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Abstract 

The objective of this research was to use chitosan coating for shelf life extension of 

refridgerated ready-to-eat food product. The research was separated into 3 sections. Firstly, the 

optimum packaging material and condtion for packaging of brioled boneless por1<. (BBP) was 

determined by using polypropylene bag under atmospheric air (OPP) and polyamide bag under 

atmospheric air (PA) and vacuum condition (PA-V) and stored at 2 ± 1 DC. The results suggested 

that PA-V could maintain qualities including color, texture, pH, peroxide values (POV) and 

organoleptic qualities of BBP better than PA and OPP. Therefore, PA-V was used for further 

experiment. 

Secondly, the optimum method for preparation of chitosan coating was determined by using 

different solvents including lactiC acid 1% (wlv) and acetic acid 1% (w/v) and different 

concentrations of plasticizer including 0, 10, 20 and 30 % w/w of chitosan. It was found that using 

acetic acid, the chitosan film had higher tensile strength (TS), while thickness, elongation at break (% 

EAS) and water 'vapor transmission rate (WVTR) were not different from those using lactic acid. It was 

also found that 20 % plasticizer was optimum to be used for preparing chitosan film because the film 

had higher % EAB, while maintaining thickness , TS, and WVTR. 

Lastly, the effect of using chitosan coating on qualities and shelf life of BBP was determined 

by coating the BBP with chitosan concentrations of 2.0 % w/v (Coat-A) and 2.5 % w/v (Coat-B) , SSP 

without chitosan coating was used as Control. All samples were then packaged in PA-V and stored 

at 2 ± 1°C. It was found that BBP coated with chitosan could maintain color, texture, pH, POVand 

organoleptic qualities better than Control. The results suggested that chitosan coating could inhibit 

microbial growth and lipid oxidation of the product and thus extending the shelf life of the SSP, 

Control samples had had shelf life of less than 21 days, while BBP coated with chitosan had shelf life 

of up to 28 days . 
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n nI-J1ti m i1LUTZU'tl11,.11T LL~~m m[Q.Ju1urUUi--1U n~nru'Vf ~--1 mT~[Q.Ju1 LVlrlLUL~~I'ltl'Ul'll1un1Tt.J ~Vl~~11'1f\! 
'tlth--1~--1~11,.1fu'flVlI'l11,.1n17I-J'!l11,.11T ~'ll n1m[Q.JU1 LVlrlLUL~tJU TT"jnru'Vf 

U'l,,!UUVl~1 (fI'll'll--1'tl11,.11TllUTxtJWT'tlI-J~u"ir'llWT'tlI-JUrLflrl rl1 tr--1 LlIu~ntJI-J Ldw'l1n1n;1Lll'll'tl--1~UrLflrllu 
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'lltJ1tJlIl'ltlth--1T'lUl Lf'l L ~'tlT'tl--1rU rlU M1W'll'il--1 ~--1rll-Jviru L1--1 LL fl~ LL'Il--1iurlUj.J 1 nfu t.J~Vlnru'Vl'!l11,.11T1VltJ llUTZUWTtll-J 

U rLflrl1tlirUrl'l1I-Ju,tJl-J'ilth--1I-J1 ni--11Ullrl:::l1h~UT::: LVlI'! Lct'tl--1'11 n~H'l'll1 ~~LUlUl LPlU 'tlthJ1rnVl1I-J~'tl41 rlUl'll'tl~ 
tJ~Vlnru'Vf'1l11,.11Tt1l--1mh'l~'tl iJ'!l1qm'l'Lnuiu iJmT~f\!L~W'lrun1w~~luT:::1,.I~1--1mTLfiurn1:t1 ~--12JniJI'l1L1,.Ili)1-J1 
'11nmT'l~uTT"jnru'Vf~1lJL\m1:::1'lI-J (Siripatrawan et aI., 2006) t1l~Ju1,.I1nI'l11-J1rn~fN.JU1t.J~lilnru'Vf'tl11,.11r'liliJ 
f1'l1I-JUft'tlUlntJ 1~u n~nru'Vf~ 1'l1I-J 110rn1:t1rj run 1W LL~:::TI'l'll1m~~'ll'tl~t-J~Vlnru'Vf T'lI-Ji--11'l1 I-J1Tf1UUl'!l1tj mwiu 

" ~ 1" ..J ~, ~ .. ~.. 1".... J ~.1 .9
'll'tN'!l11,.11T'l1,.ItJ1'lU1U'llU Ul '1:::1J'ltJLWI-Jl-Jrlr11 llft:::tJnr:::UlUt-Jrllilfl ru'Yl'tl11,.11T'll'tl-JuT:::LVlI'I 1,.II-J1-J1Vlr'i1ULuUVltJ'tll-JnJ 

~ ~ 

• ~" 'i' ":::t "1 ~ , . I J _9 ~ .. " Vl1 ~1,.I1'l11-J1m'lltJ1tJL'tlmI'lVl1--1mTr11'll'tl--1'(iUr11 Vltl LUVl1-JuT~lVlI'I 'll~LuUm'l'I'lUUl'll1UtjVltlI'!1MI'l'Ul1U'!l11,.111'll'tl~ 

uT~LVlf'11Vltllum'l'Luurlr'l'll'tl.JLftn ('tlUrlrVlUmnV1l'1'lnru lLft~rlru~ 2005), 

'luLll1lft~tJuT~lVlI'l1VltliJ mT~.J'tl'tln'tl11,.11m~L~ II'llllii--1LUu41U'lUmn LUlULllW1~~--1 ~ llrl~Uft11,.1ij n 1lliln.. 
--I .J' :oJ ~.... cO ~ J.. .l' ...... _I" ~" .1 _I .. 

m'l"(i.J'tl'tlnWuUUl"llULlI'lUl.Jf1--1'll'tl--1 Lri tlVl LnUl'llU'I 1 n n T:::U'lUmrt-JftVl '!l1Vl lu~'tlnWl '1-J n r:::Ul'tl.J';j llft::: LLnUuft 11,.1I-J n 

'll'tl--1L1,.I~'tl'l1nVl:::LftL1,.Ifhd' '1'I11-J1rm~l-J~ftl'h1~LUltJw11-J111urluLiJu1r1~WLrl:::1rlLLll"ll1U 1rlLVl'll1U (C H N0 )n ~ 6 11 4

'11 nuBii1tJ1mTrl1{Ul1,.l~ II'tl:n~ ft'll'tl~1rl~u~~LUUW'tlft LI-J'tl f;hmw'lun~l-Jr11TLu1mU11Lll iJi'tlVl1~ LrliJ~1 Poly-f!,( 1

4)-2-amino-2-deoxy-D-glucose (Han et aI., 2004) ~tJ1UI-J1iJn1ru11rlLIil'll1uluH'lUlulLUU'll'tl.JtJfililnru'VflI'l11-J 

'!l11,.!1r LLft:::1~fumTtJ'tll-Jfu'l1n United states Food and Drug Administration (USFDA) 'lilLmJ.J'lU'tl11,.11'l' 

tflil'll~ Ld'tl--1'11nmTPin1:t1Vl1.JYllilVltJ1tiA'~11lJluutlulilntl (Kester and Fennema, 1986) 

1rlLVl'll1WUU'1'I1r'l1 nfinJ.J'Il1~~u'l'luujj n1rW[Q.JU1W1I-J11iit-J ~Iil LUUVJ ffI-J1,.I1muw'huu 'l':::n'tlU'll'tl--1W ffI-J. 
"''i' 1" . ~ 1 'i' .. -~ ~ ~ .. ....l'.......J' 
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'Du'(fI LLlJ~1~cJ1UI-J1~m'l'H1rlLVl'l!1ulum T~Ul'!l1tJ,m miut.Jft1lJ LLl1lfJ--11lJjj m Tlllw ffI-J Lrl ft'tluurLflrl1~ rlut.J fililnru'ff 

'fl11,.11r llurIUWT'flI-JU1LflPi'll 'fl-.lU T~LVlf'11VltJ --11U1 {tJd'~--1 illU11,.1I-J 1 tJ1,.I ~n l ~'tlPin1:t1 n 1TU Ul 'fl1tjm 'l'L nu'll '!N t-J fi Vlnn.!'Vl 

'!l11,.!1TllUTTUWT'flI-JUrLllrl'l1m;1'tlri'Vlf LUltJm1Lrl~'tlu~'ltJVJffI-J~urLllrl1~ (edible film/coating) '11 n1rlLI11'i11U• 
1'l1-J rlU n1T'liiu n"!nru'VfLlft ~fl1'l~m TU 17'~ L1,.I1-J1 ~1'lI-J U'fln'l1 nd'1rJ LI11'll1UtJ--1 LlIut-JftWft'fltJ1Ui'l1 n'ijVlI'l11,.1nrTI-J lLUT 

IUtn1,.!1m~Lrl'll'tl--1UT~LVll'llVltJ il1'1r11Qn LLrl~LuuiMl!lnl-J'Il1~~U'iltJl'lft1tJ1~~'ltJ1fiV11--1tlnl-J"Il1~ 
(biodegradable material) hJri'illilLn~l-Jfim'l::: r1'l11-J~1lT'I'll'il--1LrlNmTI'l11-J1Tf1'l~LlIud'u31ulumm[Q.Ju1Wffl-J 
u1Lflrl1~'I1 n 1fl1Vl'll1u lL fl ~mTUV1'tl1qn11LnU'tl1m mr'tll-Ju1Lflrl;--11'l11-J1Tf1U T~tjnVl11l L~ 'tl'llmm:::t1lu m nl~l11~ 
mrl'ijLllI'l11,.1nnI-J[I]'tl1u 



!.J ~IiItlru",tl1V1'1 IlLU TIU~'hll.JU r L11f1 

3. L~'fl~nlj1!.J fl'lJ 'fl'l n 1 T1~YJ;J.J 11'1 ~'fluu1L11f11Ui"'l1 n1fILlil'li1wlwn1T~Vl'fl1U,mllrlUrnI!t1'lJ'fl-l!.J ~liltlru", 

1. t:n11'1LUl'li1W;-l LUW!.Jfl~ fl'fltllUi"'l1 n'fltilt'l1V1 nTTJ.J LlU Tlutl1V11m::: Lfl'lJ'fl-lUT:::LYW1J.J1HlihnVluT:::LtI':!llr 

2. PinI!t11fi~LVlJ.J1::;I'lJ.Jlwm"LUl1t1J.JYJ;J.JLfI~'flUUrLflfllUi (edible coating) "'l1nlf1LUl'li1W 

3 . r1nl!t1!.Jfl'lJ'fl-lmTl~VJ;J.J LfI~'fluu1Lflfll~"'l1n1"1Ltil'D1W 1'l'fl~ruJl1~ LLfl::;tl1t.jmTLriufnI!t1'lJ'il-l!.J~til.nru'" 

'fl1V11 TLlU TILi~'f'ilJ.Ju1Lfll'l"'l1 n L if'fl iUl'l 

4 . ~n1!t1!.J ~'lJ 'iN fl1'l::: n1ru TT'~LVlJ.J1::: ~J.J lwm Trnl!t1l'lruJl1~ LL fl::;U VI 'fl1 t.j m,.Lnu fnl!t1!.J ft IiItlru'fl'fl1V11T 

LLUTILi"'l1 n Lif'fliUltJ 

.. 

1. Luwm TW1!.Jfl~ fl'fltllUi"'l1 n'fllil~ 1V1nTrJ.J LLUrILi'fl1V1'1 m::; LflJ.J11~lihiiu)uT:::LtI'DW Llfl:::LLlwmrL~J.J~flI'i1 

!.J fl~ ~'tltllUi"'l1 n 'flUl ~1V1nTrJ.J lLU TIU 'il1V11 TVl::: Lfl'lJ 'tl-lU r::: L Vl P11Vl tI 

2 . t'\1J.J1TrI rnl!t1Pj ruJl1v-llLfl :::UVltl1t.j mTLriu'lJ 'il-l~ fttiltlru'fltl1V11 T1ilfl'lPjruJl1v-l~~ LIft :::Uft'flVltltl ftVl m r 1~ 
11i1 CjnwL~tlVl1'fl~1Ti'l L"1 r1:::Vl1wm ruU)'il1t.j m TLriU'lJ'tl'ltl1V11T ~'ll'l'l~fllil LLlw~ fttiltlru'flL~'il m rl'l'l'il'ilnlUi 

~I Q..!~" ~ '1"''''' ~ ~ "u3. LlJWL'fln~1m1-l'l'll1mTVl L'IlLlJWLLW'lVl')'l LWmMnI!t1"1Wm1'(11V11U~ T:::n'ilUmT'flUl~1V1nTrn'lJW1Vl 

nft1'l LLfI::;'lJW1(J)ti'fll-J (SME) I'l'fllu 

4 . LUWL'ant'\1m1'11'1l1mr LVltIL~tlLLv-lrlwmrtlT:::'llJ.J1'1l1mTT:::~uW1W1'1l1~ LVltJ1Uit11L~W'fllwtr'l;]'flL?'il'l 
Shelf life Extension of Broiled Boneless Porl< Using Chitosan Coating lW'l1wuT:::'llJ.J1'1ln1T Intemational 

Symposium on Machinery and Mechatronics for Agricultural and Biosystems Engineering (ISMAB2010) 

T:::W11'l April 5-7, 2010 ru Ln'fl'l Fukuoka, ur:::LVlP1~ljw LVltlLUiuwuuVlrlVlEi'il111wfl1l'l!.Jw'ln 'lJ 
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2.1 YlIII~tI'i~llf~11il (Edible filml coating) 

~ ftl-J~lJ1L[lfI1~ LiJW lJ rr'1rlru'Vl~'lil Lfl ihllJl';1'flM'fl~l-J'fl1l-l1 nrni:i n1 rll-JtJf'l~'l rllJ'tl1V11rL~f.H11 N'fl1"l'fl~'lW 
!t1VJftl-JLfl~'fllJ (coating) VlT'flLltJWVJftl-J (film) LLft:::f'l1l-J1H1TlJtlr:::Vl1w1Jl W'fln"l1n"l:::l'11t.lih~dJWl1'llW:::lJTT"l 

'fl1l-l1r U'1l-3rlWn1r;l-JtJ1w'lJ'fl-.lii1"l!LLft:::1'flJ1"l1n~-.lll'l~X'fll-J t.lT'flU'fl-.lrlWlLNVl1-.lnft ~'tl1"fi-.l~ftM:::VllJ~'fl'HUfl1~, 

'lJ'fl-.l'fl1V11rLLfl'l ~-.ll'11t.lU1~lwmT'll:::ft'ilmTL~'illJLAfJ'J.J'il-l'tl1V11r"l1ntlBnh.l1~1-l1 l'llW "I1ntlBmf.J1'fl'fln:nL~iw 
t.lT'fl tl1rl-l1ll'l"l LlJWI1IW (Siripatrawan et aI., 2006) 

n1 rH~ ftlJ(f'l ft'fllJlJ1Lflfl1~'fl1"11LlWn1TLf'lft 'fllJVlftl-JlJW~'l'J.J'fl-l~ ftj;)rlru'Vl'fl1V11r L~fJ'IllJt.lT'fl'il-J ft-llw~ ftl-J 

... ..I '1 nJ'l"..... ..r~ - ~ .-J ... .J' - ~., ~ ~ ~.- J ~ .." _... ..1C." ,~ 1"Lf'lft'illJ "(1'lW VI ~ 'll'lfiWnWJftj;)flru'VlVll-Jy..jW~'l Lj..Jf'll-J1Lf'llJ'fl ~ftl1lflru'Vl'il1t.l1mWfJWflft'fllJ~'lU'lfiWL~Lln ~mJft l-J 
.,. .., r-J %. r 

lLft:::&.Jftl1lnru'VlLW'flril11'l (Brody et aI., 2008) 

VJftl-J Lfl fl'fllJlJfLflf'l1Jlf'l1l-J1 rnu'fl-lrlwm TLtl1 L~fJ'lJ'fl-3'fl1V11r L~fJ'll'lfJ ft~m r~ flJ L~fJJ1 'lWtl1t.l1r, ~lJJ-l 
. ,~ . I .J' %. ~ .J ~ 'I" ...: - _ ... .- J

mrVl1fJ'l"I, urlJur-.lfjrutl1~'lJ'fl-3LW'flril-J&.Jf'l, 1l'llJTn1=t1f'l1r LVlnftWt'l'lJ'fl-.l'fl1V11r LLft:;ft~mrL"IrflJ'J.J'fl-.l"lftWVlrfJ Vl 

t.hUl-J1mr'lil edible coating ~n'lilrllJtJnLLft:::&.JftWLvhJu L'IlW mTLf'lft'fllJUl'llJ wax, xanthan gum t.lTtl L"Ift1~W 
Lf11lJi'l1t1t1r:::~Vlfim~'lJ'fl-3 edible coating ;fW'fl~rllJ1(?l tlUilJ~'lii'lwn1r&.Jft (?l ;-3 LUWIiFl'rl'lfJLWmrf'Hll n1r~flJ L~tJ 
J1t.lUn1J'fl-.ltJnLLft:::&.JftW LLft:::mlJfjl-J mrLLftnLtI~fJw'J.J'il-3ii1"l!'lWlJrr,rlru'Vl'il1V11r (Kester and Fennema, 1986) 

.. 
2.21f1;ULLIl::1f1~IltCJI1U (Chitin and chitosan) 

4)-2-acetamino-2-deoxy-D-glucose t.lT'fl poly(N-acetylgiucosamine) Lf'lNf'l·h-.lVl1-.lLfli:i'lJ'fl-.l1f'l~wi:if'l'l1l-J 

r1~1tJf'lfi-.lnlJL'lIfHjLftf'l ~-3LLM1-.l'lWpJ~ 2.1 lii1-.lrlWlVltJ-.l~1 t.ltl'ltJU'flfJ'lJ'fl-.lL'lI'IHjLftf'lLUU D-glucose fi'lWt.ltl'lfJU'fltJ 

'J.J'fl-.l1f'l~W~-lLUW'fll.~vrwtf'J.J'fl-.ln~Lf'l1'l ~'il N-acetyl-D-glucosamine (2-acetomido-2-deoxy-D-glucose) 

(Nishiyama, 1991) n'li1'lfl'flt.l~1t:l~r'iln;ft(-OH) ~r11fu'iluiil1LLt.ltl-.l~ 2 'J.J'fl-.ln~Lf'l~HJnLLVlW~&hfJVI~ acetamide (. 

