'f)'~'WYl1tJ Pseudomonas sp. LL~:; F coli ATCC 25922 l-J1nn~1~1J' 

~ n ~'"l1 n~~'Wl ~J''f)f.h'liJ~fJ~1 ~ '1!~ p < 0.05 L~'f) LVifJ'lJn'IJ~Yltl 'Wn'"lJ'~'lJ6'l"ll'f)'l~1J'~ n ~1Ol1 n 

" " ~l-J'Wl ~J'1 'Wn'"lJ'Yl ~~'f)'l f')f'l LLJ'n ~'f) -W1,r'Wn'"l'W~~ ~1J'~ n ~'"l1 n LU~'f)n~'lJVil-J~ n ~~!)fJ L'f)fi1'W'f)~ 
q OJ 

" , 
LL~:;-W1,r'Wm:;LVifJl-J t~fJ~,r~-B''Wl~~1L'tl~fJ!)'lh 3.0+0.17 L"l!'W~Ll-JI?1J' LL~::: 2.8 +0.16 

" " I " 

L"l!'W~ Ll-J 1?1J'1 'Wn'"lJ'~'IJ~'l L~'f)IOl~'WYl1£f 1?11l-J~1 ~'IJ "lJ ru:;Vi-W1,r'Wn'"l'W~~ ~1J'~ n ~1Ol1 mU~'f)n~'lJVil-J 
q OJ 

" " " ~n~~!)m'f)fi1'W'f)~ LL~:;-w1,r'Wm:;LVifJl-J iJ"ll'W1~!)'l1~1'W~'IJ~'lL~'f)IOl~'WYl1£f Pseudomonas sp. 
q 

, " 
1 ~ ~1 L'tl~fJ 2.33+0.21 1 .8+0.08 LL~::: 1.1 + 0.14 L"l!'W~ Ll-J 1?1J' 1?11l-J~1 ~'IJ LL~:; L~'f)'"l~'WYl1tJ F 

q 

coli ATCC 25922 iJ~1L'tl~fJ 2.25 +0.07 1.48+0.39 LL~:; 0.95 + 0.07 L"l!'W~Ll-JI?1J' 1?11l-J~1~'IJ 

L"lI'WL~fJ!)n'IJ Liolios LL~:::f')ru::: (2009) 1~~m~t11~t~t"l!l-J~~'f)~l-J cavacrol LL~::: thymol ~~n~ 
q 

" " 1Ol1n-W1,r'W~'f)l-JJ':;L~fJ"lJ'f)'l Origanum dictamnus L . l'Wn'"lJ'~'IJ~'ln'"lJ'L'"l1-'1!"lJ'f)'l'~'WYl1tJ ~'IJ~1 
I r II I 

1~ t ~ t"l!l-JViiJ~1J'~n ~iJ ~Ylfil 'Wn'"lJ'~'IJ~'l'~'WYl1tJl-J1 n n~1~1J'~n ~VihJl~~'f)~l-J t~fJl ~ ~1!)'l1~ 1 'W 

" n'"lJ'~'IJ~'l Staphylococcus aureus S.epidermidis Psudomonas sp. LL~::: Fcoli "lJ'f)'l thymol 
t " r" " 

LL~::: cavacrol ~~'l~'f)~l-J~!)fJl~t~t"l!l-JL~l-J~'W 1- 4 l-Jl-J . t~fJ~Ylfin'"lJ'~'IJ~'l"1l'f)'ll~t~t"l!l-J~'W'f)~ 

n'IJ~ m~tru:::Yl1'l~1J':::Lf')iJ"1l'el'l1~ t ~ t"l!l-J (~,)'WuJ':::n'el'IJ, "1l'W1 t1l LL~ :::UJ':::,) J',)l-J t;'l ~,)'WuJ':::n'f)'IJ"lJ'el'l 

L~'el~l-J L"l!~;"lJ'f)'l'~'WYl1tJ iJ n~ In n'lJ'~'lJ6'l tt1lf.Jl~ t ~ t"l!l-J ~ 1l-J1nl'vhu~mm n'IJ L"l!~;'~'WYl1f.J1~ 
~~1f.JVifi1Yl1'l L"lI'W LLYlJ'm-if11ul'WL~'el~l-JL"l!~; (inter-membrane transfer) U~t1lU~'elf.J'elrJ1'l 

q 

lnMt1l (contact release) ~1-'f)1-nn'"lJ't1lt1l-n'IJ (absorption) ~1-'f)J',)l-Jr;i') (fusion) ~1-'f)n'"lJ't'f)'IJ~'f)l-J 
" 

(phagocytosis) tt1lf.Jl~ t ~t"l!l-J~~'WlU'f)rJl'l L~l-JI:::~l-J"lI,)fJl ~~IJ''el'f)n ~Ylt~Il-J1J'(l"1l'W~'lJ':::~~I'l 

L"l!~; (cellular transport) 1~~~'W LL~,)~'lU~t1lU~'elf.J~1J''f)'f)n~Ylte[l1fJl'WL"l!~;'~'WYl1tJ (Shoji 

" " 
and Nakashima, 2004) Rukholm LL~:::f')ru::: (2006) l~~m!I~lnlOlmJ'l-Jl'Wn'"lJ'~'IJ~'lL~'el 

LL'lJf')ViiSf.J (antibacterial activity) "1l'el'l1~t~t"l!l-JL'"l'WYlI1l-J:n'W (Iiposomal gentamicin) 1'Wn'"lJ' 

" " ~'IJ~'lL~'f) Pseudomonas aeruginosa tt1lfJ~m!lml~ time-kill ~'IJ~1 ~1 Minimum Inhibitory 

Concentration (M IC) "1l'el'l1~ t ~t"l!l-J L'"l'WYlI1l-J:n'WiJ~1 ~ln~1 n'IJ L'"l'WYlI1~:n'W~llJ eJl'Wn'"lJ'nn Ln'IJ 
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~ , 
1 L~-n'W'll'a~~11~ n {;)tJtJtJ~"~'WYl1-tJ ~1lJ11(l ~ (;) L~'a ni {;)~'J'WVl L '\ .. nn::~lJL~ ~'a fOl'J 1lJ L ;rlJ;r'W'll'a~ 

~ , , 
~11~::~1m~:n~'W1'atJ~:: 12 t{;)tJoU1".nrnVli{;)~'J'W~11~1'W"~'WYl1-tJ 1:6 Lil'a~r.nn hli1n11LLtJn 

.r'W'll'a~~1 LL~::i1 fOl'J1lJ fOl~ (;]'J i1 qYl~'" 'Wn11tJtJfi~"~'WYl1-tJ1 'WLn rwoyf~ LL~::1.·hfilJ1rwL~:n~'W1. 'W 

mlJ 1 rw'tJ 'a tJ 

4.3 n1'iAm!t1~ UI~1'U;I L \UJ1~~),I"lI'il~ L Yin ~'U LL~~LLf\~ L;!!I),I f\~'il 't'i~ Yi~1~ ~'t'1l L'1I'ili 

LL~~~1'i~n UI L 'Uru't~ L Yi L'1I),I~1\l1i'tJ n1'i;f'U'itJ L;j'U~i),l L Yi n ~'U 
~ ~ 

4.3.1 n1'iAn'l!t1~UI~1'U;lL\lI),I1~~),I"lI'il~LYin ~'U LL~~LLf\~ L;!!I),I f\~'il 't'i~ ~1\l1i'tJ 

;f'U'itJL;j'U~i),lLYin~'U 
~ 

~ 

t{;)mL1hi{;)~'J'WfOl'J1lJL;rlJ;r'WL'Vin~'WLtl'W 3 1::;tJ ~'a1'atJ~:: 2.5 3 3.5 LL~:: 4 t{;)tJoU1'\ . .nrn~'a 
., 

mlJ1[;l1LL~::LLfOl~LontJlJfOl~'ab~Ltl'W 4 1::;tJ ~'a1'atJ~::3 5 7 LL~:: 10 t{;)tJoU1~'I!n~'amlJ1[;l1 

L~ LL~'WYl ~lJ ~i1~ n~rw::i1 fOl'J1lJ1.~ LL.;j~ LLN LL~::i1 fOl'J1lJU {;)~~'WL~ n'tJ'atJ 

A. B. 

ztJvt 4.11 ~n~rw::'ll'a~LL~'WYl~lJ~~'Wt1JL~ ~'a ~n~rw::LL~'WYl~lJ~~'Wt1JYl~lJtJ'WLL~'W acrylic 

1.~ (A) LL~::~n~rw::Yl~lJJl1tJ~~~"'l1nn11LLn::'a'anr.nmL~VilJvrLL~'J (B) 
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~l-J~ I'h..:J1"ll'fl..:J LL~UYJ ~l-J LLM1..:J~..:J rl'Jll-J LL;..:J LLN rl'Jll-J~1l-J1J'tll umJ' 

U ~ 1'l'J n 'flU LLI'l mX n LL~:; rl'J 1l-J ~ll-Jlnll'il..:J 1"ll'fl..:J LL~UYJ ~l-J ;..:J LtlU~l-J~~i1 rl'J 1l-J ~11"i' '1J 1 um nj..:J 

u'fln~n'l:'tru:;"ll'fl..:J1'~~luuJ'J',Jlru" (Pranoto et al., 2005a) mJ'~LrlJ'1:;-J~l-J~l'il..:J1 "ll'fl..:JYJ~l-J 
, ~ 

L~n~uYiCJ~1'l1~"llnmmlhr11rl'Jll-JLojfl-JojfU"ll'fl..:JL~n~u (~'fltJ~:; 2.5 3 3.5 LL~:; 4 t~tJ,Jl'l"t!n 

I'im.nl-Jll'lJ') LL~:;rl'Jll-JLojfl-JojfU"ll'fl..:JLLrl~L;tJl-Jrl~'flh~ (~'fltJ~:; 3 5 7 LL~:; 10 t~tJ~lV1t!nl'i'fl 

ml-J 11'l J') 1 U~lUrl'J 1l-J VlUl r11 rl'J 1l-J ~ 1 U Yll ULLN ~..:J"ll 1 ~ r11 ~'fltJ ~:; m J'U ~ I'l 'J ~..:J"l~"ll 1 ~ LL~:; 
'" rl'Jll-J~1l-J1J'tll umJ'~l-J ~lU"ll'fl..:J l'fl,Jl 

0.06 

~ O.OS 

.i 0.04 
(I 

S. 0.03 
r 
;S 
~ 0.02 
r 
~ 0.01 

o 
2.S 3 3.S 

A"3.lt'!i3.l'!iU"IIih1L'WnAu (% w/v) 

• 

4 

[~ CaCIO% ~CaCI3% -k-- CaCI S% ~CaCI7 % ~CaCI10% I 

"l1 n m J'Yl ~~'fl..:J~U~ 1 r11 L'U~ tJ rl'J ll-JVlUl "ll'fl..:JYJ ~ l-J'flrl J':;VI~ 1..:J 0.02-0 .045 51 ~~ Ll-J I'l J' 
'" 

rl'Jll-JVlUl"ll'fl..:JYJ~l-J L~l-J~U Ld'flml-JlruL~ n ~ULL~:;LLrl~ L;tJl-J rl~'fl h~L~l-J~U'flrll..:Ji1t!tJ~ll"i' '1J~ 

p < 0.05 (::u~ 4.12) ;..:Jrl'Jll-JVlUl"ll'fl..:JYJ~l-Jri~U'fl~nUml-Jlru"ll'fl..:JLL;..:J~~:;~ltJl~u~lJ'~:;~ltJ 
, , ~ 

film-forming solution (Cuq et al. , 1997) ~..:J1uYi~~'fl L~n~ULL~:;LLrl~L;tJl-Jrl~'flh~ 

Ld'flml-JlruL~n~ULL~:;LLrl~L;tJl-Jrl~'flh~L~l-J~u.yhl""r11 storage moduli (G') i1r11L~l-J~U;..:Jl-Jl 
.... 0 .! d 'I"' .... , ..iCJ.! 0'1'" 

"llnmnn~"llU'JU"ll'fl..:J junction zone l-Jln"llU 'Ci..:JCJ~ bVILn~mm'flL"l~YlLJ''J"llU Yll bVl~lJ'~:;~ltJ 

"" .... .! ..I .! ... 1 '" ..i, CJ 'I '" l-Jrl'Jll-JVlU~l-Jln"llU (Norziah et al., 2001) Ll-J'fl"llUJ'UYJ~l-J ~ml-Jlru~1J'Yll-Jlnn'J1LtluCJ~ bVi 
'" 
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-C'G 50 Q. 

~ -.c 40 -C) 
s::: 

30 e -In 

~ 20 
In 
s::: 10 (1) 

I-

0 

2.5 3 3.5 4 

A11Ut"Jiu"JiU'2Iih1LWniu (% w/v) 

, , 
I 1.c;I !I .::I I I .oc:M 

91nn'l1Vl(;)~'el\lYnJ'rl rllL'U~mLNn'l1(WltJVlltJn'l1(;)\I'elm:;~'Jl\1 4.93 - 46 .875 MPa L~'el 
'" 

L ~~m~l ruL ~ n ~tJL tJ~'Jw,J ~~"lJ'el\l ~11~ :;~ltJ~H'~tJnm ;~VllL 'IX fOil ~ltJVlltJLLN ~\I"lJ'el\l 
'" 

LL~tJyj;~~ln~tJ LL(;]n'l1L ~~ LLrl~ L;tJ~ rl~'el hC?fVllL 'IX fOil rl'Jl~ ~ltJVlltJLLN n'l1~\I"lJl (;)~ (;)~\I'eltll\1~ 

,rtJ~lrl'1!~ P < 0.05 (t:tJ~ 4.13) L~'el\l91m~n~tJLiltJ geling agent (McHugh and Senesi, 

2000) L~'el L~~m~l ruL~ n ~tJ~\I LiltJe.J~ L 'IX~tJfi:;1:;~~l\1~ltJL~ L~n~ L~'el~4'lJritJ1~~~tJ ~\I,rtJ • 
yj ;~~\I~ rl'Jl~ LL ~\I LLN~l n~tJ LL~ :;L~'el~911ru 191 n 1tJ ~ (;)"lJ'Jl\1"lJ'el\l LrlN~¥l\1yj ;~~ e.J ~ (;)1~ 

'" 

junction zone ~lmntJ1tJ ~n'l:tru:;"lJ'el\lyj;~~1~Ln(;)~1 (pin hole) Ln(;)~tJ .yhL'lXyj;~~rl'Jl~ 
'" 

" LL~\I LL1\1~ (;)~\I tJ'eln91 ntln'l1L~~ Ln~'el LLrl~ L;tJ~~~ln LntJ1tJ VllL'IX Ln (;)n'l1LLVl1n LL"n\l"lJtJl (;)"lJ'el\l 

cross-link calcium ~\I'el19LtJ~tJtJLLtJ~\I~~lJ~L~\ln~"lJ'el\lyj;~1~ (Sriamornsak and Kennedy, 

LL~\I LL1\1JlltJL tJ~ltJt'li ~'el~ L~'elf L~'el'el'eln LLN ~\lyj;~9:;djtJn'l1Vll~ltJtJlii~~tJfi1:;~~l\1~ltJ 

~'el~ L~'elfri'eltJ LL~'J~\lVll~ltJ~ltJL'li~'el~ L~'elfltJ"ll'J\I (;]'el~1"lJ'el\ln'l1~\I (Guilbert, 1986) 
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16 
~ 14 cv e 12 J:l -cv 10 
c: 
0 8 
~ 
cv 

6 C) 
c: 
.2 4 
w 
~ 0 

2 

0 
2.5 3 3.5 4 

A'l1l1L1ill1iU1Iih1L'Wniu (% w/v) 

[ -. CaCI 0 % ___ CaCI 3 % -..- CaCI 5 % --*- CaCI 7 % -+- CaCI1 0 % I 

"1nn1~Yl~~tl..:jViU~1 ~1b'U~tJ~tltJ~:::n1~~~~,)"lltl..:jYJ;~tlU~:::t-d1..:j 3.74- 12.99 b~tl 
'lJ 

!I 11 .ca. ~ I 1191 ,q J' °'111111 4 Go' 

~,)1~ b"ll~"llU"lltl..:j bVi n (;lU(;l1~..:j bb~:::~1 ~,)1~ b "ll~"llU"lltl..:j bb~~ b'l!tJ~~..:j"llU Yl1 ~~ ~1~tltJ~:::n1~tJ ~m 
'lJ 

~..:j~UtlU1..:jiJ,rtJ~1~'1!~ p < 0.05 (llJ~ 4.14) btitl..:j~1"1nn1n~~m~1rubb~~b~tJ~":::b~~ 
., 

~1U,)U"lltl..:j elastically active chain (Norziah et al., 2001) l11L,x~tltJ~:::n1~~~~,)~..:j~U 
., , , 

Utl n"1 ntld~tlYi"1 HW 1"1 mlJ ~ ~"ll,) 1..:j"lltl..:j L~ N ~ ~1..:jYJ ;~-vi e.J ~ (;l1~ L~ tJ Len n ~tl..:j" ~ Yl ~~P1t!bbUU 
'lJ q 

.J I .J .oCII..r i.I .r.Q 
~tl..:jm1~ (~lJYl 4 .18 - 4.37) ViU')1 b~tlm~1rubb~~b'l!tJ~~1n"llU L~N~n..:j"lltl..:jYJ~~~ 

'lJ 

~n~ru:::~LlJi..:jVi~U~1nn~1 L~tJ~1~tltJ~:::n1~~~~')~..:j'~"ll1~ (% Elongation at break) ~tl 
~tltJ~:::"lltl..:j~:::tJ:::Yl1..:j~YJ;~~ ~tltln ~')tJ bbN ~..:j"ll1 ~ ~tlm1~tJ1') b~~ ~,)1~~ ~ ~,)"lltl..:jYJ;~~Utl~ 

nU~:::tJ:::Yl1..:j~:::~~1..:j" ~~ bn ~lJn~~~ufi~:::~~1..:j L~ b~n~ (J'unction zone) tl1~:::tJ:::t-h..:j"lltl..:j" ~~ 
q dJ q q ., 

bn ~lJ~~~~Ufi~:::~~1..:j L~ b~ ~~~U ~tltJ~:::n1~~ ~ ~') ~..:j' ~"ll1 ~,,:::iJ ~TWtltJ YJ;~iJ~n~ru:::blJ~1::: 

LL~:::hJ~ ~~tJu (Guilbert, 1986) L~tJ~') hlLL~,) 1"11 1"),)1mL;j'HL~:::1"),)1~~ ~~tJU"1J'fl-!lYJ;~'"l1n 
• q 

~1 fi:u1.m~~(;l~1tl LlJ ~~uiJ 1")') 1~ ~~~ufi e.J n er unU~:::~~1..:j ~1 bbN n1 ~~hUYl1Un1~~..:j bb~ :::~1~tltJ 

~:::n1~~ ~ ~,)"lltl..:jYJ;~ (Kang et al., 2005)~..:j ~1 ~,)1~ ~1UYl1UbbN~..:j~Utl~ num1~ bb;j..:j bbN 

I .a.". 11 I !I oCt .q I I COl' I 

~:::~,)1..:j~1tJVitl~-b~tl~ m ~1 ~,)1 ~ (;l1UYl1UbbN ~..:j~ ~1~..:j bb~ ~..:j,)1 ~,)1 ~ bb"ll..:j bb~..:j ~:::~,)1..:j ~1tJVitl 
'lJ 

~b~tlfiJ~1n~u bVin:::bn~lJ~~~~ufi~:::~~1..:jL~b~~~ Uunction zone) ~1n~u .yhL,x~:::tJ:::'\.h..:j 
, ., ., 

"lltl..:j, ~-vi bn ~lJ~~~~ufi,ru~u btlUe.J~ L ,x~tltJ~:::n1~~ ~ ~')~..:j' ~"ll1 ~iJ ~1~ ~~..:j 
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A1'".l,b .. 'liU"IIih1L'Wniu (% w/w) 

l:!: CaCIO% ........ CaCI3% -.-CaCI5% ~CaCI7% ~CaCI10% I 

" "1lT.l~1'tnJ1"1lT.l~LL~'WYJ~l-J 

, " 
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r;;nnn1J''Vl{;1~T.l~YflJ~1 rl1L'il~tln1J';l-J~1'W"1lT.l~lT.l'1J1T.l~J':;~~1~ 1.256 - 11 .458 f...lg/m s 

Pa LL~ :;LnT.lml-J1 ruLym ~'WLL~ :;LLr1~ L~Ul-J r1~T.l h~L~l-Jl-J 1 n~'W rl1 mJ'~l-J ~ 1'W"1lT.l~1T.l~1 L ~l-J~'W 

T.lth~ihru~1I"1ry~ p < 0.05 (ttJ~ 4.14) LtiT.l~"'l1m~n~'Wdj'W~'Jn hydrophilic ~~iJn1J';l-J­

~1'W"1lT.l~1T.l~11~~~ (Guilbert, 1986) LnT.l~"'l1J'ru1"'l1mtJ~{;1"1l'J1~"1lT.l~Lr1N~h~YJ~l-J~I:.J~[;l1~ 
~ ~ 

Ll'luHn~T.l~"'l~'VlJ'J'fiI,rLLUU~T.l~m11'l (J'tJ~ 4.18 - 4.37) ~U~1 LnT.lml-J1ruLLr1~L~Ul-Jl-J1n~'W . ~ 

, " 
Lr1N ~¥1~"1lT.l~YJ ~l-JiJ ~ nMru:;~LtJi~~ J''Wl-J 1 n n ~1 LL~:;iJ J'T.lU LL[;l n 1 'WLL~'WYJ ~l-J ~~ I:.J~ 1 mT.ltJ 1 • 

" 
1'W n1J'"1l'J1~n'W (barrier) "1lT.l~YJ~l-J"'l1mLiJ~,r'WLLn'J ~U~1 YJ~l-JiJrl1m1l-J~1l-J1J'Cln1J'~l-J~1'W 

"1lT.l~1T.l~1~~~'W LnT.lml-J1 ruLLiJ~l-J1 n~'W L tiT.l~"'l1 n YJ~l-J"'l1 n~T.l~ LLeD r1 r11 h~iJ~'J'W"llT.lU~1 
(hydrophilic) ~l-J~'Wfinun1J'~iJ~~ hydroxyl ~M:;1'WLr1N~¥1~~l-J1n vh1"''L~l-Jn1J'~unU~1 
l-J1 n~'W LtlW.J~ 1 ""1T.l~1"llT.lu~l-J ~1'WYJ~l-J L{;1U rl1 r1'J1l-J~1l-J1J'Cl mJ'~l-J ~1'W"1lT.l~1T.l~1 (water 