NHCON H3) Uft:::LL~ft:::Vltl'llJUtlfJ'J.J'il-.l1f'lmwii L~>m.J!Ii'ilrlwJl'llJvrWfi::: r.,( 1-4) Lt.lW'ilUrllJ L'ilft~Lftf'l ~1V11lJI'l1lJliiy..j'flft 

Ll-J'flfi:i«nl:tru:;LUWl~Wl1N'Wi:imrLL(?lnLL'lJW-.l(unbranched polysaccharide) LLft:;Ld'flw"l1rru1"11n~l11rLf'lNI'l'f1-.l 

~lJ~1 1f'l~WluwI'l1rLl-JLft~ftf.J1'l~1~i:itJr:::,,! (non electrolytic polymer) tJr:::n'1llJiJi'ltJmflJ'flu 47.29 %'1llL~TL"IW 
6.89% LLft:::'i)'i)n:aL'~w 39.37% 1f'l~wl'11t.lU1~LUwLm-.lt'l'f1-.l tJ'fl-3rlWlLft:::t'l'f1-.lf'l'l1wLll-.lLLN'l"LLn~U-.lL'ilftft'lJ'fl-.l 
~-li1;1I1lL~lJ"l:;y..jlJ1f'l~u1uLf'lNI'l'f1-.lLtJft'flnw'flf1'J.J'i)-.ll(Jl'r41w)n~-.l ~ LLft:::LlnwVll1n W'fln"l1nnU-.ly..jlJLWWU-.ll'llf'lft'J.J'fl-.l 

L~f11r111ft:::1'l1t.lhtJlJ1-.lt'l1t1vrW( (Portes et al., 2009) 

~ I' ..~ ... , . ...... , 
2.2.2 (1'1 LI1l'il1W (C6H"N04)n l-J'll'flVl1-.1If'llJ'l1 POiy-r.,( 1-4)-2-ammo-2-deoxy-D-glucose m'1llHJn'l1~'flf'l 

; LJ..J'i)f-n~N D-glucosamine 1f'lLl11'l11W (ltl~ 2.1) lil~"I1ntJBmf.J1n1rrl1{f11V1~'i):;iJ1mf'l (deacelytation) 'J.Jtl-.l1f'l~w;i'llJ 

Cii1-l1~l-J~uvh1"Lm-.lI'l'f1-.lVl1-.llf'ln'J.J'i)-.11f'l~WLtJ~tJultJL~ut.l~'il:;~1111mf11 (-N HCOCH 3 ) LtI~tlWlUUVI~'fl:::mW (
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J.. • I J ~.';'~ 'i' .. 'i' - ..
NH 2) VlrllrlJ'f)UIP11LL\\U-lVl 2 ~-lUULl'hlP1'll1Wi\'f) .YH~LJ.J'f)''lJ'el-l 0-glucosamine-(2-amino-2-deoxy-0-glucose) m, 

Ln~'tI')LIP1'l11U;fu'el~nlJ\..J1J.J1ru.m1Ln~ deacetylation ~-l1'~L~1il1nl'h degree of deacetylation ~c;'ILUu\\\bu1'elU~~ 
\\rtl percent of deactylation (%00) mhl~tl m'f1~'VI~ acetyle (-COCH 3) 1u'tI')~uf1~ ~f1~L~~'f)m'L~l-J'VI~ 
amine (-NH) ~-lLtlum'L~l-J1l~lJ~mrLtlu polycationic activity (Han et aI., 2004) 

L~U,*'1 'ttnrlLUJ'1!1'W1il~L~1il1nm"h~111\1~ LL'f);n ;i~'f)tl nlil1n Lrl;iUth:::l-J1ru 50% LL~::;?h~tIhJ1 rum1ri14'111 

'VI~LL'f):n~f1lh:::l-J1ru 90-1 00% "'l:::L1Un~lm,ri14'c;'I\\~LL'el;n~f1tltJ1-l1l~\l,nr (fully deacetylated chitosan) U"'l,UU 

'i' oJ..., " "'_ ~ • ~ .. - .. ~ .J JI •

'trl.(;1'l!IUVlLUJ'U~ .'W'YI1-lm'1'11 l-JunJ1rum'mlil[;l'VI~LL'el'll(;1~ 75-95% ('VI''f)U'~lru glucosamine 75-95% ) ri'1'WVl 

L'VIft'f) 5-25% LUU N-acetyglucosamine m'LUJ1uJ.J'tI'1LIP1'l!1U~ihfrJ.J1rum,ri14'[;l'VIl-lLL'f)~~~'fltJ1~1ll-JlmU 'f11't~.. .. 
U1 nLVil1:::Iil:::Ln ~n11LL(;1 n'lJ1~'lJtl-l ~ 1UVitl~ L~'f) fL~Un'il'W (Coffey and 8ell, 1995) 

Chitin Chitosan 

11'1LVl'llIULUULVi~Ll-Jtlf~lt.1(;1N~~~'1~L~ L~I1f1~~ ijin'l!tru:::~ LUU'lJtl~ LL;-lijpJi1-l'tl-lLLWUtlU 11')LUJ '111 'Wij 

I'!ru1l~lJ1iLUUlh:::,u'1n (cationic properties) LtiuLVi~iiL~nL(;1,l~Y1L:n-.lL~U (linear polyelectrolyte ) ilrl'11J.J 

'VIU1LLtl'W'YI1-lth:::"l~-l LUU(;]'11ll-J1U(;1:::ml'W (f1occulant) ~i'hh:::~Vlfi1l1~~-l ~1J.Jl1rl~c;'I4'unu1.h:::"l~u~hulh:::"l 
..I.. ~ "... ~ 'i' ~ ~" .!'l , ...

U'1n'YIr-J':l LVI'" LLf1:::~lmffiIilU L~'VI:::'VIUn LVI LuUf.lt.l1-.lVl 

1I'1LIP1'l!IU 1~fum1U'fl~fu"'lln United states Food and Drug Administration (USFDA) 1ih~~1u 

1l1U'VIi-ln1nriuL~U':l~n~'1U UIil"luulI'1LIP1'l!1U ~1m'm'lu1~,*'11t11upJLLUU'llf.l-lr-J~IP1.rlru'flL2I1~'f)I\\lr (Kester 

and Fennema, 1986) tJn~1ji\LIP1'l11U~'el~1'W~ free amine Iil:::Ll-l~:::f11mfl (;]':lv'h~:::f11U~~~VliLu'Wnf11-lLLf1::: 
~1-l LLui~:::~1u1~1umVliiuVl1tJLiitlu't'!n'llil"'L~'f)211rf1:::f11Uil pH < 6 m[;l;;juVl1tJL~tlIil1-.lU1-.l'l!il", L'llU mi11LuUJ1n 

n1",'l!jL""rl~tl1n m"'LtJtlfl'1~'fl1n m",'l!jL"'1L"'luyj'fl~Lyjlil ~ pH LU'Wn1c;'1 free amine group Iil:::CJn protonated 'l~ 
LU'W cationic amine group (Koide, 1998) 

.'1' ~ oJ"',.. 'l 'i' '" • I 1" • ~ • ~ ~ ..I I
ulil"'lUVll-J~~liItlrl'11j.J'VIU"''lJtl-l1l11~:::~1U rl.IiI'll1Uj.J'VI~1Uur:::n11 c;'ILLn u'~lrun11m"l"''VI~LL'f)"llIP1~ 

Jl'vnrnLj.JL~f!~ rl':l1~L~j.J~U'lJtl~~1'~:::~1t1 rl'11j.JLUUn1~~h-l 'llU"''lIt)-ln1111 'lIU"''lJt)-l~1-l LL~:::f.lru\\1JiJ L~t1,*'11tJ 
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Lnf) L~),J~ru'MJm,:; LLnfl11~~~1U1fll[1]'Il1u fl'l1),JVlu'Ifl'lJ'fl-.l ~1r~~~1U~ Ifl~-.l Ll~ ~fl'l1),JVlillflnilJ ~M1Vi L;j),J Ln'ilU~'ilU 
1':;LijU rh1;'1jruwJij~-.l1 LUW'l~1U1U'fl1"i Lnlflm11!lLlfl1ii;j~'lJf)-.l~1ul'll1r1 l[i]'il1u1~ ~-.lv'h1':;m1),JVlWIilUJnilJ~ 
flTl1ViL;j),J ll;Jtl~'ilu1ihuu i'l11!'i~~1u1fll(l1'1l1urifl),JlJ'"'&im11Vl~fI~1 Li'I),J'il1u'1l'l-.l'1jruVlt;]iin.!h'llIflUhlLiilil L"i!'i VlTf) 

[i]nlil~n'ilU (Li et aI., 1992) 

~tJ1U),J1n11U r~~n(l11ilt-J ~ [i]nru'V11r1~Ull!'i ~1fll[i]'Il1U Luumrt111tl1 il1U'1j[i]fl1Vl n r1),J m ruflJu 1'11'1 CUfl1Vi 

J1 L~U Luw'hu1Vl nJ ~nvf'llfl l[i]'lI1WUUfl1rn rr),J'lI1m~tl ~'illflntJ LL~~U'tltJfI~1tJ1ufirr),J'lI1Ui~ 1-i11,,'.!i'l1),J11C1'1illu 

1'.1 .. J". I ' 1 .. J J .or ~.. 1"1" 1 I'n11lnnln:::n'UU'lJ'U'IVi'lnLurlnUVl),Jur:::'111l1'11 unr~lJ'lumrt-Ji'l[i]'fl1"'1rLL~:::Lm'fl'ltri),J U"I,lJU),Jm1 'lI fllnU- rlL[1] 

'Il1wLlw''lut-J~),J1umm~[i]Lfli'il'l~1'il1'1LLi'l~Llll'llnrr),J U1),J11;,nu1w''lu'JJ'il'l1'~''lVl1'1mrLLWVlu L'liU 1i1LUU(;]'l 

~:: .... I' .J'.... .. .J !-'I ~ ...J' .r~ .. • 1. 11" !'l ..
UlJEhln 1 rL"i HU 

~ 
U,llJ LIIl'lJ'il'lL'lI'il"iftUV11tJ "lI'ltJu'il'lnUmrllltriL'lI'il U'iln"l1nUtJ-.l),JmrU1 u 'llLuU'fl1Vl1rLM),J. 

(nutritional additives) 1W'fl1Vl1r~1VlflJn11rl'llJf)),JJ1Vlwn (diet food) Lci'il-.l"l1n1r1lW1I1U 'W1MVii-.l-.l1ULli'l~'WjJ 
of ".J ' ... 1"1. 1 ~.. • 1 1 J J J.J ~ 1 ~ m1c;,J1fl'll),JL'lJ1''',j11-.ln1tJ ),Jmr 'll WluLLlJlJ'lJ'il'l'llil~L"I'iluW W'fl1Vl1rLL~:::Lm'il'ltri),JLVi'il1l'ltJ"ilJ 'lJ),JWLl~~r1'ilL~i'lL[1]'ill'il~ 

1M1'1mtJ1MlJi1'iltJ~-.l 

U'il n"i1 nt11wll"i'1l1wlfl LIn'll1w1~ flJ mltJ'il),J fu1,,'.!1il1wmnJ i'I),J 'fl1Vl1 r LL~:::tJ11wtl r:::LVlP1 ~~w lfllln'll1w 

!"l J ... 1 ..1' 1 "I 1. 1"" ... ."1 ~I"" ..LuW polysaccharide Vl),Jur:::'lJ'lmL~:::),JL),JL~~i'l Vl.~ ~),Jri'l'll1lil ~1),J1rnW1),J1t-J~IIlLuU)"lft),Jm'fli'l1rLflft'illJ 

lJTlnflUlLci'il-.l"i1nfl1),J11n:fu~LlIwvhf),J llft:::"lrufl),JlJ'"'&iVl1'1~'lLfljJ'lJ'fl'llflLlil'll1W (Coffey and Bell, 1995) 

extension) 

jJmr~n~1mr1iilr1llll'll1U LlIw natural antimicrobial agent 1UlU'lJ'fl-.l food preservative (Shahidi et 

aI., 1999) LL~~1iiLlIwVJ~),Jnw'il),J'fl1Vl11'fltl1'1n.!J1-.l'lJ'l1'11flllil'll1W~1),J11'ntTlJJ'I'WLVitJ'Illiii LLUflVlLTfJ Gram+ Llft~ 

Gram- LvhtXu ullitT'Ifl1),J1rotTlJJ'Iut'lLirllft:::nl~~'ltJ (Ouattara et aI., 2000; Pranoto et aI., 2005) i'l'lU m'llmJ'il-.l 

mll1i'il~1UL:t'fl'lJ'il'llflLIIl'll1wtT'I1~LlIU~LL\litri LLvljJ~:jr.rtJl~'ilfilJ1U~1,f'llJ'ln'lJ'il-.l NH3+ ;'1'fl~1w glucosamine 

J •. 1-- ~:: J" .. ..r. 'I" J" .. .J' ~ • 
monomer Vl pH < 6,3 "i~Vl1u!lmtJ1nlJ'lJ'l~lJ'lJ'fl'llfJ'ilt1),Jl'll~~'lJ'il'll'll'fl V11 LVlLfJ'flt1),JL'Il~~'lJ'il-.lL'll'il~'1JLt'lfJmrVl1-.l1W 

(Helander et al., 2001) 

Han et al. (2004) Pin~1n1rlii1fllln'll1u1wmlLflft'illJ strawberries ~Ifl, strawberries ll'liLL-n'l Ll~~ 

rasberries L~'tltlflJtll'1"lCUfl1Vi ll~~LrilJfn~ LLft ~L~),J'1rurhVl1'1lmW1m1 VilJ~1mrLf\ft'flutihfJlf1Llil 

'Il1ufl1),J1rnllUl'll1t!mrLnlJfn~1ll~~ftVlmr~C1Jl~fJJ1Vlwn~ u'iln"i1niftT'I'Ii'ltJtlIflL'lft11umrLtl~tJu~ lLi'l~Fh pH 

'lJ'il'l strawberries LL~~ raspberries lM1i'l'l1ur~"'~1'1mrLrilJfn~111~'1jruVlt;]ii~1 LL~~VilJ11mrLflftf)lJJhtJ1fl 
L[i]'Il1W"i~'Ii'lutJ'il-.lrlUmr~C1Jl~tJJ1 Ui'l~'Ii'ltJfn~1fin~ru~ld''fll),Jcr~ 'lJ'fl-.l strawberries lL'lillii'l 

u'lful1.r ~[ij.Jum (2544) ~n~1tJ~'lJ'il-.lmr'lili'l11lflft'illJi:h~futlr~Vl1W~IIi'il'fl1~n1rLnlJfn~1llft~'1CUfl1Vi 
I -.... .. 0" L1_~ «i' a......J.,., ... I I J .00I,I - t,.. 1 I' J 

'lJ'fl'l),J~),J'l'lViW~U11fl'fln ~ Lt1IULnlJrn~Vl'ilru""1J),J 13 'fl'll'11l'll~L'IltJt'I WlJ'l1 t-J~),J:;),J'l-.lVlLflft'flWJ'lIfl'ltJ fl L[i]'Il1UVl 

L~),J~W 0.5 1.0 LLI'l~ 1,5 ltlltJill),J1[1]j ~1),J1jn"ll~~'ilm1",nLL~~m1Ltl~uULLtlft'l'1CUfl1Vi'lJ'fl'l),J~~'l'l m1'Lflfi'illJ~h 
t-Jft),J~~'l'lJl'lUlflL[1]'l!1U~ilI'1'l1),Jl~),J~ur~tJft~lv)tJill),J1uI1LVhrllJ 1.0 LL~~ 1.5 ~1),J1rnfllflmr~'1JL~tJJ1Vlwn fI'l1),J 
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I .t .J '!leo I 1....... "V 1'" ..J J .odI
...,fj:.... I

llWWlW'tl llft:::mrlUfttlWllUfNrir-J'l'lJ'tl'lJ.J::J.J'l'l pll11 llft::~IJ.JIHllnUrm~trl V1WIWtl'l 40 'lW 'lW'lJru::V1J.J::J.J'l'l'll'lll'lft'tlU 

~'l~'ltl1f1 t[;l'llIW~iirJ'llJ.Jl;J.J~w'fmJft:: 0.5 llft:::'ljVll'l'lUfjJ.J ii'tl1tlmrlrlUrnl!tllVhnu 8 llft::: 12 1'w 

Liu et al. (2004) Pinl!tlmr'l~f'11rft::ftltl chitosan acetate 'lwmrulJi'l Escherichia coli llft:: 

Staphylococcus aureus UiVlfillJ.Jr-Jft tVltlnlnrlJ41W'lU'1I'il'l,~uvirtl1w'i'llrft::ftltl 1% chitosan acetate llft::t.lJ.J~ 

l'lftlv11'l1 nw r'lJ.Jvf'lPinl!t1 morphologies 'll'il'lllUfiViL'hJ'lW'i'lITft::ftlt1 chitosan acetate 1'V1fl'lIJ.Jf'1J.J1J1[U'1l'tl~l~'il 
~J.Jl'llftft llft::1'''InI~J.J~IW'lJ'il'l outer membrane llft::: inner membreane 'nnmrPinl!tl~u"h interaction 

r::~11'l chitosan acetate llft::: phospholipids membranes vll'l';'rhn1r;J.J~IW'1J'tl'l outer membrane lLft::: inner 
~ .r lot J ~ ".. oO:lII.. 0 J cd . ,

membrane lVlJ.J'lJW llft :::~'lr-Jft 'l~ ltl'ill1J.J L'llftft'lJ'tl'llllJ f1V1 lnJ QnVl1 ftltl'll'l dJur-J ft lW'il'lJ.J l"n n electrostatic Interaction 

r:::~11-J NH3 ' group 'lJ'1l-J chitosan acetate llft::: phosphoryl groups '1I'il-J phospholipids ~-JlLlwfhwtJr::n'illJ'll'il..J 
J" r 

Ltl'tll1J.Jl'llftft 
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nlfVllilft'iNLLtJ-.lLUU 3 iUlWilU~h (1) mr~m~I'llillil~'il-.lUrr"ltlru"LLft::fl1'l::mrurr"l~Ll,nJ1::I'I~ L~'il1; 
1UmrLfiufm~1WftUlllru"'ill\rllrLLUTnJ LL'lI LUu~'f'il~urtllfl (2) m T~m~tl1fi~ L\rl~l ::A~1um rLuirn~~ ~~ LfI~'ilU 

~ 

UTtllflL~"l1n1fItUl'D1U (3) mrfim:t1mr1-nVl;~LflfitluuTtllflL~"llnLfltUl'lllU1umT~lil'il1rJmrLriufm~1, 

w~(I1tlru" m1Vl lilft'il-.lLULL[jj ft::iU(I1'ilui:l T1tJft:: LtlrJlilt11-.lul'ilLtlif 

.. ... ... 
elllllllUU"" BBP 

dI _ v.
3.1.1 I"Inl!tlrjrui'l~U(l1'1f'il-.l1J1r"lllru"V1 

Urr"ltlru"~1~1umfVllilft'il-JLUUUrT,tlru"~ftll'1~n~i:l~l\rll..hrJVl1-.lnlT~hLLft::,rnHL~'ilUrT' 
W~(I1tlru'Y1'il1lrnrLLUrlu LL'lILUU~r'il~uTtllfl L~LLri polypropylene LLft:: polyamide \rlTtlLUi'lflU t~mYhL~Li1url" 

'lJU1!il 10 x 12 cm
2 1!ilfl'll~\rlUl~'il-.lUr1,tlru"V11!ilrJ1; digital micrometer (Mitutoyo Absolute. Tester Sangyo 

Co., Ltd ., Tokyo, Japan) 1!ilrhmrnu~~~hu~'tNL'ilJ1LLi'l:;nl'11'il'iln:nL"lU(I11~~fi~I(11T131U ASTM standard 

test method (ASTM, 2003) 

el _.....,. 

3.1.2 mrL(IlTlI~WftUlllru"V1'ill\rlIT 

1Ultl~u~1;LUUWft(l1tlru"'il1\rllTLLtJT1UVlr'il~uTtllfl ~'il broiled boneless pork (SSP) 5 x B cm 
2 

Llfhurr,1u1J1T,tlru'Y1LLft:;fl1'l::1unlrurr'~LLUln[jjl-.lnU ~'il1u polypropylene fl1rJ1rnUrTtJ1mI'1Unm (OPP) 11..1 

polyamide fl1111rnUrrmmr!unm (PA) Ui'l::lu polyamide fl1rJLrnfl1'l:;~tlJrylmPl (PA-V) "llmrUUUlwun 

~'lllLfli'il-liJUlWUnfl1tJ1rnurrtJ1mI'lUnmLLft:;fl1'l:;:~ry!1Jlml'1 (Multivac, Sepp Haggenmiller GmbH & Co. KG, 

" w......J... .....
Welfertschwenden, Germany) LLft'lLn1J1m:tlVl~ru\rl1Jl..l 2 ± 1 'il-ll"llL'DftL'llllA 

3.1.3 mrm!ilUll~rjru1l1Vl'll'il-lWftUltlru"V11uT::wh-lmTLriufnl!tl 

~Ul(l11~ mrLU~rJULLtlft-l "l ru1l1~'ll'il-lW ftUltlru'Y1'ill\rllrr:;:\rl~I-l m1'L1iufnl!t1L~uri 

1~)ph~~'il-lWftUltlru'Y1 SSP ~'lmfli'il-l1!il~ (Model CR-300, Minolta, Japan) tUlrJ1Ulrh L a LLft::: 

b 1uT:::uu hunter color 1~LftUtf'llUllil 10 iJftfh~(IlT LLft:::YllmrufuLV1rJULfli'il-l1!ilt!ilrJ'l~lLtJUlJfuLV1tJU C/2 (L = 
97.76 a = -0.06 LLft::: b = -0 .31) t'hurhfl'll~uUln[jjl-l'IJ'il-l~ (dE) rilU'lrut"m'l~i'I~nl~ 1 
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lw Erlenmeyer flask L~~1'11rft~ftlUnr~l'il~;n~n-flft'fll1w'flf~ 30 ml LLft'lL'lJf.hl~Lihnw l~~1'111fl~fllU~~~'l'lJ'il..J 

'llJlLli1l'1l;u~1'!lY'il1~~ ill~lli1r 0.5 ml L~~Jlill~IC111' 30 mI1U1LUlrnt'l11fl~flIU~'lUY'IIL~U~1VJY'!l-nfHWIi1L;~;W 0.01 

" J " 
N "lW1~~l\o1ft'il"]"lI"] "llm.rWlOi~~lrfl~ftlUlLtJ.,] 1 % ill~lli1r 0.5 ml lL~'l1lillUlrn"lWt'llrfl~ftlUlUflUW"lln~W1L~W 

lUw11.Jn~ Lll'1i11.,]t.Jftlwmhu~'il..J (milliequalivalants of peroxidisesl kg of sample) 

A1F1';J1~L~1JnHI-lih-ll 

Wlt.J~li1rlru'Vf BBPlut.Jl'1~nlJJ1n;wlw'1lIilr1~'lW 1111'il1 LL~'ldwl~dhnw~'lUlfif'il.,]dw1wvh Ll~'l 
ii11\o11fhfl'lI~Lijwm{;l-vi1..J Ylilulil micro pH meter (F-21, Horiba, Ltd., Tokyo, Japan) 

ii11rllfl'll~utlwd'il YIIlUHilf)itl.,] Texture analyzer (TA-XT2, Surry, UK) lil1X'lni11~W1V1 P/2 LflW 

t.hw~wUnfll"]~W1V1 2 ijflfiL~li1r nlll~nfl.,]ltJlwt.Jftlilrlru'Vf ~'lUfl'l1~l'hlumrnlil 3 i1flfiL~Ulrll1'il1U1Vi r~U!;M1"] 

'j':::\o1~I.,]1X'ln",nlJLLvlWr'il..Jt.Jftli1rlru'VlLijw 70 jjfl~L~li1r uwVinrll~1~lW\o1tl'luil'l~W 

U1~ljjUftm!l'ru~VJ1"]~IW~ n~w LLfl~n1ru'il~fuYV1U1'l~~'il"]~lJ1h1f) y(i)ulil~VJ(i)MllJ41W'lW 20 f)W 

L~tl~m~t1n1rlU~UULLUfl..Jf)ruJllVjVJ1..J~hwtJr~t'lIVJ-A'~tr~ YIilUHiLLlJlJMllJf11~lwftm!l'ru~ 5-point scale Y(i)U 

o ~ .J J ... ~ , 1- ,oJ'... ... 
m\o1Wlilf)~UWW LU1J'l"] 1-5 f):::LLUU 'lI..J~fl'lI~\o1~1UV1..JUI'fl uWf)'!l ~ (5 = no discoloration; 1 = extremely 

, 
discoloration), nftw (5 = extremely desirable; 1 = extremely unacceptable/ off-odors) , Llft~nlru'1l~flJ 

y(i)f.J1''l~ (5 = extremely desirable; 1 = extremely unacceptable) llft~rll\o1U(i)l~tJfili1rlru'VlL~'1lW~Uld'1liJf)~llUU 

.s. 2 .5 

~ ._.. .. !Ill .. - ...~ '1. &0' '1. ~ 
3.2 .. nV1';11i'''L\II~1::f~n1n6li!l~Ttll~LFlll'8\J\Ji~l1F1 61<;j1n FI ~61'l111J 

11'1YIil'llIW~liilwnlrVJIil ft'il"] Ll1iru~"l1 nii'!l.,]u5lJ~n1'j' 'lI'1l.,]mf)'l'll1'lPl'lmr~ lfliJ f)ru~ 
11'1'lnrr~1'11t'l1i11 ~\o111VJmftUlVJf)YuYfluVjr!;"l'!l~lnftl (fiW1.[T) ft!;ftlu1f)YUI'I!IW ~iJrl1 DD 87% liiLtlUt'l1'j'fi:::fi1u~ 
iJfl'lI~L~~~W 2.0 lU'il1L.iBWffl y{;lulii~'lv11ft:::fllU 1'1'il--.l'llili11~'il ~1'j'fl:::fllUm"''il!;;~nLii~~w 1 LtJ'ilfL.;iwffl (tfi~1Ii1r 

u1'ilill~llilr) Ufi~flrlillLfiI'1~nL~~~W 1 lU'il1L-nUlJ! (ill~llilrll1'iltfr~I(11r) f)wliifl~fllu~'lUlf)i'!l"] water bath 

shaking incubator ~f)'llwl'l 100 r'!llJvl'ilU1Vi ~~ruW;]jj 60 'il--.l1'11L'lIflL;UI'1 dJW'lfll 2 i'lY~--.l lL~'lm'il"]r1'1lw 
ul1LILillwztl LllJlJ'lJ'fl..JVJ IfwrlfttllJ Lci'!l..J"l1 nr1'ilWW1VJIf~lf)ft'1llJ1tJlii"]lw1~41 dJwililf)ru~~lJ~~IWII11..J1 'lJ'il..JVJ If~ 
lrlft'!llJ r1'ilW ~..JJW~..J~llijWlil'il..JU1 t'llrl1~fl1uVJ 1f~~1;fwztllijWLCJWVJIf~ r1'ilW Y(i)U Llft'llVJI'11rfl~fllUlrlLIil'llIW 

ill~IVlr 100 ml fI..JlJWf11lill'llr1i1n'lJU1V112 x 29 cm Ufi'ilul~U~--.l~'ilru1tl1Ji1~'fl..J (30 'il..J1'11l'llfll;lu~) W1LlWu.vM~~ 
1~r.nnnlrii"wlulULfllJ111w~iJf)')I~:tw-A'~~VJfi (RH) 50 % lUW'lfll 24 i'lY~..J r1'flu.u11uVJlill'1tllJflrul'1~um'1J'il..J 
VJ;~u1'il'ttl Yi11UiV1l'1~lJ'"&i'lJ'il..J uwwVJIf~ 1~ Ur1 
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t)~'Wl'l1lJUW1'lJ,[hlLLtJWVJ ~lJ"I'H1lJ1l'lru~ lLIflntl11-1I1Wun"!t1l Lt1llJ'lil digital micrometer (Mitutoyo 

Absolute, Tester Sangyo Co., Ltd., Tokyo, Japan) 

Tensile strength (TS) UilZ elongation at break (% EAB) 


~ ~I .. 1"" ~" J
'M1YlftlJ UlJ'lJW111l 15 x 2.5 cm 'lliH11'lmm'fl'l Instron Universal Testing machine (Instron 

Corporation, Canton, MA, USA) 1fI1lJ1fl'lJ'fhl ASTM Standard Test Method 0 882-91 (ASTM, 2003) ll~h 
o I I ~ 1'" J J 0 ...., 0 l'
mW'lrum TS llft::m % EAB LlIllJ 'll ~lJnTj'Vl 2 Llft:: ~lJmm 3 1fI1lJft111llJ Vl1mmt1lft'fl'l 9 '111 

TS = Fmax (2)
<I> 

%E= MlOO (3) 
10 

A1m'f;Jj~hu'l'il~'l'il,f1 (water vapor transmission rate, WVTR) 

mrt)t1ll'h WVTR ~t1lllU~'1"11n% ASTM (2003) Lt1llJ~t1lVJ~lJll~'l~lJlJ1l'lruu1n'lJ'lL1lllrh~iJ'lJW1t1l 

l~w[,hw~wUn~1-l 5 cm ll~::iJ silica gel lJTr"l'fl~mlJ1w lIilJ'lJ'lt1l~'l'flU1-l1W~l'l'llJfllJI'l'l1lJ:fw«lJrl'Vli 75% ~ 30 
I II I II IIJ 

'fl-lr-l1l'llftl~lJ~ 'll-lU1uun'lJ'lL1lI11'l'fllh-llLlwr::lJ:: "IWnr::v1-l~'l'flU1'1iJu1uUnVl'lVl (±0.0001 g) "I1nUWI'l1W'lrumrh 

WVTR (g.mm-
2
.dai

1
) 'lI'fl-lLLtJWVJ~lJ (~lJmr~ 4) Lt1llJI'l1W'lru"l1nrh slope 'lI'fl-lnnvJr::w11'1J1uun (g)'lJ'iN 

~ _I J..!.l' A ,.J' J _1::':1 .. A"
(fI'l'fltJ1-lVlLVllJ'lIW (uW) I'l'flVlWVl'lJ'fl-lLlwWYlftlJ (A) LLft::L'lft1 (Llt) (Siripatrawan and Jantawat, 2008) 

WVTR= ~w (4) 
AM 

3.2.2 ~m11tfrlJ1ru plasticizer ~ LUlJ1::~lJlwn1TLl'lrlJlJVJ;lJ LYlfi'fllJlJ1LtlVlL~'"l1nLVl LIfI'lI1W 

1wmrLl'lr!JlJVJ ~lJlJ1LnVlL~"I1nLVl Llfl '111 W Lci'fl'l "I1nVJ;lJ~Ll'lrlJlJL~~niJI'l'l1lJ Lur1:: LLft::llt1lU~W~1 

ftn1:tru::~-lnfh'l~1lJ1TC1urlJU!-lL~Lt1llJmrlil plasticizer (plasticizer) L~'fl'lhlJl~VJ~lJiJI'l'l1lJllt1lu~wlJ1n;fw 
'flU1-lLrnIfl1lJ plasticizer ~Mi'l&.lftl~"lru~lJlJ~Vl1-lmlJmVl L'lIW tensile strength ~1 elongation at break LLft:: 

~lJlJ~mrtJ'fl-lnwm~lJtJ1W'lJ'fl'lii1'11Llft::L'flJ1 ~-lu\'fl-l~n1:t1urlJ1ru'lJ'fl'l plasticizer ~LUlJ1::~lJL~'fll~L~VJ~lJ 

iWIfI'flw;iLLlwmr;1 n1:t1 m Tl-ihfTlJ1 ru'lJ 'fl-l plasticizer ~LUlJ1::~ lJlwm TLIfIWlJW ~lJ Lrlfl'fllJlJ1LnrlL~ 
"I1nLrlLIfI'lnWLt1llJlil nftL'lI'flT'flft (glycerol) (Sigma Chemical Co., St. Louis, MO, USA) LLlw plasticizer LlflrlJlJ 

... ~ ~ '" L1 ..: II II r 0" r II ..J JI1 1,1

VJ ftlJ Lrl LIfI'll1WLt1llJLt1llJl'll~1 rft::ft1lJ Lrl LIfI'll1WVlI'l'l1lJ L'lJlJ'lJW 2.0 LU'flTL'lIWIfI Llft::l'll~1 rft::ft1lJ nrlllVl LUlJ1 ::~lJVl Lt1l 

"I1n-lJ'fl 3.2.1 mr~n1:t1urlJ1ru plasticizer ~LUlJ1::~lJ VhLt1llJLlururlJ1ru'lJ'fl'l plasticizer LLlw 0,10,20 LLft:: 30 

LU'flTL-nWr;l'lJ'fl'lJ1UWfiLrlLI'l'll1W t)t1lrlru~lJlJ~'lJ'fl-lVJ~lJ Lfl~'fllJ~-l L~lJ'liJ'fl-lnlJ mrU1w~lJLulil L~ LLn 1'l'l1lJUW1,, 
.J ... ~~ .J

water vapor transmission rate, tensile strength LLft:: elongation at break L-nWLt1llJ'lfilJ LWmmlllft'fl-lVl 3.2.1 
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... :':1'- .. -I' 1" 1 I' I' 1" J J1" JLUlrU~nfUJLf'lf'l'fllJlJTLllf'l ~r,nn f'l LII1"lllUL~U '111l1'"J::VlLltl~1::t'l~Vl ~"llnmTVl~ft'fl..:JVl 3.2.1 Uft:: 

3.2 .2 iVlt'l~lJ~Vll..:Jm[J1l1Vj 'tUiLLri ml~ltlUl water vapor transmission rate, tensile strength LLft:: elongation at 

break 

FTIR analysis 

mT1Lf'lT1::ltl1f'lNt'l'fl..:J~'fl..:J~~i.J1f'lllil"lllUv'hlVlU1~ Fourier Transform Infrared (FTIR) 

spectrometer (PerkinElmer 1760X, PerkinElmer Life And Analytical Sciences, Inc., Waltham, 

Massachusetts USA) t'lLLnu1il wave number 1u'll'"J..:J 700-3500 cm·
1 

~ "L~"""'~ , ... '1~ 1." a ...........
3.3 n1f..nV1n1f '!i",lIaJ ~fllI'il1.J1.JflI'lFi fII~1n lfll5l'i1tJ tJn1'i!l1l'il1!1n1fLn1.J'inV1rJII6II'IW"rI. 

VJffl-J Lf'l~'fllJlJrlllf'l1~"lln1f'll(J1'l11ULlil1Ul-JlL1l[J1~r1l'"Jv11f'l::ftlU tlTl-Jlru plasticizer LLft::1fi~Lltll-Jl::t'l~ 
J~!, ~ J .,f..f 1 1
Vl LUl"llnmTVll'lft'fl-..11U'tlU(J1'flUVl 3.2 lumTVlCllft'fl..:JulULlJ'fl'l61u~..:J U1VlCllft'!l..:JLLuTmll-JL~l-J~'fl..:Jt'l11ft::ftlU f'lllil"lllU 

!'1 .1.-3.-..r .. ' 11' J "" LuU 0.5 1.0 1.5 2.0 2.5 LLft:: 3.0 Lu'flTL"IIU(J1 "llnmTVlVlft'fl..:JLlJ'fl..:JII1UVjlJ'"Jl t'l11ft::f'llU r1 Llil'illUVlmll-JL~l-J~U 

0.5 1.0 LLft:: 1.5 LU'flTL-DUffl i1trm!tru::nlrft::i'ntJLUu~;) LwiLri'flWll-J1Lf'lft'!llJ~~lill1ru'Vl SSP VjU~li1trm!tru::mr 

Lf'lft'!lU~'!l..:J t'l1 Tf'l::ftlU1f'lllil'ilIU 1JlUJ LUU~U1Vj'fll"l L d'fl..:J·nnt'llTft::ftlU"l::i1mll-J~ultlilLJl~l v111ihf'l ~'tllJ1JiUJvf'"J ti..:J 

.. , , 
'11IU 2.0 LLft:: 2.5 LU'flTL-DUffl UU 'li1~nl!tru::mTft::ftl[JVl~ LLf'l:: 'li1trnl!tru::mTLf'l~'!llJV1~ ~..:JUIl-J11il1umTVl(Jlft'1l..:J 

" L[;iru~~fill111ru'Vl SSP L"lIuL~mnlJmTVl~f'l'!l..:Jiu~u l.h~~(;Jl1ru'Vl SBP ~lil-JtN1Ut'llTft::fllU1f'lllil 
J ".. .1 .-" .- .1 .-" .- I' 1" ~-I' ...