vapor permeability) ~T.lml-J1rulT.l~1Ltl'Wnfl-J~;l-J~1'W"'l1n~'J~':hJh'Wwn~ltJ~~~nJl1'W~~~~T.l 

~~~WW'J U~ 'W ~ ~'J ~T.l~~~ ~\l'J U r1 'J 1l-J ~'W 1"1lT.l~ YJ ~l-J 1 'WJ':;U:; L'J ~1~ ih~'W{;1 LL~ :;111 U 1~~111'J:;~ 
r1'JUr1l-JT.lru~l1ij LL~:;r1'J1l-J~'W~l-J~'Vlfi (Guilbert, 1986) ,hYJ~l-JiJ rl1 r1'J1l-J~1l-J1J'Cl1 'Wn1J'~l-J-.. ~ 

~1'W"1lT.l~1T.l~1"1lT.l~ LL~'WYJ~l-J ~1 ~1l-J1J'Cl-w11tJtJJ':;u n tfL on nul:.J ~ [;l.n ruevl~ ~T.l~ mJ'uJ'J''''l.n ruevl~ • • 
" iJT.l~n'Wr1'J1l-J~'W1Jl (Rivero, Garia and Pinotti, 2009) 



4.5 

iii 
4 ... 3.5 c 

I!! 3 
~ 
'C 2.5 ... 
.2 2 
0 
CJ 1.5 

2.5 

~ 

I 

3 3.5 

A'111L,)'1I,)'U!lihHWniu (o/.w/v) 

4 

I ~CaCI 0 % ---CaCI 3% *- CaCI 5 % ~Ca~1 7 % ~Ca~1 ~O %] 

ItJ~ 4.16 e.J~"1I~\l~'Jl~Lif~if'lJLYm~'lJLL~~LL~~L~rm~~~h~(9]~~I"11~\l~(;n~(9]I\l"1l~\l~ (LiE) 

"1I~\lLL~'lJ~;~ 
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~'Jl~ Lif~if'lJT~rJ~:; 5 7 1 0 'i:~rJ~l\nrn(9]~m~1 [;lJ''i:~rJ~'Jl~Lif~.;r'lJ''1I~\l''1l~\l L~n~'lJhJilml~ 

LL[;ln(9]I\l~rJl\li1,rrJ~l..rry~ p < 0.05 (ltl~ 4.15) 'i:~rJ~I~"1I~\l~;~~i1~'Jl~~I..r'1J ~~ ~1 L * 
, " , 

~\lLL~~\l~'Jl~~~I\l"1l~\l~ LL~:;~1 b* LL~~\lJ':;~u~m~~\l-tllL~'lJ L~~~1 b* LtI'lJ~IU'JmL~~\l 

im!ru:;~L~~~\l ~'J'lJ~1 a* LL~~\lJ':;~U~LL~\l-L~rJ'J 'i:~rJ a* LtI'lJ~IU'JmL~~\linMru:;~LL~\l 

'i:~rJ1'lJVJn~Jll'J:;(LL~~\l1'lJJll~e.J'lJ'Jn ~) i1~1 L* (95.033 - 96.09) ~~\l LL~~\l~I~;~i1~'Jl~ 

~~I\l~ln~1~i1~'J1~1~~ln i1~1 a* (0.027 - 0.45) LL~:; b * (3.01 - 5) 'flrJ1'lJ'll'J\l~~1 LL~:;~1 
'" 

'i:~rJ ~1~"1I~\l~;~rJ~~~~Vl fi~~ (9]~ n1J'rJ~~ fU"1I~\l ~u1'i:Jl ~ (9]~UJ'J'r.Fi ru,,~1'flrj~ ~,r'lJ1 (Kunte et 

al., 1997) ~1~'JI~LL[;ln(9]I\l"1l~\l~ Ch~~I.w~rJn~1 3.0 .yi11m~~I~IJ'mLrJn~'JI~(9]I\l"1l~\l~'i:~rJ 

~lrJ [;l1~'lJMrJl~ (Francis, 1983) LL~:;n1J'~ ~1 ~'JI~ LL[;ln (9]1\l"1l~\l~~ ~1~ ~1 LtI'lJ.;r~ ~1 'lJn1J' • 

tll hJ1'ifLtI'WUJ'J'~Ji ru,,~i1 F1'J1~1~ (clear packaging) ~\li1 ml~~1 LtI'W~ !11'fl\l1-nrj~ ~~1~i1~ 
(Lee et aI., 2008) L~'flLmrJULVlrJU~I~'JI~(9]I\l"1l'fl\ltiu~;~"]jU~~'W L'll'W ~;~r.nnhh~'W5'J­

m~~\li1~I~'JI~LL[;ln(9]I\l"1l'fl\l~ 8.5-11.6 (Kunte et al., 1997) ~;~r.l1n'i:tlJ'~'W1"1i"1l1'J~~I~'JI~ 

LL[;ln[;]I\l"1l'fl\l~ 1.7-2.3 (Genadios et al., 1996) ~;~e.J~~ HPMC (chitosanl hydroxypropyl 

methylcellulose) ~~IF1'JI~LL[;ln[;]I\l"1l~\l~ 0.52-1.18 (Rotta et al., 2009) 



E 2.1 

~ 1.9 
c 1.7 
>< .i 1.5 
"-" 1.3 
:5 1.1 
C'II &. 0.9 
E 0.7 
iE 0.5 
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-- , 
2.5 3 3.5 4 

l ~caCI 0 % ~CaCI3% ___ CaCI5 % ~CaCI7 % """,*"""CaC110 % I 

, 

r.nnn'l~YlC;)~'El\l~U~1r11L'U~tJfOl'J1lJ~'W'El~~:::,..d1\1 0.921 - 2.99 Au x nm/J...lm r11fOl'J1lJ 

~'W~C;)~\lL~'ElLL~:::LLfOl~L~tJlJfOl~'Elhc;l~\I~'W'ElrJ1\1~'I!tJ~1f'i'1J~ p < 0.05 (lU~ 4.17) L~'El 

LmmJLYitJuriuYl'CflJYl1\1n'l~~1 L"li'W low-density polyethylene (3.05 A600/mm) ~1'El oriented 

polypropylene (1.67 A6001 mm) (Zhang and Han, 2006) ~u~1Yl'CflJ~e.J~j;l1~~r111n~'L~tJ\I 
" riUYl'CflJYl1\1n'l~~Tt1\1~'El\l"JjUc;) l111 ~~1lJ1~~~11uu~:::tJn j;l1-rt~ Lc;)tJ f011 fOl'J1lJ~'W'1l'El\lYl'CflJ LU'W • • 

f011~~ fOl'J1lJ~1 ~ '1J (critical property) ~\I Lu'W~niJ'"l~tJ~~\I~~11uu~:::~n Ifl-nriuu~~~.tiru" 
Lc;)tJ L'U~1dh LL~'WYl'CflJ~ n H1 'Wn'lnfOl~'ElU ~'J~U1'El1~1 ~~1'El L ~'El n'l ~ufuu~\I~ m~tru:::u~1 n{]'1l'El\l 

e.J~j;l.tiru" (Rivero et a/., 2009) LL~:::Lti'El\l'"l1niJ'"l'"l,j'W~fOl'J1lJ~'El\ln'l~~~C;)~~fOl'J1lJ~'W~1LL~:::~ • •• 

fOl'J1lJ1~ L~'El~1lJ11-nu~~~.tiru"~ ~'El\l n'l~fOl'J1lJ1~ (clear packaging) L~'El~'"l:::1~lJ'El\l L~'WI;l'J 
e.J~j;l.tiru"~1'El~'W~11~~1tJ (Lee et a/., 2008) 

" , " 
'"l1 n'l!'W~1Yl'CflJYi1~'"l1n LL(;]~ :::~1l1'J:::lJ1 n 1 ~j;l~'J'"l~'ElU~ m~tru:::~'W~'J LL~dfOlN~~1\1'1l'El\l 

, " 
Yl'CflJ L~ n~'W ~'JtJn~'El\l'"l~Yl~~Pl,r~ L~n j;l~'El'WLLUU~'El\ln~1C;) L~'El~ LfOln:::oJ~ nMru:::~'W~'J LL~::: • 
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A. B. 

-atJvl4.18 nJ~1£J~'\J~,) (A) LL~:;~tJ~"''lJ,)1-:J (B) 'lJ'el-:J~~lJ~r1,)1lJLejflJejf'\JLYln~'\J~t)£J~:; 2 .5 
~ ~ ~ ., , , 

L"'mhl,nrn~'elmlJ1l'l~ -vlhJt:J~lJLLr1~L~£JlJr1~'elh~ (-vlih~-:J'lJm£J 2,000 L'VhLL~:; 
, 

.:::II 0 Cl.o' I 0 0.' 

'Vln1~-:J'lJm£J 7 ,500 L'Vl1l'l1lJ~1"'1J) 

A. B. 

-atJvI 4.19 ~tJ~1£J~'\J~,) (A) LL~:;~tJ~"''lJ,)1-:J (B) 'lJ'el-:J~~lJ~r1,)1lJLejflJejf'\JLYln~'\J~'el£J~:; 3 
~ ~ ~ ., , , 

L"'mJ1'\.rwn~'elmlJ1l'l~ -vlhlt:J~lJLLr1~L~£JlJr1~'elh~ (-vlih~-:J'lJ£J1£J 2,000 L'VhLL~:; 
, 

V1n1~-:J'lJm£J 7,500 L'Vi1l'l1lJ~1~1J) 

A. B . 

., , ., 
-atJ;14.20 ~tJ~1tJYl'\J~,) (A)LL~:;~tJ~"'"lI,)1-:J (B) 'lJ'el-:J~~lJV1r1')1lJLejflJejf'\JLYln~'\J 3 .5 t",mJT\.n!n 
~ ~ ~ 

~'elmlJ1l'l~ ~hJt:J~lJLLr1~L~£JlJr1~'elh~ (~n1~-:J'lJm£J 2,000 L'Vi1LL~:;~n1~-:J'lJm£J 

7,500 L'Vi1l'l1lJ~1~1J) 
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A. B. 

.. , , 

L(;lmJTt.n1n[;J'elmlJ11'lJ' VlhJ~~lJLLf'l~L~tJlJf'l~'elhrl (Vlrh~-.:I"1ltJ1tJ 2 ,000 LYl1LL~:; 
, 

.ctI 0 ..... I 0 cv 

Vln1~-.:I"1ltl'ltJ 7 ,500 LVl11'l1lJ~ 'W1U) 

A. B. 

'aU;: 4.22 nJn1tJ~'\..l~'.l (A) LL~:;nJ~(;l"1l'.l1-.:1 (B) "1l'el-.:lyj;lJ~f'l'.l1lJL;rlJ;r'\..lL'Yin~'\..l¥'eltJ~:; 2.5 
~ ~ ~ .. , .. 

L(;ltJ,JTWWn [;J'elmlJ11'lJ' Vl f'l'.l1lJ L;rlJ;r'\..lLLf'l~ L~tJlJ f'l~'el h(;l1'eltJ~:; 3 L(;ltJ,J1tn1n [;J'el 

mlJ11'lJ' (~n1~-.:I"1ltl'ltJ 2,000 LYl1LL~:;~n1~-.:I"1ltl'ltJ 3,500 LYl1 1'l1lJ~1~U) 

A. B. 

'aU;: 4.23 nJn1tJ~'\..l~'.l (A) LL~:;nJ~(;l"1l'.l1-.:1 (B) "1l'el-.:lyj;lJ~m1lJL;rlJ;r'\..lL'Yin~'\..l¥'eltJ~:; 2 .5 
~ ~ ~ 

L(;ltJ~1'\.-n1n [;J'elmlJ11'lJ' ~ m1lJ L;rlJ;r'\..lLLf'l~ L~tJlJf'l~'el h(;l1'eltJ~:; 5 L(;ltJ~1~~n [;J'el 

mlJ11'lJ' (~n1~-.:I"1ltl'ltJ 2,000 LYl1LL~:;~n1~-.:I"1ltl'ltJ 3,500 LYl1 1'l1lJ~1~U) 
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A. B. 

~, ~ 

L~mJ1~,rmhnJhJ'1 m ~ rl'J1l.J L-irl.J-ir'WLLrl~ L~tJl.J rl~tlh~1tltJ~:; 7 L~tJ{b~,rmltl 

ml.J1(;l)' (~n1~~~tJ1tJ 1 ,500 Lvl1LL~:;~n1~~~tJ1tJ 3,500 L'Yl1 (;l1l.J~1~U) 

A. B. 

1tJ;I 4.25 nJti1tJ~'WCj'J (A) LL~:;nJ~~~'J1~ (B) ~tl~YJ~l.J~rl'J1l.JL-irl.J-ir'WL~n~'W~tltJ~:; 2.5 
~ ~ ~ 

." ~ 

L~tJ'\J1~,rmltlml.J1 (;l)' ~ rl'J1l.J L-irl.J-ir'WLLrl~ L~tJl.J rl~tl h~1tltJ~:; 1 0 L~mJ1~,rn ~tl 

ml.J1(;l)' (~n1~~~tJ1tJ 2,000 Lvl1LL~:;~n1~~~tJ1tJ 3,500 Lvl1 (;l1l.J~1~U) 

A. B. 

1tJ;I 4.26 nJti1tJ~'WCj'J (A) LL~:;nJ~~~'J1~ (B) ~tl~YJ~l.J~rl'J1l.JL-irl.J-ir'WL~n~'W~tltJ~:; 3 
~ ~ ~ 

~, ~ 

L~tJ,J1~,rn ~tlml.J 1 (;l)' ~ rl'J1l.J L -irl.J-ir'WLLrl~ L~tJl.J rl~tl h~1tltJ ~:; 3 L~tJ,J1~,rn ~tl 

ml.J1(;l)' (~n1~~~tJ1tJ 2,000 Lvl1LL~:;~n1~~~tJ1tJ 3,500 Lvl1 (;l1l.J~1~U) 
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A. B. 

~ , ~ 

L~rJ-W1~,rn [;J'fl,JhJ1l'l~ Yl rl'l1l-J L-ifl-J-if'WLLrl~ L~m,J rl~'fl h~1'flrJ~:; 5 L~rJ-W1~,rn [;J'fl 

ml-J1l'l~ (~ihi\l'1lmrJ 2,000 LY]1LL~:;~ihi\l'1lmrJ 3,500 LY]1 l'l1l-J~1~1J) 

A. B. 

'lufi 4.28 nJ~1rJ~'WeJ'l (A) LL~:;nj~~'1I'l1\1 (B) '1I'fl\l~~l-J~rl'l1l-JL-ifl-J-if'WL'Yin~'W~'flrJ~:; 3 
~ ~ ~ 

A. 

~ , ~ 

L~rJ-W1~,rn [;J'flml-J 1l'l~ Yl rl'l1l-J L-ifl-J-if'WLLrl~ L~rJl-J rl~'fl h~1'flrJ~:; 7 L~rJ-W1~,rn [;J'fl 

ml-J1l'l~ (~ihi\l'1lmrJ 2,000 LY]1LL~:;~n1i\l'1lmrJ 3,500 LY]1 l'l1l-J~1~1J) 

B. 

L~rJ~1~,rn [;J'flml-J1l'l~~ rl'l1l-J L .jfl-J"if'WLLrl~ L~rJl-J rl~'fl hm'flrJ~:; 1 0 L~rJ~1~,rn [;J'fl 

ml-J1l'l~ (~n1i\l'1lmrJ 2,000 LY]1LL~:;~n1i\l'1lmrJ 3,500 LY]1 l'l1l-J~1~1J) 
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A. B. 

'" ... 
L~U,J1'I.nrn ~'enJhJ'H91J' Vi rl'l'll-J Lejfl-Jejf'IJLLrl~'H~m.j rl~'el h~1'elU~:; 3 L~u,J1'WWn ~'el 

ml-J'l(;1J' (~n'l~-:I'1JmU 2,000 L'Vl'lLL~:;~n'l~-:I'1JmU 3,500 L'Vl'l (;1'll-J~'l~U 

A. B. 

~... , 
~t1'V1 4.31 J'tJCl'ltJYl'IJ~'J (A) LL~:;J'tJ~~'1J'l'l-:l (B) '1J'el-:lYJ;l-JVirl'l'll-JLejfl-Jejf'IJLYm~'IJ~'elU~:; 3.5 
~ ~ ~ 

A. 

", ... 

L~U,J'1'mrn ~'elml-J'l (;1J' Vi rl'l'll-JLejfl-Jejf'IJLLrl~ L~Ul-J rl~'el h~'eltJ~:; 5 L~U,J'1'I .. nrn ~'el 

ml-J'l(;1J'(~n'l~-:I'1JmU 2,000 L'Vl'lLL~:;~n'l~-:I'1JU'lU 3,500 L'Vl'l (;1'll-J~'l~U) 

B. 

L~U~'ltnrn ~'elml-J'l (;1J' ~ rl'l'll-J Lejfl-Jejf'IJLLrl~ L~Ul-J rl~'el h~1'elU~:; 7 L~U~'ltnrn ~'el 
ml-J'l(;1J' (~n'l~-:I'1JmU 2,000 L'Vl'lLL~:;~n'l~-:I'1JmtJ 3,500 L'Vl'l (;1'll-J~'l~u) 
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A. B. 

~, ~ 

L~mJ,1".,.Wn (;]'f)tI'hJ1 ~~ Vi fO)'J1l.J L .jfl.J.jfULLfO)~ L~tm fO)~'f) h~1'f)tJ~::; 1 0 L~tJib~,rn (;]'f) 

ml.J1~~ (~n1~\I~mtJ 2,000 LVI1LL~::;~n1~\I~mtJ 3,500 LVI1 ~1l.J~1~U) 

A. B. 

xtJvI 4.34 lud1tJ~U~'J (A) LL~::;lU~~~'J1\1 (B) ~'f)\I~~l.J~fO)'J1l.JL.jfl.J.jfuL~n~U~'f)tJ~::; 4 

L~tJ~1~,rn(;]'f)ml.J1~~ ~fO)'J1l.JL.jfl.J.jfULLfO)~L~tJl.JfO)~'f)h~1'f)tJ~::; 3 L~tJ~1~,rn(;]'f) 

ml.J1~~ (~n1~\I~mtJ 2,000 LVI1LL~::;~n1~\I~mtJ 3,500 LVI1 ~1l.J~1~U) 

A. B. 

L~tJ~1~,rn(;]'f)ml.J1~~ ~fO)'J1l.JL.jfl.J.jfULLfO)~L~tJl.JfO)~'f)hm'f)tJ~::; 5 L~tJ~1~,rn(;]'f) 
ml.J1~~ (~n1~\I~mtJ 2,000 LVI1LL~::;~n1~\I~mtJ 3,500 LVI1 ~1l.J~1~U) 
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"', '" 
L~tJtl'l\nrn ~'eltl'h.J'lj;lJ' Vi rlr;}1~ L.jf~.jftJLLrl~ L~m.J rl~'el h~1'eltJ~:; 7 L~tJtl1"rwn ~'el 

m~11'lJ' (~n1~\I"lJmtJ 2,000 LYl1LL~:;~n1~\I"lJmtJ 3,500 LYl1 1'l1~~1~1J) 

A. B. 

'1tJvi 4.37 nJ~1tJ~tJ~r;} (A) LL~:;J'tJr;i~"lJr;}1\1 (B) "lJ'el\lYJ;~~rlr;}1~L.jf~.jftJL'Wn~tJ¥'eltJ~:; 4 
~ ~ ~ 

"', '" 
L~tJtl1V1,rn ~'elm~11'lJ' Vi rlr;}1~ L.jf~.jftJLLrl~ L~tJ~ rl~'el h~1'eltJ~:; 1 0 L~tJtl1V1,rn ~'el 

m~11'lJ'(~n1~\I"lJmtJ 2,000 LYl1LL~:;~n1~\I"lJmtJ 3,500 LYl1 1'l1~~1~1J) 

'"l1mtJ~1tJ~r;}tJn~'el\l'"l~YlJ'J'Ii!~L~nl'lJ''eltJLL1J1J~'el\lm1~ (J'tJ~ 4.18 - 4.37) 'W1J~1 
~. ~ 

I I I " 

~ m~nJ:;"lJ'el\lYJ ;~Vi e.J ~ 1'l1~~~r;}Vi L1tJ1J ~ LL~ :;Lij'elYl'"l1J'nJ1J'tJ r;i ~"lJr;}1\1'W1J~1 L U'elYJ ;~~ rlr;}1 ~ 
~ 

I I I '" 

~'el L U'el\l ~iJ1 L~ ~'el LL~:;~ rlr;} 1~'W J'tJil'el tJ i\l Ln 1'l1~~1'W1JJ''elmLI'l n ~'elth1r;} 1tJ1 tJL U'elYJ; ~ . ~ 

~ ... J' ~ '" ~I'- J'.J .r;: '" '" ... 1 .­
b~tJJ''eltJ LLI'l n~~1n"lJtJ LL~:; brlN~J'1\1Yi~~VI~r;}~"lJtJL~'eluJ'~1 nJrlr;}1~ L"lJ~"lJtJLLrl~ L'l!tJ~ rl~'el J'~ 

J' .J.r;: "''''.,. J' ~I'-"'''' ~ '" 
~1n"lJtJ LL~:;L~'eluJ'~1 nJrlr;}1~ L"lJ~"lJtJL'W n I'ltJ~1n"lJtJ J''eltJ LLl'ln"lJ'el\l Yi~~~tJ'eltJ~\I LL~:; brlN~J'1\1 

~I'- ,J' 
Yi~~LLtJtJ"lJtJ 

Guilbert LL~:;rlnJ:; (1996) J'r;}1JJ'r;}~n1J'~mt1n1J'U~m~n1J'Lri1Jfm:t1"lJ'el\le.J~I'l.nnJey] 

mVl1J'~L~'el~L~tJ1~~1tJ b~tJHYM~~r;}Jl1'WrJ'eltJ~~1tJ1~ (biodegradable film) 'W1J~1 ~~mi 

Yl1\1 n~"1J'el\lYJ;~;tJ'elrJ n1J'l!il~"lJ'el\l~1J'ri'elYJ;~ LL~:;LLN brl ~-ntJ (LLNJ':;VI~1\1 b~ L~ n ~'W'el~ L~'el;~r;}tJ 
~ . 
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n'WL'el'l Ln ~~'WJ'~vd1'ln1nn ~~;~y'h 1 ~ Ln ~m n~mJ ~';l"lJ'el'l Cj';l~ (;1m~u';l n'W) J'~~lJ"lJ'el'l LLN 
• 

tl"1~-B''W~'W'eltJnlJtI"1N~h'lLL~~~~~Yl1'l Ll"1iJ"lJ'el'l~'el~ L~'elf L-n'W ~1~~nt~L~n~ t~u~';lhj .. . 
~;~~~ ~'el'liJ 1"1';l1~Yl'WYl1'W(;]'el mJ'LL(;1n LL~~mJ'~ n n1'el'W~1'el mJ'"lJ ~~ ~ (tI"1N~h'l~ LL;'l LLN .. 
~ 1~~lJ m J'lJJ'J'IOl'el1~1 J'~1'elil'el'l n 'W'el1~1 J') LL~ ~iJ m 1 ~~ ~~tJ'W (L ~'elU~lJ1-n nlJ m J'lJJ'J'IOl'el1~1 J' • •• 
t~u1,.]LL(;1ntrn) 

~Il1';l~~;~~L~~1~~~~~~L~'eln1~~~Il1';l~ ~'el 1"1';l1~L;r~;r'W"lJ'el'lL~n~'W1'elU~~ 3 
~ ~ 

t~mJ1~~n(;]mfi~1(;1nL~~1"1';l1~L;r~;r'W"lJ'el'lLLI"1~L~U~I"1~'elh~1'elU~~ 3 t~UtJ1~~n(;]'elm~1j;JJ' 

1"1';l1~L;r~;r'W"lJ'el'lL~n~'W1'elU~~ 4 t~u~1~~n(;]'elm~1(;1J'1,.]t:.J~~LLI"1~L~U~I"1~'elh~ LL~~1"1';l1~ 

L;r~;r'W"lJ'el'l L~n~'W1'elU~~ 4 t~u~1~~n (;]'elm~1(;1m~~1"1';l1~ L;r~;r'W"lJ'el'l LLI"1~ L~U~ 1"1~'el h~1'elU~~ 
~, , 

3 t~UtJ1~~n (;]mJ1~1 j;JJ' L il'el'llOl1 niJ I"h ~ 1'W Yl1'WLLN ~'l"lJ1 ~ LL~ ~rh1'elU~ :;n1 J'~ ~ ~';ll1 ~'l .. 

4.3.2 n1~An'Y1~'i"1l'!l~"liij~u'i::m)J1nA~'i1~~1"liL"li'!l1v1ij91'!l'IUJUi~1'u6h~ 1 
"1I'!l~~i)JL~n~'U 

, IV 

j;l1~n'U 

~ ~ ~ Q ~ 

IOl1 n n 1 J'Yl ~~'el'l14 n ~1 t:.J ~"lJ 'fl'l1"1';l1 ~ L"lJ~ "lJ'W"lJ 'fl'l L ~ n j;J'WLL~:; LLI"1~ L"l!U ~ 

1"1~'fl h~ t~u1,.]i1n1J'L~~~~1~~1"l! L"l!'flf ~1~1J'(l~'WJ'u~~~Hl LL(;]~~~~ t:.J~ j;J1~i1 WJ1~ LUJ'1:; 1"] .. 
iJl"1';l1~~1~1J'(l1'Wn1J'~~~';l ~'l,r'Wn1n~~~~1~~1"l!L"l!'flfrl';lu1~~~lJ~"lJ'fl'l~~~~~'W t~U~Il1';l:; 
~;~~~~L~'fln1~ ~'el 1"1';l1~L;r~;r'W"lJ'fl'lL~n~'W1'elU~~ 3 t~u~1~~n(;]'flm~1j;Jm~~1"1';l1~L;r~;r'W 

~ 

"lJ'el'l LLI"1~ L~U~ 1"1~'el h~1'flU~~ 3 t~UtJ1~~n (;]'elm~1 (;1J'1"1';l1~ L;r~;r'W"lJ'el'l L~ n~'W1'flU~~ 4 
~ 

t~UtJ1~~n (;]'flm~1 j;JJ'1"] t:.J~~ LLI"1~ L~U~ 1"1~'fl h~ LL~~1"1';l1 ~ L;r~;r'W"lJ'fl'l L ~ n ~'W1'flU~:; 4 
~ ~ 

t~UtJ1~~n(;]'elm~1(;1nL~~1"1';l1~L;r~;r'W"lJ'el'lLLI"1~L~U~I"1~'flh~1'flU~~ 3 t~UtJ1~~n(;]'flm~1m 

t:.J~ n1J'~ n~1 t:.J~"1I'fl'l1"1';l1~ L;r~;r'W"1I'fl'l~~1~ ~1"l! L"l!'flf 1~ LLri n~ L"l!'flJ''fl~ LL~:;"l!'flfijYl'fl~~ m1~ 

L;r~;r'W'fltJ1'l~:; 3 J':;~lJ ~'fl1'flU~:; 40 50 LL~:; 60 t~u~1~~n"1l'fl'lL~n~'W~1-nt'Wn1J't:.J~j;J 

LL~'W~~~(;]'fl~~mi"1l'fl'lLL~'W~~~ (Choi and Han, 2001) ~~1~~1"l!L"l!'flfy'h1~LLNJ':;~~1'lt~L~~~ 

"lJ'fl'l~1U~'fl~ L~'flf~'fltJ1n~ n'W'ei'fl'W~'l t~u~ ~1~ ~1"l! L"l!'flflil :;LL Yl m L ;r11U'fltJJ':;~~1'l~1U~'fl~-.. .. 
L~'elf"l111 ~~'Wfi~1t1t~nlOl'W~1'el~'Wfi~~'W1 J'~~~1'l t~ L~ ~ ~"lJ'el'l ~ 1U~'fl~ L~'fl f~ ntr n ~ 1'llu "1111 ~ 
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I '" I II , 

Ylilvh.l~,),;it) Lilt),:j [;l~t) ~~,:j LL~\l hJilt:~ l\l~-;-t)1t)mLtJ nYl~1~11tl~t),:j L~\ll~ ~')tJ [;l') Llhh hH,:j 

" LL~,:j im~tru::Lilt)i~er~'e1t)\l ~~~~\l~t)~~1"1,)1 ~t)nt)t)n'"l1nLLlJ~~~1~41tJ 

A. B. 

lU.yj 4.38 imtru::~t),:jLL~\lYli~L~n~\l~L~~~~1~~1'l!L'l!t)f~~\lt:tJl~ ~t) imtru::LL~\lYli~ 
~~\lt:tJYli~tJ\lLL~\l acrylic 't~ (A) LL~::in1:!tru::Yli~1l1tJ~i,:j'"l1nn11LLn::t)t)n 
'"I1mL3J~~yfLL~,) (B) 

4.3.2 .2 n1'i1Lfi\'i1::1UJ'l..I'1l~1~ ''1I'iI~~~~ L~n ~'UL~n ~'U L~!I"L,r"llij~ LL~:: 

m~1tu~~1~~n'l"llL"Il'ili~1~ ,n'U 

, " 
ill~1ru ~~1~~1'l!L'l!t)f ~t) 'l!t)fij'Vlt)~LL~::n~L'l!t)1t)~ Ylill~1ru~t)tJ~:: 40-60 L~tJ,j1~'I!'n~t),:j 

L~ n ~\l~'t-n\ln11~~ [;l LL~\lYl i~ 't \l~1\l1"1,)1~~\l1 roi11"1,)1~ ~1\l'Vl1\lLLN ~,:j~1 ~ roi1~t)tJ~::n11 
" ~~ j;]')~,:j'1~~1~ 1"1,)1~~1~11tl 't \ln11;~ ~1\l~t),:jlt),j1 roi11"1,)1~ LL[;ln ,;i1,:j~t),:j~ LL~::roi11"1,)1~'1j\l 

~,:jLL~~,:j't\lt:tJ~ 4.39-4.44 



0.06 1-~ 

ghlj hlj j 

0.05 -r------::;-:-.,--- ----~'F_If__--_____..~.....,........: 

I 0.04 

I/) 

= 0.03 c 
~ 

.S:! .c 0.02 
~ 

0.01 

o 
Pectin 3%/CaCI 3% Pectin 4%/CaCI 0 % Pectin 4%/CaCI 3% 

ilIl1 'l::!.In" UNuAibJ 

, ~ 
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o Plasticizer 0% 

[l Sor40% 

E3 Sor 50% 

III Sor60% 

E':JGly40% 

WlGly50% 

EI Gly60% 

L';;~';;~L~mn~'e)rh\li1,rrJ~1~'k!Yl p < 0.05 eJ'C'lm~Vl(1)'C'l'e)\l=n1~\~~~1fOl,)1~'Vf~1"1l'e)\lLL~~~ff~ 

L ~ n ~~~ L~~ ~'C'l1 ~ ~1'l! L'l!'e)fi1 fOl,)1~'Vf~1~1 n n~1 LL~~~ff~~hl1~ L~~~ 'C'l1 ~ ~1'l! L'l!'e)fL~ n,j'e)rJ 

vh 1 ~'C'l'e) n'e)'e) n'"l1 nYi~~1~~ 1rJ~~ Lti'e)\l'"l1 n fOl,)1~'Vf~1"1l'e)\l~ff~~ ~'e)tJ num~ 1 ru"1l'e)\l LL ~\l~1lJ 
'" II II I I I " I 

'C'l:::'C'l1mh~1\l'Vf~ (1)YlH eJ~ [;lLL~~~ff~ ~\l1 ~Yl\1~'e) L~n ~~ LLfOl'C'l L=nrJ~ fOl'C'l'e) 1~~ LL'C'l:::~'C'l1~ ~1'l! L'l!'e)fYl 

" '" " II 

Lon' (Cuq et al., 1997) ~'e)n'"l1n\1~\ln~L'l!'e)~'e)'C'lLL'C'l:::'l!'e)fijVl'e)'C'liJ~~~1~m~~~tJ1LL'C'l:::4'unutJ1 

1t.-.... • 'It.- , el....... J' 
(1)(1)Vl1 ~'VfLLeJ~Y4'C'l~~fOl,)1~'Vf~1~1n"1I~ (Shaw et al. , 2002) 
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Ii 50 n. 
:E 
- 40 .c: -C) 

~ 30 -til 
CI) 20 
til c: 

{!!. 10 

o 
Pectin 3%/CaCI 3% Pectin 4%/CaCI 0 % Pectin 4%/CaCI 3% 

o Plasticizer 0% 

rn Sor 40% 
IS] Sor 50% 

Sor 60% 

~Gly40 % 

QGly 50% 

EJGly 60% 
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" ~1"1'l'el~~:;~~'l,:j 14.29 - 26.44 MPa e.J~n1~'Yl~~'el,:j;L""Lihd'lf'l'J'l~~h'W'Yl'l'WLLN~,:j~'l~~'el,:j 

LL~'WYl~~ L ~n ~'W~ L~~~~'l~ ~18J! L8J!'elf~-W'elrJ n~'l LL~'WYl~~~hlL~ L~~~~'l~ ~18J! L8J!'elfLL~:;L~'elL ~~ 

m~'l ru ~~'l~ ~18J! L8J!'elf~'l n~'WVi'l L ""1"1'l f'I'J'l~ ~'l'W'Yl'l'WLLN ~,:j~'l ~~'el,:j LL~'WYl~~~ ~~,:j'eltJ'l,:j~ 

t!rJ~'l~'k!~ P < 0 .05 L~rJYl~~~e.J~~8J!'elfij'Yl'el~L""I"1'lf'l'J'l~~'l'W'Yl'l'Wn1~~,:j~'l~~~'lnn~'lYl~~ 

~e.J~~n~L8J!'el~'el~~f'I'J'l~L;r~;r'WL~mn'W'eltJ'l,:j~t!rJ~'l~'k!~ p < 0 .05 L~'el,:jr.nnn1~Vi'l,:j'l'W~'el,:j 

~~'l~~18J!L8J!'elf~L·ih1tJLL'Yl~m:;\.d'l,:j~'lm~n~'W Vi'lL""~~n1~Ln~ polymer interaction (Shaw 

ef al., 2002) ~1'eln1~~~~'l~~18J!L8J!'elf~dj'W polyol ~~'lrJL'lILil~ (open chain) ~dj'W OH 

group 1tJLLtJ,:j~'IJn'IJLLf'I~ L;rJ~ f'I~'elh~ ~ ~n1~Ln ~"1l'el,:jtJ~i~~'Wfi~:;~~'l,:jL~ L~ ~~ Uunction 

zone) dj'We.J~L""I"1'lf'l'J'l~~'l'W'Yl'l'WLLN~,:j~'l~~~~,:j (Fu and Rao, 1999) L~'el,:j'"l'lnl"1'l~~'W'eltJn'IJ 
" 

" f'I'J'l~LL.;j,:jLLN~:;~~'l,:j~'lrJ~'el~h~'elf (polymer - polymer interaction) (Guilbert, 1986) ~,:jt!'W 

'h~~n1~Ln~"1l'el,:jtJ~i~~'Wfi~:;~~'l,:jL~L~~~ Uunction zone) Vi'lL"" polymer - polymer 

interaction ~ ~~,:j m~'l ru~~'l~ ~18J! L8J!'elf~ L~~W1 n;'WVi'l L"" 1"1'l f'I'J'l~ ~'l'W'Yl'l'WLLN ~,:j"1l'l ~~'el,:j 
LL~'WYl~~~ ~~,:j L~'el,:j'"l'l n~~'l~ ~18J! L8J!'elf~~m~'l ru~'l n~'W~ L .;J'l1tJ LL'Yl m ~:;~~'l,:j ~'lrJ L ~ n ~'WVi'l L'IX 

, , 
polymer - polymer interaction ~'l~,:j~'elrJ11"1'lf'l'J'l~~'l'W'Yl'l'WLLN~,:j~'l~~,:j~~~,:j~n (Donhowe 

and Fennema, 1994) LL~:;Yl~~~e.J~~8J!'elm'Yl'el~L'lXI"1'lf'l'J'l~n1~~'l'W'Yl'l'Wn1~~,:j"1l'l~~~'lnn~'l 
I I I" " 

Yl~~l1 e.J~~ n~ L8J!'el~'el~l1 f'I'J'l~ L;r~.;J'WL~m n'W L-n'el,:j~'l'"l'l mJ'lwwn L~ L~ n~"1l'el,:j8J!'elm'Yl'el~ (tl'lwwn • 
" " L~L~~~ 182) ~~'lnn~'ltl'l~t!nL~L~~~~'el,:jn~L8J!'el~'el~ (tl'l~t!nL~L~~~ 92) Ln'el'IJ~'el,:jLYh 
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14 - 11 

~ 12 T-----------------~~--10r_----------~--
~ ~----------~ 

~ 
~ 10 

o Plasticizer 0% 

f] Sor 40% 
8 T------,~~~~.r_--~: 

6 h~~m:8::::I~~I~~!.W: ·I---.j--~~UJ 

4 

2 

o -1-'---="""-"" 

Pectin 3%/CaCI 3% Pectin 4%/CaCI 0 % Pectin 4%JCaCI 3% 

[SJ Sor 50% 

I!U Sor 60% 

0Gly40 % 

QGIy 50% 

c:J Gly 60% 

nJ~ 4.41 LL~~'1 r11 L'il~tI~'eltl~~n1~~ ~~'J"lJ'el'l~~lJ"'l1ni~~'Ju(;h'ltiuiJrh'eltJ~~~~1'l 
~ ~ 

~ , 
~'eltl~~ 5.6 - 12.69 e.J~n1~'Vl~~'el'l;L"'\~U~1LL~U~~lJL~n~u~iL~lJ~~1~~1'1iL'1i'elfiJr11~'eltl~~ 

n1~~ ~ ~'J"lJ'el'l~~lJlJ1 n n~1 LL~U~~lJ~hJ1~ L~lJ~~1 ~ ~1'11 L'1i'elf LL~~L~'el L~lJmlJ1 ru~~1~ ~1'1i­

L"l!'elflJ1n~U .yhL'lXr11~'eltl~~n1~~~~'J"lJ'el'l~~lJL~lJ~UL1'eltl1'eltJ1'liJUtl~1~'1!~ p < 0.05 ~~lJ 
~ e.J~lJn~ L'1i'el~'el~ L 'IX r11~'eltl~~n1~~ ~ ~'J"lJ'el'l~~lJ~lJ1 n n~1~~lJ~ e.J~lJ"l!'elfU'Vl'el~~ f'I'J1lJ L;JlJ;JU 

L~mtiU'eltJ1'liJUtl~1~'1!~ p < 0 .05 Lti'el'l"'l1nn1~Yi1'l1U"lJ'el'l~~1~~1"l!L"l!'elf~L;J1hJLL'Vl~n 

~~~~1'l~1m~n~U Yi1L'IX~~n1nn~ polymer interaction t~tltlJL~~~"lJ'el'l~~1~~1"l!L"l!'elf1.tl4'u 
" , ~ 

tiUtJ1Yi1~,J1~ tiU~1t1~'el~ LlJ'elf'el'eln"'l1ntiu Yi1 L 'IX~~tI~'Vl1'l~~~~1'l~1t1~'el~ LlJ'el fLLti ml'el n"'l 1 n 
, , " 

tiu Ln~ free volume LL~~n1~Lf'I~'elU~"lJ'el'l~1t1~'el~LlJ'elf (chain mobil ity) lJ1n;U Yi1L~~lJ 
.., "'1" J'" .?I 'I"'" .., '" ~I"'" J'.s ~I"..J .... 'I" 
tI~(;1'J I?1lJ1n"lJUI?1'JtI LuUt:J~ ~~f'l1~'eltl~~n1~tll?1(;1'J"lJ'el'l-n~lJ"'l'llJ1n"lJU "l!'l-n~lJ'Vle.J~lJn~L"l!'el~'el~ ~~ 

r11~'eltl~:;n1~~ 1?1 ~'J"lJ'el'l~~lJ~lJ1 n n~1~~lJ~ e.J ~lJ"l!'elfu'Vl'el~~ f'I'J1lJ L;JlJ;JUL~tI'J tiu L ti'el'l"'l1 n 

n~ L"l!'el~'el~iJ~lJU~L Un1~~lJ~11~~n~1"l!'elfu'Vl'el~ djut:J~ 1'IXiJn1~I?1~iu~11.n U film matrix 
q ~ 