'DIUVlmll-JL'tl~'1IU 2.0 Lu'ilTL'DU(J1 (Coat-A) LLft:: 2.5 Lu'flTL'llU(;J (Coat-B) LL1lll ltlt'llTft::ftIU Lr1L(;J"lllULf'lft1lU 

~~(;Jrlru'V1 BBP l~m'!luvf'"J~ft(J1rlru'Vl Uft'flU1i1LLil..:J 'l~ SSP ~1lJc.humTLf'lft'fllJ~h1l1f'll(;J"lllU1udJur1l'"J'1lth..:J 

3.3.3 mT&i~(J11~f)ru1l1Vj~'!l..:J~fi(;Jrlru'V1 SSP 'lur::wll..:JmTLnlJrnl!tl 

~Vllill~m TLU ~UUUU ft'lf) runlVj'1l'!l..:J~ft(J1rlru'Yl'1l1m n::wh..:Jn 1 TLnurnl!t1 1m uri m TLU~lIULL1Jft..:J 
... ,.J' :01 ,Q '-'.1'- 1'- .1 Q ".I'¥' ~ 

'tl'fl-..1t'l mll-JLLUULU'fl f'l'"Jl~LuumVl-Vl1..:J '"JLf'ln::ltlf'l1Lu'flT'fl'fln "ll~ LLft::mTuT::Ll-JUf)runlVjVll..:J~lUuT::t'llVl:(j~m~ 

L"lIUL~mnlJnlTVlL1lft'!l..:Jluiu 3.1.3 T'"J~i..:J1Lf'ln::\xtlT~lru,ftUVl1tf~'!l..:J~fi(J1rlru'Vl 
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_ r .1..1 . 1 
n1r'llm1~",n1rlufUJUllufNl'lrutl1~Y11-Jn1E.1m~ llft~Y11-JlrJl-J 'il'ilnLllJlJn1rnl11ft'tN lllJlJ Completely 

Randomized Design (CRD) t'i'lUIl11t.1r~liJutJ~Y11-Jt.lr~~1Y1-Kl-J~fq 'l1-JlltJUn1rnl11~'il-JlllJlJ Randomized 

Completed Block Design (RCBD) :jlrJl1~",1i'il~~TI11E.11ii ANOVA llft~ltI1E.1lJlViEJlJl'l'l1l-Jll(;]n~1-J'lI'fl-Jri1l'il~EJTI11EJ 

1"-" .J ~ .J:' - rs. '\' 1"'l!'lfi Duncan's multiple range test (Montgomery, 2001) Y1r~l11lJfI'l1l-Jl'll'ill-JU 95 % 'llm1~""J'il~~LI11E.1 'II 

Tt.lrllnTl-JrJ'ill-JVl'lll1ltlrri1lT'1IL1 Statistic Package for the Social Science (SPSS Version 11 .5, USA) 
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~ ..~.. '1"'1 .Ji,,, , ~ 
tJr1"lIlCU"VlLfi'tlnI-J1 L'll LWn'1iVl~fi'fl-lW L!il LLn polypropylene LLt'l:: polyamide c.Jt'ln'1i'l!ilfl'l1I-Jl-IW1 

" 'rl11J1'1n'1~l-lc.hw~'fl-l1'flU1 (water vapor transmission rate, WVfR) LLft::n1'll'fl'flnonL"lW (oxygen transmission 
".J >

rate, OTR) ~'fl-lUjj,nCU'VlY]-l 2 'llW~ LLt'l~-l1~lW(i]'1i'NVl 4.1 WU~1'l-l polypropylene iJn'11nW;l-Jt.hw~'fl-lhU1 

~n~1 PA L~E.I-lL~nihw LLui polyamide \'I11-J11[lnWn1'D'il'fln;l'~w1~~n~1 polypropylene I'l'lWf!CU\'lI-J~LWn1i 

U 1l-l 11iluii"l'il1l-11i~'1l-lU ii"lncu-vlvT-l t'l'fl-l'llW~iJvl-ld' 

polypropylene iJFI'l1I-JLt'l LLft::Ll-lilm t'l1l-l1irlU'fl-lnWn'1Ml-Jt.hW~'iNf1'l1l-lfw1~~ LLuinw'fltln;L"lw 

1~hJ~ tJ!ilc.Jiln~hE.lFl'l1I-Jr'flw1~~ WUI-JU11-J1V11 'l-l1~'fl1l-11irtlW 'll'l~ uft::nft'fl-lUi1''1l1l-111~\'I11J'11r1U1 L;J1L(i]'1 

1I-JLFliL'lvJ~ (Siripatrawan, Burgess and Harte, 2002) 

polyamide LUWtJri'lncu.,rLLUWU'll-Ji:;Wl1-l YJiI-J1wt'l'flWLLt'l:;ui::nwlhuyjil-J low density 

polyethylene L~tll~LJ~c.Ji1n~'lE.lFI'l 1I-JrtlW 1Ji WUI-JHLW1lUl t'l1l-1 (1jil-l'1l1l-1 1 i Ld'fl-l"l1 n F) CU\'lI-JU~~1WFI'l 11-J Ll-IWm 

VlWVl1WII1'ilFl'l1I-Jr'flW~-l 1Wft'ilWt'l11-J1 irlU'fl-l nWn'1i~1-J ~'1W'll'il-l n1'D n~w LLft :;hJl.rw1~~ LLi.1~11wt'l'flw"I::"'J!il'llU 
FI'l1I-Jfw1~~1tJ LLt'l:;V111iiui:;~Vlfimw~'il-lujj,ncu.,rft!il t'l-l LLII1 Ln'ilU11uv'h LLii-ln"l:::nftul-J 1iJ F) CU\'ll-ltM L Vli1'flWL~ I-J 

ilE.lI-JHvi1'l-l~1l-1fuurr''1l1'v11imE.llclim'l:::i'\C\lC\l1n11'1 (Hemandez, Selke and Culter, 2000) ~nliilwn'1iU11' 

c.Jft(i]nCU-vl'fl1'v11m'ln c.JftUlnCU'VlLd''ill(i]r) LLLlI-J LUFI'ilW n'1 uvJ LFij'il-l~I-J'llill1lc.J-l~1Lr"l~ c.Jft1i.1LLii-l LUW~W 

.., 
*'tJff,Il"''' fl1111"'U1 WVTR* OTR** 

(mm) (g. 100in·2 day"1) -2 -1(ee . 100in day) 

polypropylene 0.074 ± 0.011 0.339 ± 0.083 97.895 ± 2.425 

polyamide 0.058 ± 0.002 0.606 ± 0.125 0 .981 ± 0.103 

* @ 30 cc, 75 % RH; ** @ 23 cc, 0% RH 
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~m~nmruJ~muLlJ'i'l..J~'ll'thlwfi01nrw" SSP LLt'I(lNW'i'lLtJ.pJ'll'tl..J ,h L (,h L fi'fl rllUt'lUl'll'l'll~L~~
t'lrll..J'll'fl'l~ ~'lrh L ill'lli'lLLLJI 0 n'l 100 Cl1l'll L ~ln LLt'lUl'lrJl~t'lrll'l~ln LUlU~T:;~Ul'll L LVlIrlU 0 "l::LutJ.~dh) a 

(I'll a ;i'il fllLLt'lUl'lT::~U~L~urHLUl-l Ld'fl a ill'llLUtJ.U'ln"l::LLt'lVl'llfn~rw::~LLUl-l chil,hLUtJ.'i'lU"l:;LLt'lVl'llfm:trw:;~ 
Q J I d 1'9 ..,j,j~Q.f I c:II. I .... '!i o"c::r. 00:\1 J 

L'llt.J'l L~'flVll-l"l1n"lVl 0 ).lln LLt'lUl-lCl-ll'l1l1LLUl'lVlT'ilrlL'llt.J'l).lln'lltJ.) LLi'!:: b (rn b f'l'ilI'l1LLt'lUl-lT::UlUntJ.1L..JtJ.-LVli'!'fl'l L).l'il 

b ilI'l1LUtJ.U'ln "l:;LLM"\-llfn~rw:;~LVlfl'il..J rl1ill'l'LlIUi'!U"l::LLt'lI1I'llfn~rw::fhr'L~tJ. Ld'ill-l1..J"l1n"lUl 0 1·J1n LLM1'ln..Jl'h 

" .f " ~ LVlft'il 'JVlr'il~t11 L~tJ.J.J1n'1.1tJ.) T'l~vT-l LLt'IUl'l1'l1 L\E 'll'il'lm'l'ilth'lwftlilnrw'f'l SSP LtJ.T::Vlrl1..JmTLt'iufn~1 

pJ~ 4.1 (a-d) LLt'lUl'lmTLtJ~UtJ.LLtJi'!'l'll'il-lr11~ Lab LLi'!:: L\E (;1').l~'~U 'll'il..Jwft(;1nru'f'l SSP LtJ. 

T:;Vlrl1'lmTLnUrm:tl "l1nWt'ln1TVlUli'!'fl-lV'lUrl1Wftl1lnru" SSPi:lLLtJ.'lLU!.Jn1Ti'!l1ItN'll'il'll'h Lab ~htJ.1'l1 L\E i:lr11 

....! J J " .1' "Q' I ~ IV r .... '!:! ",~"..J '!!J ..", 0'"IV _
LV'I~'lltJ. L~'flT::U:::L'l'i'l1mTLnUTm:t1~1 n'lltJ. LLt'lVl'lLWVltJ.'l1W'i'lI1l11ru'JI SSP J..II'H'llJ..l'lltJ. LtJ'i'lUULUW'l L'llt.J'l LLi'!:::tJ.ll'lU 

.r ..J .. ~ ~".f . 1.1 .1 ~ _ ~ r _.f .1-
J..I1 n'IJtJ.L~'fl Lnu m~1 L'ltJ.1tJ.'lltJ. m TLuftUtJ.LLuft-ln'lJ'il..JW'i'l 0111 ru'Yl'fl1"l Lnl1l'lJtJ."l1 nU!J mm lipid peroxidation 'll'il'l 

l'1J1.rtJ.~tl~ltJ.w~lilnrw'f'l (Love and Pearson, 1971; Ramirez and Cava, 2005) 

Ld'flVl"l1TrU1ll1'l:;LtJ.mTUn"lLLUUL~t.J'lrltJ. wft(;1nrw'f'l BSP ~Un"lLtJ. PA i:lLLtJ.'lLUJ..ImT 

LtJ~UtJ.LLtJi'!'l'IJ'il'lr11 Lab LLi'!:: L\E U'ilUnrl1Wftlllnrw'f'l~UTT"lLtJ. OPP LLmlJJLLlIlnm1'lrltJ.'ilth-lilW'1.Ith'lqJ (p > 0.05) 

:: J ... ~ .... 1 -..., ::.J'..J '"' ~ ..
VI..J1 VI polyamide J..I'fl(;1T1nlMJ..Iw1U'll'fl'l'fl'fln'llL"ltJ.tJ.'fIUn'l1 polypropylene VI-ltJ.LtJ.tl..J"l1nLutJ.mTUTT"lll1U Llil 

UTT'1.I1n1P1tJn~ 'fl'tlnonL"lU~'fl~1tJ.'lI'fl..Jrl1-lLVli1'il'fl1V11Tll1'1.1LtJ.UrT,nrw~'lt'l1J..11TClvhtJBiih..l1 lipid peroxidation 

rlum'l'ilth-ll~ i'l'ltJ.wft(;1nrw'f'l SBP ~UTT"!ll1ULUlll1'l:::i'\ClJClJln1P1"l:::i:lmTLtJ~UtJ.LLtJ'i'l-l1'l1~i'l Lab LL'i'l:: L\E 

U'il'1.l nrl1Wftlllnrw'f'l~UTT"lll1 '1.ILUlll1'l ::urnl1n1 PltJ n~ Lci'fl..J"ll n n1 TUn"lll1'1.1LUlll1 'l::", q.j q.j1 mPl"l::il mr~-l 
'fl1mI'lll1uLtJ.uTT"lnrw'l'l'!l'flnltJ v'hliHi''ll'il'iln:nL''lWl1uLtJ.uTT''lnru'l'l'i'ltllfN 'lI-lW'i'lLii lipid peroxidation In''ll~ 

U'il'1.l nrl1 m TU rr"!1l1 '1.ILrn1l1'l:;U rr'1.l1 n11'1tJ n ~ 
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Storage time (days) (d) 

~tJ~ 4.1 1'l1~ Lab LLft::: AE 'il(t}lt.J~[1111ru'ti'~Lnufm~t11uun·Flru'ti' polypropylene rntlW1urnJ1n1~tJnUi 
(OPP) 1uun"lIlru'ti' polyamide rntl1~unmmt'ltJn~ (PA) LLft::: mtll~m'l ::: ~tyt1:j1n11"\ (PA-V) 

12 
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8 
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• • J'A1A1111L1.\I\IL \1'8 

~ tl J tl ,..J' - ~ .. I '" ~I ,
filnl:f1mTl flfJULL ~N'1I'ihlI'l11'1')1J.J LLUULU'tl'lllNc.JflUlJlCU'fl BBPr:::1A'l1-lmTlnUrnl:f1 LLM1-lc.Jfl LU 

1tlu'lfJi1'l!;i'u (N) ~-lLjjurh~LLt'lVl-l~-lfl'l1l.JLL-ii-l (hardness) ;1-lLjjULLN~-l~Vl (peak force) ~'l;'lumrnVlc.J~Ulnru'Pl 
~ , .. t..t j' I d. I ..........- II I I cf.q ,,J' I 


flNLLrn rnI'1')1l.JLLuUlU'tlU"I:::U-lU'l'lnn-lfl'l1l.J'iJ.J'll'l'l-lc.JftUlJlCU'fl BBP ll1rnI'1')1l.JLLUULU'l'll.Jrnl.J1n'llU LLM1-l'l1 

- ~ ... '" J... " "",..I tl J tl I JtHlI;lJlru'flr BBP J.Jfl'l1l.J LL'll-lJ.J 1 n'llU1Artll'l'l1J.J '1J.JflVlfl-l ,1wVl 4.2 llt'lVl-lm1'l flfJUll fN'1Itl-l1'1')1l.JUUULU'l'l'1l'tl-l 

c.J~Ulnru'Vl BBP 'lur:::wl1-lm1'lnUrnl:f1 "l1nn1rVlVlfl'fl-lViU~1 c.Jiil1lncu'Vl BBP jjLlU'lLWl.J'1l'fl-l1'1')1J.JllUUlif'flJ.J1n:i'u 
11J I '1tl - ..... J '1'" C!III .! -4 IQ'..... r I

LJ.Jtlj':::U:::l'l ~1n1TlnUTnl!t1c.J1U L c.JflUlJlCU'fl BBP VlUrr-,Jl1U LUlJl1'l:::~nJt1:l1mfil"l:::J.Jm1'lVil.J'llU'1I'l'l-ll'l1fl'l1l.J UUU 

..J' " - ~.. J~" tl - ~.1'J IX ~ ~I

lU'flU'l'lfJn'l1c.JftI1lJlru'Vl BBP VlUrr"lJl1fJ LI11Jl1'l:::Uj'Tf.J1mfil nUl Vl-lULU'fl-l"l1nm1'lnUTnl:f1 LUJl1'l:::lIrunnmi'l 
.. 'I &.0 ... 

Urr"lnru'YILLUU'1I~nUc.Jftl11nru'VlLLfl:::il.Jrrll'1l1mI'lW'tlf.Jn~1mrurr"lJl1u'lMJl1'l:::tln~ ~-ljjn1T~f\JL~fJI'1')1l.JiulUl 
W'1IUn~1 U'iln"l1nJutT-lViU~1 ld'1lHJl1'l:::'lun1rurT"lJl1tM1Jl1'l:::uTTtJ1ml'1tln~ c.Jiil11nru'Vl BBP LUUTT"lnru'Pl, , 

opp LLft::: PA "l:::jjmTl~J.J:fU'll'tl-l1'1')1l.JLLUULif'f:iWLLl11n(l]1-lnU'1If.h-li:Jt!fJ~1r1nJ (p > 0.05) Lcitl-l"l1nUTT"lnru", 

polyamide LLfl::: polypropylene jj'ilUl1'1m~l.Jt.hu'1l'tl-ll'ilJ1hJLLl1lnc;i1-lnuJ.J1nt!n (m't1-l~ 4.1) ~-lJu~-ljjmT 
~f\JL~UI'1')1l.Jiu"I1nc.Jiil11nru'V1UJLLl11nlih-lnu 

1.00 

0.80 

c: 

~ 0.60 -+-PA-V 
Q) 

z ....-PA 

~OPP 
0.40 

0.20 -I-----.-----r---- ---r---- --r------, 

o 5 10 15 20 25 
Storage time (days) 

ltl~ 4.2 1'i11'l'l1J.JLLUULif'tl'll'tl-ltJ~l11nCU"'~Lliufnl!t1'luUTT"lnru'Vl polypropylene Jl1fJ'l!i1uT1tJ1ml'ltln~ (OPP) 

1uUTT"lnru'Vl polyamide Jl1u'l6iuT1tJ1mfiltln~ (PA) LLft::: Jl1fJ1MJl1'l:::~t1:lt1:l1ml'l (PA-V) 
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Fi1Ltl'itf'it'im''lf~ (peroxide value, POV) 

~m~nmrLU~lIWLLU~-.lV11LU'ilT'il/tml'1lu1'll'il-.l~ftLllnru.,r SSPr:;vd1-.1mrLfiurm:t1~hll1i1mrlVll'llTVl 
;-.11'11 LU'ilT'il'il n1'D(;]"l:; LL ~~-.lCi-.l mnntilUBnTt.J1'il'il n:n LVl'llW rhv11 LU'il T'il'il n1'!!u1iJI'lll-J1 n Uf1~-.lrhiJ n1 nntiluBmm 

- ~ ~ I": • I": .1 ' .1" 1" ~ ~ .. , .. ~ 
mln'llL~'1!Wl-J1n JUVl 4.3 LL~U1-.1mrLuflt.lWLLufN'1J'il-.lI'l1Lu'ilr'il'iln 'Iltil'lJ'il-.l~ftVlllru'l'1 SSP r:;VI'l1-.1n1nnurm:t1 "l1n 

t..!~mrntilft'il-.lV'lU11 t..!ftVlnru'Ff SSP lUVln1l1'l:;nlrurr,iJr11Lu'ilf'il'ilnl'!!(;]L~l-J;lwVl1l-Jr:;lI:;L'lft1mnfiurm:t1 
~ft!i1nru.,r SSP ~urr,lw polyamide 1l1l11ci11l1'l:;~f\Jf1j1ml'1 (PA-V) "l:;iJmrL~I-J;fW'1J'il'lrhLU'ilT 

'il'ilnl'll(;]u'illln11t..!ftLllnru'¥1 SSP ~urr'1l1l11ci11l1'l:;urrmn1I'1un~ Ld'il-.l"l1nmrurr'1l1l11Ui1l1'l:;~n.!f\J1n1I'1iJ 
m r~-.I n1'!!'il'iln;n L "lu1l1l11wurr,n ru'Ff'il'il n ~'l LnVlUBmm'il'il n:n LVl'llWU'illln11 m ru rr'11l1l11ci11l1'l:;U Trmml'1un~ 

Ld'El'W"l 1rru11l1'l :;mrurr"l1l1l11ci1urrmml'1u n~ LLUU L~lI'l nwt..! iiLIlnru.,r~urr"llw PA i:J mn~l-J;fW'1J'il'l~1 LU 'tiT. . 
'il'ilnl'llVlUJLLLIln(;h-.l"l1n~ftLllnru'¥1~urr'11uurrvlru'Ff OPP 'tIEi1'liJWll~1rln.J (p > 0.05) lw-n'l-.l 10 tlwumU'il-.lmr 

Liiurnl!t1 Ld'il'l"l1n'il'iln;nL"Iw~'il~1l1l11wurr,nru.,rv'huBnrmnul'lJJJ'w LL!liLd'ilLiiurm.:nllJu1w;lw ~1LU'ilf'il'flnl'llu1 
'lJ'il-.lt..!iiLllnru'Ff~Lnurm:t11w PA i:J~1~1n11~urr,lw OPP 'il~1-.1iJWlI~1rlcy Ld'il'l"l1nUrr,nru'Ff polyamide iJ~1 
nwmr;il-J~1w'1J'tI-.I'il'tln:nL"lwU'illln11urrr.Flru.,r polypropylene 'il'iln:nL"IW"l1n~-.lU'ltil~'ill-J~-.I;il-J~1wurr,nru')Lih 

j.J 1vi1uBmu1nlJ 'il11t11 Tl~U'tIlin11u rr'1nru,) polypropylene 
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Storage time (days) 

lU~ 4.3 I'll POV 'lJ'il-.lt..!iiVlnru,)~Liiurm:t11wurr,nru'Ff polypropylene 1l1l11ti1urrmml'1unm (OPP) lwurr, 

nru'Ff polyamide 1l1l11ti1urrmml'1un~ (PA) LLft:; 1l1l11ci11l1'l:;~cyn,j1ml'1 (PA-V) 
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---6.00 

5.80 

5.60 

.... .-
~~ -

<I>
.,.., -

'.L' 

5.40 

J: 5.20 c. 

T -+ 
- All. 

-+- PA-V 

..... PA 

A1 pH 

~m:tlrnTlt.!~tIl.JLLt.!fNrh pH 1J'il-.lt.J~!1lrlru'Pf BBP T:::vd'-.lrnTlnlJTm:t1 (It.!~ 4.4) LLM1-.lnI T 

Lt.!~f..IWLLt.!ft-.l1J'il-.lrh pH 1J'il-.lt.Jft!1lrlru'Pf BBP T:::1.oI-lI-.lnITlnlJTm:t1 "llnt.JftnITVlP'lft'il-.lV'llJ-l1 tJ~!1lrlru'Pf BBP lwVln. 
... , " ~ t.!J t.! ' !"I ,J... , ~ 

l11'):::rnTlJTT"'llJrn pH ftlTlft-.lVlllJT:::f..I:::L')ftlrnTlnlJTn1:t1 rnTL ftf..lWLL ft-.l'lltl-.lrnm1lJLLJWnTITl-1Tl1-JV1W'l1ftlTlft-.l IW 

, - ~ J - ...... - ..J " 1""'. ..: ~ T:::1.01,)I-.l rnTlnlJTn1:t1 'il1"l LnlTl!lWLW'il-.l"l1 n rn Tl"ITf1.j!l 'il-.l LLlJflVl LTf..IlJ1-.l'llWITlVlfl1lJ1TClt'lTI -l ml?l I?llJ"lIW,)WLV'l2J!lW 

t.JftVlrlru" BBP ~tJTT"'llw polyamide l11f..11Ml11'):::t'!CYCY1n11'1 (PA-V) iln1Tftl?lft-l!l'il-.l pH W'ilf..ln-llt.Jft!1lrlru'Pl 

J~... t.! - ..I ~... ... .....
BBP VllJTTVl1tJ IVll11'):::tJTTf..I1n11'1 nVi (p ~ 0.05) LW'il-l"llnrnTlJTT"Fl1f..1 IVll11'):::~CYf1.jlrnI'l2JrnTITl-.lrn'l! 

'il'ilnon L"IWfllf..11wtJTT"'lrlru"'il'il n ~-.l·lhf..l'll:::fttln1 Tl"lff1.j!ltl-l LLtJrlVi i1f..1~m'il-.ll~lltln'B L "IwlWn1 TL "lfCY Ld llVl "I 1Trul 

l11'):::rn TlJTT,l11tJ lmtJTTf..I1 nll'1t.! n~ LLtJlJ L~[J') nwtJftVlrlru,,~tJn,lw PA il rn Tl~2J;fW!l tl-l1'i1 Lt.!'il1'il'il n1'l!~1~ 
LLVln~'-.l"lln tJ~V1rlru,,~tJTT"'llw OPP llUI-.lilutJ~lrlcy (p > 0 .05) 

5.00 
~OPP 

4.80 

4.60 

4.40 

o 5 10 15 20 25 

Storage time (days) 

It.!~ 4.4l'ilfl,)1lJLiJwml11-~1-.l!l'il-.l t.lftVlrlru'Pl~LntJTm:t11wtJTT,rlru" polypropylene l11f..11mtJTTf..I1n1l'1t.!n~ 

(OPP) lwtJTT,rlru'Pf polyamide l11f..11mtJm.l1n1~t.ln~ (PA) LLft::: l11f..11ml11'):::~f1.jf1.jlrnl'l (PA-V) 

4.1.4 O1njr.:Lij1J~rul11,"~1.nji::",~iaur.. 

nlrt.lT:::LijWI'lrut11V'1VlI-.lt.lT:::flIVl~lJ~flLiJwrnTt.lT:::Lijwim:tru:::VlI-.ltJhw~ n~w LLft:::rn Tf..I'illJ TtJ 

Ll?lf..lT,)2J !ltl-lt.Jft!1lrlru" BBP Ll?lf..ll-if 5-point scale rll1.o1Wl?lfl:::LLwwlw'lh-l 1-5 fl:::LLWW ~-lilfl,)12J1.oIlJ1f..1~-l~tl'W;i~tl 
~ (5 = no discoloration; 1 = extremely discoloration), n~w (5 = extremely desirable ; 1 = extremely 

unacceptable/ off-odors), LLft:::rnTf..I'il2JTtJLl?lf..IT,)lJ (5 = extremely desirable; 1 = extremely unacceptable) t.Jft 

n1rt.lT:::LnWf)rut11V'1V11-ltJhwt.lT:::('jIVl~lJ~fl1J1Nt.J~V1rlru'Pl BBP lWT:::1.oI-lI-lrnTlnlJrn1:t1 LL~P'l-l1'llwzt.l~ 4 .5 
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~1nWftn11th~li1w~ru.nlWV11-l~hW~'ll'il-lwftf?lnru" BBP 1::YI~I-lmllnlJrm!l'1 ll~Vl-lL~liiW~1 
"'!!i ~ _, J '" ~ ., 1. , - ~ .. J ~ " rl::llWWmWTl'lJ'il-lVjnm'iltJl-lftVlIN llJ'il1~El::l(H'l1mllnlJ1m!l'lwlW lJ Wflf?lflru'Yl BBP VllJT1"1111El LI1lfl1'l:: 

11C\:!C\:!In1~lwlJT1"\nru,, (PA-V) ~V1'lllJlll1ln~l-lnW'ilt.ll-lih.rEl~lrlC\:! (p ~ 0.05) ~lnlii''l'iltil-lwfi(llnru" BBP ~ 

lJ1r"lfl1ElLIiilJ11EJ1mf1tlnUi ~'il PA llft~ OPP f?l1lJ~lt1llJ LVlm~'ilVl~11rullillEllJlYlEllJnl1tl1~li1WV11-l~hw~nlJmr 

1lrln::Vl1"1EJL~lrli'il-liU1~ t1l-l~tl~ 4.1 ~-llli'lIll-lL~laW~lrh Lab llft:: dE jjnllltl~ElWlltlft-lld(iHnlJ1m!l'l11wlW;fw 
, ... ~ • ,..I ., ~ Q 1" J - ~..... ~ .J' -" 

l'DWLU1mnW nll'llJ I'lElWlllJ 1'l-l'lJ'il-lt'l'ill~ lnU1 U) lW'il-l~lm.Jfl(1]l1ru'YllJnlr~C\:! It'lElrl'lllJ'DW''Il nW'lVlWl'll'il-l'fl1Vllr mr 

Ln(;1tlBnrEJ1'fl(tln~LIIl'llW'lJ'il-l1'lll.Jw (Ramirez and Cava, 2005) 

~lnWl'lmrtl1::li1w~ru.nlWVll-l~hwn~w'll'il-lwft(1]nru" BBPr::YI~I-lmllnlJrnl.!l'1 lli'llfl-lL~laW~1 
r::t1llJrl::LLWWVll-ltlhwn~wMHN ld'ilr::El::l'lfnmllrilJrm~nt..hw1tl ~fif?lnru" BBP ~lJn"lmElLmfl1'l::I1OJC\:!lnlf'1 
jjV1'lllJllf?ln~l-lnW'fltil-lih.rEl~lrlC\:! (p ~ 0.05) ~lnlii''l'ilt.ll-lWftf?lnru'' BBP ~lJn'fl1Ellmfl1'1::lJ11mmf1tln~ 
Lu)El ld'ilVl~lrrullillt.JlJ lYlEllJ m rtlr::lnWVll-lJilwn~WnlJm r1lm1 ::tX~h ltl'ilf'il'fl n 1'llU)1wltl~ 4.3 ~-llli'lu)-l1ihaw~1 
ldm:::El:: L'1 ftlmllnlJrnl.:tl ~.hwltl rhLtl'ilf'tl'fl n l'11~~::L~lJlJln;1w d'il-l"ilntlBmt.J1'il'iln;lVl'llW'lJ'il"] l'lJl.JW W'iln"ll nn 

ml'ltl~ElWlltll'l"]~ ru.nlwtlhwn~wJ"]'fl1"i lnU)1tX"ilnmll~'fllJ l~t.Jld'il-l"llnnlll"lTn.J'lJ'il-l"lfiWVlTU 

"iln~flmnJr:::li1Wf'!ru.nlWVll-lJilwnlrEJ'illJfuLVlm'llJ'lJ'il-l~ftf?lnru" BBP r::YI~l-ln'l1lfilJrnl.:tl 

llMl"]L~laW~l r::t1llJfl~UWWmrEl(m.JTlJLU)m'1lJ'lJ'il"]~lJTLflrlflVlfl"] ld'flr::El::l'1fllmrlrilJrnl.:tl~lwltl ~fif?lnru" 

BSP ~lJrr"lfl1t.JLIiifl1'1::~C\JC\:!ln11'1 PA-V jjl'l::llWWmrEl'illJrlJLVlm'llJ~-ln~I'flf.h.ljjt1El~lrlC\:! (p ~ 0.05) nlJ 

1ii''l'flih-lwftl1lnru" BBP ~lnlJrm:tlfl1iJLmfl1'l::lJrrt.J1n1f1tlnm ~'il PA Llft:: OPP 11l1lJ'i'ht1llJ 

nlllnlJrm:nfl1iJlmfl1'l::~C\:!C\Jlmf1i'lllJlrnLfilJrnl!tlWftf?lrlru'Yll~~n~lmTlnlJfnl!tlfl1ElLm 

lJrrEJ1n1l'1tln~ l~'il"]"ilnfl1'l::~C\:!C\:!In1~'lhiJ'D::fl'ilmrliiVltlBmEJ1l1il-l 1 r'llJi.,]'lI'lEl'D::ft'ilmrl'~TC\J'lJ'fl.,],fiwVlru 
~Yhl~'tl1VllTltlll~El~.,]1-il'fl'iln:nl'"lwlwmTl~1C\:! ~ftnlrV1Vlfl'iN~1~i'l'flMft'fl-lnlJ"]lw1~El'lJ'fl"] ~tlnri1 lnu)'lI~1 

..I.. '" ~ • I - ... '" ~ 1 . I - " '" ~ .J(2544) Vlf1nl!tl m TlnlJrnl!tllJfll'ilWVlrLrllJ LVlEllJrr"l Wl11'l ::lJ rrEl 1 nll'1lJ Mlllft::fl1'l::~C\:! C\:!1 mf1 lLft'l LnlJ rnl!tlVl 

~ruVl1Jil~'fl-l WlJ~lmrurr"lLWl11'l~I1OJOJlml'1'lhiJtjU1'il1'ClnlmllJ'lJ'il-lwfif?lrlru'YllJiW1W 42 1w llft::mnnlJfl1t.JLUi 

fl1'l::lJrrEJ1ml'1tlnUiii'fl1'ClmnrilJW1W 21 1w 

~-li'lrtl1~~1 ~ftf?lrlru-n~lrilJrnl!tl1w PA-V i'lllJlrnrnl!tl~ru.nlW'lJ'fl.,]wfili1rlru'V11~~~~U) ~-l 
lft'fl n L~lJn"lrlru-nll fl::fl1 '1:: m rlJ rr"lt1l"] mil'l T'llJLWmrV111l ft'il.,],fu~'illtl ~.,] \1jumrPl nl!t1lJ n,rlru.,r~ lYIlJl::i'llJ 

1'llJ nlJ nl11ilVJ ftlJ LI'1 ~'fllJlJTLl1rl1Ui 1~'fltjVl tl1fJ n 11lnlJrnl!tl'lJ'fl"]w ftl1lrl ru-n 
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Color-day 0 

Overall-day 
21 

Overall-day 
14 

Overall-day 
7 

Overall-day 
3 

Color-day 21 

-+-PA-V 

~PAOdor-day 14 
-.-opp 

pJ~ 4 .5 fl~IIUUUT~I'l'Wlll-Jtrl'ltihu~ (color) n~u (odor) IL~~n1nJ'lll-JfuLV1tJT'll-J (overall acceptance) 'll'!l-l 

~~lilnru.,r~Lnufm:111uuTT,nru'Y1 polypropylene 1l1f.Jl~uTnJ1n1i'1un~ (OPP) luun,nru'Vf polyamide 

1l1ulUlumJ1n1i'1un~ (PA) LL~~ 1l1f.J1Ul1l1'l~~t1Jt1J1n1f'\ (PA-V) 

~1'Il-J1VlLIil'i11ulihiJu1'I1r~~rl1U~nf1'l1l-JLil-Jiu 2 .0 IU'1lTlonWlJ! LV1f.Jl~1'I1r~~ft1U acetic acid 1 % 

(vlv) LLrl~ lactic acid 1 % (v/v) LiJW~'lvl1~~ft1f.J "l1miw-rV1l'lru1'll-JUm'll'il-l~fil-J 1!il LIn Vl'l1l-J'VIW1, TS, % EAB LLrl~ 
\' -!'1 _1..1 ~0

WVTR IV1ml1'lVl-l~~n1r'l LM1:::'VI IWlUVl 4.6-4.9 1il1l-J~1VlU 
" 

~fil-J1flLIil'll1U~LI,irf.Jl-J1!ilr.nnf'l11'~:::ft1U acetic acid LL~~ lactic acid lihfm:1ru~ul'1n!J1J'fl-l~il-J~ 
" ... ~ _I 1 or :':1" J ... J~ ,,~ .l' U~ ~ .

flrl1f.Jflrl-lnW'iltJ1-l TnIil1l-JYirll-JVlLlill'Ul-J"l1n lactic acid ft'iln'il'1ln"l1ntl1'l1W~Vl I'll IWn1T'1lWX Lfllmnn'l1 "l1n~rl 

n1l'VlVlft'il-lViU~1hJilf1'l 1 l-Jlllilnm1-l'1lt.h-lilwmh'rt1J (p > 0 .05) 'lJ'fl-lf1'l1l-J'VIU1, % EAB LL~~ WVTR lu'1lru~~n 

f1'l1l-JLLlilnIJi1-l'1lt.h-lnwf.J~1r1t1J (p .:S. 005) 'll'1l-l~h TS 'll'il-l~il-J~Llil1f.Jl-J"l1n1'l1rrl~rl1f.J acetic acid LLrl~ lactic acid 
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~ , :':1" 'l .I J <I , .: - ~.... 'l" ~ ~0"l1nt.Jftmr'lUlf1'l1I-JVlU1'lltl'l LLt.JUnt'U,J UZl.lVl 4.6 "l::LVlU'l1LI-J'tILUrUULVlUUn1r "II[WlVl1ft::ft1UVl 

LLmntii1'11nU ~'tI 'lil acetic acid 1 % LLft:: lactic acid 1 % T"l!J'liif1'l1I-JL~I-J~U'll'tl'l1rlTUl"ll1UfI'I~ YlU~1Wftl-J~1~jj 
f1'l1I-JVlU1'W LL(i1 ntii1'1nU'flt11'1~WU~1~nJ (p > 0.05) i'ld'tl1"l Ld'tl'l1-J1"11 nrt'l11-Jt'l11-J1TrlLUmrft::fI1U'lJ'tN1t1T(i1'!11U 

~ ~ ~-! ,~~ .f .J' " 
t'l11-J1rnft::ft1U'lunrUlVl'lt'ltl--1"11UUl U-.JLLUlnUl1--1nU Vl--1U~1nt.Jfm1mU1ft'fl'lLU'fl'lmU (preliminary test) 

"I1nl.JftmmUlft'tl--1'luzLI~ 4.7 rh TS 'lJ(tNLL~UVjftl-J~'lil acetic acid LUU!1l'l;11ft:::ft1U"l::ilfl1 