LL~~Yi1L'lXLn~ free volume n1nf'l~'elU~"lJ'el'l~1t1~'el~LlJ'elf (chain mobility) lJ1n~Un~1 
r11~'eltl~~n1~~I?1~'J"lJ'el'l~~lJ~'lL~lJ~U (Mali et a/., 2005) 
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r.nnIW1~1'1~ 2 .3 LL~~'11~L~'W~1n1~1-nn~L']j't'l~'t'lfHU'W~~1~~1']jL']j't'lfl111~f'h~'t)tJ~::;n1~ 
~~~'J'lJ't'l'lLL~'WYhf~i1~1nn~1Yh{~~t:J~~"JI't'lm'V1't'l~ 1'W'lJru::;L~mn'Wn1~1-if"JI't'lfij'V1't'l~Lu'W~~1~~-

1"JI L"JI't'lfl111 ~1"11 fOl'J1~ rJi'1'W'V11'WLLN ~'1'lJ1 ~'lJ't'l'l LL~'W~;~ L ~~~1 n;'W 

14 

~ 12 
.Q 

:3 ~ 10 

E iii 8 
Q) E c._ 
(; s 6 
c."I' 
"' 0 
~ >< 4 
S 
"' 2 3: 

Pectin 3%/CaCI 3% Pectin 4%/CaCI 0 % Pectin 4%/CaCI 3% 

811'111 ::'IIih1 UN ufhb .. 

., 

o Plasticizer 0 % 

OSor40% 

IS] Sor 50% 

III Sor60% 

161 Gly40 % 

EI Gly50% 

0Gly60% 

n1~:n~~1'W'lJ't'l'l1't'lU1'lJ't'l'lLL~'W~;~ 

., , 
1fl1'1n'l.li11"11't'l~~::;~~1'1 4.58 - 12.3 /-lg/m s Pa t:J~n1~'V1~~'t'l'l:n1~L~'l.l~1LihL~~m~1ru 

~~1~ ~1"JI L"JI't'lf~1n;'l.l l111 ~ 1"11 fOl'J1~~1~1~n 1 'l.ln1~:n~cJ1'l.l'lJ't'l'l1't'l~1 L~~;'l.l't'ltJ1'1i1'1![J~1 ~ 'kJ~ 
, ., , 

p < 0.05 LL~::;~;~Vit:J~~n~L']j't'l~'t'l~1~1"11fOl'J1~~1~1~n1'l.ln1~:n~~1'W'lJ't'l'l1't'lU1'lJ't'l'lLL~'l.l~;~Vi 

~1nn~1~;~~t:J~~"JI't'lfij'V1't'l~~fOl'J1~L.;r~.jf'l.lL~[J'Jn'l.l't'ltJ1'1i1'1![J~1~'kJ~ p < 0.05 Lti't'l'l'"l1n 
, ., 

~~1~~1']jL"JI't'lfh1LYi~ intermolecular spacing LL~::;.gt;)~1n1~:n~~1'W'lJ't'l'l1't'lU1'lJ't'l'l~;~ l111~ 

fOl'J1~~1~1~n1'Wn1~:n~~1'l.l~'1;'W (Mchugh, Aujard and Krochta, 1994; Talja et al., 2007) 
I I '" '" I 

~'J~~'1~~1~ ~1"JI L"JI't'lH, LU'l.l polyol Vi~~U1LL~::;U'l fOl'l~m~ru::;'I!'l.llr)1 'W~;~ ~;~Vi t:J~~n~ L"JI't'l~'t'l~ 
SI I I I 

1. ~ 1"11 fOl'J1~~1~1~n t 'l.ln1~:n~ ~1'l.l'lJ't'l'l1.'t'lU1'lJ't'l'l LL~'l.l~ ;~Vi~1 n n~1~;~Vi t:J~~"JI't'lfij'V1't'l~Vi fOl'J1~ 
, ., 

L.;r~.;r'l.lL~mn'l.l Ln't'l'l~1'"l1nn~L"JI't'l~'t'l~i1~~u"in1~"lI't'lUU1 (hydrophilic) l11t~"lI't'lUt'l.ln1~r:1~-ru 
J' '1 !.I I d"'.c:. J' 4 Q .... 

fOl'J1~"lI'l.l ~~~1nn'J1"J1't'l~U'V1't'l~ (Gontard et al., 1993) 'l.l't'ln'"l1n'l.lL~'t'lW"l1~ru1'"l1nl'I.Jt;)~"1l'J1'1 

'lJ't'l'lLfOlN~~1'1~;~~t:J~t;)1~ L~[Jt-ifn~'t'l'l'"l~'V1~~flIt!LLUU~'t'l'lnn~ (~'I.J~ 4.45 - 4 .62) ~U~1 ~;~ . " 

, ., 
~;~Viml'l.lLL~::;Yiun~1 i1t:J~t~l11t~1"11fOl'J1~~1~1~nt'Wn1~:n~~1'l.l"1l't'l'l1.'t'lU1tJ't'l[Jn~1~;~ (Park 
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" 
and Zhao, 2006) 'W'fln'"l'lnil Talja LL~::r1ru:: (2007) YftJ~'lf01'lm'l~~'l~'l~Cl1'Wm~:n~t.h'W"lJ'fl,,:j 

t'fl~'l"lJ'fl,,:j LL~'WYhhJtr,,:j~'Wfl'lJ~'l'\.nrn L~ L~ n~"lJ'fl,,:jVi~'l~ ~t'l! L'l!'flf f01'l r1,)'l~~'l~'l~Cl1 'Wm~:n~~'l'W • 

"lJ'fl,,:j'l!'flfD'Vl'fl~ (~'l'\.rwn L~ L~n~ 182) iJ~'lnn~'l~T~~,rn L~ L~n~"lJ'fl,,:jn~L'l!'fl~'fl~ (~'l~,rn L~ L~n~ • • • 
, " , 

92) LtJ'Wt.J~ 1 ,.m~~Vlt.J~~ n~ L'l!'fl~'fl~ 1'" f01'l r1,)'l~~'l~'l~Cl1 'Wm~:n~~'l'W"lJ'fl,,:jt'fl\l'l"lJ'fl,,:j LL~'WYM~Vl 

~ 
c: e 
~ 
'1::J 
~ 

.2 
0 u 

4 r--
3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 
Pectin 3%/CaCI 3% Pectin 4%/CaCI 0 % Pectin 4%/CaCI 3% 

.1\'1~~ih'U~uAASJ 

o Plasticizer 0% 

rn Sor40% 

ILl Sor50% 

,!II Sor60% 

~ Gly40 % 

oGly50% 

GGly60% 

", , 
~::~~'l,,:j 1.59 - 2. 76 t.J~ m~'Vl (9)~'fl,,:j~1 '" L~'W~'l~~~Vl L~~Vi~'l~ ~1'l! L'l!'flfiJ f01'l m'l~ j;j'l,,:j"lJ'fl,,:j~Vl 

tJ'flun~'l~~~~hlL~~Vi~'l~~1'l!L'l!'flf'flth,,:jiJ,ru~'l~'1J~ p < 0.051'Wn~ru"lJ'fl,,:j~~~~r1,)'l~ 
L.;J ~.;J'W"lJ 'fl,,:j LVi n ~'W ~'flU ~:: 4 L(9)U~ 'l ~,rn j;j'fltR~ 'll'l nL~::r1 ') 'l~ L.;J~ .;J'W"lJ'fl,,:j LLr1 ~ L~ U ~ r1 ~'fl ht?i" 

" , 
~'flU~:: 3 L(9)u\l'l~,rn j;j'fltR~'lI'l~ LL~::~~~Vl L~~'l!'flfD'Vl'fl~~1-'fln~ L'l!'fl~'fl~ hJiJ r1,)'l~LLl'ln j;j'l,,:j n'W 

'flth,,:jiJ,ru~'l~'1J~ p < 0.05 L(9)u1'W'YJn~fl'l,)::~~~ (LL~(9),,:j1'Wfl'lr1t.J'W')n r1) 1"'f01'l L*~,,:j (~~~~ 
t.J~~'l!'flm'Vl'fl~'fl~~:;~~'l,,:j 95.751 - 96 .374 LL~:;YM~~t.J~~n~L'l!'fl~'fl~'fl~~:;~~'l,,:j 95.921 -

96.603) f01'l a* (~~~~t.J~~'l!'flm'Vl'fl~'flth:;~~'l,,:j 0.0102 - 0.0482 LL~:;YM~~t.J~~n~L'l!'fl~'fl~ 
" 

~~~~t.J~~n~L'l!'fl~'fl~'flth:;~~'l,,:j 3.363 - 4.371) L(9)Uf01'l L * ~,,:jLL~(9),,:jr1,)'l~~~'l,,:j"lJ'fl,,:j~ LL~:;f01'l b* 
" " , 

LL~(9),,:j~:;~'lJ~L~~'fl,,:j- \l'lL~'W Lij'flf01'l b* LtJ'Wf01'l'lJ')mL~(9),,:j~n,;-ru:;~L~~'fl,,:j ~,)'Wf01'l a* LL~(9),,:j 
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Yhf~iJfO),)1~~~1,nJ1n ~1-'eJiJfO),)1~1~~1n iJI"11 a* LL~::1"11 b * 'eJ~lW·lh-:j~~1 ;-:j1"11 b* iJI"11~-:j 

n~11"11 a* 1"1'eJ'W;r1-:j~1n LL~I'l-:j~1YJ;~iJ~'eJ'eJm~~'eJ-:j'tl'eJ'W'V1n~Jl1')::1'Wn1~e.J~(;l ~fO),)1~L;r~;r'W"n'eJ-:j 
• 

" 
L Yi n ~'W~'eJtJ ~:: 4 LI'lmJ1m1n (;]'eJ1R~1 (;l~LL~:: fO)') 1 ~ L;r~;r 'W"n 'eJ-:j LLfO)~ L; tJ ~ fO)~ 'eJ hl'l"1'eJtJ ~:: 3 

Ll'ltJ~1~~n (;]'eJm~1 (;l~ 1 ~1"11 fO),)1~ (;]1-:j"n'eJ-:j~~1nn~1YJ;~~ L~~Yi~1~ ~L"lIL"lI'eJf'eJrh-:jiJ~tJ~1 ~'1J 

~ p < 0.05 L~'eJ-:jiOl1nYi~1~~L"lIL"lI'eJf~e.J~~~-:jhJijfO),)1~1~ LL~::"n1,) ~-:j~1l-J1~Cl-rl,)tJ~1'l1"11fO),)1~ 
" (;]1-:j"n'eJ-:j~~-:jL~ 'W'eJniOl1ntl Rotta LL~::fO)ru:; (2009) ~n'rt1triOl~tJ"n'eJ-:j1"11~ 1"11fO),)1~,]'W n1~~:;~1tJ • 

" 0 

il1"n'eJ-:jYJ;~LfO) L(;l"ll1'WLL~::Lell'l~'eJn;L Yi~~~ L~'V1fi~ L"lI~~ L~~ (H PM C) V1ij"ll'eJfij'V1'eJ~ LiJ'WYi~1~ ~L"lI-
OJ 

L"lI'eJf Yi'IJ~1 1"11~LL~ I'l-:j~-:j n1~1~fO),)1~~1 ~'1Jn'IJe.J~ (;lJlruet1~il1 hJ1.jf~')~n'IJYJ;~ '11 1"11 fO),)1~ (;]1-:j 

"lI'eJ-:j~ijI"11~1 LL~I'l-:j~1YJ;~~L~hJij~ (discolored film) 'eJ1iOlL~'eJ-:j~1iOl1nn1~"lI11'l polymer -

polymer interaction LiJ'We.J~1~ff~ijfO),)1~~~1-:jLL~::hH-:jLL~-:j~1n LL~::1"11 L* ~~-:j LL~I'l-:j~1 
OJ 

YJ;~iJfO),)1~~~1-:j ~~,jii1'Wn1~LU~-:jLL~-:j(luminosity) LL~::iJfO),)1~LU~-:j1~~~-:j 

-E 

~ 
c 
>< 
::::J 
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Pectin 3%/CaCI 3% Pectin 4%/CaCI 0 % Pectin 4%/CaCI 3% 

IIl"::'11 iN UHu9hbJ 

o Plasticizer 0% 

OSor40% 

lSI Sor 50% 

mSor60% 

131 Gly40 % 

[J G1y50% 

El G1y60% 

!tJv1 4.44 fO),)1~i~~'Wfi~::~~1-:jm~1 ru"ll'eJfU'V1'eJ~ LL~::n~ L "lI'eJ~'eJ~ n'IJ 1"11 fO),)1~~'W"n'eJ-:j LL~'WYJ;~ 

a,b,G,d tIT'lLI\'IJ~jjtlm:tTfi1rilJ ul11nllh~nuluul1ll\::uvi~nn~ ull1nllh~nUtlEh~jjuU~ll'ltlJ (p ~ 0.05) 

~::~~1-:j 1.22 - 1.73 Au x nmlJ.lm e.J~n1~'V1I'l~'eJ-:j~1~L~'W~1 YJff~~L~~Yi~1~~L"lIL"lI'eJfiJI"11fO),)1~ 

~'Wu'eJrJn~1YJ;~~hlL~~Yi~1~~L"lIL"lI'eJf'eJrh-:jiJ~tJ~1~'1J~ p < 0 . 051'Wmru."lI'eJ-:jYJff~~fO),)1~ 
L;r~;r'W"lI'eJ-:jLYin~'W~'eJtJ~:: 3 LL~:: 4 Ll'ltJ~1~~n(;]'eJm~1(;l~e.J~~LLfO)~L:ntJ~fO)~'eJhm'eJtJ~:: 3 
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t~rJ~1\nrnt'l~l1hJ1~~ LL~:::~;lJ~L~lJ"J!~m'Vl~~~1-~n~L"J!~~~~~1~~l:l1"1,)1lJLL~nt'l1~n~~£h~ 
l:l\!rJ~1~'lJ~ p < 0.05 ~~1"i11"1,)1lJ~~Lij~~lJ~~~1~'lJl~n1~Yi~1~ru1 ~1n~;lJ'll1hJH' 
~~~lJ~1-~LI"1~~'Um~1~ 'hI"i11"1,)1lJ'll~l:l1"i1~1 LL~~~~1 ~;lJ~1~l:l1"1,)1lJhH~1~ (Mali et al., • • 
2004) 

, ~ 

L~~ ~ m~t1';j LI"1~1:::\f~ m~tru:::~~~') LL~ :::tI"1N~h~"1l~~~ilJ LVi n ~~ ~,)rJ n~~~~~'Vl ~~PlU • 

" " e.J~lJn'ULLI"1~L~rJlJl"1~~h~1~rJ~::: 3 t~rJ'll1~\!nt'l~mlJ1~nVin~~~~rJ~::: 4 t~m11~\!nt'l~ 

mlJ1 ~~1~ e.J ~ lJ LLI"1~ L~rJlJ 1"1~~ hi?l LL~:::L Vi n ~~~~rJ ~::: 4 t~rJ~1~\!n t'l~mlJ 1 ~ ~e.J ~lJ n'U 
., 

LLI"1~ L~rJlJ 1"1~~ h~1~rJ~::: 3 t~rJ'll1~\!n t'l~mlJ1 ~~ t~rJ ~nM1 e.J ~"1l~~ 1"1,)1lJ L .;rlJ.;r~"1l~~Vi~1~ ~1"J!-
, " 

L"J!~f l~LLri n~L"J!~~~~LL~::: "J!~m'Vl~~ViI"1,)1lJL.;rlJ.;r~~~rJ~::: 40 50 LL~::: 60 t~rJ'll1~\!n"1l~~ 

LVin~~~l-n~n1~e.J~~LL~~~;lJ Vi'U~nMru:::~~~,)LL~:::LI"1N~~1~ ~~LL~~~l~nJ~ 4.45-4.62 
" 

A. B. 

11..1;14.45 nJri 1 rJ~~~,) (A) LL~:::~tJ~~"1l,)1~ (B) "ll~~~;lJ~1"1')1lJL.;rlJ.;r~LVin~~~~rJ~::: 3 
u" " 

~ ~ 

t~m11~\!n t'l~mlJ1 ~~ e.J~lJ LLI"1~ L~rJlJ 1"1~~ hi?l~~rJ~::: 3 t~rJ'll1~\!n t'l~mlJ1 ~~ 

l-n'll~fij'Vl~~~~rJ~::: 40 t~rJ~1~\!n"ll~~LVin~~ (~ri1~~"1lrJ1rJ 2,000 L'VhLL~:::~ 

ri1~~"1lmrJ 3,500 L'Vh~1lJ~1~'U ) 
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A. B. 

~ ~ 

Ll?1rJ'w1'\.nrn~'enJhJ1l?l~ l:J~lJLL~~L;m.j~~'elhI?11'elrJ~~ 3 Ll?1mJ.1V1,j'n~'elmlJ11?l~ 

1-if'1l'elfiJ'Vl'tl~~'tlrJ~~ 50 Ll?1rJ~1V1,j'n"ll'el'lLYin~'W (~rhi'l"llrJ1rJ 2,000 L'VhLL~~~ 
rhi'l"llrJ'lrJ 3,500 Lvl11?l1lJ~1~1J 

A. B. 

~'l.JvI 4.47 nJ~1rJ~'W~,) (A)LL~~nJ[;]I?1"ll,)1'l (B) "ll'tl'lYJ;lJ~~,)1lJL.jflJ.jf'WLYin~'W~'tlrJ~~ 3 
"'" '" 

~ ~ 

Ll?1rJtJ.1V1,j'n ~'elmlJ11?l~ l:J~lJ LL~~ L;rJlJ ~~'elhm'elrJ~~ 3 Ll?1rJtJ.1V1,j'n ~'elmlJ11?l~ 
" , , 

1-if'1l'elfiJ'Vl'el~~'tlrJ~~ 40 Ll?1rJtJ.1V1,j'n"lJ'el'lLYin~'W (Ylrl1i'l"llrJ1rJ 2,000 Lvl1LL~~V1 

rl1i'l"1JrJ'lrJ 3,500 Lvl11?l1lJ~1~1J) 

A. B. 

~'l.JvI 4.48 ~tJ~1rJ~'W~,) (A) LL~~~tJ[;]I?1"lJ,)1'l (B) "ll'el'lYJ;lJ~~,)1lJL.jflJ.jf'WLYin~'W~'elrJ~~ 4 
"'" '" " ~ 

Ll?1rJtJ.1V1,j'n ~'elmlJ1mhj l:J~lJ LL~~ L;rJlJ ~~'el L~r;11-if'1l'tlfiJ'Vl'tl~~'elrJ~~40 Ll?1rJtJ.1V1,j'n 

"ll'el'lLYin~'W (~rl1i'l"llrJ'lrJ 2,000 Lvl1LL~~~rl1i'l"llrJ'lrJ 3,500 Lvl11?l1lJ~1~1J) 
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A. B. 

~ ~ 

L~mh\.nrn r;l'eltfhJ1(;]J'hJ e.J~lJ LLr1~ L~rm r1~'el hr;f H'lI'elfij'Vl'el~1'elrJ~:; 50 L~mhwwn 
, , 

~'el'lLYm~'W (Vlih~'l~mrJ 2,000 L'YI1LL~:;Vln1~'l~mrJ 3,500 L'Y11 (;]1lJ~1~lJ) 

A. B . 

..I '" I '" <a'll.., 4.50 J'tJr;i1rJYl'W~') (A) LL~:;J'tJ~~~,)1'l (B) ~'el'lYMlJVlr1,)1lJL-iflJ-if'WL~n~'W 4 L~mj1'\~t!n 
~ ~ ~ 

, ~ 

r;lmnlJ 1 (;]J'hJ e.J ~lJ LLr1~ L~rJlJ r1~'el lJ'r;f VlHf'll'elfij'Vl'el~1'elrJ ~:; 60 L~mj1~t!n~'el'l 

A. B. 

<atlv1 4.51 J'tJr;i1rJ~'W~,) (A) LL~:;J'tJ~~~,)1'l (B) ~'el'l~;lJ~r1,)1lJL-iflJ-if'WL~n~'W1'elrJ~:; 4 
~ ~ ~ 

~ ~ 

L~mj1~t!n r;l'elmlJ1 (;]J'e.J~lJ LLr1~ L~rJlJ r1~'el lJ'~""1'elrJ~:; 3 L~mj1~t!n r;l'elmlJ1 (;]J' 
" , , 

Hf'll'elfij'Vl'el~1'elrJ~:; 40 L~mj1~t!n~'el'lL~n~'W (Vln1~'l~rJ1rJ 1 ,500 L'Vi1LL~:;Vl 

n1~'l~mU 3,500 L'Y11 (;]1lJ~1~lJ) 
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A. B. 

_1...1 .1' J'... .1'" 
llJ'VI 4.52 lutl'ltl'Yi'WWJ (A) LL~:;luj;]~"lJ'J'1\1 (B) 

~ ~ 

'i:~ mJ. '1~,r n J;] 'tl u1~ '1 j;] ~tJ ~ ~ LLI"l ~ L~ mol I"l ~ 'tl h~ 3 'i:~ ml '1~,r n J;]'tl u1~ '1 j;] ~ 
~ , , 

1.jf'li'tlf1j'Yl'tl~~'tltl~:; 50 'i:~ml'1~,rn"lJ'tl\lL'Yinti'W (Yifh~\I"lJtI'1t1 2,000 L'VhLL~:;Yi 

fh~\I"lJmtl 3,500 L'V1'l j;]'1~~'1~lJ) 

A. B. 

11.1;1 4.53 ~ud'1t1~'Wtj'J (A) LL~:;~l1~~"lJ'J'1\1 (B) "lJ'tl\l~~~~m'1~L;rwn'WL'Yinti'W~'tltl~:; 4 
~ ~ ~ 

~ ~ 

'i:~ml'1~,rn J;]'tlm~'1j;]~tJ~~LLI"l~ L~t1~ 1"l~'tlh~1''tltl~:; 3 'i:~mJ.Tj.~,rnJ;]'tlm~'1j;]~ 
I '" I I 

Yi1.jf'li'tlfU'Yl'tl~~'tltl~:; 60 'i:~ml'1~,rn"1l'tl\l L'Yinti'W (Yifh~\I"1ltl'1t1 2,000 LYhLL~:;Yi 

rh~\I"1lmti 3,500 L'V1'l j;]'1~~'1~lJ) 

A. B. 

11.1;1 4.54 ~l1d'1t1~'Wtj'J (A) LL~:;~l1~~"1l'J'1\1 (B) "1l'tl\l~~~~m'1~L;;~;;'WL'Yinti'W~'tltl~:; 3 
~ ~ ~ 

~ ~ 

'i:~ ml '1~,r n J;] 'tl111~ '1 j;] ~tJ ~ ~ LLI"l ~ L~ tI ~ I"l ~'tl h ~ 3 L~ t1~ '1~,r n J;]'tl111~ '1 j;] ~ 

l.jfn~L'li'tl~'tl~~'tltl~:; 40 L~t1~'1~,rn"1l'tl\lL'Yinti'W (~rh~\I"1ltl'1t1 2,000 L'VhLL~:;~ 

fh~\I"1lmti 3,500 LYI'l j;]'1~~'1~lJ) 
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A. B. 

~ ~ 

L(;1U-W1'!.n!n ~'eltfh.J1L'l~e.J~l-JLL~~ L;Ul-J ~~'elh(;1"1'elU~:; 3 L(;1U-W1~t1n~m.J1-l-J1L'l~ 
~ , , 

1-nn~L'l!'el~'el~~'elU~:; 50 L(;1U-W1~t1n'1l'el-:jLYin~t.! (Vin1~-:j'1lU1U 2,000 LvhLL~:;Vi 

n1~-:j'1lmU 3 ,500 Lorl1 L'l1l-J~1~U) 

A. 

~tJvI 4.56 nJd1U~t.!~') (A) LL~:;nJ~(;1'11,)1-:j (B) '1I'el-:jYhfl-J~~,)1l-JL;rl-J;rt.!LYin~t.!~'elU~:; 3 
v ~ ~ 

~ ~ 

L(;1U-W1~t1n~'elilll-J1L'l~e.J~l-JLL~~ L;Ul-J ~~'elh(;1"1'elU~:; 3 L(;1U-W1~t1n ~'elilll-J1L'l~ 
~ , , 

1-nn~L'l!'el~'el~~'elU~:; 60 L(;1U-W1~t1n'1l'el-:jLYin~t.! (Vin1~-:j'1lU1U 2,000 LvhLL~:;Vi 

n1~-:j'1lmU 3,500 LVI1 L'l1l-J~1~U) 

A. 

~ , 
~tJvI 4.57 nJd1U~t.!~') (A) LL~:;nJ~(;1'11,)1-:j (B) '1I'el-:jYhfl-JVim1l-JL;rl-J;rt.!LYin~t.!~'eltJ~:; 4 
v ~ ~ 

~ ~ 

L(;1U-W1~t1n~'elilll-J1L'l~hJe.J~l-JLL~~L;Ul-J~~'elh~1-nn~L'l!'el~'el~~'elU~:;40L(;1U-W1~t1n 

'1I'el-:jLYin~t.! (~n1~-:j'1lmU 2 ,000 LYl1LL~:;~n1~-:j'1lmtJ 3 ,500 LYl1 L'l1l-J~1~U) 
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A. B. 

~ ~ 

L~rJ'W'1'\.nrnl'l'fltfhn~~hltJ~~LLf01~L~rmf01~'flh~'t.jfn~L'1!'fl~'fl~¥'flU~:;50 L~mJ'l\nrn 

A. B. 

nJ~ 4.59 nJ~1U~'W~'J (A) LL~:;nJ~~"lJ'J1'1 (B) "lJ'fl'l~;~~f01'J1~L;r~;r'WL"r'in~'W¥'flU~:; 4 
~ ~ ~ 

~ ~ 

L~mh~~t!nl'l'flm~1~~hjtJ~~LLf01~ L~U~ f01~'fl1~~ 't.jfn~ L'1!'fl~'fl~¥'flU~:;60 L~uih~.~t!n 
, , 

"lJ'fl'lL"r'in~'W 61n1~'1"lJU1U 2,000 LYl1LL~:;~n1~'1"lJU1U 3,500 LYl1 ~1~~1~tJ) 

_ _ _ _ ... ~ _ _ _ __ '- -:.-z>' 

~~---~-.. ~--

-!,. ' , , A. B. 

'atl~ 4.60 nJ~1U~'W~'J (A) LL~:;nJ~~"lJ'J1'1 (B) "lJ'fl'l~;~~f01'J1~L;r~;r'WL"r'in~'W¥'flU~:; 4 
~ ~ ~ 

~ ~ 

L~UU1~t!nl'l'flm~1~~tJ~~LLf01~L~U~f01~'flh~'flU~:; 3 L~UU1~t!nl'l'flm~1~~ 
" , , 

't.jfn~L'1!'fl~'fl~¥'flU~:; 40 L~mJ1~t!n"lJ'fl'lL"r'in~'W (~n1~'1"lJU1U 2,000 LYl1LL~:;~ 

n1~'1"lJU1U 3,500 LYl1 ~1~~1~tJ) 



88 

A. B. 

:t1~ 4.61 l1.J~1tJ~'WCj'J (A) LL~~l1.J~~"ll'J1\l (B) "ll'tl\l~~1-J~rt'J11-JL';]1-J';]'WL~n~'W¥'tltJ~~ 4 
~ ~ 

t~tJ,J1'\.nrn ~'tlml-J1 (;l~e.J~1-J LLrt~ L~tJl-Jrt~'tl h~1'tltJ~~ 3 t~tJ,J1'\.nrn ~'tlml-J1 (;l~ 
" , , 

H'n~L'l!'tl~'tl~¥'tltJ~~ 50 t~mJ1'I.nrn"ll'tl\lL~n~'W (Vin1~\l"lltJ1tJ 2,000 LvhLL~~Vl 

n1~\l"llmtJ 3,500 LVI1 (;l1l-J~1~U) 

A. B. 

" " t~mJ1"vnrn ~'tlml-J1 (;l~e.J~1-J LLrt~ L~tJl-J rt~'tl h~1'tltJ~~ 3 t~tJ,J1'\!1,rn ~'tlml-J1 (;l~ 
" , , 

Hfn~L'l!'tl~'tl~¥'tltJ~~ 60 t~tJ,J1'\!1,rn"ll'tl\lL~n~'W (Vln1~\l"lltJ1tJ 2 ,000 L'Vi1LL~~Vl 

n1~\l"llmtJ 3,500 LVI1 (;l1l-J~1~U) 

, " , 
l-J1n n~1~~l-JVlH' n~ L'l!'tl~'tl~ LtI'W~~1~ ~1'l! L'l!'elf ~m~tru:;L"ll'Wi'l';h L "'~~l-JVlHf'l!'tlfU'Vl'tl~ LtI'W 

~ ~1 ~ ~1'l! L'l!'el fi'J rl1 rt'J11-J i1f1'W'Vl1'WLLN ~\l~ ~\l n~ 1 rl1¥'eltJ~~ n1 ~tl ~ ~'J LL~ ~n1 ~~l-J ~1'W"ll'tl\l1'tl~ 1 
" 

,J'eltJn~1 L~'el\l'"l1m~'el~~1-J~ULL~:;i1rt,)11-J~'elL~'el\l1-J1nn~1 (Park and Zhao, 2006) LL~:;~~l-J~ 

~U~\lLn(;lL'\.1'Wl~~'W (pore) i1'tl~vi''JhJL'WL~'tl~~l-J 

, " 
n~1'J1-J1~\l L~'tln~~l-J L~n ~'WVl rt'J11-J L.;]l-J,;]'W"ll'tl\l L~n ~'W¥'tltJ~~ 4 t~mJ1'\!1,rn ~'tlml-J1 (;l~e.J~l-Jnu 
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~ ~ 

LL~~L~rJlJ~~'eJh~'eJrJ~:; 3 L(9lmJ'n.n1n(;]'eJ1.nlJ1(;1J' H'n~L'll'eJJ''eJ~¥'eJrJ~:; 50 L(9lrJU1tn1n"lJ'eJ\I 

LVi n~"kI LtI"kIVi~1~ ~1'll L'll'eJflJ1 ~m~t1 mnJ~lJl~ LVi L'lllJL "kILL~"kI~'CflJ LVi n~"kI Ln'eJ\I'"l1 n~'CflJ~ t.J~ (;1 
~ 

L(9lrJH'n~ L'll'eJJ''eJ~¥'eJrJ~:; 50 L(9lrJUTI.n1n"lJ'eJ\I LVin~"kI LtI"kIVi~1~ ~1'll L'll'eJf iJ ~h~,)1lJ~1"k1'Vl1"k1LLN 
" , , 

~\I"lJ1 (9l ~h¥'eJrJ~:;mJ'tJ (9l ~') L "kiLn ruovl~ LL~:;iJ m J';lJ ~1"k1"lJ'eJ\ll'eJu1Vl,J'e)rJ LL~:;iJ~lJ~~"kIhJ ~'e)rJ 

lJ1m1n 

~lJ~ (;] 1\1 1"lJ'e)\I LL~"kI~~lJ LVi n ~"kIt.J ~lJVi~1~ ~1"11 L 'll'eJf~1~'"l1 n mJ''Vl (9l~'eJ\liJ Fl1 L"kI~ m~tru:; 

LL"kI,)'Vl1\1L~mriwi'U\l1"k1~4'rJ"lJ'eJ\I Park LL~:; Zhao (2006) ~n't11mJ'~(;J,J"kI1LL~:;~lJ~"lJ'eJ\I~~lJ 
., ....i ~ ~ '" .... ~I J'. I~I .. ~ '" ... 

'"l1 n ~ 1 J'~ n (9l'"l1 n n 1 nLL~ J'W'U'eJ J'J' ~(9lrJ ~"11 LVi n (;1"k1 Lu"kl~ 1 J''1J"kIJ'u 11 ~ lJ LL~:; ~"l! n ~ L 'll'eJ J''eJ ~ LL~:; 
" 

'll'eJfij'Vl'eJ~ LtI"kIVi~1~ ~1'll L'll'eJf Vi'U~1 ~'CflJ~ L~lJ'll'eJfij'Vl'eJ~ L t~yMlJ~~"kI1 LL'tJ"kI iJ Fl1 ~1"k1'Vl1"k1LLN 

~\I"lJ1 (9l"lJ'eJ\I LL~"kI~'CflJ LL~:;~ L.nlJlJ1 n n~1 mJ' Hi' n~ L'll'eJJ''eJ~ LtI"kIVi~1~ ~1en L'll'eJf LL(;]L ""mJ';lJ ~1"k1"lJ'eJ\I 
" , 

l'eJu1"lJ'eJ\I LL~"kI~ 'CflJ LL~:;Fl1 ¥'eJrJ ~:;mJ'tJ (9l ~,)"lJ'eJ\I LL~"kI~'CflJ ~1 n~1 n~ L'll'eJJ''eJ~ Talja LL~ :;~ru:; 

(2007) ~n't11t.J~"lJ'eJ\I polyol (;]'e)~lJ~L;\ln~"lJ'eJ\I~'CflJ'"l1mLU\l,r"kl~f\l Vi'U~1 ~'CflJ~t.J~(;11~iJFl1 

~,)1lJ ~1lJ1J'Cl L"kIm J';lJ ~1"k1"lJ'eJ\ll'eJ~1"lJ'eJ\I LL~"kI~'CflJ LL~ :;Fl1 ¥'eJrJ~:;mJ'tJ (9l ~,)"lJ'eJ\I LL~"kI~'CflJ L~lJ;"kI 
LL(;]Fl1~1"k1'Vl1"k1LLN~\I"lJ1(9l"lJ'eJ\lLL~"kI~'CflJ~(9l~\I L~'e)mlJ1ruVi~1~~1'llL'll'eJflJ1n;"kI L(9lrJn~L'll'eJJ''eJ~ 
L "" t.J~ L "kIn1J'LtJ~rJ"kILLtJ~\I~lJ~ L;\I n1rJ111Vi LL~:;L;\I n ~"lJ'eJ\I~'Cf lJ~lJ1 n n~1'll'eJfij'Vl'eJ~;\I L ~ t.J~ 
mntJ~rJ"kILLtJ~\I,J'eJrJ~~(9l Silva, Bierhazle LL~:; Kieckbusch (2009) ~n't11~~lJ'"l1mL'eJ~~L"kI(;1 • 
LL~:;LVi n ~"kI~ t.J~lJri'U LL~~ L~rJlJ L(9lrJ ~n't11 t.J~"lJ'eJ\I ~,)1lJ L.nlJ.n"kl"lJ'eJ\lVi~1~ ~1en L 'll'eJf ~'eJ n~ L 'll'eJJ''eJ~ 

Vi'U~1 L~'e)L~lJ ~,)1lJL.nlJ.n"kl"lJ'eJ\I n~ L'll'eJJ''eJ~ oih L ~'CflJiJ m1lJ~1lJ1J'Cl L "kImJ'tJ (9l~~"kI (flexiblility) 

:: I J' ~...t I 111 .cI I ~cr 
mJ'~:;~1rJ"kI1 ~1 ~,)1lJ"l!"kI mJ''U,)lJ''lJ'eJ\l11~lJlJ1n'1J"kI LL(;1~ (9l~1 (;11"k1'Vl1"k1LLN(9l\l"lJ1 (9l"lJ'eJ\I LLt.J"kIl1~lJ 

1~tJ1"k1n~1\1 LL(;]L~lJFl1¥'eJrJ~:;mJ'tJ (9l~') L ""~\I;"kI 

~ ., .,., 'i' 'i' ..a.. ., -- .... ..a .. I ---

4.3.3 n1'it'l n'l!t1eJ~'l.I'el~ f1t11~ L'l.I~'l.I'I..I ~~ ~ 'Vi ~'lI~'YI~~1'i1Jl1'1..1'"i~'I..I'YI'i!J'YI~ 1Jl'el~ ~'I..J IJl • 
~1'1..1~1.:J ''l.I'el.:J~~~L'Vin~'I..I 

, 
U1~~lJLVin~"kI (film forming solution) Vl~111'J:;mJ't.J~(;1'"l1mVin~"kI 

¥'eJrJ~:; 4 L(9lrJ~1~,rn (;]'e) mlJ 1 (;1J't.J~lJri'U LL~~ L:nrJlJ ~~'e)h~'eJrJ~:; 3 L(9lrJ~1~,rn (;]'e) mlJ 1 (;1J' 

L.jfn~ L"1I'eJJ''eJ~¥'e)rJ~:; 50 L(9lrJ~1~,rn'1J'eJ\I LVin~"kILtI"kIVi~1~ ~1"11 L"1I'e)f lJ1 LLtJJ'l~ LViL'lllJ~rimri'U~1~ 
II I" I 

~1"k1'"l~"kI'Vl1-U'"l1nmJ''Vl(9l~'e)\I-n"kl~"kI (~'J1lJL.nlJ.n"klL~;~"kIVl¥'eJrJ~:; 12 L(9lrJU1~,rn Vli(9l~'J"kIL(9lrJ 
• 



69"v-v9"v ~f1snV'l4~m'~ n~I1L~l!!L~;:~11 ~~@,It.~L~Ul~mI1L~l!!L~ L!1.@,\~@,lt.nL~I1~~LU , ~ 

n\U~LI1L~I1L~l!! l4LIt.l4t,~~~l4ll4~~LU;:~ij@'~L~ l4LIt.~~ ~~1mL\A,nL~I1L~l!!L~ Lnk1.I1L~l!InL~n\ 

11~~n~m~~~~LUnu-\ u,t\k1.L!1.ijl419 ;:~11 V G ;:~ij@,Mm~\ r1~;:~I1L~l1l!olf.l.l~\n~l1~mL~l!!~f111 
~ 

;:~'1 .f@'l!o1l!o\~~L~f.l.n[;}m~uf.l.'~@,lt.u,t\k1.L!1.ijl41 as ;:~ij@'~~@'~@'l!o1~U ~I.4lLI1W@,~u,t\k1.L!1.ijl41 £ 
~ ~ 

;:~ ij@,tl4~\ @,~ l!! l1ij~ 1 ~l!!1m,V 11~ ~~ I.4l LI1W@,~ u,t\k1.L!1.ijl41 v ;:~ij@,~n~ u f.l. 1~ \ijl41.ijt\A,n~t,nL~~L~ 
~ 

!:S~l1l!ol f.l.l ~\11~ ~n~ u f.l. 1 11~ ~~@,It. L~L ~ ~r1I1~.r-;:L~l!!1 ~P.~@'~l4 \A,~ Lun \ 
, ~ 

n.u l. t-L~ t(Jl,' M.'~' n.1t.t(1t.1t(Le,I!f~Ii'&~n.~~ ,... I ~~ .. "" ....... __ 

t-1i111i'&L~t(~t(Jl,' M.'~' t(~t:ln.~ UM., t(~u.t-glt.l. t-L~~ 11t(~::L'&I!f,e,'&LU Z"£"£"v ~,.. -tw .!..!... -.. ... • ----

(8) ~~11Y.11~!111UL~U@'@';:U11~LUUL~~~k1.ijLLm~~;:ftl~U~;:~11 (v) ~\ :::>!lfiJ:::>e 

n~1mr1I1~u.rlSnlt.\A,I1~u.n~11;:ru.j;{,U~ l4' rlsnlt.\A,l1l!o' f.l.'~' 11~~I1~u.n~11~@'It.;:ru.j;{,u~ £9"v ~rtZ I ... ~I" ,ff",.Jt ~ I ... II kl" ,ff" ~ ~ k ... ~ t .... fD'1 .. 

"8 "V 

l1ij~ 1;:~unltL!1.~@,lt.n~u!:S ijL~~1..f.l.I1~!11' u L~U @,@,u@,~ ~~l!! 11~@'f.l. 
~ , 

n~k1.l4~ @,rJn~;:~1m@,~~,t:lI1~@'U';:ru.j;{,u~ ~~11~ff11 n@'~~@'~k1.1~!:S n~11~~l4@'~I.4l~@,U1@,~~~n~ 
I" " I " 

!:S~n~1m[;}1@'~ f1\~~;:ru.j;{,u~!:SI1~~n~1' L~r1f.l. u,t\k1.L!1.ijl41 9 ;:~11 v G ;:~ij@,~ ~11~\ r1~;:~ £ 
" ~ 

I1l!olf.l.l~\~@,lt.n~I1~1I1L~l!!~f111 11~~I.4l~~ (9: ~ 11~~.rat\A,n~t,nL~~L~@,~n~~~mL~;:~~L~U,t\k1.L!1. 
~ 

06 
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0.06 b 
0.05 - a 

E 
§. 0.04 

= 0.03 CD 
c: 
.lI: 
(J 0.02 
~ 
t-

0.01 

0 

liposome 0% liposome 2% liposome 4% liposome 6% 

A"uL'liu'liu"ihJ'a'(wt"u"iih'II""hulilflu\1~u (Ofcw/w) 

ltJvI 4.64 ~1 r1'dI~VI'WI"11'tl'l LL~'W~~~~ LLtJ~r1'dI~ L ;r~;r'Wl~ L Vi L,]~ IJh'l1 n'W 

a,b IIi'lLf\'IJ~iJtin~rri1rluul1ln"h.Jnul1.J.LLfIlf\:::uvi.Jnn~ul1ln"h.Jnuflth.J;:hr£J~1'"ry (p ~ 0.05) 

ij ~ ~ L~ (;l ~ LL~'W ~ ~ ~ ~ e.J ~ (;l1~ 'WLLl9l ~ :;~1l1 'd:;i1 r1'd 1 ~ VI'W 1 hJ LL(;l n 1911 'I n'W'tltl 1'1 i1,r tJ ~ 1 FI CkJ~ 

p < 0.05 LLl9li1 r1'dI~VI'WI~lnn~I~~~r1'dtJ~~~l~l~ e.J~~ntJl~ L Yl L,]~'tltll'1i1,rtJ~1 F1CkJ ~'1 r1'dI~ 

VI'WI"11'tl'l~~~~'W'tl~ntJm~lru"1l'tl'l LL~'1~~:;~ltJl~ 'W~I~~:;~ltJ film-forming solution (Cuq 
, 's-

et al., 1996) ;'11'Wl1tj~'tl LVin~'W LLr1~L~tJ~r1~'tlh~ n~L'1i'tl~'tl~LL~:;l~LViL'1i~ L~tJr1'dI~VI'WI"11'tl'l 

~~~~ e.J~ (;l1~ L~~~'W 'tl1r.Hti'tl'l~I'"l1 n n1~~1~ LViL'1i~i1~'d'W~ Lij'W hydrophilic 'tl~1l1tJ'W'tln 
Ln~4'tJn'W~:;VI~I'1~'d'W~Ltl'W hydrophilic "1I'tl'lLVin~'W ri'tl1~Ln~11'1LLVI (clusters) 1'W~I~~:;~ltJ 

~~~ vh1~r1'dI~VI'WI"11'tl'lLL~'W~~~i1~ln~'W (Sivarooban, Hettiarach LL~:; Johnson, 2008) 
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liposome 0% liposome 2% liposome 4% liposome 6% 

!t1~ 4.65 ~1fO)'J12-J~'1'W'VI1'WLLN ~--l~1~~'tl--l LL~'WyM2-J~LLthfO)'J12-J L;r2-J;r'W1~ L ViL"l!2-Jr;l1--l1rl'W 

a,b ~'lLft'!l~i:Jtinl!t1f)1n1JUlllnlkwiu1uLLflift::LLvi~nn~LLlIln~h~numh~i:JutJ~1r1C1J (p ~ 0.05) 
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'" n1J'e.J~j;]ij~1'tlUJ':;~~1--l 15.521 - 18.18 MPa r.nne.J~n1J''VI ~~'tl--l;L~L~'W~1ri1fO)'J12-J~1'W'VI1'W 
OJ 

LLN ~--l~1 ~~'tl--l~~2-J~1~~ij fO)'J12-J LLj;] n r;l1--l rl'W'tlU 1--lij,rtJ ~1 f'l ry~ fO)'J12-J L ;r2-J;r'W1~ L Vi L"l!2-J~ LLj;]n r;l1--l 

rl'W LLr;l ~1 fO)'J12-J ~1'W'VI1'WLLN ~--l~1 ~i('tltJ n~1 LL~'W~~2-J fO)'J'IJ fO)2-J~l~ij n1 J'e.J ~2-J1~ LViL"l!2-J'tlU1--lij • 
, , '" 

,rtJ~1f'lryl1 p < 0.05 L-n'tl--l~1nn1J'e.J~2-Jl~LViL"l!2-J~--lhjL'WLL~'W~~2-J ~'J'W~'tl--ltJ1~'WL'W1~LViL"l!2-J 

'tl1~i ~~'J1--l ~1-'tlJ''lJn')tJ1'tl'tl'tl'W~'tl--l LLfO)~ L;tJ2-J~'ll'JtJL 'Wn1J'ri'tlJ'tJ~'tl--l~~2-J (Pranoto, Rakshit and 
OJ 

Salokhe, 2005b) ~1-'tll~LViL"l!2-J'tl1~~~fO)'J12-JLL;--lLLN~'tl--l polymer-polymer interaction 
'" , 

(Sivarooban et al., 2008) ~--l,r'W~--l LiJ'W~1 mj;]L ~ri1m12-J ~1'W'VI1'WLLN ~--l~1 ~~ ~~--l L(;1tJo,1'J ltJ • 

LL~'Jn1J'L~2-J~1J'~'W1 (additives) ~--l1tJL'Wn1J'~'WltJ~~2-J2-J1nn~1~1J'ri'tl~~2-J (cross linking 

agent) .yhL~ri1fO)'J12-J~1'W'VI1'WLLN~--l~1~~~~--l (Cagri, Ustunol and Ryser, 2001) L'lltJL~mrl'W 

rl'IJ--l1tJ~~tJ~'tl--l Cha LL~:;fO)ru:; (2002) ~nM1e.J~n1n~2-J~1J'~rl~~1nL2-J~~'tl~'Wm12-JL;r2-J;r'W • 

~'tltJ~:; 0.1 L~tJ~1~,rn ~--lL'W~~2-JL"l!L~tJ2-JLL'tl~~L'Wj;]LL~:;LViLL'VI~L;tJ2-JfO)1J'1~LL'W'W Vi'IJ~1 ~1fO)'J12-J 
~1'W'VI1'WLLN~--l~1~i('tltJn~1~~2-JfO)'J'lJfO)2-J L~'tl--l2-J1~1nn1mtJn~'J~'tl--lLfO)N~h--l~1tJ~'tl--l~~2-JL~'tl • 

LfO)N~~1--l~~~'J2-JLL~:;ijlVi~'W (porous structure) 2-J1nn~1~~2-JfO)'J'lJf'J2-J (ltJ~ 4.70-4 .72) 
'" , 

~m~tru:;ilVi'IJL'W--l1'W':j~tJ~'tl--l Gemili, Yemenicioglu LL~:; Altinkaya (2009) L'll'WL~mrl'Wl1Vi'IJ~1 

Lm--l~~1--l~'tl--l~~2-J~LLtl'W l~ijJ'ViJ''W L~~1m12-J~1'W'VI1'WLLN~--l~1~~~--l2-J1nn~1~~2-J~LtJi--lLL~:; 
OJ • OJ 
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liposome 0% liposome 2% liposome 4% liposome 6% 

ltlv14.66 ri1~'tlU~:::n1~U(;)lii''J~~'(;)~1(;)''1l'tl~LL~'WYM'~~LLll~fD1'J1~L;J~;J'W1~LYiL"J!~r;h~1ri'W 
a,b,c,d IIi'lLfl'll~i1tln1:t1fi1rlULLlI1nl1h~rit.llt.1LLlIlfl ::: LLYi~nmhLlI1nllh~ri\!tlth~i1l1u~lricy (pS 0.05) 

93 

~1l~ 4 .66 LL~ (;)~ ri1 L'il~U~'tlU~:::n1~U (;) lii''J ~~fOl (;)"1l1 (;)"1l'tl~~~~ eJ~~1~ LYiL"J!~'tl£h:::~~1~ 
~ . ~ 

" ~'tlU~::: 11 .29 - 15.4 eJ~n1~'Vl(;)~'tl~:nL~\~'W~1 ri1~'tlU~:::n1~U(;)lii''J~~fOl(;)~1(;)''1l'tl~~~~~1nn~1 • 

LL~'W~~~fD1'Ju~~~1,.]iJn1~eJ~~1~LYiL"J!~'tl£h~iJ,ru~1~CkJ~ P < 0.05 LL~:;L~'tlfD1'J1~L;J~;J'W 
~ ~.J'.", .ctI cv.dl 4"-':::' X I CII .... O ... .J 

"1l'tl~ L~ L YiL"J!~ L Yi~~1 n"1l'W fD11 ~'tlU~:::n1~U (;) "''J Cl~' (;)"1l1 (;)~'tl~~~~ LYi~~1 n~'W'tlU1~~'WU~1 fD1 CkJ'Vl 

P < 0.05 um~'W~~~~iJfD1'J1~L;J~;J'W1~LYiL"J!~~'tlU~::: 6 L(;)U~1~,rn Lti'tl~fOl1nn1m~:::fOl1ulii''J~ 
" 1"]Lij'WLtl'tlL~mri'W"1l'tl~1~LYiL"J!~L'W film forming solution "'NriU~1'W'rj{U"1l'tl~ Gemili LL~:::fD1ru::: 

(2009) ~YiU~1 n1~~ (;)~-:J"1l'tl~ ri1~'tlU~:::n1~U (;)lii''J~~'''l (;)~1 (;)"1l'tl-:J~~~ Ln (;)"'l1 nn1~m:::fOl1U lii''J 1"] • 
" LtJ'WLtl'tlL~U'Jri'W~'tl~ Iyzozyme L'W~1~~:::~1UYi'tl~h~'tlf VhL~ Iyzozyme ~'J~ri'WLtJ'Wn~~L'W 

LfD1N~~1-:J~~~ LL~:::YiU~1 L 'Wn1~'Vl (;)~'tl~;1ri1~'tlU~:::n1~U(;) lii''J''1l'tl-:J~~~~iJ1~ L YiL"J!~iJri1~1 nn~1 

~~~ fD1'JufD1~~1,.]iJn1~eJ~~1~ LYiL"J!~ Ln'tl1J~'tl~ L'vh 'I.J~1~~11~ LYiL"J!~ LtJ'WL~i1'tl'WYi~1~ ~1"J! L"J!'tlf • 
"'NriU~1'W'rj{U"1l'tl~ Pranoto LL~:::fD1ru::: (2005b) LL~::: Rojas-Grau LL~:::fD1ru::: (2007) YiU~1 

n1n~a-J~1l1'Wm':::L YlUa-J LL~:::~1l1'W~'tla-J~::: L~u~~1llL 'W~~a-J vh L ~ri1~'tlU~:::n1J'U ~ lii''J~~' ~"1l1 ~ 
L~~~'W Lti'tl-:J"'l1n 1"1ll1'W L;J111lLL'Vlm lii''JJ':::~~1-:J~1UL~ L~ n~~~ Ln (;)n1~~'W1 ~~"1l'tl~~1UL~ L~n~ 1~~ • • 
J' <V 'i''' ~I".J~" do" .. 
"1l'W (Gennadios et al., 1998) ~m~tru:::"1l'tl-:J ~fD1~-:J~~1~l1~~'Vl L(;)fOl1nn1~'Ci'tl~n~'tl~'~'Vlnfll'W 

~L~ n "'~'tl'WLLUU~'tl-:J m1 (;) (~1l~ 4 . 70-4.72) YiU~1 LL~'W~~~~eJ~~1~ LYiL"J!~~-:J11liJi n~ru::: 
~ 

~~'J~LL~:::iJlYi~'W (porous structure) ~1nn~1~~~~1,.]iJn1~eJ~~1~LYiL"J!~ ~~iJin~ru:::~'tl-:J 
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liposome 0% liposome 2% liposome 4% liposome 6% 

A"'U'''U''U'llD'''il'(W'(''U'llih1.''fjhu,iu.,~lf (%w/w) 

~ , 

""" nJVI 4.67 roh f01'J1~~1~1HI1 'Wm~~~ ~1'W"lJ!l'l1!ltJ1"lJ!l'lLL~'W~~~Yi LLtJ~f01'J1~ L.;r~.;r'W1~ LViL'l!~ ... 

~1'l1n'W 

a,b,c,d tIl'lLf\'IJ~ntinh'1f11rilJu(/)n"h~nu1uul1lf\~uYi~n11~U(/)n"h~nu'!lth~i:hrmhf'i'ClJ (p ~ 0.05) 

" " 
ltJYi 4. 67 LL~ (?)'l fOl1 b'tl~t1 f01'J1~ ~1~ 1 ~(l1 'Wn 1 ~~~ ~ 1'W"lJ!l'l1!ltJ1"lJ!l'l Lb~'W~~~ ~~~ 

" 1~LViL'l!~!l~~:;~11'l 8.55 -11 J.lg/m s Pa ~~m~Yl(?)~!l'l=n1~\~'W11 fOl1f01'J1~~1~1~(l1'Wm~~~-
~ , , 

~1'W"lJ!l'l1!ltJ1"lJ!l'l LL~'W~ ~~~1 n n 11 LL~'W~ ~ ~ mlJf01~YihJ i1 m ~~ ~~ 1~ L Vi L'l!~!lth'li1'1!t1 ~1 ~ ruYi . ~ 

4 i.I lJ 1 c! .t I 4 I 

P < 0.05 LL~:;L~!lf01'J1~ L"lJ~"lJ'W"lJ!l'l ~LViL'l!~LVi~~1n"lJ'W f011m1~~1~1~(l1'Wm~'l!~~1'W"ll!l'l 

1!l~1"ll!l'lLL~'W~~~i1fOl1~1n~'W!lth'li1'1!t1~1~'1!~ p < 0.05 L~!l'l1il1n~1~~1'W'~'WYl1U~1~1~(l 
. O~'!'i' " et" J' dI,.,J "" J' "lltl1t1 Intermolecular interaction LL~:;Yl1 ~~ ~f01N~~1'l"lJ!l'lY'i~~~~'J~"lJ'W 1il'l'1l'JtI ~~f01'J1~"lI'W 

~1~1~(l~1'WL.jf1!l!ln1~~1t1 (Pranoto et al., 2005a) L(?)t11~LViL'l!~Iil:;tr'W~'J'Wtr'J~i1i'J (polar) 
, " , 

"ll!l'l~'JYi1~,r~-n'WYi"ll!l1JtJ1!l!ln~Il1t1'W!ln Yi11 ~i1f01'J1~ Ltl'W hydrophilic Yi~1 n fOl1 f01'J1~~1~1~(l 

1 'Wm ~~~ ~1'W"ll!l'l1!l~1"ll!l'l LL~'W~~~~'J'W~1 n~'Wn1J~'J'W~ Ltl'W hydrophilic LL~:;~'Wn1Ji (?)~'J'W 
hydrophilic:hydrophobic "lJ!l'l~'J'WtJ~:;n!l1J"ll!l'l~~~ (Hernandez, 1994) ~~m~Yl(?)~!l'l(;lNn1J 

'l1'W,;)4't1"ll!l'l Kristo, Koutsoumanis LL~:; Biliaderis (2008) ~n~1~~UiL;'ln~LL~:;~~Uim~~~ 
~ ," 

~1'W1!ltJ1"lJ!l'l~~~L'l! L~t1~ LLf01~=n L'W(;lYi ~~~~1~fJ1JfJ'l 1il~'WYl1u (L'l! L~t1~ LL~ m(;l~(;l LVi bbYl~ L;t1~ • 
"lI!lfL1J (;l LL~:;1 'W;'W) L(?)t11-n"ll!lfuYl!l~ btl'WVi~1~ ~1"l1 L'l!!lf Vi1J11 m~b~~~1~~1'W' ~'WYl1UL ~~ 1d~ 
i1 f01'J1~i1i'J~'l1tJ1 'W~~~ ~'l ~~ 1 ~fOl1 f01'J1~~1~1~(l1 'Wm~~~ ~1'W1!l~1 b~~~'W 'W!l nlil1nd 

~n~ru:;"lJ!l'lLf01N~~1'l~~~~1~1il1nm~~!l'ln~!l'lIil~Yl~~fl\~b~n(;l~!l'WbL1J1J~!l'lnn(?) (~tJ~ 4.69-. ~ 

4.71) Vi1J11~~~i1~n~ru:;~~~')~ LL~:;i1~Vi~'W (porous structure) Yi11 ~ Ltl 'WfOl 1 f01'J1~~1~1~(l1 'W " , 
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n1~:n~~1tl"ll't),:jl't)~1"l1't),:jLL~tlYJ;~L~~~tl LLI'l't)th,:jhn"n~ LL~tlYJ;~~~1~1~mJ~(;l1~~rh 
r1'l1~~1~1~Cl1 tln1~:n~ ~1tl"ll't),:j 1't)~1"l1't),:j LL~tlYJ;~,J't)tJn~1YJ;~'llU~~tl1 ~,:j (;l1~1,:j~ 2.4 

r.nn(;l1n,:j~ 2.4 L~tll~~1YJ;~L~n~tl~~~1~L~L'll~"lI't),:j~1~~1tl"'l~tlVi~~ LLm~rh • 
" I I I 

n1~:n~~1tl'll't),:jl't)tl1Vl~,:j ~'t) 8.55 - 11 f.lg/m s Pa LLI'lLrl't)LmmJLVlUlJnlJYJ;~'llU~~tl11tl 

(;l1~1,:j LL~'l ~lJ~1 YJ;~~ ~~ (;ll~iJ rh r1,)1~~1~1~Cl1 tln1~:n~ ~1tll't)~1,J't)un~1YJ;~'llU~~tl1 

~,:j chYJ;~iJ rh r1'l1~~1~1~t;) 1 tln1~:n~ ~1tl"ll't),:j 1't)~1"l1't),:j LL~tlYJ;~ ~1 n ~1~1~Cltl1 hhh:::u n (;l1-D' 

25 ~ 

20 -t---
i 

d 
c 

c 
~ 15 -t------------------------
!E 
'0 
... 1 0 t---------------~-------
o 
'0 
u 5 +--------------1 

a 
o 

liposome 0% liposome 2% liposome 4% liposome 6% 

!tJ;t 4.68 ~1"l1't),:j r1'l1~ 1'l1,:j"ll't),:j~"lI't),:jLL~tlYJ;~~mJ~r1'l1~ LojJ~ojJtll~ L ~L'll~ 1'l1,:j1ntl 

a,b,c,d l1i')Lf\'!J~i:Jtlm:trri1rllJ LLlllnl1h~ri1..l11..1LLlIif\ :: LLvi~nnYl LLlllnllil~ri1..ltlt.h~i:Juu~1f'iCIJ (p:S; 0.05) 

• 

~1 r1'l1~ 1'l1,:j"ll't),:j~ (,dE) "lI't),:j LL~tlYJ;~ ~~~1~ L ~ L'll~'t)th:::td1,:j8.57 - 18.81 (nJ~ 4.68) 
'lJ 'lJ 

~ , 
r.J~ n1 ~Vl ~~'t),:j~1 "" L ~tl~1 ~1"l1't),:j r1'l1 ~ 1'l1,:j"ll't),:j ~"lI't),:j LL~ tlYJ; ~~1 n n~ 1YJ;~ r1'llJ r1~Vll,jiJ • 

1~L~L'1l~'t)th,:jiJ,ru~1~'1l~ p < 0.05 LL~:::m1~LojJ~ojJtll~L~L'll~L~~~tl vl11~~1"l1't),:jm1~ 

1'l1,:j"ll't),:j~L~~~tl't)th,:jiJ,rU~1~'1l~ p < 0.05 ~,:jyM~r1'llJ~~~l,jiJl~ L~L'll~iJr1'l1~1~ (clear) 

LLI'l L~'t) ~~~1~ L~L'll~~,:jhlvl11 ~~1"l1't),:j r1'l1~ 1'l1,:j"ll't),:j~ (LL~ ~,:j1 W11 r1 ~tl'l n r1) L~~~1 n~tl 
Lti't),:j~1"'l1n ~1 b* LL~ ~,:j~:::~lJ~ m~'t),:j-~1 L~tl~ L~~~1n~tl (YJ;~ r1'llJ r1~1 ~ ~1 b* 3.44 LL~::: • 

YJ;~~m~L~L'll~~i~~'ltlI'l1,:j1ntl1~~1 b* 9.34-19.47) LL~:::~1 L* ~,:jLL~~,:jr1'l1~~~1,:j"ll't),:j~iJ 

~1~ ~~,:j L~'t) LVlulJnlJYJ;~ r1,)lJ r1~ (YJ;~ r1'llJr1~1 ~~1 L * 96.4 7 LL~:::YJ;~~iJl~ L ~L'll~~i ~~'ltl • • 
1'l1,:j1ntl1""~1 L * 87 .37 -92.032) Lti't),:j~1"'l1nl~ L~t'll~1""~ m~'t),:j"'l1n~1~tln~:::LVlu~LL~:::~1~ 

~n ~"'l1n L1.J~'t)m1lJl1~~'lU L't)fi1tl't)~ LiJtl~~ 1 ~YJ;~~l~iJ~~ LojJ~~tlL~'t)r1'l1~ LojJ~ojJtll~ L~LIJ!~ 
..: ..t ov , J'..J ... ov ~ ~ ov ( ) .,J~ --
L~~"lItl ~lJ~m~tn.l:::L"lltltlL-lItlL~U'l ntl ~tl,:j1tl,)"'lU"ll't),:j Pranoto LL~:::r1n.l::: 2005b Vll"lm:t1~l-JlJ(;l 

n1W11~"lI't),:jYJ;~t8~~Ltl(;l~~~~1~tlm:::LVlu~ ~lJ~1 L~'t)r1'l1~LojJ~ojJtl"ll't),:j~1~tlm:::LVlu~L~~~tl 
il l I .qc:.,J' .a.cv I.J 

LUtl~~ 1 'VIr11 r1'l1~ (;l1,:j"ll't),:j~ L~~"lItl LL~:::,:j1tl'l"'lU"ll't),:j Sivarooban LL~:::r1n.l::: (2008) ~lJ'l1 L~'t) 



, 
LL~:;LYi~~h a* b* l-J1nn~'lYl~~fil')tJfil~ • 

_8 

~ 7 t-----

E 6 +----------------------------x--------~ 
t:: 

)( 5 
::l 

~4 +_-------------------------

€3 +-------------------"~------­
I'G 
Q. 2 o 
E 1 

u::: 0 

liposome 0% liposome 2% liposome 4% liposome 6% 

A1'SJL'Ii,..,iu"D"'AtYit"SJ"D"iII''I,hu,flu",~lf (%w/w) 

ztJvI 4.69 ~'lfil,)'l~'\I~'tl~ LL~\lYl~~~mJJ'fil,)'l~ L.;r~.;r\ll~ t V'jt'll~J;h~1n\l 
a.b.c.d I1i'lLf'l'lJ~ntlm~Tf11rilJul1lnIli1~nuluullif'l:-;LLYi~nn~ul1lnl1h~nu'!lth~nuucl1~ClJ (p ~ 0.05) 

~ , 
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4.66) e.J~ n'lJ''Vl ~~'tl~=nl ~ L ~\I~'l ~'l fil,)'l~'\I~'l n n~'lYl ~~ fil,)tJ ~~VihJi'Jl~ t V'j t 'll~'tlth~i'J,rtJ~'l1"i 'k! 

Vi p ~ 0.05 LL~:;~'lfil,)'l~'\lL~~;\I'tlth~i'J,rtJ~'lI"i'k!~ P < 0.05 L~'tlfil,)'l~L.;r~.;r\l~'tl~l~tV'jt'll~ 
L ~~~'l n;\I t~tJ fil,)'l~l~ LL~ :;fil,)'l~ hH~ LL~~~'tl~Yl~~i'J ~'l ~ ~ ~~ L~'tli'J n'l n~~ ~'lJ'~h\l'"l ~\lvi~cl' ~~ • 

hJ (Pranoto et al., 2005b; Zivanovic, Chi and Draughon, 2005) t~tJ~'lfil,)'l~'\I LU\I~'ltJ'tln 

~ n~ru:;n'ln')~ ~') n\lLU\lL ~'tl L~m n\l~'tl~~ 'l J'~ e.J ~ ~~~ hJl \lYl ~~ ntJV'j'tl~ L~'tlf~Hl \In'l J';\llU 

Yl;~ (Li et al., 2006) 

" " t~mJ'l~,rn(;]'tlm~'l (;lJ'e.J~~ntJLLfil~ L=ntJ~ fil~'tl1J'~1'tltJ~:; 3 t~mJ'l~,rn (;]'tlm~'l (;lJ' H'n~ L'll'tlJ''tl~ 
~ , 

~'tltJ~:; 50 tl'lmJ'l~,rn~'tl~LV'jn~\lLU\lV'j~'l~~l'llL'll'tlf ViJ':;~tJl~tV'jt'll~~'l~J':;~tJ H1LLn ~'tltJ~:; 2 

4 LL~:; 6 tl'ltJ~'l~,rn tl'ltJH'n~'tl~'"l~'VlJ'J'P!~L~n(;lJ''tl\lLLtJtJ~'tl~m'll'l LL~I'l~l\1J'u~ 4.70-4.72 . ~ 
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A. B. 

1I1'WVi4.70 f11Yi~1tJ~'\J~,) (A) LL~:::f11Yi~~"lJ,)1'1 (B) "lJ'fl'lYJ~l-J~~,)1l-JL;rl-J;r'\JLYin~'\JT'fltJ~::: 4 

L~tJ~1\nrn(;]'flml-J1j;l~tJ~l-JntJLL~~ L;ntJl-J ~~'fl h~1'fltJ~::: 3 L~tJ~1~\!n (;]'fl ml-J 1 j;l~ 
'" , 
~H'n~ LIjj'fl~'fl~T'fltJ~::: 50 L~mJ1~,rn"lJ'fl'l LYin ~'W LL~:::LL1J~~,)1l-J L;rl-J;r'Wl~ L YiLIjjl-J~ 

", , 
T'fltJ~::: 2 L~tJ111~\!n ( ~rh~'1"lJtJ1tJ 2 ,000 Lvl1LL~:::~n1~'1"lJtJ1tJ 3,500 Lvl1 

j;l 1 l-J~1~tJ ) 

A. B. 

~ " , 
1I1'WVI 4.71 f11Yi~1tJYi'\J~,) (A) LL~:::f11Yi~~"lJ,)1'1 (B) "lJ'fl'lYJ~l-J~m1l-JL;rl-J;r'WLYin~'WT'fltJ~::: 4 

" " L~tJ111~,rn(;]'flml-J1 j;l~tJ~l-JntJLL~~ L;ntJl-J~~'fl h~1'fltJ~::: 3 L~tJ111~\!n(;]'flml-J1 j;l~ 

~1-nn~ LIjj'fl~'fl~T'fltJ~::: 50 L~tJ~1~\!n"lJ'fl'l LYin ~'\J LL~:::LLlh~,)1l-J L;rl-J;r'Wl~ L YiLIjjl-J~ 
", , 

T'fltJ~::: 4 L~tJ111~\!n ( ~n1~'1"lJtJ1tJ 2 ,000 Lvl1LL~:::~n1~'1"lJtJ1tJ 3,500 Lvl1 

j;l1l-J~1~tJ ) 
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B. 