1-J1nwhVlftl-J~'liIlactic acid LUU!1l'lvi1ft::ft1U'tlt11'1ilWU~1~C\J (p ~ 0.05) 'tI1"1Ld'fl--1"11nTI-JLftflft'lJ'tl--1 acetic acid 

Lftnwh lactic acid ~--1;11'lii acetyl group i'l11-J1rllL~11L1LLVlrn'fl~r::wh-.lTt1Ni'lT1-.l'lJ'fl-.l1f1T(i1'D1UYl'tlftLI-JT T"l!J1~ 

run'lUmnnVl crystallinity 'll'fl-.lwifl-J ~--1f1'l11-J LL-li-.lLLN'lJ'fl'lwlfl-J;fu'fl~numnnVl crystallinity 'lUTrtNZlT1--1'll'fl--1wifl-J 

(Hemandez, Selke and Culter, 2000) I.JftmmVlft'il-l~1J11'l'ilVlt1ft'il-.ln1J'I1u14'U'll'il-l Park, Jun and Marsh 

(2001) ~rinI:t1I.Jft'lJ'tI--1mr'lil!1l'lvi1ft::ft1U"IIilVltii1-l11~LLri acetic acid, citric acid, lactic acid LLft:: malic acid tii'il 

I1ru1'lI-JU~'ll'tl-.lVjIfI-JLLuul.J1'll-Jr::wh-.l polyvinyl alchohol nu1f1TUl'll1U LLft::YlUr)1'DilVl'lJ'tI-.lnTVlri-ll.Jftui'ilI1n.!Zll-Ju"iiVl1-.l 

mUtl1Yl L'lIu WVTR tensile strength t'l1rfl:::ft1UnTVl;11'liiLiiVl molecular interaction lUYltlftLI-J'ilT VlIfI-J~l~ 

Zl1rft::ft1U acetic acid liiVjIfI-J~~fl1 TS LLft::: WVTR UinrJ1mrHnrVl"llilV1~U1 Ld'il-.lr.nnmrl~ acetic acid LnVl 

~Ufi::'ttlTVl rL"lU'tI~'lUTflN1'lT1-.l'lJ'fl-.l1t1Tm'll1U1tii~ 

t.JftmmVlft'il-l'luru~ 4.8 LLM)--1'liiL~Ur)1 fl1 % EAB 'lJ'il-.lWifl-J~1~·nn!1l'l;11ft::ft1U acetic acid il 
~ 

.... .... _ IJ.... I J J I ~I r... a l.-t I J
EAB I-JnI-JVlI"IVl1-.lUlN'lJ1I-JnUrn TS LU'il-.l~1ml-Jtlrn TS ~-.lnftl-J~:::I-Jt1'l1I-JLL'll'lllN llI1WI'l1I-JU~VI~UftVltN ll-J"tl 

~"1rru1rh WVTR 'lJ'il-lwlfj..J~lIiruj..J"I1n!1l'lvi1ft:::ft1U£li1'1'DilU1nU (ZLI~ 4.9) YlUr)1 wlfj..J~LCI11uj..JTVlulii acetic acid 

ilfl1 WVTR ~1nr)1VjIfj..J~LUl1uj..JT"1U'lillactic acid LlIll1~LLUlnllh-.lnu'flfl1-.l~UU~1~llJ (p > 0.05) ~-l1'lttl1Jir)1mr 

'til acetic acid ltlU!1l'lvi1ft::ft1U'tiiY-lftl-J~i1 rl'l11-JVlU1 % EAB LLft::: WVTR 'WlL(i1fi[lhl"l1nmr'lillactic acid llui'lil 

fl1 TS ~-.lnr)1 ~-.lLft'iln'lil acetic acid Liju!1l'l;11ft:::ft1uluml'VlU1ft'tl-.l;1ulIl'tl1L1 

52 

ns
J 

Lactic acid Acetic acid 

.., IJ ::1 .. .. ~'i' 1" 1 'i' J 'l" ~ ,~0.1 uVl 4.6 f1'l1I-JVlU1'll'fl'lnftl-J Lrlft'ilUUl'Lflri VI"!1 n ri LUI'D1UlI-J'il "lI(Jl'lVl1ft:::ft1UUl1-lnU 

ns LL1'lV1-.lfl1L'!l.~u1~LLlIlnIll1-.lnu'ilfl1--1~WU~1rlC\J (p > 0.05) 
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luVl 4.8 Elongation at break '1I'1l'lnfl)..J lFlfl'ilUU1Lf1Fl t1l'11n Fl LUI'll1Wl)..J'i) L'llUl'1Vl1fl:::fl1t.1U11'1nW 
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21 



8 
ns 

7 

ns6 

5 

~ 4 

3 

2 


1 


o 
Lactic acid Acetic acid 

",I J ~I" .. ~f ~!' 1f J'I"~o • ~ 
~uYl 4.9 WVTR '1I'fhlnfUJLI'I~'tllJlJl'Lnl'l Lf?1"l1n 1'1 L(;]'ll1WL].J'tl L'lI(;]'lYl1~::ft1U(;]1-.lnW 

4.2.2 ;tnw1mIl1'" plasticizer vt~\UI':::. 1l1.Un1'le.li lR~iIlLfli'i!luuitllfl'1.~ 

lwn1 l'L(;]TU].JVJ ft].J LI'I ihllJlJ1LnI'l1J)"l1 n 11'1L(;]'ll1W ¥Jft].J~ L!ilTU].J1J)!TnijI'l'l1].JU~l-l~W~1LtJ 1'1:: LLft:: LL!il n 

1Pi n1l'1~ plasticizer \'I1].J1nl'lhulliVjft].JijI'l'l1].JU~l-l~w].J1n;fw Lri'fl-.l"l1n plasticizer "l::'ll'ltiftIilLLNUIilr.llJll1ulw 

L].JL~fJf'll'::wi1-.l\'l1uLVlftL].J'tlTLLft::'lhulil\'l1uLVl~L].J'tlf~n1l'LI'I~'flw~1J)].J1nfw 'flth~hn(;]1].J plasticizer !Tn~~t.Jftlil 
fjru\'l].Jml L ~~nft LLft::\'I].J1.NilWn1 l'tJ'fl~nwn1 l';j].Jt.hW'll'fl~n1'll LLft::1'flt11 ~-.ltil'fl~~m~1ill].J1ru'1l'tl~ plasticizer ~ 

J 'I "1"~1 .. cO ~f ~!,.J... _ ... ..1 ".r! J 'I 
Ll-l].J1::\'I].JLVl'fl Ll-l Iilnft].J Ll'lft'fllJlJl'Lnl'l Lf?lYl].Jf'jru\'l].JlJUlIilYli'\1il n1H'1m~1ul'].J1ru plasticizer YlLl-l1.J1::\'I].J LWn1T 

Yl~ft'fl-.lil v'hLtJ1EJLLtJrurI.J1ru'1l'fl~nftL'II'flT'tlftLiJw o. 10. 20 LLft:: 30 LtJ'flfL;jWvl'1l'fl~t11l-lUn1I'1L(;]'ll1W LLfhtJ~I'I'l11.J 
l-lW1 f'i1 TS. % EAB LLft:: WVTR '1I'il~Vjft].JLI'I~'tllJlJ1LnI'l1J)"l1n1I'1L(;]'ll1W 1cilt.Jftn1rYllilft'il~~-.l LLM1~lwxU~ 4.1 0 ii~ 

4.13 (;]1].Jih~lJ 

t.J~n1TYllilft'tl-.llWltJ~ 4.1 0 LL\'IIil-JlilL,:iw~1n1l'L~l.Jilll.J1ru'1l'il~ plasticizer i'l-Jt.JftlilI'l'l11.Jl-lw1'11'tl-J 

VJftI.JL~lJ~"W t'l'lWfl1 tensile strength iJI'l1bJLL(;]n[lh-.lnw'tlth-.liJuU~1r1'1! Ld'fll-iiilllJ1ru plasticizer L~I.J;fw"l1n 0 

dJW 20 % w/w (xU~ 4.11) LLviLd'ilL~lJ1..fh.J1ru plasticizer Li:Jw 30% Ll:JW ¥Jftl.JiJl'l1 tensile strength ~lilft-J'tltl1-JiJ 

,rU~1r1'1! (p ~ 0.05) LLft::VllJ~1n1rL~lJilllJ1ru'1l'tl-J plasticizer i'l-Jt.J~lilf'i1 elongation at break L~lJ;fw'tlth-J~ 
,rU~1r1'1! (p ~ 0.05) LliluiJI'l1L~lJ;fw"l1n 14.63 Ll:JW 57.70 (!tJ~ 4.12) 

LIilUvr'l1tJf'i1 tensile strength LLf'l:: elongation at break iJI'I'l1lJll.J~wfiLLlJlJlLtJrt.Jnwwnw LIilElLd'tl 

L~].J plasticizer v'hlilf'i1 tensile strength ~Iil~-J i'l'lWI'l1 elongation at break L~lJ;fw Lri'fl-J"l1n glycerol Ltlw 

plasti cizer ~iJt11l-lUnLlJL!'I '1 !'I ui n LLft::iJflrul'll.JlJ~LtlW hydrophilic ~-J \'I11.J1 Trl Liilil~Wfi::10LIill'L"lULLYl rml~mu'lw 
LI'INt'lr1-J'll'tl-J11'1L(;]'ll1W v'hlil~1il n1l'Liilil~Wfi::10LIill'L"lwr::wl1-.l i'l1U L '!!'ll'tl-J11'1L(;]'111WLVl~ LI.J'ilT ¥J;J.J~-JiJl'I'l1J.J1l(11l-l~w 
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.f I a .IJ .1 .....:':1.. ..J _ 
~--']1JW LlV1f1'l1~ LL1J--'] LLNft~tN mrLlJfttJWLLlJft--']1J'fl--.]F!rui'l~Ulil1J'fl--.]"ft~ LW'tl--']<il1nn1rLlil~ hydrophilic plasticizer 

i'I'il~rl~'fl--.]nU~ftn1TV1~ft'fl--']1J'tl--.]Vlft~ hydrocolloid-based films 'llilVl~W1 (Caner et aI., 1998; Srinivasa et aI., 

2007) 

'"l1nmT~nl!t1~ft'll'fl--.]mrLUi~ plasticizer vI'flf'h WVTR 1J'fl-lVJft).J (TtJ~ 4.13) YlUrj1 rh WVTR 1J'tl-l 
~ 

VlftW~).J~W'ilU1-lj:Jwmhr1n.J (p ~ 0.05) mTl-iin~L'Jl'flT'flftL~~'"l1n 0 Ll:JW 20 % w/w l~~-l~ftvl'ilf'h water vapor 

transmission rate 'fltl1-liiwtJ~1rln.J LLLihd'flL~).Jt.lT~1ru plasticizer <il1n 20 Ll:JW 30 % w/w rh WVTR lI'fl-lVJft~ 
~.f .IJ.I J ... .f ... 1"..1 .IJ.I ~ ... ~_~..J ~" 
LVl~lIW mTLlJfttJWLLlJft-lV1LnV1l1Wi'l1~1Tn'flfiU1tJ VI LW'fl-l'"l1nmrLlJ fttJWLLlJ!N LrlNi'lT1-lll'fl-l WI Llil'Jl1WLW'tl-l<il1nmT L'll 

plasticizer ;-l~-l~ftlii free volume lwtf'lNi'I'h-lll'il-ltYlftl).J'flfL~).J;fw rl'l1~1AW1LLUWftV1ft-l n1'l1LLft~1'flJ1~-lLn~mT 
;~t.hw1~~1tJ;fw (Ashley, 1985) ~ftmrnV1fl'fl-l~-ln~1'li'l'flV1f'1~'fl-lrlU-l1U19t111'fl-l Srinivasa et al. (2007) ;-lYlUrj1 

mTl-ii hydrophilic plasticizers vhliirh water vapor permeability 'lI'fl-l hydrocolloid-based films fl~ft-l 

70 

60 

- 50 
E::s. 

ab y 

~ T 1 

~. 1 
1 

1- 40 en 
en 
CI.I 
C 30..)t. 
u 
:2 
I 20 

10 

0 l 
0% 10% 20% 30% 

Plasticizer (w/w) 

23 




-
45 


40 


Q, 
35
IU 

::?!- 30 
.t::. 
to 25 c 
CI.I 

20... 
1;; 
~ 15'iii 
c 

10~ 
5 

0 

0% 10% 20% 30% 

Plasticizer (w/w) 

~t.l~ 4.11 t.J~'lIthl1JhJ1 ru plasticizer ul'tl tensile strength 'lI'tl'lYM~ Lti'l~'tluu1lnFl1~"I1n'ttlll11'll1lJ 

, • J I ........ 0 .... 
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~~ 4.12 tH'l'llfl'lillmru plasticizer 11l'tl elongation at break 1Jfl'lVJ~~LV1ftflUUrlnI'l1~~1n1Fl ll1l'll1lJ 

a. b .. . . LLMNI'l'l1~LlUln11l1'l'IJfl"ri1L'tl~[J'1lt.h-.lihrfJ~1rlt1J (p ~ 0.05) 

24 

..-

a 
a 

T 
1 

b 
T 
1 

c 
..l 

J.. 



8 


7 

b-... 6

'>ns 
"C 5N' 

E 

-
E 4 
110 

1 

o 
0% 


b 
b T 

1T 
1 

10% 20% 

Plasticizer (w/w) 

d 

~-
.L 

I 

30% 

~ ......~.. 4 "'i' If"'4.2.3 "n~1t JlU91'JI'iWn1UILFlllil1.n.Jf ~l1fH'" 

.... :":1" ... -'i' ~ " ~ 'i' 'i' ~" -I "" ,,~
Llilrtll-Jnft)J Ll'lft'tlUUrLIll'l L(I1"l'ln Ll'l Ltil'll'lW L(I1tl L'llIl'l'l~Vl LVll-J'l~~)J"l'lnmrVl(l1ft'fl--l~'l--ltilW LLft'l')(I1 

f'j)Jum'lJ'fl--lVJft)J 1~LLri l'l'l'll-JVlW'l, TS, % EAB Uft~ ~'l WVTR 1~t.Jftml'Vll11ft'fl'l~'lLL~(I1'lf'jttl111Wtil'lT'l-.l~ 4.2 

-I -::':1 .. .. -'i' ~ !' ~ 'i'
1i1'lT'l-.lVl4.2 t'll-JUUI'lJ'il-.lnft)JU'lfl'ilUUl'LIll'l Wl"l'ln Ll'lLtil"!!'lW 

~ru~)Ju1i ' -11"l'l'lVlL'l 

l'l'l'll-JVlW'l (mm) 0.055 ± 0 .004 

Tensile strength (MPa) 32 .05± 3.03 

Elongation at break (%) 50 .18 ± 5.46 

WVTR (g.mm
2
.day"') 6.21 ± 0040 

.. 
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FTIR 

rnril1H'lruf'll-JU~'lJ'il'lVJftl-J~'lU FTIR spectroscopy 'fi1Yl1luil1l~1 absorbent 'lJ'il'lVJftl-JLfiY(11'i11U 

1
LW'Ih'l wavenumber r:::WJ1'l 700-3500 cm· pJ~ 4.14 LLf'll1l-J FTIR spectrum 'lJ'il'lVJftl-Jlfift'iluu1YflrlLUi"l1nLfiY(11 

'il1W Yl1IUVjUVirlLW'lI'l'l 3000-3500 cm· 
1 ~'llli'll1I-Jii'l stretching vibration 'lJ'il-J free hydroxyl ll~::: asymmetric 

llfl::: symmetric stretching 'lJ'il-J N-H bonds 'lJ'il'lvt~ amino group W'iln'"l1nd'u'lVjuVirl~ 1403 LL~::: 1542 cm'\ 

~-JliJWt-Jftm'11n \.-l~ OH in-plane bending llft:::VjU C=O stretching bands ;'li1~1 absorption ~ 1661 ll~::: 
1701 cm· 

1 lli'll1l'lLihilwrhVJftl-JLfiY!1l'il1W~II;i1ul-JlurnrV1l1lft'il'ld' i1~1rnrlli'll1l-JLihiiwii'l hydroxyl group lift::: 

amino group LWYrlNf'lT1'l'lJ'il'l chitosan matrix t-J~rnml1l~'il'l~LUii'l'il-Jl1lrl~tl'lnU'l1w14'U'lJ'il'l Zhang & Kosaraju 

(2007) ~'lViU amine functional groups lWLfiYIIl'll1W ~~lftnlllr'ilWl~U'l'il~~'il:::IIl'ill-Jluilllrl'"lwlW\.-l~'il:::mu NH3+ 

lwYflNi'lT1-J'1J'il'lLfi'll1W 'fi11iiLrlYIIl'il1W'l1l-J1rn4'U'fl'iln~l"lU ~-Jf'l1l-J1rnuuJ'-Jn11lnl1ltJ!jmU1'il'iln:n ll1I'llW ll~:::U-l 
i'l1l-J1Tlllllll n!iT'lliitJr:::,,!u'l n ~'li'l1l-J 1rmiiUl~Wfj::;nutJ r::;"!ftU~ t-JW-Il'llft ;'lJ'il-l,~wV11!J ~'li1I't'lW~1 rlrylurn ruu~ 

.. .. ... r 

rnrL'1rry'1J'il'l,ftWV11U (Sakanaka et al ., 2000; Wu et aI., 2007) 
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J Q l.I c6I J 0 '" d 1"'11 ~ ....s 1 J '" t,.LW1)""i1nll'lTft:::ft1U"l:::~flIl"U.J'JJWt-lW~Wl1 vnlt-lLrlftllU Ul ~V1')[1" f'l'lW1l1Tft:::ft1t1 rlLCil'll1WVlflll1~L'JJ~'JJW 3.0 

LtJllfL~Wvl ii ftnl!tru:::m Tft :::ft1u~1l-l~ Ldll""l1 nihB~1 rulrlLCil'll1W~" LnwltJ ~"Jw~"Hfl1Tfl:::ft1t11rlLtil'll1W 2.0 

LLfl::: 2.5 LtJllfL~wvllwm rLrl i'illUc.J~ tilrl ru'VlLdll""l1 n 111 Tft:::fl1 U1l1~1Tmrl~llu~Ull~vT'l c.J~Cilrlru'Vl 

~.. :':1.... -'i' l",J ... , ,,~ - ~.. 'i'~" ~ 'i' J 
mTrlnl!t1[llc.Jft'JJ1l"V'lft~LrlflllUUTLTlrl UlVl~tilllmrLnUrnl!t1c.JftlJlTlru'YI BBP LUlU L'IIt'l1Tft:::fl1U Lrl LCil'll1WVl 

flIl1~L~I-J~W 2.0 LtJllfL~Wvl (Coat-A) LLft::: 2.5 LtJlIfLoDWvl (Coat-B) Lrl~lIu~h'lllI"c.JftlJlrlru" BBP tJ~lltllilLLil" Ufl'l 

urr,lwurr,rlru'Vl polyamide Tl1ul!i\Tl1'l:::~tlJtlJ1ml'l (LtlwTl1'l:::lwmrurr'LLft:::uTT'rlru'Vl~~~t'\£J1~1t-lru 
c.J~tilrlru'Vl BBP ~1~1-J1"l1nn1rVlUlftll-.l 4.1) c.J~Cilrlru.,r BBP ~ll-l~.hwmrLrl~llu~hulrlLlil'll1WLLfl:::urr,lwuTT, 

rllU"LLfl:::Tl1ulUiTl1'l:::n1Turr'LLulJL~U'lnwHLtlwvl'lmh-.lflllurjl-J (Control) Lriurnl!t1t.J~lJlrlru" BBP ~'tlruWJn 2 

1l-.l1'11L'lIflL;lUt'l Uft:::1'Ulrjrut'l~mivn"mUTl1~ l~LLri ~ LLft:::flIl1I-JLLllwLd'1l 1LrlT1:::tXrjrun1~vn"Lrljj l~uri rl1LtJ1l1 

1l1lnl'l1l1l (peroxide value, POV) Uft:::rl1fl1l1I-JLUWnrUl-vh" (pH) rjrun1~Vl1-.l~'lTl1~ LLfl:::tJT:::LnWrjrun1~ 

Vl1,,~hwtJT:::t'l1Vl~l-Jcrt'l '111l"vl'lmh,,'tur:::whmlrLr'iurnl!tl1wt.JflmmUlftll"~"d' 

c.JftmT~nl!t1nlrLtJ~uuLLt.Jft-lrl1~ Lab Uft::: ~E'llll-lt.J~Cilrlru" BBP ~ll-l~.humrLrl~llU LLft:::~ 

Lrl~lluw'lulrlLlil'D1U~rl'l1I-JL~I-J~U 2.0 Ufl::: 2.5 LtJ'tlfL-nUvl lwr:::wl1-lmTLiiurnl!tl LLMNlu~~ 4.15 (a-d) 

1i11l-Jfh~u "Ilnt.JflmrVlUlftll-l"U~l c.J~Cilrlru" BBP jjuu'lLil~mrftUlfl"'llll" L a LLft::: b Ld'tlT:::U:::L'lft1nlTLiiu 

fnl!t1~,hw'l.tJ c.J~lJlrlru'Vl BBP ~Lrl~llUW'lU Coat-A Uft ::: Coat-B iin1TLtJ~UWLLtJft-lrll~1l-lLLlilnlih-lnull[h-lii 

UU~lrltlJ (p>0.05) LLliijjrll~ LLlJlnlih""ll nvl'lllul-.l~1l-lt.hwmTLrl~1)uUi'ltllrlltil'D1W (Control) llth"iiUtl~lrltlJ (p 

.:::. 0.05) LUlUc.J~tilrlru'Vl BBP ~ll-l~.hwmrLrlftllujj~L~I-J;fw LtJ~UWLtlW~L~U'l LLft:::J1L~UI-J1n;fw Vlftl-JLrlft'tlulrlltil 

'111Wfll~lrnUll"nWmrnl-Jt.hW'JJ1l-lnl'l!1l1ln:nL"lWL~1~t.J~lilrlru'Vl BBP 1~ vhlilftUlnlTLiiUltJBfi'h.Jl lipid 

J :'1 J _I J ~ - ~ ...
peroxidation 'D-.lLlJWt'llLt-lj;jl-lW-l'llll-.lmTLlJfttlWt<i'llll-lt.JfllilTlru'VI BBP (Love and Pearson, 1971; Ramirez and 

Cava, 2005) 

t.JflmT~ nl!t1mTLtJ~UWLLtJfl-lflllll-J LLllWLd'll'llll"t.J~lilrlru'Vl BB P ~ll-lt.hwmTLrl~llU Ufl:::~Lrl~llU 
~hulfllCil'l!lW~flIllI-JL~I-J~W 2.0 LLft::: 2.5 LtJ'tlfL.nwvllwr:::l-I~l-.lmTLiiurnl!tl UflUl-llwltJ~ 4.16 "llnt.JflmTVlUlflll-l 

I ....... r t ... v'" I J' .J' J ~ 

~U'll &JftlilTlIU'YI BBP Vl -l Control, Coat-A LLft::: Coat-B WLW'l LWI-J'llll-lfllll~ LLWWLW'fl1-J1n'llW L~'tlT:::tI:::L'lftlmTLnU 

rnl!tlt.hwltJ nlTL~I-J;fu'JJ'fl-lflllll.J LLllWLif'fl1l1"l Liii'l'nnmr~tlJL~tlflIlll-J:[W'llll"&Jftlilrlru.,r BBP &J~tilrlru" BBP ~ 
''L ~ • .... J I 4II1II.... ~ "" od I I .:r '1 I I l...,:j v 0 ....

U-I&J1WmTLflfl'flU LLfl:::Vl&JlumTLrlflllUi'l'lti Lrl LCil'l!lW l-Jfl1fl1l11-J LLWWLWll LWLlil nli11-l'fltl1"I-JWtli'llflClJ (p >0.05) 

Ldll-l "I1 nVl ftI-JLflft'tlUU1lTlrll~"l1 nlrll l1l'llluii rj rufll-JUiiUlI-.l nwm ~I-J c.J1W'll1l-.l1'fll.l1 Ui~l ~"LtlWrjrut'll.JmivT'lltJ'll'fl-.l 
Vlftl-JurlTlrllw"l1nfl1rtulmUlTI1l (Kester and Fennema, 1986) 
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• 1../ , .I.J' - w.. , '" w 
IlJVI 4.16 Pl1f1'l1Wlu'Ul'U'tl'IJ'tN&-JftUl/llJ'l'1 SSP T:;ltI'"l 'hln'"lTlnUTfl1!t1 

• .1" It ..
fl1L1J'iJi'iJiln ~'4(il 

, • I" 1".J": J' ~ J' J . I~- .. w 1 w ." ~ .... w " '" 
m llJ'tlT'tl'tl n 'IlUlVll~~~1n'IJ'U"I:: LnUl'IJ'UL'U'tl--l"nnlJ!)nTtJ1'tltln'll LUl'1l'U'lI'tl--l 'IJ~'UltIT'tl'U11-J'U lUltJ 011-Jn'"l'D 

'tl'fln:n l"l'U'il~~1 n"'l:;vi1L~uDmm LnUl;f'Ul~~ LLiJ11L'Un'"l TVI Inft'il-.l&J ~I?ltlCU'VlU TT''fl~l'Uu rr"ltlru'Vl I11tJiliil11'"l:; 

f\ t1J ry1 mPi ri1?l1~ 111'"l:;vl--l n ~1'"l'tl1'1i1'fl'iln;n L "I'UltIfN L1tIft'il'il~i'U'll'"l--lnl rtlUl&-Jun ltI1'il'tl1"1"1:;'il~L'U:n"'U'tl1m rL'iN LLft:: 

U-.l'tl1"1lct'il-.l1-J1"11nn1~l-Jt.h'U'1I'tl--lii1'll'il'iln;nL'~'Ut,h'UVJftl-Jurr,tlcu'l'11'Ur:;ltI11-.ln1TLnU1fl1!t1 

t.Jft m T~ fl1~n n1 rLU~ ll'ULLU~Nrl1 LU'il T'il'il n L'll(l]'IJ'il--lt.JftUltl CU.,r ssP ~lJ.1t.h'UnlTLPlft'ilU LLft::~ LPI ft'ilU 

~'"ltJ1P1tl?l'D1'U~fI'l1I-JL~I-J~'U 2.0 LL~:; 2 .5 LU'ilTLoD'U()] L'UT::ltI11--lnlrLnU1fl1!t1 LLiM--lL'UxtJ~ 4.17 "I1nt.Jftnlr 

VlUlft'il-.l~U11 t.Jft Ultlru'Vl SSP i1 LL'U'"lt UI-J m rL~I-J;f'U'1I'il--lrl1 LU'flf'il'il n l'D(I] Ld'ill':;tJ:;L'l ft1 m rLnU1fl1:n t.h'UltJ 

t.Jftl?ltlCU'Vl SSP ~LPlft'ilU~'ltJ1P111?l'll1'U Coat-S "I:;i1nlTL~~;f'U'1I'il--lrl1 LU'tlT'il'fln 1'1lIilU'fltln11t.Jftl?ltlru'Vl SSP ~v11 
.. " 1 ~ "" go" 1 . ,w," • ~ J Jw w

n1TLfI~'flUIn'"ltJ PlLI?l'll1'U Coat-A L~tJ-.lLftn'U'ilmLf'l:; WLl?lnI?l1--ln'U'fltJ1--lI-J'UtJi'l1f1t1J (p > 0.05) L'U'lICU::VI SSP VI 

tJ1'UnlTLflfttluJi'ltJlf1ltJ1'1l1'U iJrl1rl1 LU'il T'il'il n 1'1l1il~1 n11C11'"l 'ilU1--l~hltJ1'ULflft'ilUUl'ltJ1P1 ttJ1"111'U tlU1-.liJum11rlt1J (p 

~.J' J .... ~ ~ .J' tJ w .. , .. .. to..l ~ w .. 
.::: 0.05) VI-.l'U'fl1"1 L'U'il-.l"l1 n nlTLflft 'ilUUl'ltJ Lfl L[Il"ll1'U'Wl'l11-J1rn 'il--ln'WnlT"II1-J t.J1'W'lI'iN nl'll'il'fln'll L"I'WL'1I1 'Jt.J~ [Ilncu'YI 

"'" .r~ ~ .. ~ _~ "" ~ go .J,../ ~ ~ ~. I -~ +. I J 
SSP L(i)Ul 'U'iln"l1n'WL'WLPlNl'lTl-J'lI'il-J IJ'H[Il'll1'U I-J'ilLftr"H11r'il'ULIntJ'l'il~VI'il::[Il'il1-J L'UL[l]TL"I'W L'W'L-I';1'il:;~L'W NH3 (IlJVI 

4.14) vl-JJ'W9-.ll'l11-J1 T04'U'il'il n~ L"I'W (Wu et ai., 2007) 9-J'lirmuuJ-.l n1TLnlnUDiittJ1 'il'il n;LIn'll'W lJi 
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.. • 1 J . I' Q ~ r J~ _1 • ... J.." ~ _ " 
w~ml'l'1n1!tln1rLumJUUu~~flI pH 'Il'tl~WfWlmW'YI SSP Vl L~W1UmrL"ft'flU LL~::VlLm~'tlU(il'lU LrHl'l 

.J "" .1 ...... ~ • '" ~ ~ .I J •
"lI1UVlml1JL'Il1J'IlU 2.0 LL~:: 2.5 Lu'flrL'llUI11 Lur::~'lI~mrLnUrn1!t1 LLl'I(il~ LUXuVl 4.18 ~lnWf'lmrVll1l~'tl~Y-lU'l1 

- ~.. ... "" • J • 1. 1 - ~.. J.."W~l'lllru'V1 sSP 1JLLU'lLU1Jmrft(ilf'l~'Il'tl~f11 pH L1Jm::U::L'lf'lIW1U u W~l'lllru'V1 ssP VlL"f'l'tlU(il'lU Coat-A Uf'l:: 

Coat-S ~r11 pH 1JJLLl11nvil~nU'iltil~~,rU~Ir1C\! (p > 0.05) U'tlnlillnd'u~Y-lUrJl sSP ~1JJ~.humrLflfl'ilu£11'lul",Ll'l 
"lI1U (Control) iJr11 pH LtJ~UULLtJf'l~1JlnnrJlllT'l'iltil~~~hUL"~'tlU~L!1l'llIU'tltil~~,rU~Ir1C\! (p ~ 0 .05) ml' 

.1.1 _ 1 • ~I • .I.... ~ • " ~ 
Luf'lUULLu'N-l'lJ'tl-lfll fl'll1J Luun rl1l-(ill-lVl1Jf11 ftl1l 'N-l LUl'::~'lI-ln1 rLnU1'n1!tl 

LLUrlVi LrUU1-l'llil(il~ l'Il1Jl rnl'lrl-l nrI1l1£11iJ41u'lUL~1J:U ~-lJum rLrlfl'tlUwfi!1lrl ru"ff sSP til'lulrlLI11'111U~~l'Il1Jl rn 

'll'lU'lI::'N'tln1rL~1ClJ'Il'tl-l LLUrlV1LfU~-lmh'l vil1iirh pH 'N11l'N-lW'tlUn'hWftfilrlru-n SSP ~1l-1~.hunlrL"ft'ilutil'lU~Lfil 

"lI1U 
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- .. ..... . ~4.3.3 n1f'UfllI::\UlruIUJiJ 91 \'11.:1 'D 'Ul1" 

~'nn1r~m~1n1'i'n1n"l1tkJl~lJll11'lJ~~,iiuvirtl'lJ'fl~~~l11rlru'Yl SSP ~l~~.hUn1rLPlft'fllJ ll'n:::~~.hun1r 
lf1~'fllJUi,1tI1Plll11'l1,)u~f1'l,)l-Jl;;l-J~U 2.0 llfi::: 2 .5 lu~floDUv1 'lur::'L-l'h~n1rLnlJfm~') llf'lVl~'lU(111n~~ 4.3 "I::liiul~ 

~1 illl-J1ru'll~~'~UViMi~Ml-JVl~(11r'l"lVi1.J'lW.J~l11rlru'Yl SSP ~lf1ft'fllJ~'lfJlf1ll11'111U Coat-S ilU~fJn~1~ftl11rlru-vl 
BSP ~lPlft'fllJUi'lfJ1Pll(11'1l1U Coat-A lVlfJ~l~nU'flfJllft::UJlll11nvh~rlu'flth~iltXtlt11rltkJ (p > 0 .05) n1nl'l~'fllJ 
~~l11rlru'YlJi'ltl1f1l(11'n1u'll'ltl'll:::fi'fln1rL"I1tkJ'lJ'fl~"l~uviru '1l1"1ld'fl~"I1 n NH3+ 'lulm~f'l'h~'lJ'fl~1f1'l11U f'l1l-J1rnll(11n 

vl'l 'li1ur::"llJ'l n ~~f'l,)l-J ') m LnVlrl'ufi::rllJU r::"l filJ~t.JtX~ L'11ft ft'lJ'fl~,~uviM ;~il ~'lUt11 rltkJ!1i'fl n1 rtTlJJ~ n1rL"I1ClJ'lJ'fl~ 
"lftuvihr (Wu et aI., 2007) 

.]1 J ,..J1 :;v
t.Jfm1rVlVlft'fl~Vl Uif'l'flVll'lft'fl~rllJ~1U14'fJ'lJ'fl~ Liu et al. (2004) VlVilJ'l1n11Vl Pll(11'l11Ut'l1l-J1mfJlJfJ~ 

n1rL'~1ClJ'lJ'fl~'~UVl1fJ1~iLd'fl~"I1n LnVl interaction r::;M~1~ chitosan acetate rllJ phospholipids membranes vh 
.., I .... I ~ .r '" J... .. CIIod 0

'lMI'l1n1r'l1l-Jt.J1U'lJ'fl~ outer membrane LLft:: inner membrane L~l-J'lJU~~Wft'lMLtI'fl'1l-JL'lIftfi'lJ'fl~ LllJPlVlLrtlQnVl1ft1fJ 

;~dJUt.Jfll-J,)"I1n electrostatic interaction r:;M~1~ NH/ groups 'lJ'fl~ chitosan acetate rllJ phosphoryl groups 

.J~I..J..I ..I" r
'lJ'fl~ phospholipids 'lI~LLJUrl'lULJr:;n'fllJ'lJ'fl~LfJ'fl'1l-Jl'llfl fi 
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Treatments 

Storage Time (day) 

0 7 14 21 28 

Control nd 2.48 ± 0.22 3.95 ± 0.17 5.60± 0.09 6.40 ± 0.12 

Coat-A nd 1.60 ± 0.11 2.70± 0.20 3.30 ± 0.14 4.86 ± 0.12 

Coat-B nd 1.60 ± 0.09 2.48 ± 0.16 2.95 ± 0.14 4.73 ± 0.13 

nd = not detected 

_I .. ... _I ........ 