~ ~ 

LlPltJll,ltn!n [;]'ell1hJ1I'l~~~~ nULL,",~ L8JltJ~ ,",~'el1s1Pl1'eltJ~:; 3 LlPltJllTwwn [;]'elm~11'l~ 

~L-nn~ L"l!'el~'el~~'eltJ~:; 50 LlPltJ~T\,n!n"lJ'el~LYm~'W LL~:;m.h,",'J1~L-if~-if'Wl~ L~L"l!~~ 

~'eltJ~:; 6 LlPltJ~1~,rn (~n1~~"lJtJ1tJ 2,000 LYhLL~:;~fh~~"lJtJ1tJ 3,500 Lovh 

1'l1~~1~U) 

r.l1nJl1~~1tJrJl'JtJn~'el~'"l~'VlnP!~L~nl'l~'el'WLLUU~'el~m11Pl ~U~1 ~n'l1'ru:;"lJ'el~Yl~~~ , 

~~l'llrJl~~'W~~'J~iStJu~ LL~:;L~'elYl'"l1~ru1Jl1~~IPl"lJ'J1~~U~1 L~'elYl~~~,",'J1~~,",'J1~hH~LL~:; 
~ ~ 1 'W ~ 1 n ;- 'W L ~ 'el Yl ~ ~ ~ '"' 'J 1 ~ L -if ~ -if 'W 1 ~ L ~ L"l! ~ L ~ ~ ~ 1 n ; 'W n 1 n n 1Pl1 (m iero-void) " , " 
m'"l L ti'el~~1'"l1 n L 'Wn1~;-'WnJLL~'WYl~~ ~1~~h'W'"l~'W'Vl1u~ L~1~~~1tJhj1rJl ~ ~~ LU'WL ~'el L~tJ'J n'W " , 

(homogeneous) nuYl~~ (Del Nobile et al., 2008) 

'"l1nn1~~n'l1'1~~~[;]1~1"lJ'el~Yl~~L~n~'W~~~1~L~L"l!~~~~1~~1'W'~'W'Vl1u~m1~ 
" L-if~-if'Wl~ L~L"l!~[;]1~1n'W LlPltJH,",'J1~ L-if~-if'W"lJ'el~ L~n~'W~'eltJ~:; 4 LlPltJ1l1~,rn [;]'elm~11'l~~~~ nu 

" ~ 
LL,",~L8JltJ~,",~'el1s1Pl1'eltJ~:; 3 LlPltJllTvl,rn[;]'elm~11'l~ L-nn~L"l!'el~'el~~'eltJ~:; 50 LlPltJ1l1~,rn"lJ'el~ 

, ~ 

L~n~'WLu'W~~1~~1"l!L"l!'elf' LL~:;Yh:;~ul~L~L"l!~~'eltJ~:; 2 4 LL~:; 6 LlPltJ1l1~,rn H1.'Wn1~~~1'l 
, " 

LL~'WYl~~ MulrJl~1 Yl~~L~n~'WYl,",'J1~L-if~;r'Wl~L~L"lI~~'eltJ~:; 4 LlPltJ1l1~,rn ~ .. h~'eltJ~:;n1~UIPl , 
, , 0-

~'JYl ~Yl ~ IPl LL~:;~ ~ 1 ,",'J1~ ~ 1 'W'Vl1 'WLL~~ ~~"lJ 11Pl ,",'J 1 ~ ~ 1 ~1 ~f."I L 'Wn 1 ~~~ ~ 1 'W"lJ'el~1'el1l1 , 
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,J'1 LL~'W YJ ~l.J LVi n ~'W~ t.J ~ l.JLf'l LVi L'l!l.J~'tl~ ~'1 ~~'1 'Wlil ~ 'WY1~tJ t.J ~ l.J ~ ~'J '1l.J 
q 

~ , 
L;rl.J;r'W~'tlrJf'l:; 2 4 LLf'l:; 6 L(1)rJ,J'1~~n ~ (1) LU'W'J~ nf'll.JVliJ~'W'1 (1) L~'W~'1'WfIl'WtJnf'l'1~ 0.6 L'l!'W~ Ll.J l'l~ 

'IJ 

~ II I I 

LL~'JYl (1)~'tllJ~Ylfi~lJ~~ LLlJ ~Vl ISrJVlyh 1 ~ Ln (1) n'1n~'tll.J L~rJl 'W'tl'1~'1 ~ 

~ 2.5 
iI 

-------

-\'I 2 ... 
? 
re 1.5 -? 
r.I 
iI 1 :I 

-wi 
a- 0.5 ... 
CI 
r 

0 :s 
iI 

~"JO; '1.- .f> · v~ 1\1 . 1\1. ~0 
v<O <00;'1.- ""v ""C:> ""C:> ",,'lj 

v'V " v~" rf'lj ~v "" -<.,0 -<.,0 o.0{. ~(' 'ljv ~v 
~\>- ~\>- ~ -<.,,\~ J>0~ ,0> 'ljv 

<:,0 C,o ~? ~'lj <?",,0 vti' ,0> 
~. 

~. vti' o~ o~ 
~~ ~~ c.; c.; 

[ill 2 % w/w ~ 4% wlw 0 6% wlw I 

!t1V1 4. 73 ~Ylt~lJ~~'~'WYl~tJ~'tl~YJ~l.J LVin~'W~t.J~l.JLf'l LViL'l!l.J~'tl~~'1~~'1'W'~'WYl~tJt.J~l.J L(1)rJ';)fi 

disc diffusion 
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A. C. 

o. E. F. 

G. 

~t1Y1 4.74 im~tru:;'J~L~Lt.ln1~~tJ5~"'l~'Wvi1U"ll'el,meJ'WYl~r,.JL'Vin ~'W~e.J~~1~ h'j'i:'1i~ 
~ . 

.l' .. "" .. 
"ll'el~L"Jl'el"'l~'W'Vl~tI E. coli ATCC 8739 (A) E. coli ATCC 25922 (8) • 
Salmonella Choleraesuis (C) Salmonella Typhimurium (0) Pseudomonas sp. 

(E) Lactobacillus sp. (F) LL~:; Lactobacillus sake (G) 

.. " , 
~'Vlfi n1 ~~tJ~~ n1~L"'l ~qJ"ll'el~Yl;~ L'Vi n ~'WYi [;l1-~ 1~ 'i: 'Vi 'i:'1i~"ll 'el~ ~ 1 ~tlf 1'W'~'W'Vl~U e.J ~ ~ ~'el 

I I I " 

"'l ~'W'Vl~uYi rl'el 'i:~1")'Vl1~ L~'W'el1~1 ~LL~ :;Yiv'h L,x Ln ~ n1~L~'el~ L~tlL 'WL il'el L"l1'W E. coli A TCC 25922 • 

E. coli ATCC 8739 S. Typhimurium S. Choleraesuis Pseudomonas sp. Lactobacillus sp. 
.. '" 

TISTR 539 LL~:; Lactobacillus sake TISTR 890 'VitJ~1~'Vlfi~tJ~~'~'W'Vl~tl1~iJl")'J1~LL[;ln~1~ 
, , 0-

n'WLn 'W~il~ L '1i'W~ L~ [;l ~L 'W 'Vl n I") 'J 1 ~ L.;] ~ ';]'W"ll 'el~ 1~ 'i: 'Vi 'i:"Jl~ 'i:~ tI"ll 'W 1 ~'J ~ L~ L'tl ~ tiL 'Wn 1 ~~tJ ~~ • 
" I I I 

L:n'el'~'W'Vl~U'el~~:;~~1~ 1-2.1 L'1i'W~L~[;l~ ~~dj'W"ll'W1~'J~L~ L'tl~tlL 'W~:;~tJYi'~'W'Vl~uiJ 1")'J1~1'J ~'el 
I r" I 

~1~tlf1'W'~'W'Vl~U~1nC1~~1nYi~~ (Ponce et al., 2003) LLeJ'WYl;~LL~M~'Vlfi~tJ~~~1nYi~~~'el 
J' Ao 41:11..- I .4 I I ...... 0... 11 SI 1.1 

L"Jl'el'~'W'Vl~tln~~ E. coli ~'el~~~~11")'eln~~ Salmonella sp. 'eltl1~~'WtI~1I")qJ LL~Wn~L"ll~"ll'W 

"ll'el~1~'i:'Vi'i:'1i~"ll'el~~1~tlf1'W'~'W'Vl~ue.J~~L~~;'W LL~~'Vltn1~~tJ5~,~'W'Vl~U E. coli ATCC 25922 

E. coli ATCC 8739 Salmonella Typhimurium Salmonella Choleraesuis Pseudomonas sp. 
, " 

1~LL[;ln~1~n'W'elth~iJt!tI~1~qJYi p < 0.05 tlm~'WL:n'el'~'W'Vl~tl1'Wn~~ Lactobacillus sp . LL~:; 
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" 
Lactobacillus sake ~U~I~,)Il.J L-1fl.J-1f'W~'tl'l1'Cl L~L"l!l.JiJ eJ'Cl1'l.lnlJ'UUU'l ~~'Wvi~cl" L~mL[;1mh'lrl'W • 
'tlrJl'liJt!tJ~I~C1!J'~~~I'l~,)Il.JL-1fl.J-1f'W~'tl'l1'ClL~L"l!l.J~~'tltJ'Cl~ 2 L~tJ~I~t!n rlU~'tltJ'Cl~ 4 LL'Cl~ 6 

L~tJ~lwwn L"J!'WL~tJ,)rlU'lI'W~4'tJ~'tl'l Pranoto LL'Cl~~ru~ (2005a) ~U~1 LL~L~l.J~,)Il.JL-1fl.J-1f'W~'tl'l 
~1,r'Wm~L ~tJl.J1 'W~~l.J1~ L[;1"l!I'W LL[;]hJ~un1n~l.J~'W~'tl'l ~Vl'B\ 'Wn1J'UU~'l L~'tl~ ~'WVl1cl" L ~'tl'l~1 n 

mll.J~1l.J1J'n 1 'Wn1J'rl n LriU~'l~ ~~'tl'l~'tl~ Ll.J'tlf~ [;11-'l ~1J'~I'W~~'WVl1cl" ~1'tln1J'Lii ~,jnil.J~'Wfi 

J'~~~I'l functional group ~'tl'l~~l.J rlU~IJ'~I'W~~'WVl1cl" vii 1 ""~IJ'~I'W~~'WVl1cl"ul'l~')'W1~n n 
• • 'IJ 

,j'Cl ~,j~'tltJ'tl'tlnl.Jl1~ L~tJ,jn ~LL~,) L~'tl~,)Il.J L-1fl.J-1f'W~IJ'~I'W~~'WVl1cl"~l.Jl n~'W rJ'tll.J~'l eJ'Cll ""~Vlt 

1 'Wn1 J'UU~'l L~'tl~ ~'WVl1tJ1~l.Jl n~'W LL~ ~'l ~'l n1 J'L ~ l.J ~ 1 J'~I'W~ ~ 'W Vl1cl"~ 1'tliJ n1 mJ'~~ ltJ ~')~'tl'l • • , 
.., ~ ~ If'"QQ 

~1J'[;11'W~'Cl'WVlJ'tJVl~ (Seydim and Sarikus, 2006) 

Seydim LL'Cl::; Sarikus (2006) Pranoto LL'Cl~~ru~ (2005a) LL'Cl~ Cooksey (2001) 1~ 

'tlfiUl tJ n 1 J'Yl l'lI'Wi') l.Jrl'W~'tl'l ~ 1 J'~I'W~ ~'WVl1tJ1 'W~~l.J ~1 L~'tl ~1 J'~I'W~ ~'WVl1cl" eJ ~l.J i')l.J rlU • • 

" ~'tl~ Ll.J'tlf ~1 nt!'W~1 J'~I'W~~'WVl1cl" n n [;11-'l1 'W L~N il'l LL ~ ~1'tl~1 J'~I'W~ ~'WVl1cl" n n [;11-'l'tlrJl 'W 
iii \J iii \J '\I 

" , " 
n1J'UUU'l~~'WVl1cl"~'tl'l1'Cl L ~L"l!l.J~ ~,)Il.J L-1fl.J-1f'WL'Cl:n~'W~'tltJ'Cl~ 12 L~tJ~I~t!n i ~~,)'W~IJ''Cl~'ClltJ 

.." , 
~U~1 ;S,r 'Cl-n'WiJ ~Vl fi1 'Wn1 J'UUU'll.J 1 n n~I~~l.J~ eJ~ l.J 

1'ClL~t"l!l.J~'e)'l~IJ'~I'W~~'WVl1~'tlrJl'liJt!U~lfiiC1!~ p < 0.05 (l,j~ 4.75) um~'W~~'WVl1~ E. coli 

ATCC 8739 ~~~l.J L~ n ~'WeJ~l.J1'Cl t~t"l!l.Jil~Vltl 'Wn1J'UU~'l~~hJVl1u1~ LL[;ln [;]1'l rlu;S,r'Cl-D'W 

" .. 
L"J!'WL~mrlUn1J'~m~n~'e)'l Pranoto LL'Cl::;~ru::; (2005b) ~U~1 n1J'l-n~I,r'WnJ'~L~ul.Jil~Vlfil'Wn1J' 

" , 
UUU'l E.coli S.aureus Salmonella Typhimurium LL~:: B. cereus ~~'tlU'Cl~ 0.1 t~mEl.Jl[;lJ' 

~ " " It" ,q ,Q,cvcv.c!ll.Q, CIiICf"'q Ocv .dIoo .... 

l.J~VlfiUUU'lL"l!'e)~'Cl'WVlJ'UVl 2.28, 4.31, 1.24 LL'Cl::; 5.61 log cycle [;11l.J'Cll~U LL'Cl::;Ll.J'tl'Wl'Wll.J'W 
" , 

m::;L~Ul.Jl.JleJ~l.J'Cl'l1'W~~l.J ~U~1 ~1,r'Wm~L~Ul.J~~'tlU'Cl~ 0.3 L~Uml.Jl[;1J' LiJ'W~,)Il.JL-1fl.J-1f'W 

~1~~~ ~l.Jil~Vltl 'Wn1J'UU~'l~~'WVl1cl"~'l 4 ~lu~'Wf L~'e)'l~1 n ~1J''tl'tl n ~Vltl 'W~I,r'Wm~L~Ul.J 
'tll~ [;l1-'l'tl~1. 'lJ~~l.J~'Cl~ L'lJ[;l LL'Cl::; 1~~1l.J1J'n,j'Cl ~,j~'e)U'tl'tl nl.Jl1~ 
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[0 12% w/w 1:6 III Liposome 2% w/w 8 Liposome 4% w/w 0 Liposome 6% wlw I 

I ., 

~~'klYl~U~~l-JYliL'1~')'kl1 : 6 LL'1tJ1.jfL~:n~'klfO),)1l-JL;rl-J;r'kl¥'tltJ~:; 12 LL'1tJ'tJ1~,rn ~')tJ';jfi 

disc diffusion 

," ., 
rl 1J LL ~ 'kl VI ~ l-J Yl ~ ~ l-J 'tJ1lJ 'kl n 1 'kl "r'i ~ ~ T'tl 'tJ1lJ 'kl n J':; L Yl tJ l-J ~ T'tl ~ 1 J' ~ rl L'1 ~ 1 n L tJ ~ 'tl n ~ 1J Vi l-J ~ ') tJ 

'" 
I '" I II r" 

L'tl D1'kl'tl~ "r'i1J~1 VI ~l-JYl ~ ~ l-J'tJ1lJ'klm'kl"r'i ~ LL~:;VI~ l-JYl ~ ~l-J'tJ1lJ'klm:; L Yltll-l hi ~ ~ Yl fit 'klm J'~1J~\I 
I ., I 

~~'klYl~tJ1 'kl1J1L')rut~il-J eJ~ LL~:;1J1L,) ruYl~1J~\I J''tl1J LL~'klVl~l-J t 'kl~ ru:;YlVl~l-J ~~l-J~1J'~ rlL'1 LtJ~'tln 
.. ., 

~1JVil-J~')m'tlD1'kl'tl~~~Ylfit'klmJ'~1J~\I E. coli ATCC 8739 LL~:; Pseudomonas sp. LL'1tJ~ 

~'kl1 L'1,)\l1~ L'U~tJ 0.7 L "l!'kl~ Ll-J (;lJ' (J'tJ~ 4. 76) ~\I LiJ'kl~'kl1 L'1,)\l1~ L'U~tJ 1 'klJ':;~1J~~~'klYl~tJ1lJ~ fO),)1l-J '" . 
., ., I 

1,)LJl'tl~1J'~1'kl~~'klYl~u,r'kl (Ponce et al., 2003) ~\I,r'kl VI~l-JYl~~l-J~1J'~1'kl~~'klYl~tJ1L'1tJ1lJ~1'kl • • 

m:;1J,)'klmJ'L'tl'klLfO)tJ~ L~i'kliJ ~Ylf1 'klmJ'~1JJ\lil'tltJn~1 L~'tl ~~l-J~\l1tJ1 'klVl~l-J L ~'tl\ll-J1~1 n Ln L'1 

n 1 J'~ ru L~ tJ ~'tl\l ~ 1 J' ~\I n ~ 1 ') 1 'kl J':;~~ 1\1 n J':;1J ') 'kl n 1 J';'klltJVI ~ l-J ~T'tl n J':;1J,) 'kl n 1 n'h LL ~\I 

(Zivanovic et al., 2005) LL'1m'UYn:;1'kln~l-J~'tl\l~1lJ'kl~'tll-JJ':;mtJ~~~l-J~\l1'klVl~l-J lJmnL'1mJ' . 
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ztJvl4.76 ~YlitJuJ~,,~'WYi1tJ'lI'tl~Yl;~LY1n~'W~~~~hLY1L'li~nuYl;~~~~~~I~~n~'"llnL,j~'tln 
l1Ul1~~r;}tIL'tlDI'W'tl~ L~t1~; disc diffusion 

tJ I I I 

'"l1 nnl~Yl ~~'tl~11~~~ ~ LYi'tl ~ n'ftl~ ~~r;}'WVlL ~~I:;~~'lI'tl~LL~'WYl;~ LY1 n ~'W~'tl \~ LY1 L'li~V1 

cr .., 

~r;}I~U'll~U~~U~:;t1~~~'W 
~ , 

n1~'D~ ~1'W\~'lI'tl~\'tl'll1 Y1U~In1~~~~\~ L Y1LnJ~~1 'WLL~'WYl;~~~ ~~ ~'tln1~L,j~t1'WLL,j~~~~~ 
, .. ~ 

YlI~ nltlJlIY1'l1'tl~Yl;~ LL~:; Lij'tl'llI~I,j ~:;d~'W~YlfitJutJ~"~'WYl1tJ Y1U~1 "~'WYl1tJil ~r;}I~\r;} ~'tl 

\~ LY1 L'li~~1 n ~~~1 n~~ ~ LL~:;Y1U~1 n1~H'Yl;~ LY1 n ~'W~ ~~~\~ L Y1 L'li~~il~I~~I'W"~'WYl1tJ~ 

1'tltl~:; 4 L~t1~I~,rn il~r;}I~L~~I:;nu~'IlI\,j,j~:;~nj;]1-nnU'tlI~I~\~ Lti'tl~'"llnil~Yli1'W 
~ ~ , 

n1 ~tJUtJ~" ~'WYl1tJ 1 ~'lI'W1 ~r;}~ 1~ 1 'Wni ~tJutJ~V1 il'll'W1 ~ 1 ~ 'k! LL~:;il lOb ~~'tlrh~il,rtl ~ 1 ~ qJ1 'W 

'"l~'WYl1tJ n~~ LL~ ~ ~ ~ LL~:;il~~~YlI~ n1t1JlIY1~ ~'tl~ n1 ~ 1 'Wn1~'Il1 \,j1-n\~ • • 
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, , 
~~~LYm~'I.le.J~~L~ L Vi L'l!~Vi 1Jl1\1~'lJ'rJ1'l'l.l'"l~'I.l'Vl1_u e.J~~Vi 1il'J'l~ L;rWif'l.lL~ L ViL'l!~~'tltJ~:; 4 • 

" "" 
L(;)rJtJ'lViUn tJ'l ~ 'lL<D' i'J ~ rllJ L tl'tl~ 'J LL~:; L tl'tlVl ~ r;i (;) LL~\I'"l 'l n ~'J 'I.l"lJ'tl\l ~'I.l'l.l'tl n"'lJ'tl\l ~ 1Jl1't 'I.l~ m~tru:; 

OJ 

I II "" 

steak piece Vi iJ"lJ 'I.l'l (;) 10 x 6 x 1 L'l!'I.l~L~ 1JlJ' (tJ'lVlumh:;~'l ru 60 nf~/:n'l.l) L(;)rJ'tX~ Ltl'tl~ IJlrJ ~'JrJ • 
, " 

LL~'I.l~~~ LVin ~'I.l (Vi 1il'J'l~ L;r~;r'l.l"lJ'tl\l LVi n ~'I.l~'tlrJ~:; 4 L(;)rJ tJ'l VI un ~'tlm~'l 1JlJ'e.J~~rllJ LLIil~ L~rJ~-
" " 1il~'tlh(;)1'tlrJ~:; 3 L(;)rJtJ'lVlUn~'tlm~'lIJlJ' L<D'n~L'l!'tlJ''tl~~'tlrJ~:; 50 L(;)rJtJ'lVlUn"lJ'tl\lLVin~'I.lLU'I.l 

I II II " " 

Vi~'l~ ~1'l! L'l!'tl1 LL~:;YiJ':;~lJ1~ L Vi L'l!~~'tlrJ~:; 4 LI'l rJ tJ'l VI un ) \1\1 ~'l'l.llJ'I.lLL~:;~h\l"lJ'tl\l:n'l.lLtl'tl r;i I'l LL~\I 

LrilJfm~n~'tlruVlJln 4±1 'tl\lP!'lL'l!~L~rJ~ ~~r;i'J'tlt.l'l\l~'lIJlJ''J'"l~'tllJlilruJl'lVi'Vln 2 ~'I.l LU'I.lL'J~'l 
III qJ <II q III 

16 ~'I.l ~ruJl'lVi~IJlJ''J'"l~1'l1~LLri aerobic plate count (APC) (lU~ 4.77) Total lactic acid 

bacteria (lU~ 4.78) Pseudomonas sp. (lU~ 4.79) Escherichia coli (lU~ 4.80) LL~:; 
coliform (J'U~ 4 .81) 

OJ 

~ 8.5 --,----­
::> 
~ 8 +----- ------------------~I_-­o 
; 7.5 1-----,=------7'T::::><~i::::::::::~~---

~ 7 t-~~~~~~~-~---
~::I 

~ 6.5 +-~~~~~~~~-~~~---~~~-_.------

~ 6 +----~~----~~--~----~----~~--~~ 
cr 
~ 5.5 
;S 
.:; 5 +-----.-----,---------,------.----,------,--------r--~-, 

o 2 4 6 8 10 14 16 

x,j.;! 4. 77 ~'l'l.l'J'I.l,~'I.l'Vl1-ui\lVl~ I'l (Aerobic plate count) J':;VI~'l\l~'I.lL~'tl r;i(;)LL~\lIil'JlJ~~LL~:; 
" " :n'l.lLtl'tlr;iI'lLL~\I~~~~~ LVin ~'I.le.J~~1~ tVit'l!~ L'I.lJ':;VI~'l\ln'lnrilJfm~1 16 ~'I.l • 

~'l'l.l'J'I.l'"l~'I.l'Vl1_ui\lVl~ 1'l"lJ'tl\l~'I.lL ~'tl r;i I'l LL~\lIil'JlJ Iil~ LL~ :;~'I.lL~'tl r;i I'l LL~\I~~~~~ L 'I.lJ':;VI~'l\l • •• 

n'lJ'LrilJfm~n 16 ~'I.l LL~I'l\lL'I.lJ'U~ 4. 77L'I.l~'I.lL~'tl~'JmlJlil~iJ~I'1.l'J'I.lL~'tl'"l~'I.l'Vl1_uL~~;'I.l'"l'ln 
OJ •• 

~~rJ1'1.l6 . 64 LU'I.l 7.9 log CFU/g L'I.l~'I.l~I'lVf'lrJ"lJ'tl\ln'lJ'LrilJfm~IL'I.l"lJru:;~~I'1.l'J'I.l'~'I.l'Vl1-rJ1'1.l~'I.l 
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log CFU/g 't'Wt)'W~ (;)Yf1U~'a~n1~Lnufm:t1 ~~Yl~l-J L~ n~'W~~l-J1~ L~L'lIl-J~1l-J1~Cl~(;)~1'W'l'W • 

,~'W'Vi~ul~hh:;l-J1ru 1.86 log CFU/g 
II '" II I I I 

vi~~l-J (;)~'a~:n'WL\l'at)'lVi1A'a~l-J ~'luYl~l-J L~ n ~'W~~l-J1~ L ~ L'lIl-J 1Sl-Jl11"1'l1l-J LLl1l n j;h~'ath~l1~U~1 ~ flJVi 

p < 0.05 nuj;]'l'ath~I"1'lU~l-J't'Wt)'W~ 4 '"I'W~~t)'W~(;)Yf1U~'a~n1~Lnufm~n 
cI .: J' Qjo J' ~ Qd'"~X ~ 1I 

't'Wn~ru~'a~'lI'WL'W'a~l-JI"1'lUI"1l-Jl-J'"I1'W'l'WL'lI'a'"l~'W'Vl~UL~l-J~'W'"I1nL~l-J11l'W 6.9 "'. . 
Ltl'W 8.2 log CFU/g 

... 
L:n'a'~'W'Vl1U 5.23 log CFU/g 't'Wt)'W~(;)Yf1u~'a~n1nnufm~n ~1l-J1~Cl~(;)~1'W'l'W'~'W'Vl1U1~ 

'" "" I 

l.h:;l-J1ru 2.95 log CFU/g L(;)U~1'W'l'W'~'W'Vl1Uvi~~l-J(;)~'a~:n'WL\l'a~~Vi1A'a~l-J~'luYl~l-JL~n~'W 

~~l-J1~L~L'lIl-J~l-Jl11"1'l1l-JLLl1lmh~'ath~l1~U~1~fIJ~ p < 0.05 nuj;]'l'ath~I"1'lU~l-J't'Wt)'W~ 8 
... 

'"I'W~~t)'W~(;)Yf1u~'a~n1nnufm~n '"I1nl-J111l~~1'W~'W~hLmtl1lm1A~'lI1~U~:;IJl'VlL\l'a~m ~:;Un1~ 
q cd q q 

... , ... 

Lnufm~n L\l'a~ n ~~ 1~1 nu~~'"1 't 'Wu~~'"I.ti ruovlLL~'l 1"1'l ~Lnu1rL 'W~'a~ LU'WVi'a ru~llihl1u 't 'W~'a~ L\l'a 
q q q q qJ 

... 
1lJLn'W 4 'a~fIl1L'lI~L~U~ LL~~'a~1lJLn'W 7 t)'W L(;)Ul1~1'W'l'WLLUI"1ViiSuvi~~l-J(;) (Total plate count) 

~'a~1lJLn'W 5.7 log CFU/g (5 x 10
5 

CFU/g) (~1~n~1'Wl-J111l~31'W~'I..!IlhLm~tl1lnL~:;m~1~ 
I 11" " 

LL1A~"ll1 ~, 254 7) ~~'t 'W~1'W'Vl(;)~'a~~1l-J1~Cl~ (;)~1'W'l'W'"I~'W'Vl1uvi~~l-J(;) 1~ 'Wl-J111l~~1'Wn~'a 't'WL\l'a 
• Jot 

... '" I I 

~~l1~1'W'l'W'~'W'Vl1u1'W:n'WL\l'aVi~l-J~'luYl~l-JL~n~'Wl1 5.23 log CFU/g 't'Wt)'WVi 16 ~'a~n1nnU 

fn~ ii'aun~1~l-J111l~~1'1..!t·~h~'W(;)H LL~:;'"I1n~1'Wfj4'u~'a~ Ercolini LL~:;l"1ru:; (2006) ~u~1~1n 
Jot 

l1~1'W'l'W'~'W'Vl1u-rr~~l-J(;)l-J1nn~1 7 log CFU/g .yh't~L~'aLn(;)n~'W~1lJYl~u~:;~~.-l (off-odors) 1lJ 

Ltl'W~u'al-Jfu ~1'WU~:;~1'Vlil-J rr~ (sensory) '"11 n ~u1'lll1"1 ~1l-J1~Cl H\tl'WLnru"Vl1 'Wn1~fh~'W(;) 

mUn1~Lnu~'a~L~'ail1l11~ ~~'"I1nn1~'Vl(;)~'a~~U~1 Ld'aLnuL~'at)'lLL~:;L~'a~l-JLtl'WL'l~116 t)'W . '" 
II I I I 11 

~1'W'l'W'"I~'W'Vl1uvi~~l-J (;)Vi~ul1 ~1 ~1 n~1 Ln rusnVi rh~'W(;) H ~~ mh'l1~~1 L \l'at)')~ 1l-J1J'Cl Lnufmn • ... , 
1~l-J1nn~1 6 t)'W LL~:;'t'WL\l'a~l-JLnufm~n1~l-J1nn~1 8 t)'W Lil'aLmuuLViuunuj;]'l'ath~I"1'lul"1l-J '" . 
L-rl'WL~mn'WnUn1~~n~1~'a~ Zinoviadou, Koutsoumanis LL~:; Biliaderis (2009) ~n~1~l-JU~ 

'Vl1~LI"1l1n1U1l1~"1l'a~Yl~l-JL'lu1u~~'W~~l-J~1,r'W'a'a1n1L'W (~'aU~:; 0.5-1.5 L(;)U~1~~n) 
't'Wm~uufi~'"I~'W'Vl1u1'WL~'at)'l~(;) ~U~1 Ld'aU1 L~'at)'l1u1A'a~l-JYl~l-J Lnufn~1~'aru~llij 5 'a~ fIl1-

q q q qJ 

L'lI~L~U~Ltl'WL'l~1 12 t)'W ~1'W'l'W~'a~'"I~'W'Vl1u-rr~~l-J(;)l1n1~~(;)~~'ath~l1~U~1~ru L(;)ul1 . ~ 

" I I I 

L=.o'a'~'W'Vl1UL1l-J~'WVi 3 log CFU/cm
2 LL~:;'t'Wt)'WVi 8 "1l'a~n1nnUfn~1~1l-J1~Cl~(;)~1'W'l'W 

... , ... 
'~'W'Vl1uvi~~l-J(;)L~~'a 3 .3 log CFU/cm

2 ViI"1'l1l-JL-ifl-J-if'W~'a~U1,r'W'a'a1n1L'W¥'au~:; 1.5 
... 

t(;)UU1~~n 

L(;)U~'l1U'~'W'Vl1u1'Wn~l-J Aerobic plate count l1~1'W'l'W'~'W'Vl1uu~:;l-J1ru 7 log 

CFU/g 111U~~~'"I1nn1~Lnufn~1Ltl'WL'l~1 7 t)'W ~~ru~.1Jij~LU'W (Ercolini et al., 2006) Lee, 
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~, ~ 

Choi LL~:; Yoon (2003) Lti1J¥m~nL"''eli'W''lJ'el~~l-J ~'elru~Jli1 0±1 'el~fi\1L'1!~L~m~ r1')1l-J~'Wil-J~'Vlfi 
'IJ • 'IJ 

11 I .<l:1li0 J' ~ 11 2 0 

J''eltJ~::; 55±10 ~1J'J1 aerobic plate count l-J'"l1'W'J'WL"1!'elLJ'l-Jj;J'W 5.5 log CFU/cm LL~::;'"l1'W'J'W 

1,jL1J~tJ'WLL1J~~'"l'W()~~'W~ 7 LLr;lm.h~htij;J1l-JJl1tJ~i~ 14 ~'W ~1J~1~1'W'J'W'"l~'W'Vl~tJL~l-J~'W'elth~ • ., , , 
ihrtJ~1~'1J11~1'W~'J'WVi'IA'el~'JtJYl;l-J micro-perated polypropylene Lil'el~'"l1nn1J''IA'el~l-J'el1~1J' • 
~'JtJYl;l-J~~1~ ~ n~~ ~'J1l-J~1l-J1J'tl1 'Wn1 J':nl-J ~1'W"lJ'el~ 1'el~11~ ~1 ":h 1 ~ Ln ~n1 J'~'J1J LL lJ'W"lJ'el-:J 1'el~1 

Jl1tJ1 'W1JJ'J'~Jiru" '1'111 ~ Li-:J n1J'L'"ll'1J"lJ'el~~ ~'W'Vl~tJ1 ~ L~'J~'W '1'111 ~ L d'eli j;Jtf1.,j ~1l-J1 J'tl Lfi1J1~ Ln'W 

9 ~'W (Marritot et al., 1977) 

o 2 4 6 8 10 14 16 

.,j ., ., 

~tl'VI 4.78 ~1'W'J'W"lJ'el~'"l~'W'Vl~tJn~l-JLL~~~n (Total lactic acid bacteria) J'::;~~1-:J:n'WLil'el~~LLr;l~ 
~ .. 

~'J1J ~l-J LL~ ::;~'WL d'el ~ ~ LLr;l-:J~l-JYl; l-J L~ n ~'WtJ~l-J1~ L~L'1!l-J 1 'WJ'::;~~1-:J n1J'Lri1J~m~t1 • • 

I iJ iI II 

'"l1m1JVi 4 . 78 LL~ ~~~1'W'J'W'"l~'W'Vl~tJn~l-J LL~ ~~ nl1~~l-J ~J'::;~~1~:n'WLil'el~ ~ LLr;l~ ~'J1J~l-J cu q q q 

~ iI iI iI 

LL~::;:n'WLil'el~~LLr;l~~l-JYl;l-J 1'WJ'::;~~1~n1J'Lri1J¥n'l!t1 16 ~'W ~1J~11'W:n'WL"''el~'J~'J1J~l-J~~1'W'J'W • • 

L~'el~~'W'Vl~tJL~l-J~'W'"l1nL1l-J~'W 6.82 LU'W 8.13 log CFU/g 1'W~'W~~vhtJ"lJ'el~n1J'Lri1J~n'l!t1 
1 'W"lJru::;~ Ld'el~'J~~l-J ~'JtJYl;l-J L~ n ~'WtJ ~l-J1~ L ~L'1!l-J"lJ'el-:J~ 1J'~1'W'"l ~'W'Vl~tJ~~1'W'J'WL~'el'"l~'W'Vl~tJ • •• 

CFU/g 

1~ L ~L'1!l-J ~l-J~ ~'J1l-J LLj;Jn r;l1-:J'elth-:J~,rtJ~1 ~'1J~ P < 0.05 ti1J~'J'elth-:J ~'J1JrJl-J1 'W~'W~ 6 ()~~'W~ 

16 "lJ'el-:Jn1J'Lri1J~n'l!t1 
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log CFU/g 1. 'Wrj\.l~ ~Yl'ltJ"lJ'e)~ mnn'lJfm~'I 1. 'W"lJ ru:;~~'WL~'e)~~l-J ~'ltJYJ~l-J L Yi n ~'Wn~'I'W'l'W 
" L~'e)'~'WVl1-tJ 6.69 log CFU/g 1.'Wr)'W~~Yl'ltJ"lJ'e)~mnn'lJfm~n ~'Il-J'IJ'Cl~~~'I'W'l'W'~'WVl1-tJ1~ 

II "II I 

lJJ':;l-J'Iru 1.6 log CFU/g L~tJ~'I'W'l'W'~'WVl1-tJn~l-J LL~~~m1\1~l-J ~"lJ'e)\I:a'WLtlm~l;j~~'e)~l-J ~'ltJYJ~l-J 

LYin ~'We.J~l-J1~ LYiL'l!l-J ~l-Jn ~'l'll-J LLl'ln (;]'I\I'e)rh~nutJ~'I ~ 'k!~ p < 0.05 n'lJ ~'l'e)r1'1\1 ~'l'lJ~l-J1. 'Wr)'W~ 

2 LL~:;r)'W~ 16 "lJ'e)~mnn'lJfmn 1~e.J~L-rl'WL~mn'Wn'lJ~'I'W';j{tJ"lJ'e)~ 8agoo, Board LL~:; Roller 

" " (2002) ~nM'In1J'1.·wMl-J1~Ll'l'l!'I'W (~'e)tJ~:; 0.3 L~tJ~'I~Un) tJ'lJtJ\ln1J'L'"l1-'k!"lJ'e)~LL'lJ~~L1-tJn~l-J 
" , 

LL~ n ~ n 1. 'WLil'e)~l-J'lJ ~ Ln'lJfnM'IYl 5 'e)\I M'I L'l! ~ L~tJ~ LiJ'W L'l~'I 18 r)'W Yi'lJ~'I YJ ~ l-J1~ Ll'l'l!'I'W~'Il-J'I J'l.l 
" " " ~~n1n'"l1-'k!"lJ'e)\I'~'WVl1-tJn~l-JLL~n~~1~ L~tJnL~'e)'~'WVl1-tJL1-l-J~'WYl 6 log CFU/g LL~:;1.'Wr)'W 

~(;'lYl'ltJ"lJ'e)\ln1J'Ln'lJfnM'I~'Il-J'IJ'l.l~~~'I'W'J'W'~'WVl1-tJ1~ 1 log CFU/g 
r" , 

'"l'l n m J'Vl ~ ~'e)\I' ~'WVl1-tJ1 'W n ~l-J LL~ ~ ~ n n ~ Vlfi m J'tJ'lJtJ\I~'e)tJ 'e)'I'"l L il'e)~'"l'l nn~'I'W'J'W 
I '" I tI 

'"l ~'WVl1-tJj]l-J ~'W 1. 'W1JJ':;l-J'I rul-J'I n Ln'Wn~ 'I ~ 'I J'~'I'W'"l ~'WVl1-tJ ~'Il-J'I J'Cl tJ'lJtJ\l1~ ~~'"l ~'WVl1-tJ1 'Wn ~l-Jlj 
q " q 

L'"l1-'k!l-J'In;'W'e)r1'1\1J''l~L~'J ll'ltJ~~\ln1J'Ln'lJfnM'I 7 r)'W (Ercolini et al., 2006) ~1-'e)LC'e)~'"l'ln 

~'IJ'tJ'lJJ'~'"l~'WVl1-tJtJ~ ~~ m:;'"l'ltJ ~'l1. 'WYJ~l-JhJ L~~'e)'WtJ'ItJ'e)'e)nl-J'I (migrate) ~\I,r'W'"l~'WVl1-w.i\l • • 

I I I " 

~'J 'Il-J L.;r l-J.;r'W ~ L ~l-J 'I:;~ l-J L ~ 'e) L Yll-J ~ 'l 'Il-J ~ 'Il-J 'I J'Cl1. 'Wm J'tJ'lJ tJ ~ '"l ~ 'WVl1-tJ1~'e) r1 'I ~ n lh:;~ Vl fill 'I Yi • 
" L~tJhJne.J~(;]'e)J'~~l-Jer~"lJ'e)~m~'IJ' (Ponce et al., 2008) 'e)r1'1\1lJ'nl'l'll-J LL~L~'e)'~'WVl1-tJ1'Wn~l-J 

LL~ ~ ~ n Lil 'W LL 'lJ ~Yl L1-tJ LLn J'l-J 'lJ 'l n ~ ~ 'Il-J 'I J'l.l tJ 'lJJ' ~ ~1-'e)Vl 'I ~ 'I tJ 1~~ 'I tJ n ~ 'I LL 'lJ ~ Yl L1-tJ LLn J'l-J ~ 'lJ 
LC'e)\I'"l'l nn e.Ju~ L'l!~~~'lJ'I~ n~'I LL(;] L~'e)'"l ~'WVl1-tJ1 'Wn ~l-J LL~ ~ ~ n l.l n{ ~~'I Lil'Wn ~l-J"lJ'e)\I LL'lJ ~Yl iStJ~n 

q q 'lI q 

~'J'Il-J ~'I'WVl'l'Wl-J'I n~~ ~(most resistant) 1. 'W'lJ J'J'(;'l'l'"l ~'WVl1-tJLLml-J'lJ'J n ~'ltJ n'W (Holley and • • 

Patel, 2005) 
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- 11 C) -::J 
u.. 10 0 .. ... 

9 C) 

g 
~:I 8 
1 

:;:s 7 
ttl 
tr 
:;:s 6 to 
:;:s 
r- 5 0". ~-,- - ,- -------,--

0 2 4 6 8 10 14 16 

.. " II II 

ltl'VI 4.79 ~1'W'J'W"ll'tl\l~~'W'Vi~cl"n~l-J Pseudomonas sp . 1:;~~1\1=n'WLtl'tl~(11LL(;]\lf01'J'U~l-JLL~:;=n'W 

L~'tl~(11LL(;]\I~l-JYhfl-JL~n~'We.J~l-J1~ L~L"lIl-J 1'W1:;~~1\1n11Lti'UfnM1 16 t3''W • 

nJ~ 4.79 LL~(11\1~1'W'J'WIij~'W'Vi~cl" Pseudomonas sp. 1:;~~1\1~'WL~'tl~(11LL(;]\lf01'J'Uf01l-JLL~:; " . . 
~'WL~'tl~(11LL(;]\I~l-JYJ~l-J 1'W1:;\.d1\1n11Lti'Ufm~t1 16 t3''W ~'U~11'W~'WL~'tl-r'Jf01'J'Uf01l-Ji1~1'W'J'W • • 

" I I l SI 

L;'tl~~'W'Vi~cl"C~'l-J~'W 5.51 L~l-JLiJ'W 9 .28 log CFU/g 1'Wt3''W~(11Vf1tJ''ll'tl\ln1nti'Ufm;-1 1'W"llnJ:;Vi=n'W 
~ , ~ 

L tl'tlt3''JVi~l-J ~'JtJYJ~l-J L~n ~'We.J~l-J1~ L ~L"lIl-J"ll'tl\l~11~1'W1ij~'W'Vi~cl"i1~1'W'J'WL;'tlIij~'W'Vi~cl" 8.17 log • •• 

CFU/g 1'Wt3''W~(11Vf1tJ''ll'tl\ln1nti'Ufm~t1 ~1l-J11Cl~(11~1'W'J'W~~'W'Vi~tJl~"h:;l-J1nJ 1.11 log CFU/g 
~ ~ , 

L(11tJ~1'W'J'W~~'W'Vl~cl" n~l-J Pseudomonas sp. "ll'tl\l=n'WLtl'tl-r'JVi~'tl~l-J ~(:ltJYJ~l-J L~ n ~'We.J~l-J1~ L ~ L"lIl-J 

~l-Ji1f01'J1l-JLLl'ln(;]1\1'tlrh\li1,rtJ~1~'1!~ p < 0.05 ri'U~'J'tlrh\lf01'J'U~l-J1'W-r'W~ 1 0 1ij'W~\I-r'W~(11Vf1tJ 

"ll'tl\ln1nti'Ufm~t1 L-rl'WL~mri'U\l1'W';j~tJ"ll'tl\l Zinoviadou LL~:;f01nJ:; (2009) ~m~t1YJ~l-JL'JtJ1th~'W 
" " I " I 

e.J~l-J~1~'W'tl'tl1n1L'W (~'tltJ~:; 1.5 L(11tJ~1Vl'wn) ~'U~1 d~'tl~1Ltl'tlt3''Jhh~'tl~l-JYJ~l-JLti'UfnM1Vi • 

~ , 
'tlrh\li1,rtJ~1~'1! L(11tJi1L;'tl~~'W'Vl~cl"iSl-J~'W 2 log CFU/cm

2 ~1l-J11Cl~(11~1'W'J'W~~'W'Vl~tJl~ 1.7 

CFU/cm
2 1'Wt3''W~(11Vf1tJ''ll'tl\ln1nti'UfnM1 • 
1'W~'WL~'el'VIl-Jf01'J'Uf01l-Ji1~1'W'J'WL~'elIij~'W'V1~cl"L~l-J~'W 6 .89 log CFU/g LL~:;L~l-JLiJ'W " . . 

9.59 log CFU/g 1'Wt3''W~(11Vf1tJ''ll'tl\ln11Lti'UfnM1 "llnJ:;~~'WL~'tl~2qj~~l-J~'JtJYJ~l-JL~n~'Wi1~1'W'J'W 
L~'tl~~'W'Vl~cl" 8.1 log CFU/g 1'W-r'W~(11Vf1tJ"ll'tl\ln1nti'U ~1l-J11Cl~(11~1'W'J'W~~'W'Vl~tJl~tJ1:;l-J1nJ 

~ ~ , 
1.49 log CFU/g L(11tJ~1'W'J'W~~'W'V1~cl"n~l-J Pseudomonas sp. "ll'el\l=n'WLtl'tlVi~'el~l-J~'JtJYJ~l-J 

L~n~'We.J~l-J1~L~L"lIl-J~l-Ji1f01'J1l-JLLl'ln(;]1\1'tlth\li1,rtJ~1~'1!~ p < 0 .05 ri'U~'J'tlU1\1f01'J'U~l-J1'Wt3''W~ 
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4 IV" Q'.... J oIClt. ~ ... I 

6 LL'Cl:; 14 "'l'W()~'J'W~(;)'Vl1tl"1l'e)~mJ'LmJmM1 8jj~~'Cl'W'VlJ'tln~~ Pseudomonas sp. ~1~1J'() 

~1'W'J'WL ~~~'W'e)th~J''J (;) L~';ll 'WJ':;~~1~ mJ'LriufnM1 L ti'e)~ ~1"'l1 n"'l~'W'Vl1U"lfU(;)eLil'Wn ~~~~ n 1 'W • • 

mn~'e)~L~tl"1l'e)~L~'e)il?l1'L(;)m't).~1:;1'WuJ'J''''l.nru,]~~'e)'e)n~L'''l'W (Koutsoumanis et al., 2004) • 
L~ n :;Lil'W"~~'W'Vl1tl1 'Wn ~~ LLU rlYl L1tl~ n'e) 1 ~ Ln (;) mJ'L~'e)~ L~tl L(;)tl mni'e)tl Lth~'W (proteolysis 

spoilage bacteria) (Lee et al., 2003) 

8 r 

':I 1 5 
lIZ 

~ 4 f----------------------~~~ ... 
'q:I 

~ 
5 3 +---------------------------= ........... -
r­
." 

o 2 4 6 8 10 14 16 

I II' II II 

nJYl 4 .80 LL~(;)~~1'W';l'W"1l'e)~"'l~'W'Vl1u E. coli 1'W:n'WLtj'e)rj';lrl';lUrl~~~1'W';l'WL:n'e)"'l~'W'Vl1u 'U ~ __ ~ 

~~~'W 5.4 L~~~'WLil'W 7.01 log CFU/g 1'Wrj'W~(;)Vl1tl"1l'e)~mJ'Lriufm~t1 "1lru:;~~1'W';l'W'~'W'Vl1u 
1 'W~'WL~'e)rj';l~~~ ~';ltlYi;~ L ~ n ~'WC,J ~~1'Cl L ~ L 8jj~"1l'e)~ ~1 J'~1'W"'l ~'W'Vl1U~~1'W'J'WL~'e)"~'W'Vl1u'Cl (;)'Cl'l • •• 

Lil'W 2.7 log CFU/g 1'Wrj'W~(;)Vl1tl"1l'e)~mJ'LriufnM1~1~1J'()'Cl(;)~1'W'J'W"~'W'Vl1tl1~lh:;~1ru • • 
"" , 

4.11 log CFU/g L(;)tl~1'W';l'W"~'W'Vl1un~~ E. coli "1l'e)~:n'WLtj'e)rj'JYl~'e)~~~'JtlYi;~L~n~'WC,J~~ •• • 
1'ClL~L8jj~~~~rl'J1~LLl?ln[;h~'e)rh~~trtl~1~'1!~ p < 0.05 nU~';l'e)rh~rl';lU~~L~'e)rj'W~ 6 "'l'W~~rj'W 

" CJ .... 
~(;)'Vl1tl"1l'e)'1m~LnUmM1 

1'W"1lru:;~~'WL~'e)~~rl';lUrl~~~1'W';l'WL~'e),,~'W'Vl1un~~ E. coli L~~~'W"1n~~~'W 6 .35 
qJ q q til 

Lil'W 7 .5 log CFU/g 1'Wrj'W~(;)Vl1tl"1l'tl'ln1nriufnM1 LL'Cl:;~1'W';l'W'~'W'Vl1tl1'W~'WL~'tl~1oJ~~~~';ltl 
Yi;~L~n~'W~~1'W';l'WL~'e)'~'W'Vl1u 3.81 log CFU/g 1'Wrj'W~(;)Vl1tl"1l'tl'lmJ'LriufnM1 ~1~1J'()'Cl(;) 

~1'W'J'W,~'W'Vl1tl1~lh:;~1ru 3.69 log CFU/g 1'Wrj'W~(;)Vl1tl"1l'e)'1mnriufnM1 ~1'W';l'W'~'W'Vl1u 

n~~ E. coli "1l'e)~~'WL~'e)~~'tl~~~';ltlYi;~L~n~'WC,J~~1'ClL~L8jj~~~~m1~LLl?ln[;h~'e)rh'l~ 
• • 
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l!tJ~1~'\!~ p < 0.05 nuj;j'J'e)th~I"l'JUI"l~L~'e)1''W~ 6 ~'Wti~1''W~(;lYf1tJ'1l'e),ln1TLnufn~1 c.J~n11 • • 
'Vl(;l~'e)~~'e)(;lI"l~'e)~nUn11~n~1'1l'e)~ Chouliara LL~~l"lru~ (2007) YiU~1 L~'e)'e)n1riiu Lnufn~1~ 

'qru~1Jij 4 'e)~fil1L"ll~L:ntJ~dj'WL'J~1 121''Wl'Wu11,.nruoyf1'J~nu~1,r'W'e)'e)1n1L'W (1'e)tJ~~ 1 L(;ltJ 

"" , 
v.1~l!n) L(;ltJ~1'W'J'WL~'e)~~'W'Vl1~n~~ Enterobacteriaceae ~(;l~~~1n~1'W'J'W~~'W'Vl1~L1~~'W 2.3 • • • 

log CFU/g ~1~11(l~(;l~1'W'J'W1~ 1.43 log CFU/g 

9 ~- --

o 2 4 6 8 10 14 16 

nJ~ 4. 81 LL~ (;l~ ~ 1'W'J 'W'1l 'e)~ ~ ~'W 'Vl1~ n ~ ~ coliform 1 'W~ 'W L ~'e)1' 'J 1"l'J U I"l~ ~ ~ 1 'W'J 'W cu q II! q 

L~'e)'~'W'Vl1~L~~;'W~1nLi~~'W 5.88 Lij'W 7.01 log CFU/g 1'W1''W~(;lYf1tJ'1l'e)~n11Lnufn~1 
I "''' I 

1 'W'1l ru~Yi~1'W'J'W~~'W'Vl1tJ1 'W;'WLij'e)1''JYi~~ ~'JtJ~ ~~ L Yi n ~'Wc.J~~1~ L Yi L"ll~'1l'e)~~11~1'W~ ~'W'Vl1u~ •• • 
0-

~1'W'J'WL~'e) 3 log CFU/cm
2 1'W1''W~(;lYf1tJ'1l'e)~n11Lnufn~1 ~1~11(l~(;l~1'W'J'W'~'W'Vl1tJ1~ 

tJ1~~1ru 4.0110g CFU/cm
2 L(;ltJ~1'W'J'W'~'W'Vl1un~~ coliform '1l'e)~~'WL~'e)1''J~~'e)~~~'JtJ~~~ 

LYin~'Wc.J~~1~LYiL"ll~Li~~1"l'J1~LL(;1mh~'e)th~~l!tJ~1~'\!~ p < 0.05 nuj;j'J'e)th~I"l'JUrJ~L~'e) 
" " 

1''WYi 2 LL~~ 8 ~'Wti~1''WYi 16 '1l'e)~ n1TLnufn~ ~1 n~1 (;11~1'W~'W~h Ln~(;1TLL~~'ll1 ~tJ1~1Jl'Vl Lij'e) LI"l 
d.I 

1~Un1TLnut'n~1 L~'e) LI"l~1~1 nU11~ t 'WU11~Jl ruOY]LL~'J 1"l'J TLnuHt 'W~'e)~ LU'W~'e)ru~JlijJl1tJt 'W 
q q II! q cu 

0-

"ll'e)~Lij'e)hILn'W 4 'e)~fil1L"ll~L:ntJ~ LLj;j~'e)~hlLn'W 7 1''W L(;ltJ~~1'W'J'WLI"l~~'e)f~ (Coliform 

organisms) n1~'W(;l~1 Most Probable Number (MPN) j;j'e)j;j'J'e)th~ 1 nf~ ~'e)~hlLn'W 3.7 log 

CFU/g (5 x 10
3 
CFU/g) (~1l!n~1'W~1(;11l1'W~wlhLn~(;11LL~~'e)1~1TLL~~"ll1~, 2547) ~~L'W~1'W 
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'Vl~~'tN~1~1~tl~~~1'W'J'WLrl~~'tlf~1~'W~11'1~~1'We~'tll'WLn'tl.r'JiJ~1'W'J'W'~'W'Vl1-U1'W~'WLn'tl~~~ 
~'Ju~;~L~n~'WiJ 3 log CFU/g 1'W.r'W~ 16 '1l'tl-:jn1nfhJfm~t1 U'tlUn~1~~11'1~fi1'WfhVl'W~H 

</I 

1'W~'WLn'tlVl~rl'J'lJrl~iJ~1'W'J'WL~'tl~~'W'Vl1-tJn~~ coliform L~~;'W~1n 6.78 LU'W 7.34 cu q q q 

I "" I 

log CFU/g 1 'W.r'W~ ~Yl1U'1l'tl-:j n1~Lri'lJfmt1 1 'W'1l ru:;~;'WLU'tlVl~~~~ ~'Ju~;~ L~ n ~'We.J~~ 
• 'IJ • ., 

1~L~L'l!~iJ~1'W'J'WL~'tl 4.7 log CFU/g 1'W.r'W~~Yl1U'1l'tl-:jn1~Lri'lJfm~t1 ~1~1~tl~~~1'W'J'W 

'~'W'Vl1-ul~tJ~:;~1ru 2.65 log CFU/g L~U~1'W'J'W'~'W'Vl1-tJn~~ coliform '1l'tl-:j~'WLn'tlVl~~"lA'tl~~ 
~'Ju~;~mn~'We.J~~1~L~L'l!~~~iJrl'J1~LLl'1n~1-:j'tlrJ1-:jiJ'I!U~1~'1!~ p < 0.05 n'lJ~'J'tlrJ1-:j 

II .. lJ iI 

e.J~n1~'Vl ~~'tl-:j~l ~L~'W~1 ~'Vlfil 'Wn1~~'lJ~-:j'~'W'Vl1-u1 'WLU'tl~ I'll ~ ~LL~-:jiJ e.J~~'tl~ rl~'tl-:jn'lJ 
., .. ., 

n1~~'lJ~-:j'1l'tl-:j~;~ L~ n ~'We.J~~1~ L ~L'l!~ n~ 1'J ~'tliJ ~'Vlfil 'Wn1 ~~'lJ~-:j~-:j~ ~ 1 'W'~'W'Vl1-tJ n~~'1l'tl-:j 
., , 

E. coli ~'tl-:j~-:j~1 ~'tl ~~'W'Vl1-tJn~~ coliform L~ul~e.J~1'Wn1~~'lJ~-:j~ln~L~u-:jn'W~:;VI~1-:j • • 

Pseudomonas sp. LL~:; Lactobacillus sp. LL~'W~;~L~n~'We.J~~1~L~L'l!~'1l'tl-:j~1~~h'W~~'W'Vl1-tJ • 

~1~1~tl~~~1'W'J'W'~'W'Vl1-ul~ L~u~~n1n~1'1!'1l'tl-:jL~'tl'~'W'Vl1-ul~ 0.96 - 4.11 log CFU/g LL~:; 
I I II II I 

Lij'tl~~1~ru1~1 n~1'W'J'W~ ~'W'Vl1-tJ~ 1'1 ~'J~ ~'tl'lJl 'W;'WL U'tl ~ ~ LL~-:j~~~~;~ L ~ n ~'We.J ~ ~1~ L ~ L 'l!~l 'W • • ., ., 
.r'W~~Yl1u'1l'tl-:jn1nri'lJfn~ ~'lJ~1~;~L~n~'W e.J~~1~L~L'l!~~1~1~tl~'lJ~-:j~~'W'Vl1-ul~'WLU'tlVl~ 

• • 'IJ ., 
~~LL~-:jl'Wn~~'1l'tl-:j Aerobic plate count Pseudomonas sp. LL~:; Lactobacillus sp. ~n~1LU'tl 

I II I II " 

.r'J 'tl1~ LU'tl-:j~1~1 n LU'tl.r'JiJ rl'J1~'tl1\!1~1nn~1 LU'tlVl~ vi'll ~I"h aw(water activity)~-:j ~-:j e.J~ 1 ~ 

'~'W'Vl1-~-:j~1~1~m~1'1!L~'lJLI'11~~n~1 (Lee et al., 2003) l'W'1lru:;~~;~L~n~'We.J~~ 
II " "I 

1~ L ~L'l!~~1~1~tl~'lJ~-:j~~'W'Vl1-u1~ 'WLU'tl.r'J ~ ~LL~-:j ~n~1 LU'tlVl~~"lA'tl~~~;~l 'Wn~~'1l'tl-:j E.coli 
q c:u q q ,., ., 

coliform 'tlrJ1-:jiJ'I!U~1 ~ '1! LU'tl-:j~1n 1 'W~'J'W'1l'tl-:j LU'tl.r'JiJ~'J'W'1l'tl-:j1'1llY'WLL'Vlm~1 n n~1l 'WLU'tlVl~ 
tJ '" II I , 

LU'We.J ~ 1 ~\! 1lY'WVI'tl~~:; LViU (\!1lY'Wn1'W ~~ LL~:;\! 1lY'Wn~:; L~ U~)~ tl n Lri'lJ n n Bi. 'W1~ L ~ L'l!~~-:j 
'IJ 'IJ 

'~'W'Vl1-tJLLm~~'lJ;-:j iJLrl N ~ h-:j'1l'tl-:j e.J'I!-:j L 'l! ~ ;~VI'W1 LL~:;iJLrlN ~ ~1-:ji'lJ.n'tl'Wn ~1 LL'lJ rl~ L1-U LLn ~~ 

'lJ'Jn ~'tle.J'I!-:jL'l!~;~LU'W lipopolysaccharide (Lambert et al., 2001 )LL~Ln'tl~1~~Lri'lJnn~n 
.,., ., 

tJ~ ~tJ~'tlU'tl'tln~1'1!'W hliJi'J ~ :;~1u1~~1 'W-n'W1 '1llY'W 1 'We.J'I!-:j L'l!~ ;'1l'tl-:j~~'W'Vl1-tJ vi'll ~~1~1 ~tl LL ~ i • , ., 
~1'WLL~:; L';h 1tJl11 ~1U e.J'I!-:j L'l!~;Vl1-'tl LU'tl~~ L'l! ~;'1l'tl-:j~~'W'Vl1-u1~ LU'We.J ~ 1 ~~~'W'Vl1-tJ n~~lltl n 

q q q q III ., . 
~'lJ~-:jn1n~1'1!Vl1-'tl~nl11~1U (tJrilfi Vi~Ufi~~~. 2550; Oussalah et al., 2004) LL~:;Lij'tl 

~~1~ru1~1nL~'tl'~'W'Vl1-tJ~-:jVl~~ (Aerobic plate count) ~~1~1~tll-nLu'WLnru"Yl1'Wn1~n1V1'W~ 
'" I '" " 'tl1Un1~Lri'lJ'1l'tl-:jLU'tl~l'1rJl~ ~'lJ~1 Lij'tlLri'lJLU'tl.r'JLL~:;LU'tlVl~LU'WL'J~1 16 .r'W ~1'W'J'W~~'W'Vl1-tJ 

• 'IJ' 

~-:jVl~ ~~~'lJiJI"11 ~1 n~1 Ln ru"~n1V1'W~ H ~-:j n~1'J 1~~1 Ln'tl.r'J~1~1~tl Lri'lJfm~t11~~1 n n~1 6 
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tj'kl LL~:;1'klL;l'tl'\nJLn'Ufm~t1LJll-Jlnn~1 8 tj'kl L~'tlLmrJ'UL~rJ'Ufi'U~'J'tlth~f01'J'Uf01l-J LC;)rJn~Ln 
\J • 

, ~ 

n1nJ~ C;)Ufl'tlrJ~lJ'l~h'kllil ~'klyi~tJ eJ~l-J~ Cl n Ln'U n nIllrJ 1 'klL~ L Yl L"lIl-J LL~'J Cl n 1n1~ ~~ 1 'kl~~l-J LYl n ~'kltr'kl 
• \J \J 

I I " " " 

L1l-Jlill n L~'tl LL~'kl~ ~l-J~l-J er ~ n'U ~'J L~'tl~ 1n'J1C;)rJ inN ~~ eJ ~ 1 ~ f01'Jll-J~'kllill n L ~'tl~ 1n1~l-J L;Jl ~ 
\J 

" "I " 
~l'klIil~'klyi~tJ eJ~l-J~~~~'J~Ul"lJ'tl~ L ~'tl~ 1n1 f01'Jll-J~'kl~~~~'J~Ul"lJ'tl~ L~'tl~ In 1Yi 11 ~fO)l CMC 

• \J \J 

(critical micelle concentration) ~C;)~1~~ ~~ eJ~ 1 m~ L YlL"lIl-J fO)'tlrJ1 U~ C;)Ufl'tlrJ~lJ'~l'kl'~'klYi~tJ~ 

Ln'Unn HIllrJ1 'kl~~~~'J~Ul"lJ'tl~ L;l'tl~ 1n1 ;~il eJ~ 1 'kln1J'tT'U~~Iil~'klyi~tJ~~'J~Ul"lJ'tl~ L;l'tl~ 1n11Jl 
\J • 

Guilbert LL~:;f01 ru:; (1996) nrJ~l'kl~l mJ'LIil1'1J"lJ'tl~"~'klyi~tJ'U'kl~'J~Ul"lJ'tl~m~1J'1 'kl 

'UJ'J',nruoyjil eJ~ (;\'tlmJ'L~'tll-J L~rJ"lJ'tl~'tll~lJ' LC;)rJ'tll~lJ'~ LL·llL~'kl (refrigerated foods) ~1 nil 

LU~rJ'klLLU~~'tl ru~Ilij Yi 11 ~ Ln c;) nl J'f01'J'U LL ti'kl"lJ'tl~~ lIllrJ1 'kl'UJ'J'liln ruoyj ~~ eJ ~ 1 ~ f01'J 1l-J~'kl~ 
• \J • 

~'J~Ul"lJ'tl~m~lJ'Cl nU'tl~n'kllilln m n 1il1ru"lJ'tl~Iil~'klyi~~~tJl LU ~ mn~'tll-J L~rJ LC;)rJUIil~rJ~~ n"lJ'tl~ 
III 61 q \J 

~ , 
~~l-JtT'UtT~Iil~'klyi~tJ ~'tl mJ'Lf01~'tl'klUlrJ (migration) "lJ'tl~~lJ'~l'klIil~'klyi~tJlilln~~l-J~m~lJ' 

• • \J 

~ 

f01'Jll-J~1l-J1J'Cl1 'klmJ'tT'UtT~Iil~'klyi~tJ LL~:;mJ'fmn f01ruIllYlm~lJ' • • 
~ ~ 

Hoffman, Han LL~:; Dawson (2001) Yl'U~1~~l-JtT'UtT~Iil~'klYl1-tJileJ~1'klmJ'tT'UtT~ • 
'~'klYl1-rJ1 'kl·lh~m'J (long-term) 1 'kl"lJ ru:;L~m n'klm J'L~l-J ~1J'~1'kl" ~'klYl1-tJ~~ Lu1 'klm~lJ' LC;)rJ inN 

" "" I 

il eJ ~ 1'kl m J'tT'U tT~ Iil ~ 'kl Yl1-rJ1Jlu 1 'kln ~ 1~ LL~:; LU'kl m J'tT 'U tT~ 1 wrl 'J~ J':;rJ:; L 'J ~ 1 ~'kl 1'kl "lJ ru:;~~ ~ l-J • 
'" tT'UtT~1il ~'klYl1-tJ~ ll-Jl J'CltJ c;)'tll rJ n1 nn'Ufm~n"lJ'tl~m~l J''tl'tl n LULJlIllrJ~~~ m J''U J'J'1il •• • 

~ , 
tT'UtT~1il ~'klYl1-rJ1Jl~ L ~m'Ul~ n fll-J ~~'tlllilil~l L ~ lnl-Jllill n m J'eJ ~l-J~1 J'~1'kl1il ~'klYl1-rJ1C;)rJ inN ~~ 1 'kl 

q q q q 

'" , , 
'UJ'J'liln ru.,,1c;)rJ In Nmlilil eJ ~ 1 'klm J'tT'UtT~~hJilu J':;~Yl flillYl L ~'tl~lill n 'tl~ rlU J':;n'tl'U"lJ 'tl~m ~1 J'LU • 

~h~eJtr~il'tl~n'kl (protection layer) ~'tll-JJ''fl'U LL'Uf01~ ISrJ ~1'fl'flllil LU~c;).n'U~lJ'~l'kl'~'klYl1-tJLm H 
~ , 

Yil1 ~ Wlll-J L;Jl-J;J'kl"lJ'tl~~lJ'~l'kllil ~'klYl1-tJ~ c;)~~ Yil1 ~il c.J~ 1 'klm J'tT'UtT~Iil~'klYl1-~~~l n c;) (Holley • • 
and Patel, 2005; Coma, 2008) ~1'flmJ'~eJ~tT'U~~Iil~'klYl1-tJJl'JrJ~1J'~1'kl1il~'klYl1-rJ1'klm~ln~rJ~ • • 

II " I I I I 

L~'fl,r nil m J'tT'UtT~Iil~'klYl1-tJ~l-Jl n n~l L~'tltJl Lu1, n'U'fll~lJ' L~'fl~lill n 1 'kl~'Jm~lJ'il ~ 1 J''fll~lJ'~ • 

n~'Ul-J1L~l-J~1'kl'J'kl1Jl~n (Gutierrez, Barry-Ryan LL~:; Bourke, 2008) ~1'flmIilLnC;)lillnmJ' 

U~ C;)Ufl'tlrJ (relase) ~1'fl mnf01~'fl'klUlrJ (mig ration) "lJ'fl~~ 1 J'~l'kl"~'klYl1-tJ~~~m~lJ';~ijUIil~rJ 
~~ln~~lrJ LC;)rJ Guilbert LL~:;f01ru:; (1996) ~m~t1mJ'Lf01~'fl'klUlrJ (migration) "lJ'fl~LYlLLYl~L~rJl-J 

"lI'tlfL'U In LL~:; mC;)"lI'flfijnlilln~~l-J eJ~l-JJ':;~~l~ LYl n ~'klLL~:;n~ LIn'kl1'kl model food system Yl'U~l 



l:.~l~HmLraM.@.~l!l. 
" ... I 

~LU~\L~ 09 ;:~ra@'~I:'~M.L~I't~~LU~~~\~t':l~ M.,ttlT.tM.~,~I't~t':lM.e,~I't~'~LUI:'~U~;:~" I:'~~~ 
I '" 

n. b n. b 

M.L~ 1't~~LU~lA.~;:~rl't~~\L~ L~t:LJk1.ru@,;:~" I:'~I:'L~-~WM.~' I'tLe,l!lL~ L~ ~~lA.M.~~M.LJtl~L~ 
.. I I 

1:'@'IT.M.JtlI't£lM.JIoI'tJIo' I'tLe,l!l ~ra~l ~~ lA.M.~~M.LJtl~ L~ 1:'@'IT.M.JIoI'tJIo' I'tLe,l!l;: ~" I'tJ~f1.1l~Lk1.L@'I:'L~k1.;:~M..1l I I 

'" ~~I't~~LU ~Lk1.L@'I:'@'IT.~t:lJ. ~Lk1.L@'f1.1l.HrtLr-~LUf1m'r~ @,~ ~L~I:'@'lT.raL~M.@'~l!l'~LUM.\ra~~r: 

(II 



.,j 

tJ'VI'VI 5 

" " " 't'WmJ''VHM\'tltJLU'tl\l~'W~'tl\l-W'Ur'Wn'l'W~~ -W'Ur'Wm:;L~m.J LL~:;~1J'~n~'"l1mU~'tlm1tJ~~ 
'IJ 

iJ tr 11 II 

~,)U ~,)l11~:;~1U ~1\11 ~tJ~1 ~1 J'~ n ~vi'\I~1~"llti~~ ~'Vlfi1 'Wm J'tJtJtJ\I m J'L'"l1-'k!~'tl\l L~'tl~~'W'Vi1tT 

~n"llti~1'WmJ''Vl~~'tl\l ~'tl Pseudomonas sp. E. coli ATCC 25922 E. coli ATCC 8739 

Salmonella Typhimurium Salmonella Choleraesuis Lactobacillus sp. LL~:; Lactobacillus 
II tr '" I I I 

sake t~u-w1~'Wm'W~~~~'VlfitJtJtJ\I~~1 n~~ ~ m~ ~,)U ~1J'~ n ~'"l1 mU~'tlnvi'tJ~~~~ n ~ ~,)U 
" I 

L'tlfi1'W'tl~ LL~:; -W1~'Wm:;L~U~ R,)1~ L-if~-if'W~ Ln ~ 1~ L'lI~~~'tl\l~1J'~:;~1m~;n~'W1 'WL'tlfi1'W'tl~ ~'tl 

~'tlU~:; 11 t~U~'l'VIt!n L~'tl~n~1~1l1,):;~L~~1:;~~1'WmJ';'WJ'u1~t~t'll~ ~tJ~1 R,)1~L-if~-if'W 
'IJ 

" I " 

~'tl\l ~ 1J'~:;~ 1m~;n ~'W~'tlU~:; 12 t~u-W1~t!n ~i ~ ~,)'WJ':;Vd1\1~1 J'~ :;~1m~;n~'WLL~:;~ 1 J'tJtJtJ\I 

~'tl n 1 J'LLU n-l'W ~1'tl R,) 1 ~ R\I ~') ~ 'tl\l:S~ ~-n'W ~'tl L,) ~ 11 'W n 1 J' L ri tJ fn ~1 R,) 1 ~ L -if ~ -if 'W~ 'tl\l 
~1J'~:;~1m~;n~'W LL~:; R,) 1~ L-if ~-if'W~1 J'~h'W'"l ~'W'Vl1tT L~'tl-W1~1;'WJ'U Li:J'WYJ ~~ L ~ n ~'W t~mLUJ' 

• 'IJ 

i ~~')'W~'tl\l L~n ~'W LLR~L~U~R~'tl lJ'1'l LL~:;~~1~~1'1I L'lI'tlf ~tJ~1n~ L'lI'tlJ''tl~ 1 ~~~~~ IOh~'tlu~:; 

m J'U ~ ~')~ ~ LL~:;1 \\YJ; ~~ 1011 ~1'W'Vl1'WLLN ~\I~1 ~ 1 'WLn ru,,~ ~1l1 '):;1 'Wm J'l11YJ; ~ L ~ n ~'W~ 
" L~~1:;~~ ~'tl R,)1~L-if~-if'W~'tl\lL~n~'W~'tlU~:; 4 t~u-W1~t!n(;]'tlm~1(;1J' 

" " LLR~L~U~R~'tllJ'~'tlU~:; 3 t~u-W1~t!n~'tlm~1(;1J' 1-ifn~L'lI'tlJ''tl~~'tlU~:; 50 t~u-W1~t!n~'tl\l 
I I " 

L~n~'W Lij'tlt:J~~1~t~t'll~~\l1u~J':;~tJR,)1~L-if~;r'W~'tlU~:; 2 4 LL~:; 6 t~mJ1~t!n ~tJ~1hJ~ 
.. " I 

R,)1~ LL(;1n ~1\1n'W~'tl\l ~'Vlfi1 'WmJ'tJtJtJ\I~~'W'Vl1tT~'tl\lYJ;~ L~ n ~'W U n Lr)'WR,)1~ L;r~;r'W1~ t ~t'll~~ 
'" I... '" I 

~'tlU~:; 4 LL~:; 6 t~u-W1~t!n ~1\\~'Vlfi1'WmJ'tJtJtJ\I~1n~~~'tlU1\1~t!U~1~'k!1'W~~'W'Vl1tTn~~ 

LL~ R~R L~'tlU11u1-if1')~ ntJ L~'tli (;11' ~ ~LL~\I (L~'tl1',) LL~:;L~'tl~~) t~mA'tl~'WL~'tl ~1'WtJ'WLL~:;~h\l 
'IJ 

LritJ~'tlru~lln 4 'tl\lfl\1L'lI~L~U~ ~tJ~1 LL~'WYJ;~L~n~'Wt:J~~1~t~t'll~~'tl\l~1J'~1'W'"l~'W'Vl1tT 
• 'IJ • 

" ~1~1J'~~~~'l'W,)'W~~'W'Vl1U1~ b(;ltJ~(;lmJ'L'"l1''k!~'tl\lL;'tl'1~'W'V11tJ1~ 0.96 - 4.11 log CFU/g 1~ 
.. " 

~'Vlfi1'WmJ'tJtJtJ\I~\I~~1'W~~'W'Vl1tTn~~~'tl\l E. coli J''tl\l~\I~1~'tln~~ coliform LL~:;1\\t:J~1'W 

mJ'tJtJ5\1~1n~L~U\ln'WJ':;vd1\1 Pseudomonas sp. LL~:; Lactobacillus sp. '"l1nmJ''Vl~~'tl\lLritJ 

fn~L~'tl~~LL~\I Ltl'WL,)~1 16 1''W ~1'W,)'W'"l~'W'Vl1tT~\I~~~~~tJ~lOh~1n~1Lnru"~n1~'W(;lH ~\I • 
" I " 

n~1,) 1~~1 Ln'tl1',)~\\~YJ;~ L~n~'Wt:J~~1~ t~t'll~~1~1J'mritJfn~11~~1nn~1 6 1''W LL~:;1 'WLn'tl~~ 
• 'IJ 
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I I '" I 

hJl~~l-J~~l-JLVin~\leH~l-Jl~LViL"l!l-J ~~if'"l4'tJvHJe.J~1.\ln'w~U~~'"l~\lvi~tJ~'e)~~~l-JYle.J~(;11~ ~'e) , , 
~ ~ , 

m~U\lLiJ'e)\lL:a'e)'"l ~\lViTtJL~l-J ~\l 'e)~ I"1U~:::n'e)U~'e)~'e)1~1 ~ ~:::tJ :::L,)~1 LL~:::'e) ru~l1ij1. \lmnnU 
, , 'U 

fm~n mnr1~'e)\l~1tJ~'e)~~1~~1\l'"l~\l'Vl~tJ~~~~,)~~1'e)1~1~ ~~~\ln~:::U,)\ln1n'e)\lLLr1U"l!L~on\l 
, 'U 'U 

I r tJ '" " 

~1~~ n !?l'"l1 nYl'll~ ~\l1 Vi ~Yl i1 ~'Vlfi~u~~ L:a'e)'~\l'Vl~tJ1 \l1~ LVi L'lll-J L!?l tJHf L'Vl r1Ur1 ~u LU~~lT ~on\l 
I I r" 

~1l-J1~mJ'e)~n\lmn~'e)l-J~111W1J'e)~~1~~n!?lYli1~'VlfitJutJ~'~\l'Vl~tJ'"l1n~~\llVi~1~ 

., 
5.2 "lI'£IL~U'£lLLU:: 

I I r '" 

1. r1')~~n'W1m~U1~1~~n!?l'"l1nD~~l-J'll1~'llU!?l~\l1Yli1~'Vlfim~~u~~'~\l'Vl~tJl-J1U~:::tJnj;) 

1.·n!?l tJ1..jf L 'Vl r1Ur11~ LVi L'lll-J L'e)\l LLr1U 'll L~ on\l L -rl\l n\l L!?l tJ'e) 1 '"l i1 n 1 ~ LU ~ tJ \lLLU ~ ~ 
'U 

, , 
"1J\l1 !?l'tl\l111 r1 LL~ :::U~:::'"lU\l~,) LLtJl n 11l1~ n\ll~l-n mJ1tJ L Yl'tl L ~l-J r1,)1l-J r1~];],) LL~:::L ~l-J1::: , , 

I" I I I 

2. ~1~~n!?l'"l1nD~~l-J'll1~YlU1l-J11..jf L-rl\l u1lT\lm:::LYltJl-J ~~r1~i1if'1J~11.\lL1'e)~n~\lYlLLN 

LL~:::n~\l~!?l111'll\l:::U~~'"l vh 1. ~tJ1 n 11l'e) m ~u11u1..jf 'e11'"li1 m~LU~tJ\lLLU~~~1~~n!?l , 
, , ~ 

'"l1nD~~l-J'll1~LYl'e)1.~~1l-J1nwihnun~\l~~~'e)~'e)1~1~1~ L-rl\l U1lT\l~1~:::LL~t.l 

3 . ~~l-JLVin~\l~e.J~tJll~ ~~r1~i1~l-J~U1~.;r'e)~~~~'e)tJ'e)tJ L-rl\l rhm~~l-J~1\l1'e)~1~~r1~ 
'U 

4 . r1,)1l-J~1l-J1~() 1. \lm~~U~~'"l~\l'Vl~tJ~'e)~~~l-J LVin ~\le.J~l-Jl~ L Vi L"l!l-J~'e)~~1 ~~1\l'"l ~\l'Vl~tJ , , 
... , , 

~~r1~i1~1n!?l L!?lm'ilVi1:::1.\lm~~u~~ Pseudomonas sp. Yldj\l'~\l'Vl~tJ~~nYlri'e)1.~ 
, "" I 

Ln !?lmn~'e)l-J L~tJ1. \lLtl'e)~ (;11 ~~'I1\l'e)1'"li1 n 1~~ j;J,J\l1~1'e) m~Lu~tJ\lLLU~~~l-Ju"i~'e)~ 

~~l-J L~'e) L~l-J mnr1~'e)\l~1tJ~'e)~~1~~1\l' ~\l'Vl1tJ ~1 ~1~~ n !?l'"l1 nD~~l-J'll1 ~'llU!?l~\l1 



" " 'jJ'el-:j~'l~~n(91\nJ'l'iJ~rlnLU~'eln!:J~Vl'iJvh.J (Punica granatum L.) [;]'eln'l~U'iJU-:jL;'elri'el 

L~Fln~~ Gram-negative bacilli. ';l'l~~'l~~-:j'jJ~'l'IJFl1'IJVlf 27(2): 535-544. 

urufi ViYmfi~~~ . 2550. n'l~~~'IJ'l~;~[;]'elU'iJ~-:j~~'IJ'Vi~~~iJn'ln~~~'l~fi~~~"lf'l~L~'eln'l~'iJ~~~ 
q q 

, 
~t1'el~ ~'IJ~t)~u. 2527. LFl1'el-:j LVl fit . nN L'Vl~'1 : Flru:;LJl~"lffit'l~(;lf LNYi~vf~~'l~-:jnnlr • • 

~\.n';)'Vltl'l~t1 . 

Yi~~1~ 'el~~mf(;l'IJ~~ . 2543. 1~LFln'el'IJLLFltl1L~-n'IJ'jJ'el-:jyh'Vl:;~'ltlL~~ Andrographis 

" 
paniculata L(91t1L if~'el~ L~'eln'JJl'l~"lfU(91~:;~'ltlU'l . ';)'Vltl'lU~'lJihJhk! 'k!'l~\nuruen (;l . 

~'l'jJ'l';)"lf'lUL(;lnFliJ LL~:;';)'Vltl'l fit'l~ (;lf~'el~ L~'elf Fl ru:;~'Vltl'l fit'l~ (;If ~~'l~-:j mru • 

, 
~nY;'k! Fl-:j L~t1~Yifi . 2550. Fl'J'l~ Fl-:j ~'J'jJ'el-:j~'l~~ n (91~:;'jJ'l~il'el~L'IJ~L~L"lf~ . ';)'Vltl'lU~'lJfi 

m'k!'k!'l~\.nuruen (;l . ~'l'jJ'l';)"l!'l LVl Fl L'lJL~~ LJl~"lfn~~~ Flru:;LJl~"lffit'l~(;lf '~'l~-:jn~ru 

~\n';)'Vltl'l~t1. 

" Jl'l~t)~u M~~~~ . 2547. n'l~'iJ~~,m~'lnL'iJ'iJ[;]'elU'iJu-:j'~'IJ'Vl1tJ. 'J'l~~'l~'iJ~~,Jiru,,1'Vltl 

"J~'l Fl~-fi'IJ'J'l Fl~ : 33-39. 

~ru"'lVi~tJ ~'IJ'tl~'l (91 . 2535. ~~~ LL~:;~'lnFl~'el'iJ~f'iJu~:;'Vl'l'IJ1~ . 'el'l~'l~ 22( 1): 42-48. 

Ufitl'l f(;l'IJ'lU'IJ'IJ'Yl. 2549. LFliJm~'l~ . nN L'Vl~'1 : L'el L~tI'IJ~L(;lf. • 
" , 

fit)"lf-ntl LL~"lf~ (91 . 2547. ~:;'iJ'iJn'l~Fl'J'iJ~~n'l~U~ (91U~'elmL~:;U'l~-:jtl'l . Yi~vfFlf-:jVi 2. 'lJFl~U~~ : 

Jl'lFl';)"lf'l L'Vl Fl L'lJL~~ LJl~"lfm~~ Flru:;LJl~"lffit'l~ (;If ~~'l';)'Vltl'l~t1f.i~U'lm . 

~'jJ1.~ "l!4''IJ'Vlf. 2547. ~~~';l';)'Vltl'l'Vl'l-:jm~'l~. nN b'Vl~'1 : Jl'l Fl';)"lf'l~';l';)'Vltl'lU~:;t1 nl'l 
III ~., q III 

~'l(91m:;u-:j . 

~~ru"'l t)~'IJ~'lJfi. 2549. ~~~'J';)'Vltl'l'Vl'l-:jm~'l~. n~-:jL'Vl~'1 : ~'l~~1LU~~n'Yl. 
q q '" III q 
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~1,rn,:nwif'ell.J~~~'Wh'iJ'. 2538. ~~'W1. ~J'~H1'W'l1'W~1fi1J'ru~'lJ~~31'W . nl'l L'Vl~: f'lru:;LJli'll 

M1~(;1f lJVl1";j'Vlm~m.J~I?I~ . 
., 

~1,rn'l1'WlJ1(;1J't;1'W~'W~h Lm!(;1nL~:;'el1V11nL~'l'll1~ . 2547. lJ1(;1J't;1'WLtl'el Lf'l. 
~ ~ 

r 
nl'l L'Vl~lJVl1'Wf'lJ' : nJ':;'Vl J"N LnM(;1nL~:;~VI nJ'n.!. 

., 
o cv ~ '" I ...::.. 4 
~1'Wn'l1'WlJ1 (;1J'ti1'W~'Wf'l1 LnM(;1m~:;'el1V11nLVI'l'll1 (;1. 2547. lJ1(;1J't;1'WL'W'el~nJ'. 

J.i ~ , 

r 
n l'l L'Vl~lJVl1'Wf'lJ' : m:;'VlJ")'l LnM(;1m~:;~Vlmru . 

,)J'J'ru1 ~~Ufi'1J. 2549. Lf'lilmVl1J''lJ'el'lf'l1fi:u1.ml?lJ'(;1. nl'lL'Vl~"': LNYilJvr~li1~'lmru 

lJVl1";j'Vlm~U. 

'el~M L~')(;1";j1'~'I!. 1.J'1JLV1UlJ ~'WfLYi'l LL~:; ~~'elU~1?I1 ~J'Jin~1'~'W1 . 2548. uljU~mJ' 

'"l~~')";j'Vlm'Vl1'l'el1V11J'. nNL'Vl~'" : f'lru:;'el(;1~1V1mJ'lJLnM(;1J' Lf'lJ''lmJ'~1n~mU'W 
q q q 

'elt''1J'1J1lJL'Wgq~'elU LL~:; ~nl?l'lllJL'Wgq~'elU. 2545. 1.~LUL'lllJ'Vl1'lmLL~:;Lf'li'el'l~1m'l . nl'lL'Vl~"': 
L'elL~U'WgqL(;1f. 
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" 
f'i'l ~':l'llJ~'llJ'l1tll "LJn11;lJ eJ'l"LJ~'el~l'el~'l~'el~ LLeJ"LJYl ilJ = w x L 

[A x t x (~p)] 
41:: .... .Ja!J' 

w ~'el "LJ'l'VI"LJnYlLYilJ~"LJ (g) 

L ~'el ~':l'llJ'VI"LJ'l"ll'el~LLeJ"LJYl~lJ (m) 
" , , 

A ~'el yj"LJYI'VI,J'lJ;]~~'el~LLeJ"LJYl~lJYI~n~ (m
2

) 

, " , 
t ~'el L':l~'lYlLLJ;ln~h~~'el~~'l'VI,rn~':l~~~Y1 (s) 

" ," 
~p ~'el ~':l'llJ LLJ;l n ~h~"lI'el~ ~':l'llJ ~"LJ1'el~'lYl";~~'el~ ~'l"LJ~'el~LLeJ"LJYlilJ (Pa) 

~ it 
A. _ ... ~:.. •• r B. 

" " ItJ;/ n.1 '~Yl ~~'el1Jn1~lJeJ'l"LJ~'el~1'el~'ltJ1:;n'el1J ~':ltJ Cl':ltJYl"'~'el1J n11~lJeJ'l"LJ~'el~1'el~'l (A) 
, ", 

LL~:;L~; L~ LJ;l'elfYl1J11'~'ln~"LJH.n'ltJl"LJ (B) 
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n.4 n1~1'~~'l~LL~:::rhfOl,)'ll-J~'W"1J'tl'lLL~'W~~l-J (Film color and film opacity) 

~ , ~ 

L'lI'W~Ll-J(;l~ ~,)'tlrh'l~::: 3 ~'W Lriu~')'tlrh'lV1~fOI,)UfOIl-JfOI')U~'Wil-J~Vl~'tlfJ~::: 50 + 5 Ltl'WL,)~'l 
qJ , 

~ 

(Osaka, Japan) L~fJ~'l~'lLLVI~'lLL~'lLLUU C Vl1'tlLL~'lfi~~l-J'l!'l~1'Wn1~1'~ L~fJ,)'l'lLL~'W~~l-J 

~')'tlrh'l~'lU'WLL~'Wl-J'l(;l~~'l'W~"1J'l,) (Lo *: 93.2 ; ao *: 0.3133; bo *: 0.3192 ) LL~,) 1., LfOI1'tl'l1' ~~1. 'W 

~:::UU Lab L~fJ1' ~ LL~'W~~l-J~:::~ ~'l LLVltI'l LL~,)U'll-J'lVl'l ~'l L'U~fJ1. 'WVI~'l LL~'W ~'l'W')ru~'l~LKL'W 

~'l"1J'tl'lfOl,)'ll-J~'l'l"1J'tl'l~ (color differences; ~E ) 

L~fJ~'l ~L* = L* - Lo* ; ~a* = a* - ao* ; ~b* = b* - bo* ~'l~'l Lo*, ao* , bo* ~'tl ~'l~~ 
1'~ U'iOl'lmL~'Wl-J'l (;l~~'l'W~"1J'l,) LL~:::~'1 L * , a* ,b* ~'tl ~'l~~1' ~ U'iOl'lmL~'W~~l-J ~,)'tlrh'l 

~ ~ 

1'~fOI,)'ll-J~'W"1J'tl'lLL~'W~~l-J ~'lt1 U'l~'W~,)'tlrJ'l'lLL~'W~~l-J"1J'W'l~ 5 x 5 L'lI'W~Ll-J(;l~ ~')'tlrJ'l'l , 
~ I ~ I 

~::: 3 ~'W Lriu~,)'tlrJ'l'lV1~fOI,)UfOIl-JfOI')U~'Wil-J~Vl~'tlfJ~::: 50 + 5 Ltl'WL,)~'l'tlrJ'l'l'\J'tlfJ 24 on') Ll-J'l 
qJ , 

~ " 

cell iOl'lmr'Wu'lhJ1'~~'ln1~~~n~'WLL~'lV1 600 nm ~')mfOl1'tl'l1'~~'ln1~~~n~'WLL~'l (V-530PC, 
qJ qJ 

~ ~ 

Japan) l' ~ LL~'W~~l-J~:::~'l.n'l iOl'l mr'W~'l ~'l'W,) ru~'l fOI,)'ll-J~'W"1J'tl'l LL~'W~~l-J , 

, , 
~'lfOl,)'ll-J~'W"ll'tl'lLL~'W~~l-J (opacity) = ~'ln1~~~n~'WLL~'lV1 600 nm x fOI,)'ll-Jm,)"1J'tl'lfOl~'W (nm) 

fOI,)'ll-JVI'W'l"1J'tl'lLL~'W~~l-J (~m) 

~ 

n .5 n1~';jLfOI~'l:::tr~m~tru:::Yl'W~,)LL~:::~t1~~"1I,)'l'l"1l'tl'l~~l-JL~fJH'n~'tl'liOl~Vl~~fil~L~n(;l~'tl'WLLUU 
~ q 

~ ~ , 
U'l~'W~,)'tlrJ'l'lLL~'W~~l-J"1I'W'l~ 5 x 5 L'lI'W~Ll-J(;l~ ~')'tlrJ'l'l~::: 3 ~'W Lriu~')'tlrJ'l'lV1~fOI,)UfOIl-J 

qJ , 

~ , 
fOI')U~'Wil-J~Vl~'tlfJ~::: 50 + 5 LU'WL,)~'l'tlrJ'l'l'\J'tlfJ 24 on') Ll-J'lri'tl'WVl ~~'tlU ')'1'1 ~')'tlrJ'l'l LL~'W~~l-J 

U'WLL vI'lVl'tl'l LVI~'tl'l~~ ~ LVltl n'l,) ~'tl'lVl.w'l L~'tl~'tl'l ~~'W~,)VI.w'l tSfJU LL~::: ~ ~ ~')'tlrJ'l'l LL~'W~ ~l-J 1. 'W 
qJ 
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~ I 

~m~tru:;~~ll'l nU'WLLvl~~'l'I.~~U'J'l~ ~'J'tlrh~ L~'tl~'tl~ (;1nJ~ (;1"ll'J'l~ L(;1rJl frjfi~n LL~'WYli)J LLYl'Wn'l1 
'''' 

~ (;1~'JrJm11m LL~'J,J'l1,jll 'lUYl'tl~ ~'JrJ Lfii~'tl~ ll'lUYl'tl~ LL~'J~~,J'l ~'J'tlth~ LL~'WYli)J)J'l ~'tl~ ~ ~'JrJ 

n~'tl~'"l~Yl11f'l,;,sL~n~1'tl'WLLUU~'tl~n1'l(;1 (i'W JSM-541 0 LV , Japan) • • 
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" " L'Vlf01ilf011.J~'t)"'L~'t) ~'1il 
" ," 

1. Hf1.J1 n ~'lJr.i2-J L't)fi1'W't)~ LL~';l~'Wh.J~1 L~'t) ~'lJ (;]';l't)th'l LL~';l L-h' nnln~VI~'Wl Yl~1 L;'t) , 
" " LL~';l (;] '" (;]';l't)th'l Lij'W;'WL~n1 L"'tJ~2-J (;] '" (;]';l't)th'lVl ~1 LL'\.nJ'I j;]1'11L ~11';l ~'1 
, " " 

2. (;]n~1't) ~'lJ (;]';l't)th'lVl (;] '" B LL~';l ~'1L 'WCl'lY4~1~ ~ n ~';ltJ L'Vl f01ilf011.J~'t)'" L;'t)'"l'WHhl1~Un , 

(;]';l't)th'l 25 n;:2-J 

3. L~~1m~1~;:'lJL~'t)~1'1 (0.1 % peptone) 225 il~~~j;]~ ~'1L'W~'1~.r'l(;]';l't)th'lL~B 
" LL~';l 

4. U1Cl'lY4~1~~m.;r1LI"1;:'t)'1 stomacher 'W1'W 30 ~'W1V11~(;]';l't)th'l~~:;~'lJf01';l12-JL~'t)-• 
~1'1Lij'W 1:10 ~1't) 10.1 

5 . L~'t)~1'1 (;]';l't) th'l LJl12-J ~ 1 ~'lJ 'L"'tJL-h'tl L1.J j;] '" '" (;]';l't)th'l~ ~:;~'lJ n1 ~L~ 't)~ 1'1 1:10 
'lJ 

" m2-J1j;]~ 1 il~~~LJl~ L~~'1L'W~~'t)"'U1m~1~;:'lJL~'t)~1'1 9 il~~~j;]~ L'ilthL~L.;r1n'W 

~';lmf011't)'1L'ilth~~'t)"''Vl'''~'t)'1 (vortex mixer) 1~(;]';l't)tl1'1~ih:;~'lJn1~L~'t)~1'1 1:100 

~1't) 10.2 

6 . L~'t)~1'1-r11'W't)'1L;imn'Wl~(;]';l't)tl1'1~L~'t)~1'1Lu'Wih~'lJ ~1~'lJ~:; 10 LYl1 

" L"'tJL~fin1~LJl~';l~U'lJ'L"'tJ~fi Spread plate ~'1il 

" , 
2. L -h'u L1.J j;] '" '" (;] ';l 't)tl1'1 L il't) (;] '" LLj;]'1 VI L~ 't)'"l1 'I LL~ ';l LLj;] ~ :;~:; ~'lJ f01 ';l12-J L~ 't) ~ 1 'I ~'1 L 'W 

'lJ 

" " 
'"l1'WLY41:;L;'t) ~1'W~:; 0.1 il~~~ j;]~ ~'t)'1~1 
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3. 1-n LL vl~ LLn'J ~ 1 '-J L ~~ U '-Jr.l'-J L'el fil 'W'el ~ Le.! 11 ~ ~ 1 L~'el LL~ 'J Ln ~ U (;]'J'el rJ 1~ 'ell ~1 ~ 1 \\ • , ., ., 
CV4 It ..c:::.I oc::II 

m:::'"llUVI'J e.!'J~'Wl'el1~l~L~U~ L"lf'el 
I '" II I I 

4. f'l~l'"ll'WLyn:::L:n'el LL~'J~lhJu'-JLYn:::L:n'el~'elruWlij 37 'el~~lL"lf~LenU~'Wl'W 48 oF'Jt'-J~ . ., 

5. (;l~'J'"l~tJ~l'W'J'Wtf'l t~th:::~~l~ 30-300 tf'l t~tl '"l1 mr'W~~~l'W'Jrutf'l t~tlr;l'eln¥'-J 

(;]'J'elrJl~ (CFU/g) tl11uf'lrun~tJ~'Jm:::~tJf'l'Jl'-J L~'el'"ll~~ (;l~'J'"l~tJ ., 

Q 6" CIllo q tr 

~ . 3 n1~(;l~'J'"l'JLf'ln:::~'"l~'WVI~U Lactic acid bacteria • 

., 
tl11u1-n:3fin1~(;l~'J'"l~tJtl11u~fi Pour plate ~~tl 

., , 
1. Hftl LtJ (;l 111 111 (;]'J'elrJ 1~ Ltl'el (;] 111 LLr;l~~ L~'el'"ll~ LL~'J LLr;l~ :::~:::~tJ f'l'Jl'-J L~'el'"ll~ ~~ 1 'W'"l1'W ., 

., ., 
.dI Q ~.c::Irt. 0 

Lvn:::L"lf'el '"l1'W~::: 1 '-J~~~(;l~ ~'el~"lfl 
., ., , 

2. LVI'ell~ln~U~L;'el lactobacilli MRS agar ~~~'el'-JLL~'J'f.Jru~JJijtJ~:::'-Jlru 50 
oICIII .... cv I J' J' .: 

'el~ ~1 L"lf~ L"lfU~ V1tJ~~tJ'W(;l'J'elm~'el1~1~1 'W'"ll'WLyn:::L"lf'el tl11U f'l'JnVl'el1~ln~m L"lf'el 
" , 

111U1'W 10 'W1Yl ~~~'"l1 n 111 111 (;]'J'elrJl~1~'"l1'WL 'Vi 1::: L:n'el LYi'el n'Whl1 \\(;]'J'elrJl~1 'W'"l1'W ., 

L 'Vil:::L~'el LL\\~ ~~"'11 \\ L~'el L'"l1CJJ ~ I11ri'WLu'Wn~'-J LU'We.!~ 1 \\~tJ~l'W'J'W tf'l t~tlhI1~ 
'" I 11 11 11 

3. 1-n~'el L~rJl'"ll'WL'Vil:::L:n'el~'-J'W'J'W -nlU~~tJ~'J1Yi'el1 \\L;'elm:::'"llU (;]'J '"l1 n~'WYi~H'"l'W • 
" " col ""I <r 

'ell~ln~U~L"lf'elLL~~ 

4. f'l11'"l1'WL'Vil:::L~'el LL~'J~11tJu'-J L'Vil:::L~'el~'elru~l1ij 37 'el~~1 L"lf~ LenU~'Wl'W 48 -B''J t'-J~ . ., 

1'W anaerobic jar L~'el~4'I11'el'eln:nL'"l'W'el'eln 

5. (;l~'J'"l~tJ~l'W'J'Wtf'lt~tl~:::~~l~ 30-300 tf'lt~tl '"lln~'W~~~l'W'Jrutf'lt~tlr;l'eln¥'-J 

(;]'J'elrJl~ (CFU/g) tl11u~run~tJ~'Jm:::~tJ~'Jl'-J L~'el'"ll~~ (;l~'J'"l~tJ 

" tI11U1-nLLeJ'W(;l~'J'"l~Lf'l~1:::\h:n'el E.coli/Coliform Count Plate (3M Petrifilm, USA) 

tl11U 1-nu LtJ (;l 111 111 (;] 'J 'el rJ 1~ L d'el (;] 111 LLr;l~ ~ L~'el'"ll~ LL~ 'J LLr;l ~ :::~::: ~tJ ~'Jl '-J L~ 'el'"l1~ ~~ 1~ LLeJ 'W(;l ~'J'"l ., 

~Lf'l~l:::iL~'el LLeJ'W~::: 1 ij~~~(;l~ ~:::~tJf'l'Jl'-JL~'el'"ll~~:::~'el~LLeJ'W 1~(;]'J'elrJl~1\\'el~(;lNn~1~~'el~ 
., ,., 

LL eJ 'W (;l ~ 'J '"l ~ L f'l ~ 1 ::: i L :n 'el 1-n LL eJ 'W n 1111 \\ (;] 'J 'el rJ 1 ~ 'ell ~ 1 ~ n ~ ::: '"l1 U Y1 'J LL eJ 'W (;l ~ 'J '"l ~ L f'l ~ 1 ::: i L :n 'el 
11 I I II 

LL~'J~11tJu'-J L'Vi1:::L:n'el~'elru~l1ij 35 'el~ ~1 L"lf~ Lenu~'W1'W 24±2 oF'J t'-J~ '"l1 n~'W~~ (;l~'J'"l~tJ~l'W'J'W . ., 

tf'lt~tl tl11utf'lt~tl~L'"l1CJJ1\\~~lL~'WLL~:::Lnl11~'el~LLn~ ~'el Escherichia coli ~'J'Wt~t~tl~LU'W~ 
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.-
'"ll mr'W~--1 ~l'W'JruLf'l L~~~'tl nf~ ~'J'tltJl--1 

- ".q q .. 
~ . 5 n1J'j;]J''J'"l'JLf'lJ'l:;'\!I'"l~'W'VlJ't.J Pseudomonas so. (Oxoid manunal , 2001) • 

., ., " 
L"'t.J1frjfin1J'lnJ''J'"l,rUL'''t.J~fi Spread plate ~--1tj L"'m'Vl'tl'l'\!l'UL~t.J--1L~'tl Pseudomonas 

, ., ., 
q tt dI .q 1'" It diI AI agar base 'Vle.J~~ Pseudomonas C-F-C Supplement ~--1 ~'W'"ll'WL'Yil:;L"l!'tl 'Vl--1 'J~1~f'l'W'\!IJ''tl'"l'W 

~'J'\!Iih'tl'l'\!lln~t.J--1 L~'tl LL~--1~U'Vl Htl LU In '" '" ~'J'tltJl--1 L~'tl ~ '" LL(;]--1~ L~'tl'"ll--1 LL~'J LL(;]~:;J':;~U f'l'Jl~ 
'IJ 

" " , 
L~'tl'"l1--1~--11'W'"l1'WL'Yil:;L~'tl '"l1'W~:; 0 .5 ~~~~lnJ' ~'tl--1~1 HLLvl--1LLn'JJ'U~l~L'\!I~t.J~~~L'tlfil'W'tl~ 

'IJ q 

II. I '" "I " 
Le.Jl1 yJ,jl L~'tl LL~,) Ln~t.J ~'J'tltJl--1'tl'l'\!l1J'1 ~m:;'"llm1'J ~'J'\!I-Wl'tl'l'\!lln~t.J--1 L~'tl f'l~l'"ll'WL'Yil:;L~'tl 

LL~TU11uu~ L'Yil:;L~'tl~'tlru'\!lJ1~ 37 'tl--1 fill L'1i~ L~t.J~'Wl'W 48 -B''J L~--1 j;]J''J'"l,rU~l'W'J'WLf'l L~tjJ':;'\!I~l--1 
q 'IJ ., 

30-300 Lf'lL~~ '"lln,r'W~--1~l'W'JruLf'lL~tj~'tlnf~~')'tltJl--1 (CFU/g) L"'t.J~run~u~')m:;~Uf'l'Jl~ 
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11I1'i1~;I fl1 ~1~)J~ L;-l nfl r;11-l1'jJ'el-lYl~)J LVi n ~'W~ ~'J1)J L;J)J;J'WLVin ~'WLL~::LL~fl L~tm ~~'el h~ r;11-l1 n'W 

f(I1Tl::'IJ!l~~LfIJ fi1L\l~tJ ± fi1LfltJ~ LU\41J1'1l"FL4 

Thickness (mm) TS (MPa) EAB(%) WVP L* a* b* ~E Film opacity 
-8 -1 -1 -1 

(x 10 gm s Pa ) (Au x nmlmm) 

Pectin 2.5 % 0.0171 ±0.002" 36.787 ±4.42 k 4.55 ±0.34 abc 1.256 ±0.093 a 96.09±0.19 0.10±0.01 3.01±0.32 1.707±0.15
8 

0.993 ±0.24 a 

Pectin 2.5 % I Ca 3 % 0.0291±0.002
bc 

29.467 ±3.43 I 5.79 ±0.62 cdo + ab 2.497 _0.24 95.9±0.14 0.11±0.01 3.34±0.28 2.016±0.24 ab 1.739 ±0.08
0f 

Pectin 2.5 % I Ca 5 % 0.029±0.002° 15.211 ±1 .52
Of 

5.55 ±0.57 beda 3.528 ±0.23 b 95.53±0.2 0.11±0.01 4.01±0.21 2.435±0.15 cdofg 1.406 ±0.07 bedaf 

Pectin 2.5 % I Ca 7 % + f 0.0347_0.002 8.208 ±0.77 abc 10.57 ±0.61 9 + 0 7.342 _0.73 95.23±0.2 0.09±0.01 4.4±0.2 2.748±0.25 efg 1.097 ±0.12
ab 

Pectin 2.5 % I Ca 10 % 0.0417±0.004
gh 

4.935 ±0.27 a 12.993 ±0.95
h 

8.991 ±0.32 fg 95.353±0.33 0.11±0.01 4 .63±0.29 3.11±0.38fg 0.982 ±0.15
a 

Pectin 3 % 0.02±0.002
b + 1m 40.914 _3.67 + abc 4.45 _0.42 4 .533 ±0.48 c 95.95±0.41 0.10±0.01 3.17±0.13 1.989±0.12

ab 
1.085 ±0.15

Of 

Pectin3%/Ca3% 0.0232±0.003
c 

32.68 ±3.06 ij + cdo 5.683 _0.5 4.705 ±0.3 cd 95.84±0.11 0.15±0.01 3.83±0.085 2.841±0.02 - + f 1.838 _0.14 

Pectin3%/Ca5% 0.0333±0.002
f 

18.319 ±1 .53 fg + abed 5.138 _0.57 4.862 ±0.41 cd 95.46±0.25 0.08±0.01 4.42±0.25 3.143±0.34 defg + bedaf 1.414 _0.13 

Pectin 3 % I Ca 7 % + gh 0.0417_0.004 9.181 ±0.85 bc 9.73 ±0.57
g 

7.563 ±0.069 fg 95.55±0.17 0.10±0.01 4 .61±0.3 3.343±0.33 efg 1.345 ±0.1 abeda 

Pectin 3 % I Ca 10 % 0.0445±0.004
h 

5.067 ±0.32 a 10.71 ±0.34 9 10.444 ±0.39 h 95.51±0.26 0.05±0.01 4.68±0.32 3.273±0.09 fg + abc 1.186 _0.1 

Pectin 3.5 % 0.0251 ±0.002
cd 

43.755 ±4.70 mn 3.96 ±0.39 ab + d 5.743 _0.48 95.75±0.2 0.23±0.01 3.4±0.25 2.295±0.29 abc 1.125 ±0.13abc 

Pectin 3.5 % I Ca 3 % + f 0.0347_0.003 36.234 ±3.18 k 3.738 ±0.3 a + 0 7.222 _0.77 96.06±0.16 0.04±0.01 4.30±0.25 + bedaf 3.233_0.3 + of 1.759 _0.07 

Pectin 3.5 % I Ca 5 % 0.0353±0.003
f 

21 .589 ±1 .77
gh 

4.183 ±0.45°
bc + of 8.121 _0.48 95.31±0.23 0.04±0.01 4 .62±0.35 3.22±0.3 fg 1.72 ±0.03 def 

Pectin 3.5 % I Ca 7 % 0.0423±0.004
gh 

11 .153 ±0.6
cd 

6.773 ±0.62 def 8.877 ±0.72 fg 95.033±0.22 0.08±0.01 4 .6±0.34 3.476±0.3 fg + abc 1.155 _0.05 

Pectin 3.5 % I Ca 10 % + gh 0.0437_0.004 6.787 ±0.47 bc 7.955 ±0.54 f + h 11 .458 _0.95 95.58±0.13 0.043±0.01 5±0.33 3.44±0.31 fg + abc 1.087 _0.07 

Pectin 4 % 0.0275±0.002
de 

46.875 ±3.04 n 4.693 ±0.29 abc + d 5.9 _0.59 95.65±0.08 0.073±0.01 3.66±0.14 2.344±0.15 abed 
+ abc 1.173 _0.14 

Pectin4%/Ca3% 0.0406±0.004
g 

40.668 ±2.28 1m 4.458 ±0.37 abc 7.304 ±0.73 0 95.89±0.29 0.027±0.01 4.56±0.54 3.372±0.3 defg + of 1.781 _0.07 

Pectin 4 % I Ca 5 % 0.0416±0.004
gh + kI 38.851 _3.6 6.513 ±0.33 del + a 7.308 _0.82 95.42±0.23 0.45±0.01 4 .36±0.46 3.44±0.32 efg 

+ cdol 1.641 _0.14 

Pectin 4 % I Ca 7 % 0.0429±0.004
gh 

24.591±1 .35 h 6.558 ±0.43 def 8.925 ±0.075 gh 95.13±0.54 0.2±0.01 4.57±0.32 3.573±0.25 fg + abc 1.155 _0.08 

Pectin 4 % I Ca 10 % 0.0443±0.003
h 

14.430 ±1 .62 de + af 7.23 _0.95 11 .52 ±0.75 h 95.19±0.17 0.1±0.01 4.79±0.3 3.67±0.34 9 1.134 ±0.1
abc 

(I1'ltlnl!tmLLl1In(Jmf1uluLLU'l Ili'~nl'l'l1~ LL l1In (Jh~nu'Vl1-.ll'ln~ Yi1:: lIi'tJl'I'l1~Lii'iJlrU1'ilU ~:: 95 

.j:>. 
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j;\1'i1~;1 fl2 fOl1~~~L~,:m~[;h'l1'iJ'el'lYJ;~L"r'In~'W~LL1JnIh.nru'iJ'el'l"r'l~1~~1"l!L"l!'elf ~'el "l!'elfij'Vl'el~LL~:;n~L"l!'el:i''el~ 
H'rn1:'IJ!l~VJ~1J 

..I .I 
fl11t1iHJ ± fl1ItJtJ~llJ\I,1J191'f1\1, 

Thickness (mm) TS (MPa) EAB(%) WVP L* a* 
..s -1 -1 -1 

(x 10 gm s Pa ) 

Pectin 3 % I Ca 3 % 0.0232±0.OO3
a 

32.68 ±3.06 n 5.683 ±0.5 ab 4.75 ±0.3
a 

95.84±0.11 0.15±0.01 

Sorbial 40 0.039±0.OO5defg 26.442 ±4.924 9 5.595 ±0.2 ab 4 .58 ±0.135 a 96.29±0.11 0.01±0.OO1 

Sorbial 50 0.038±0.OO3defg 21 .148 ±3.84
cdel 5.798±0.23 ab 5.32 ±0.035 ab 96.37±0.21 0.01±0.OO1 

Sorbial 60 0.039±0.OO5defgn 21 .159±2.07 cdeI 6.035 ±0.2 ab 6.97 ±0.04 cd 96.22±0.33 0.02±0.OO1 

Glycerol 40 0.029±0.OO3
b 

20.891 ±2.01 cdeI 6.428 ±0.69 bc 6.66 ±0.029 bod 96.39±0.1 0.01±0.OO1 

Glycerol 50 0.029±0.OO3
b 

19.201±2.956 bcda 6.538 ±0.53 bc 6.63 ±0.064 bod 96. 36±0.12 0.02±0.OO1 

Glycerol 60 0.031±0.OO4
bc 

17.891 ±0.709
abod 

8.823 ±0.14 eI 8.52±0.022 eIg 96.32±0.16 0.04±0.OO1 

Pectin 4 % I Ca 3 % O.0406±O.OO4e1gn 40.668 ±2.28 ' 4.458 ±0.37
ab 

7.304 ±0.73 - 95.89±0.29 0.027±0.01 

Sorbial 40 0.041±0.OO4fgn 24.347 ±3.1fg 5.668 ±0.41 ab 4.56 ±0.035 a 96.05±0.14 0.03±0.OO1 

Sorbial 50 0.046±0.OO2') 23.186 ±0.938 eIg 7.338 ±0.37 bod 9.55 ±0.094 9
n 

96.31±0.18 0.02±0.OO1 

Sorbial 60 0.046±0.OO1 ') 22.035 ±1.45 del 9.235 ±0.214' 12 ±0.094 , 96.12±0.15 0.04±0.OO2 

Glycerol 40 0.04±0.OO1 elgn 20.958 ±1.121
cde1 

7.055 ±0.24 bod 6.68 ±0.031 bod 96.60±0.14 0.04±0.OO1 

Glycerol 50 0.04±0.OO2e1gn 19.09±2.65 bcda 7.853 ±0.1 cdeI 6.49 ±0.023 bod 96.47±0.14 0.01±0.OO1 

Glycerol 60 0.042±0.OO4fg" 17.035 ±1 .422abc 10.745 ±0.52 9 8.78 ±0.022 fg 96.35±0.22 0.02±0.OO1 

Pectin 4 % 0.0275±0.OO2
b 

46.875 ±3.04 ) 4.693 ±0.29 ab 5.9 ±0.59 abc 95.65±0.08 0.073±0.01 

Sorbia) 40 0.044±0.0069n1) 21 .174 ±3.74 cdef 5.805 ±0.54 ab 6.32 ±0.08 bc 96.18±0.09 0.02±0.OO1 

Sorbial 50 0.045±0.006") 20.628 ±1 .24
cde1 

8.313±0.139dot 7.63 ±0.039 clef 96.57±0.16 0.05±0.OO1 

Sorbial 60 0.048±0.004) 15.916 ±1 .396
ab 

12.088 ±0.16
9n 

7.72 ±0.092
del 

95.75±0.28 0.02±0.OO1 

Glycerol 40 0.03±0.OO4
b 

21 .41 ±1 .99 dot 6.478 ±0.26 bc 6.46 ±0.01 bod 95.92±0.11 0.04±0.OO2 

Glycerol 50 0.036±0.OO5"" 20.414±1 .35 cdeI 9.097 ±0.28' 11 .7 ±0.52 , 96.06±0.29 0.03±0.OO2 

Glycerol 60 0.035±0.OO5
cd 

14.288 ±2.74 a 12.69 ±0.54 n 12.3 ±0.244 ' 96.23±0.05 0.03±0.OO1 

i11'1'!lm~r'VI Ul11nI111~nu1uuu'1l1i'~ij~'11).J ul11nl1h~riu'Vl1~£'lCiiii Yh::vlU~'11).J 1;,tllTur'!lElft:: 95 

b* ~E 

3.83±0.085 2.127±0.123 bodelg 

3.41±0.18 2.1 05±0.175 bodelg 

3.43±0.29 2. 163±0.066 bodelg 

3.56±0.33 1.797±0.OO9
abed 

3.36±0.12 1.883±0.027 abed 

3.61±0.16 1.867±0.122 abed 

3.49±0.14 3.11±0.34 k 

4.56±0.54 2. 167±0.083 bodelgn 

3.87±0.18 2. 132±0.062 bodelgn 

3.39±0.19 2.379±0.098 bodeIgn 

3.61±0.18 1.597±0.023 a 

3.08±0.13 1.979±0.038 abcdel 

3.44±0.1 1.965±0.1 03 abcdel 

3.35±0.02 2. 344±0.15 defgnl) 

3.66±0.14 2.283±0.129 cdelgnij 

3.51±0.06 2.43±0.08 cdelgni) 

3.12±0.22 2.631±0.146 ') 

4.24±0.06 2.156±0.128 bodelgn 

4.37±0.21 2.219±0.077 bodelgn 

3.98±0.17 2.595±0.178 9"1 

3.52±0.05 2.127±0.123 bodelg 

Film opacity 

(Au x nmlmm) 

1.302 ±0.032 a 

1.226±0.046 a 

1.139 ±0.02
a 

1.48 ±0.047 abod 

1.475 ±0.085 abod 

1.422 ±0.075 abod 

1.781 ±0.07"" 

1.287 ±0.056 a 

1.346 ±0.047 ab 

1.22 ±O.09
a 

1.731 ±0.169-

1.653±0.089 bod. 

1.305 ±0.042 a 

1.173 ±0.14 a 

1.465 ±0.127 abc 

1.42 ±0.11 abc 

1.198 ±0.013
a 

1.53 ±0.022 abc 

1.48 ±0.017 abc 

1.235 ±0.017 a 

1.302 ±0.032 a 

..... 
+:­
N 
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9l1'i1.:1;! Fl3 fOi1~~~Lim~(;h'l1"ll'eJ'I~~~ L'Ym~'IJ~mhfD1';l1~ L-if~-if'IJ1~ t~t'1l~"ll'eJ'I~1~~1'IJ"~'IJ'Vi~~ ~~~ 

a'1l11::"1.1 Eh1LL~'\.I, ~Gf3J 

Thickness (mm) TS (MPa) EAB (%) 

Pectin 3 % I Ca 3 % I Glycerol 50% I 0.04±0.002" I 19.09±2.65 b I 7.853 ±0.1 " 

Liposome 2 % (w/w) I 0.052±0.004
b I 18.18 ±1.45" I 13.81 ±1 .34

c 

Liposome 4% (w/w) I 0.053±0.003
b I 17.78 ±1 .72· I 15.403±1.97

d 

Uposome 6% (w/w) I 0.053 ±0.002
b I 15.251±1 .21· I 11 .285±1 .16

b 

a,b,c,d bb~(;1'1Ci'lm1~bblJ1nlJh'lY1'l 'H~t1~ltJbbtJ,)~'1 ~j':;~1Jrl,)1~b~fl,rtJ~'fItJ~ :; 95 

. . 
I Q 1.aII 

mLil.iiHJ ± mLmh'ILlJ'\.I,3J1""~1'\.1, 

WVP 
-6 -1 -1 -1 

(x 10 gm s Pa ) 

6.49 ±0.023 " 

8.55 ±0.073 b 

10.2 ±0.036 c 

11±0.014 d 

40 

L* a* b* ~E Film opacity 

(Au x nm/mm) 

96.47±0.14 I 0.01±0.001 I 3.44±0.1 I 1.979 ±0.038" I 1.653±0.089" 

+ I + I + I +bl + b 92.03_0.44 0.49_1 .26 9.34_0.52 8.569 _0.2 2.548 _0.22 

88.09±0.76 I 2.12±0.26 I 16.93±1 .04 I 16.554±1.03
c I 5.02 ±0.13

c 

+ I + I + I + dl +d 87.37_1.13 2.19_0.27 19.46_1.21 18.811_1 .22 6.89_0.2 

..... 
-"" V.> 
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(;l1'i1~vI fl4 L~lJ~'llJP\lJcl" n~'l'l"ll'tl'l'J'I1~"ll'tl'lYl~~ LVi n ~lJ~ (;i-;''11~ L Vi L'li~"ll'tl'l~'l~~'llJ'"l~lJ'Vi~'cl" e.J~~ L(;1tJ~fi disc diffusion (L~lJ~'llJP\lJcl" n~'l'l"ll'tl'l LL~lJ disc " , " 
~'tl 0.6 L"l!lJ~iL~(;l~) 

.. .. ..... 
"lllJ'l(;1L'U~tJ"ll'tl'l'J'l1~ (L'lilJ~L~(;J~) 1,2 L'li'tl'"l~lJ'Vl~tJ • 

Pectin 3 % I Ca 3 % I Glycerol 50% Pectin 3 % I Ca 3 % I Glycerol 50% 
s- s-

e.J~~l~LViL'li~~'tltJ~:; 2 L(;1tJoWTv,,rn e.J~~l~LViL'li~~'tltJ~:; 4 Lj;ltJoW'l~,rn 

Ecol; ATCC 25922 1.78±0.23
ns 1.86±0.18 ns 

Ecol; ATCC 8739 2.1±0.12ns 2,02±0.18 ns 

Salmonella Typhimurium 1.53±0.14 ns 1.34±0.16 ns 

Salmonella Choleraesuis 1.37±0.19
ns 1.38±O.12 ns 

Pseudomonas sp. 1.03±O.15 ns 1.27±O.17 ns 

Lactobacillus sp. O.93±O.08
a 1.05±O.12 b 

Lactobacillus sake O.92±O.08
a 

O.99±O.06
b 

-- -- -- ---- --

1 foil ~'tl~m~w.ht..!~t..!tJn~l-l'lJfl-l'1-lL~Lt..!n1TtTlJ~-l ~~lJPlVl L1-tJ ± foil L~tJ_lLlJt..!l_Jlj;]T3lt..! 
2 lJl'1t1n~T~ LLj;]nl?il_lrlt..!Lt..!LLt..!'1t..!flt..!il Pl'1ll_J ~Lj;]n I?il_lrlt..!Ym~n ~ ~T:;~lJ Pl'1ll_J L;fl~t..!~fltJ~:; 95 

ns: hJilPl'1ll_JLLj;]nl?il_lrlt..!YI1_l~n~ 

Pectin 3 % I Ca 3 % I Glycerol 50% 
'" e.J~~1~ LViL'li~~'tltJ~:; 6 Lj;ltJoW1~,rn 

1.79±0.25 ns 

1.94±0.2 ns 

1.41 ±0.13 ns 

1.39±O.12 ns 

1.04±O.14 ns 

1.08±O.21 b 

1.07±O.11
b 

I 

...... 
t 
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~ ~ ~ ~ ~ 

(;1111.:Jfi fl5 ~1'W'J'W"~'\.,l'vi1tJ";'l'\.UJ(;1 (Aerobic plate count) L'W:n'WL'W'el~(;1LLj;]~Fl'JU~~ LL~:;:n'WL'W'el~(;1LLj;]~~~YJi~LYm~'WeJ~~l~LYiL"J!~'1I'el~ 

~1J'~1'W'"l~'Wyi~tJ eJ~l-J L 'WJ':;~~1~n1J'Lnufn1i1 16 .r'W • 

'el1!JL'Wn1J'Lnufn1i1 (.r'W) 

0 

2 

4 

6 

8 

10 

14 

16 

~1'W'J'W,,~'Wyi~tJ (log CFU/cm2) ± rhLiJmLu'W~1(;1J'l1'W 
..: .... ~-~ -- .: .., I 

L'Wm'J(;1(;1LL(;1~ L'W'el~~(;1(;1LL(;1'1 

Fl'JUrJ~ 

6.643 ±0.05
a 

6.505±0.29 a 

6.854±0.14 b 

7.135±0.03 b 

7.186±0.27 b 

7.663±0.23 b 

7.667±0.02 b 

7.886±0.17 b 

~~YJi~LYin~'WeJ~l-J 

l~LYiL"J!~ 

6.643±0.05 a 

6.278±0.23 a 

6.25±0.28
a 

6.1 ±0.37 a 

6.28±0.13
a 

6.468±0.12 a 

6.011 ±0.15 a 

6.024±0.06 a 

Fl'JU rJ~ ,xl-JYJi~ LYin ~'WeJ~l-J • 
l~LYiL"J!~ 

6.891 ±0.03 a 6.891 ±0.03 a 

6.779±0.4 a 6.818±0.1 a 

6.736±0.13 a 6.81 ±0.58 a 

6. 779±0.04 a 6.621 ±0.01 a 

7.531 ±0.04 b 6.03±0.32
a 

7.302±0.05 b 6.004±0.16 a 

7.434±0.01 b 6.02±0.5
a 

8.179±0.01 b 5.229±0.23 a 

lJ1'ltim~j'~ LLJ;]n (;l1'lIll.!Ll.!LLl.!'ll.!!lt.lij rl'l1~ LLJ;] n iJl1'lIll.!YI1'l~C1~ L 'UYi1:;~'ll.!~ LUl.!L C!l1J1 ~ LLiJl'l'l!\l~ L~m Ill.! j':;~tJ rl'l1~ L~mrl.!1!lm~:; 95 

.,. 
Vl 
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j;l1'i1.:J;! A6 ~1'W'J'W"ll'el'l'"l~'W'Vi~un~l-JLL~ f'l~n (Lactobacillus sp.) l.'W~'WL~'ell'lt'1LL~'l f'l'JUf'll-J LL~:::~'WL~'ell'lt'1LL~'l~l-J~;l-JL'Vin~'WC,J~l-J1~ b Y/L"1Il-J"ll'el'l 
It q q q 

~1J'~1'W'"l~'W'Vl1-UC,J~l-J 1.'WJ':::VI~1'lmnnut'n'Wl 16 1''W • 

'el'1tJ1.'Wmnnut'n'Wl (1''W) • ~1'W'J'W'"l~'W'Vl1-u (log CFU/cm2) ± fOi1LUtJ..:jLU'Wl-J1(;]J'~1'W 
• d 

L 1l'el1''J l'l t'1 LL~..:j L il'elVll-J l'l t'1 LL~'l 
" 

f'l'JUf'll-J ~lJ~;lJL'Vin~'W f'l'JUf'll-J ~l-J~;l-JL'Vin~'WC,J~l-J • • • • 
C,J~l-J1~b'ViL"1Il-J 1~ b'ViL"1IlJ 

0 6.821±0.13 a 6.821±0.13 a 7.502±0.04 a 7.502±0.04 a 

2 6.884±0.17 a 6.773±0.07
a 7.415±0.26 b 7.182±0.11 a 

4 7.415±0.21 a 6.81±0.18
a 7.434±0.02 a 7.12±0.07

a 

6 7.878±0.02 b 7.072±0.24 a 7.628±0.39 a 7.471 ±0.04 a 

8 7.989±0.07 b 7 .275±0.29 a 7.892±0.01 a 7.888±0.1 a 

10 7.949±0.28 b 7.498±0.24 a 7.949±0.1 9 a 7.857±O.08 a 

14 8.068±0.22 b 7 .234±0.39 a 8.163±O.26 a 7.626±O.03 a 

16 8.125±O.22 b 7.17±O.25 a 8.283±0.02 b 6.692±O.06 a 
-- -

lJ1'JtYm~j'~ LLlfln lJll-l rl\J 1\JLL\J'J\J'fl\J~ Fl'JllJ LLlfln lJll-lrl\J'vm~ Ci ~ L 'il'Yil:;~'J\J~ Lti\JLn'fllJ1 ~ LLlJl-l"llQ~ L~m rl\J j':;~tJ Fl'JllJ L~'fl~\J~'fl m~:; 95 

...... 
~ 
0\ 
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j;J1~1~;I PI? ~1'W')'W~'tl'l'"l~'WYi~'~n~~ Pseudomonas sp.1'Wi'WL;1'tl~c;,LL[;]'1fil,)lJfil~ LL~:;i'WLn'tl~c;,LL[;]'1~~~;~L~n~'We.J~~1~L~L'l!~~'tl'l~1~~1'W'"l~'WYi~~e.J~~ 
q q q q q 

1'W~:::\d1'1n1nnlJfm~t1 16 tS''W 

mtJ1'Wn1~LnlJfn~ (tS''W) 
o ..... .. 2 I AI 

'"l1'W')'W'~'WY1~tJ (log CFU/cm ) ± fil1LlJtJ'ILlJ'WlJ1j;J~l1'W • 
Lil'tltS'')~c;,LL[;]'1 Lil'tlVl~~c;,LL[;]'1 .. 

fil,)lJfil~ ~~~;lJL~n~'W fil,)lJ~~ ~~~;lJL~n~'We.J~~ • • • 
e.J~~1~L~L'l!~ 1~L~L'l!lJ 

0 5.505±0.17 a 5.505±0.17 a 6.889±0.03 a 6.889±0.03 a 

2 5.699±0.41 a 5.701±0.15
a 

6.606±0.32
a 

6.538±0.43 a 

4 6.851 ±0.24 a 5.498±0.16 a 6.69£0.19
a 

6. 785±0.13 a 

6 7.477±0.41 a 6.443±0.03 a 6.712±0.08 b 5.906±0.09 a 

8 7.623±0.18 a 7.043±0.2
a 7.275±0.01 a 6.875±0.2a 

10 9.313±0.04 b 7.221 ±0.35 a 7.942±0.03 a 7.647±0.06
a 

14 9.09±0.16
b 

7.863±0.31 a 9.179±0.12 b 8.1 08±0.41 a 

16 9.279±0.01 b 8.168±0.15 a 9.593±0.28 b 8.096±0.13 a 

lJ1'ltl m~1~ LLI11 nj;h,1I1'W 1'WLL'W'l'Wf)'Wil f'l'l1~ LLl11n l'l1-ln'WYl1-li'ltl ~ L ~Yi1:;~'l'W~ Lij'WL~f)lJi' '" LLl'l-l'lli'l", L~mn'W 1:;~U f'l'l1 ~ L;f),r'W~mJ~:; 95 

~ 
-.I 
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~1'i1-3;1 FIB ~1'IJ'J'IJ"]~~'"l~'IJ'Vi~cl" E.coli 1 'IJ~'lJL~1) ~ ~ LL[;]'1 rl'JU rll-J LL~::~'lJL~1) ~ ~ LL[;]~""l-JYJ~l-J L~n ~'lJ1:-J~l-J1~ L ~ L"l!l-J"]'e)~~1~~1'IJ'"l~'IJ'Vi~cl" I:-J~l-J 
" q q q 

1'IJ~::\d1~mnriufn'l!t'l 16 r)'IJ 

'a1tJ1'IJm~Lri'lJfn'l!t'l (1''IJ) ~1'IJ'J'IJ'"l~'IJ'Vi~cl" (log CFU/cm2) ± f'11 Lntl~ LU'lJl-J1 j;)~tS1'IJ • a 

L;l'e)1''J~~LL[;]'1 L;l'e)~l-J~~LL[;]~ 
'" 

rl'JU rll-J ~l-JYJ~l-J L~n~'lJI:-J~l-J 1"l'J'lJ rll-J ""l-JYJ~l-J L~n ~'lJI:-J~l-J • • • 
1~L~L"l!l-J 1~L~L"l!l-J 

0 5.398±0.42 a 5.398±0.42 a 6.352±0.15 a 6.352±0.15 a 

2 5.4 77 ±0.41 a 5.439±0.01 a 6.401 ±0.05 a 6.204±0.12 a 

4 5.477±0.15 a 5.413±0.7
a 

6.401 ±0.04 a 6.068±0.48 a 

6 5.602±0.07 b 5.097±0.73 a 6.74±0.41 b 5. 736±0.15 a 

8 6.176±0.11 b 5.371 ±0.18 a 6.91±0.06
b 

5.176±0.18
a 

10 6.38±0.05
b 4.903±0.12 a 7.02±0.1 b 5.176±0.28 a 

14 6.4±0.02 b 4.301±0.47
a 7.24±0.15 b 4.929±0.32

a 

16 6.813±0.5 b 2.699±0.047 a 7.5±0.48 b 3.813±0.06 a 

[J]')€m~1~ LLlJIn j;)1'1rl'W 1 'WLL'W,)'W!l'W~ Fl')1).J LLlJIn j;)1 .. :lIi'Wl'l1\1~C1 ~ L 'ilYi1 :;~,)'W~ LtI'WL~!l [J] In LLj;) \I '!Ii! In L~mrl'W 1:;~1J ~,)1).J L~!lJ'W~!lm~ :; 95 

"'" 00 
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(;11'11-3;1 fl9 ~1'W'J'W'lJ'el~'"l~h.l'vi~un~~ coliform 1'W~'WL~'el~(;lLL(;]~fil'J1Jfil~ LL~:;~'WL~'el~ (;lLL(;]~t\~~~~ LY/n~'W~~~l~ t Y/t"l!~'lJ'el~~1:i'~1'W'"l~'W'Vi~u ~~~ 
q q q q q 

1'W:i':;'\.d1~n1:i'Ln1Jfn~ 16 rj'W 

mtJ1'Wn1:i'Ln1Jfm~n (rj'W) ~1'W'J'W,~'W'Vi~u (log CFU/cm2) ± ri1LUmL1J'W~'Wl:i'S1'W 

Ln'elrj'J~(;lLL(;]~ Ln'el~~~(;lLL(;]~ 
'IJ 

fil'J1Jfil~ ~~~~~LY/n~'W~~~ fil'J1Jfil~ t\~~~~LY/n~'W~~~ q q q 

l~tY/t"l!~ l~tY/t"l!~ 

0 5.875±0.12 a 5.875±0.12 a 6.775±0.03
a 

6. 775±0.03 a 

2 5.903±0.32 b 5.734±0.29
a 

6.602±0.14 a 6.712±0.12 a 

4 5.602±0.1 a 5.643±0.07 a 6.845±0.51 b 6.491 ±0.68 a 

6 5.146±0.05 a 5.146±0.21 a 6.954±0.12 b 6.281 ±0.33 a 

8 6.079±0.12 b 5.097±0.01 a 7.012±0.07 b 6±0.48 a 

10 6.114±0.07
b 

4.778±0.41 a 7.255±0.15 b 5.531±0.12 a 

14 6.477±0.08 b 3.875±0.02 a 7.342±0.03 b 5.217 ±0.02 a 

16 7.013±0.15
b 3±0.04 a 7.342±0.05 b 4.695±0.46 a 

1'1'l'fim~~~ LLlJIn ~hHi'W 1 'WLL'W'l'W!l'Wl1 PI'l1~ LLlJIn !1l'Nn'W'Vl'l'lf~ti ~ L 'il~1:;~'l'W~ LU'WL ~!l1'1 ~ LL!1l\l'llil~ L~U'ln'W ~:;~1J rl'l1~ L~!l~'W~!ltJ'I'l:; 95 

+>­
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.Q IV IV qJ .d 
'Wl'l~l'Jtl~"J!~ Ll-l'JJLn(;1~ Ln(;1'J'W~~~~iJ(;1'Vl 12 l-lmll"1l-l ~ . M . 2527 'Vln~'lL'Vl~l-l~l'Wl"1~ 

~l L~r.ml~~m~t1~'VlmMl~(;mrru.yj (;l ( L'Vl1"1 L 'W L~U:n'Jlll~ ) ~ mU'WL'Vl1"1 L 'W L~U~~:;'"ltll-l Lm\l L~ll"1ru-• 

,'" , 
Ltl'W LLl"1iJ 1 L~ -n'W"IJ tl'l ~ 1 ~~ n (;1 '"ll n Vi"J! ~ ~ 'W 1 ~ H VitlL-if tr iJtr'l n 1 ~ L'"l1 '1J"IJ tl'l ~ ~ 'W 'Vl1-UVl ~'l r:J ~ ~ tl 

, '" , 
n1n~tll-l L~t1"IJtl'ltl1~l~ L 'W'll'Wn1~U~:;"J!l-l L~'Wtlr:J~'ll'W~4't1~:;~iJU ru;; (;l~m~tl LL~'l"J!l ~ I"1f'lVl1 0 • 
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