4.3.4 m r1J r:: ~ ~U f!ruI11~"141il1U1Jr::.1"" ~aJ" 

mnJr:::LnUr)ru[11~Vl1--l~hut.lr:::~1Yll~[.j'~ ~m!tru:::~hu~ n~u llft:::mrtJ'il~fuLL1Im'l~'ll'il--l~u1LfH'1 
'l&i~ftmrYlL1lft'il--lul--lLLl'lVl--lluzt.l~ 4.19 

"I1n~ftmnJr:::LiJU'1rutl1~Yl1--l~1U~'1l'il--l~ftl?1nru'Yl BBP r:::vd1--lmrLnUrnl!t1 LLM1--ll~L~U~1 
v " ~ ,,-~ J '" v '~t.l q v" J.. ~ ~ 

r:::V1Ufl'l1~'Il'ilUYl1--lVl'lUt'i'1l'il--lt;lUlLllrJftl1ltN L~'ilI:::tJ:::L'lft1mrLnUrnl!t1~1U L Wftl?1llru'l'l BBPYllrJft'ilU LrJ LWll1U 

i-.l 2.0 LLft::: 2.5 Lt.l'flfl-nu!ill:Jnfl'l1wL(;lnI1i1--l'flti1--ln,rtJ~1r1Cl)(p > 0.05) wft(;lnru'Yi" BBP ~LYl~'flU~'ltJ1YlL(;l'll1U 

iJl'l::: lluu~1u~11i1--l"l1nwfi(;lnru'Yi"~1:Jt.humrLrJ~'flu~'ltJlf1TI?1'll1U'flti1--ljj,rtJ~1r1Cl) (p ~ 0.05) LI1lwcl'flVl"l'lrru1 

LmtJuLV\tJut.lr:::LnU'1rutl1ViYl1--l~1u~numr~lfll1:::V!111ltJl~Lfli'fl-.lil1l~ ul-.llt.l~ 4.15 "I:::l~WftM)I1lflft'fl--lnu 
"J' j' ,

n~1'l~'flW~l?1nru'Yl BBP"I:::n~L~~ j:J~L~tJ'lLLft:::~u'1Llu~1n'llU Lil'flLnufnl!t1~~l?1nru'l'l1~U1U'1lU ~ft(;lnru'Yl BBP VI 

1:Jt.humrLflft'flUn'1ru1l1Vi~'lu~1:JLiJU~tJ'fl~fULcl'flLnufnl!t11~u1u 21 iu t'i'lw.J~l?1nru'Yi"~t.humrLflft'flU~'ltJ 
lf1LI?1'll1U i--l Coat-A LLft::: Coat-B n'1rutl'lViYl1-.l~1u~dJU~tJ'il~fULLW1l1tJV!i--lLnufnl!t11~u1U 28 iu 

...fl::U,U U 1il1un 'IU '" 

"I1nt.Jftmrt.lr:::Lj.'jUflrutl1ViYl1--l~hun~u'1l'il--lt.Jft(;lnru'Yi" BBP r:::V!~1--lmrLnufnl!t'l LL~L1I--ll~L~u~1, 

r:::ulUfI'l1~"D'ilUYl1--l~1Un~U'll'il--l~u1LllI'lMlft--l Ld'ill:::tJ:::L'lft1mrLnufnl!t1~hult.l wftl?1nru'Yl BBP ~LfI~'ilu~htJ 
Coat-A LLft::: Coat-B 1:Jnfl'l1~u(;ln(1h--lnu'flti1--li.J,rtJ~1r1Cl) (p > 0.05) ur;]U(;lnI1l1--l"l1nWft(;lnru'Vl BBP ~l:Jt.hu 
mrLflft'ilu~'ltJlf1LI1l"il1U'ilti1--lj:J,rm11r1Cl) (p ~ 0.05) LL1ItJLd'ilVl"l1rru1LmtJULV1t.1UmnJr:::Lj.'jUYl1--l~1Un~Unumr 

~ll'll1:::!X"hLt.l'ilf'il'ilnl'll",,1unJ~ 4.17 ;--lUM'--ll~l~u~1Lri'ilr:::tJ:::l'lft1mrLnufnl!tr,t,hult.l ri'lLt.l'ilf'il'ilnl'llvl"l:::l~1-J 
~ 

1-J1niu ~-Jl'l11-J1rtl~rt.l'l&i~1f1:::LLUU~1Un~U'lJ'il--lftl1lft--l Ld'il"hLt.l'ilf'il'ilnl'llvlL~~iu U'!ln"l1n;:[mrLt.l~tJULLt.l~Nn~u 
'll'il--l w~l?1nru'Yi"U--l'il'l"llnVl"l1 nmil"IrtlJ'1l'il--l,~uYl1u~v'h1~'il1V!'l1lt11 L~tJl~~nVi'lt.l 
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~1 f1t.J~ f11 TLi T::Lihm rutllYlV11-JJilWf11 ffi'1l~ f1Jl~m'l~'lJll-Jt.JfiUlnru-vl SSP '1::","h-.l f11 TlnUT m:t 1 , 

LL~~-.llihi1W11T::"liJf11Tfl'1l~rUL~flT'l~'lJ'1l-J~u1Llll'll'l~l'I-J Ld'1lT::fl::L'l~1f11TLnUrm:t1t.hwlLi t.JftUlnru-vl SSP ~ 
Ll'lft'tlUJi'lfl Coat-A LL~::: Coat-S 1~ijI'l'l1~LLIilf111l1-Jnw'1l£11-JijUfl~1r1C1J (p > 0 .05) LLI1lLLIilf1~l-J~lnt.Jftlilnru-vl SSP 

~~c.hWf11Tll'lfl'1luJi'lflll'lLUI'lI1W'1l£11-JnUfl~1r1C1J (p ~ 0.05) I'l::LLWWf11Tfl'1l~ruL~m'l~'lJ'El-J Control l~LLlw~ 
fl'1l~rU (I'l:::LLWW ~ 2.5) ld'Ellnurm:nl1J1M.'Elflf111 21 iw ~'lwt.JfiUlnru'Yli-J Coat-A ll~::: Coat-S fl-Jl'l-JiJl'l:::LLWW 

LUW~fl'1l~fuLrillLnufm:tl(1)wlWn-.l 28 iw 

~1 f1f11T~m:tl'1rutllV1V11-JJilwLiT::~1V1K~tr~'lJ'1l-.lt.JftUinru'Yl SS P Ldll '1::fl::L'l~1 f11 Tlnu rm:tltJ lW 

lLi YlU11 flrutllYlV11-JJilWtlT::~ lV1tf~tr~'lJ'1l-.lt.Jftlilnru'Yl SSP "l:::iJT::vrUI'l::LLWWl'I~fN LLft::Ln'1llllflU lVlflUl'jrutllYl 

V11-.1JilwLiT::~1V1K~tJl'l'lJtNt.Jftlilnru" SSP ~~tJ1WLlft::tJ1Wn1Tlfl~f)u~hfllI'lLIil'lllW YlU11I'1rutllYlV11-.1JilW, 

Li'1:::~lV1K~tTl'l'lJ'il-Jt.Jftlilnru'Yl SSP ~ll'lfi'tlU~'lflll'lLUI'D1W~f111t.Jft[iJtlru'" SSP ~l~ll'lfi'tlull'lL[iJ'lI1W ~'lWl'jrutl1Yl 
" • I .Yo ~ ~ ~.. ..I..." ~.I ,~ ..r 1"

V11-Ji1l1WlJ'1:::~1V1~~t.J~'lJf)-.lt.JfiUlllru'Y1 sSP V1Ll'lft'tlU~'lfl Coat-A LLfi::: Coat-S u.J Ulilnlill-.1nW L~'tl 1I'1rutl1YlV11-J 

Li'1:::~1V1K~tTMJ'il-Jt.Jftliltlru"'lLlWLnru'VI1wn1'1nl"'W~'il1~n1'1L11U YlU11t.Jft[iJtlru-vl~1~~.hwf11rLl'1ft'iluiJ'il1tjf11'1L11U 
U'ilflf111 21 iw ~'lwt.Jfililtlru.,,~tJ1Wf11rLl'lft'ilU~'lflll'lLIil'lllwiJ'tl1tjf11rLnUrm:nW1W 28 iw 

Odor-day 0 

Overall-day 14 

Overall-day 1 0 

Overall-day 7 __+-+--t-+-+-+--+--t--fE e3--+--MIJJ+ ........H-+--l--l Odor-day 28 

Overall-day 3 

Overall-day 0 

Color-day 28 
Color-day 21 

lor-day 7 

Color-day 10 ~Control 

Color-day 14 -'Coat-A 
-+-Coat-8 

lLi~ 4.1 9 '1rutllYlV11-.1~lWLi'1::~1V1tf~tJ~ (color. odor LLft:: overall acceptance) 'lJ'!Nt.JftUltlru'Vl SSP LLUU 

Control. Coat-A Coat-S Iilft'ili1l'1::fl:::L'lft1n11'Lnurm:tl 
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• • 

,nw7){ud'Vi nlj-1 m Tl~VJ~).J Lflft'fllJlJTlfllilL~"I1n1flll1l'll1WL~ 'fl~ (1)'fl1 tjm ruilJ'll'fl-lt.Jftlllnru'Vl'fl1\..\1T LLU TZU 

LL'1IlfJWViT'fl).JlJrlIlI'l 1I1lU;-lt'l).J).J ~"1W~1Vl~).J Ll'lft'fllJlJTlIlfll~"I1n 1I'lll1l'l!1Wt'l1).J1Hl fm:t1YJ rull1Vi LLfl:::UI1l'fl1qn'1 T 

LliU'lJ'il-lt.J~l1Irlru'Yil61 LO'fl-l"l1 n lr1ll1l'll1W~ t'l).Jll;'D:::fl'fl m rL"ITC1,! '11 'fl-l L :f'fl"l f\WViTULLfl :::!TuJ-l m rLnl1l'fl'fl n:n LI1l'llW 1l1lU 

LLU-l-l1w7){muw 3 iWlIl'flW L~ LLn n1TVi nlj-1'DUI1l'll'il-lurT"lnru'VlLLfl:::111'l:::mTU n'~LYI).J1:::t'I).JlwmTLnu rnl!t1 

4 ~... .J ~ ... ~I r .... _~ ~ " ~ ~ 
broiled boneless pork (BBP) mMnl!t1'ltlVlL\..\m:::t'l).J LWmrLI1ITU).JYif'l).JLflf'l'flUUTLIlfl LI1l"l1n Lt') LI1I'll1W LLf'l::: 

m T~nl!t1t.Jf'l'lJ'fl-l mTliiVl~).J lflft'fluu1lIlflL~"I1nLflll1l'll1WuJ'fll'l rull1Vi LLft:::'fl1[j m TLnufnl!t1'lJ'fl-lt.J ~l1Inru'Vl BBP 

m T~nl!t1'Dill1l'll'tl-lurr"lnru'VlLLft:::111'l:::n 1TU Tr"l~ lYl).J1:::t'l).J L~'fl1ii1wmrLnUTnl!t1t.Jftl1lnru'Vl BBP vhLI1lU, , 

liiuTT"lnru'Vl polypropylene 111ulmurrmml"lun~ (OPP) LLft:::lw polyamide 111u1munmml"lun~ (PA) Llft::: 

111ulm111'l:::~C1,!C1,!1ml"l (PA-V) lL~'lLnUrnl!t1~'qruWJi.i 2 ± 1 'fl-l1"l1L'DftL~Ut'l t.Jflmm(1)ft'fl-lLLt'I(1l-l1~L~W~1 
t.Jft(;Jrlru'VliJ n1TLU~UWUUft-lV11-llfliJ LLfl:::mU111Vi 'Un LLn ~1fl'l1).J Luwml11-~h-l ~1LU'flf'fl'flnL'llL1l ~1Vl1-l~ '1rull1Vi 

j' I'" I" J 
~1WLW'flif).J tTt'I Li'l).J~WLi1'fl Lnu fnl!t1L~W1W~W m TurT"l111ulm111'l:::~ C1,! C1,!'1 n1f'l'lhu'D:::ft'fl m TLUftEJWLLU fl-l'1 rull1Vi 

L~Uln~1n1Tun"l111u1ti1unmml"lun~ t.J~l1Inruoy]~Lnufnl!t11w PA-V Lnl1ln11LU~UWLLUfl-lil'flU~t'l11l "l1nr-JftmT, , 

UT:::Li.iW~1WUT:::fl1Vlif).JtTt'l'll'ihlt.Jftl1lnruoy]l1Ift'flI1lT:::U:::L'lftlnlrLnUrnl!t'1 WU~1r-JftlJlnru'Y11wurr"lrlru'Vli-lfl'1).J'IIill1lil 
'1rull 1Vi~1WUT:::t'l1Vlif).JtTflftl1lft-l Lci'fl Lnu rnl!t1L'lw1w;1w ;-It.J f'l m 1U1::: Ljju~huU1:::t'l1Vl~).J tTt'lMll1ll'l ~'fl-l rlUt.Jft n111 

Lm1\fm1LU~UW'll'1l-lt.Jft(;Jrlru'VlVl1-l~hWLr1ilLLft:::n1U111Vi lI1lUt.J~lJlrlru'Y11w PA t'l'1).J11C1fnl!t'1l'lru111ViL~Uln~1 OPP 

"" ..I - ~ !'1 ~ " • I ..Y. ~ ~,,~ " ... .J.J.'"1 ~ 1:(
LftnW'flU rf'lWr-Jft(;JIlru'Vl LW PA-V t'l1).J11mnl!t'1l'lrull'1ViI1l1UlJ1:::fl1Vlrf).Jt.Jt'I L'l Ufl(1lVl~11l LW't:l-l"l1nLlJWmrurr"lIl1U WI 

Il1'l:::~ qjC1,!'1 n1f'l~-lil'fl'1l n:nL"IW~1 n~1 n 1 1U n"l111u1!ilunmn1P1U n~ ri-lr-Jft1~'ll:::fl'fl n11Lt1111UBmu1'1l'fln:n LI1l'llW 

II .. ,...J ... ~ .. -'I 1I J ....
LLf'l:::'!hu!Tu!T-lm1L"I1qj'lJ't:l-l"l~WV1ruVllil't1't:ln:nL"lwlwm1L"I1qjLLft:::vhl\"\'fl1M1rll"hLriU "I-lLft'iln1'll PA-V LVi'llUI1l'tl1[j 

n1 nnUrnl!t1'1J'1l-lr-J ~l11nru'Vl1wmml1l ft'fl-l,Twk1l1u 

ml1l~-llilLUWI11'lvl1f'l:::ft1U 1~ lLn lactic acid 1 % LLft::: acetic acid 1 % LLft:::~nl!t1tJ1).J'1ru~lYl).J1:::t'I).J'll'fl-l 

plasticizer ViU~111&JuVltf).J~H acetic acid LUWI11'lvl1fl:::fnE.l~~1 TS JJ1nn~1Vl~JJ~lillactic acid ~'lW fl'l1JJ 

\..\W1 ~1 % EAB Llft::: WVTR 'll't:l-lVj~).J~1Ji"l1nl11'lvl1ft:::ft1Ui-lMN'DaI1l1~ll[i1fluJ1-lrlW 9-lLft't:lnH acetic acid LUW 

lil'lvl1ft:::ft1U Lii'fl-l"l1nVltf).Jii~1 TS £3-ln~1~'>l~fl'l1).Jll1i-l uN).J1nnrh "I1nm1~nl!t1r-Jft'll't:l'>ln1n~).J plasticizer LW 

• ~ , I :':1 r '1" .J."1 • ~ .JlJ1JJ1rullll-l1 (;J't:lfl'l1).J\..\Wl TS, % EAB Llfl::: WVTR 'll't:l-lYiftJJ ViU'l1m1 'II plasticizer Vl 20% luWlJT).J1ruVl 

.J J ~I r ... , .l' 1 .J I I ~. ! ' :':1" J~ , 
LMm:::tUmt'l(1l lW't:l'>l"l'1nYift).J).Jm % EAB t'l'>l'llW W'llru:::Vlm TS LLf'l:::m WVTR U-J LLl1InI1l1-l"l1nYift).JVl L).JL(;J).J, 

~I r ..11"" c/ «I ,':.J' 

~ 

1 ..I" - !'I ~ .. 1·"Iplasticizer YiftJJVl 11l"l-lW'l'l1).JtHJmqwlViJJ'lJW W'lJru:::Vlfl'l1).Jll'll'>lllNllfl:::l'lrufl).JUl1Im1u'fl'>lnWm1'll).Jt.J1W'll't:l-l 't:lW1 

'W LU~UWLLUft-l 

mT~nl!t1n'>lr-Jfl'll'1l-lVltf).J lf1ft't:lUUrLIlr11Ji~iiuJ't:lfj rull1Vi Uf'l:::'t11tlfl11L1iufnl!t1'll't:l'>lr-J~l1Irlru'Vl B B P 1l1lul~ 
f11rft:::"nu1fll(;J'II1W~1'1'l1JJL~).J~W 2.0 lU't:l1L-nWvl (Coat-A) LLft::: 2.5 LU'1lYLoiiwL11 (Coat-B) Lflihu~t:i'l'lJ'fl-lr-J~lIlnru'Vl 
BBP uft'lurr"llw PA-V LnlJfnl!t1~ftl1lnru'V1 BBP ~'qruWJi:J 2 ± 1 't:l-ll'11l'llftliJlUt'l ViU~1r-J~l1Irlruoy] BBP ~Lflft't:lU 
Ji'lE.llflll11'll1wil ml'lU~UWlLUft-l'1J'1l-l~1~ ~1lU't:lf'1l't:ln l'llL1l ~1 Ld''1l~l-JtTt1 LLft:::~11'1'l1).JluWnrl1l~1-l iltlUn~1r-J~l1Irlruoy] 
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~I 1.11' I v J~./' I J' __ ~.r 
'Il1W ~mfl'l1~ LlWWlW'fl ~ lllJl nr;11--mw 'l!-ln1TLVj~!IW'lJ'fl-lfl'l1~ LLWWlW'fl'B1"1Ln~"I1 nn1rflOJII'lUfl'l1~'DW'lJ'fl-l 

~ ftlJlnru'JI 11'1LlJl'l!1WiJf'l rul'l~lWitJ'fl-l rlwn1r~~~1w!I'fl-ll'tlJ11tii'W~ ~-l1JJ 1'l1~.J1rfltJ ~Nnwm r~OJ L~UfI'l1J.J~W"I1n 
~ftlJlnru'ri1~ m rlfl~'fllJ~ ft lJln ru"tii'lU11'1 llJl'Il1w'Ii'lU'D~ft'fl mTL"Irtl.J'lJ'fl-l"liiwvihr lUlU"I1n~ ft n1r1 Lfl r1 ~,xtii'lU 

FTIR spectroscopy VjU NH3 +groups 1wlflNl'lr1-l'lJ'il-lWftJ.JlflLlJl'll1W;-l NH3+ 1'l1J.J11mn(i1 interaction rlU L~tl~J.J 

l'llftfi"!I'fl-l LLU flVl LrU fi-l~ft1':hrl'fl~~ L'11ft fi"!I'fl-l LLUflVl L'hJ Qnvi1f'l1U W'il n"l1 nd'1f1l(;l'll1WU-lrJ f'l rul'lJ.JuUi LiJW1'l1r~hw 
- J 1 ~ " ~ ... - J .r J ~ ~ ~, r -~ + ~a'il~~f'l'fll'lr~ LW'fl-l"l1n WLflNI'lr1-l!l'lhl LfI'lI1~'fllf'lnlJlT'ilWlVlm'fl';lVl'il::;(;l'flJ.J LWLl1lrl"lW LW"-'';1'fl~J.J LW NH3 'II-l1'l1J.J1rfl 

" 4'U'tl'fln~ L91..1 ~-.l1'l1J.J 1 TflUUf1-l m TLnUlUB iiTU1'tl'fln:n Ltn'llW1tii "l1 n m T~n1:t1f'l rwIl1Vj VI 1-.ltii1WU T::;1'l1V1l~a-I'l!l'fl-.l 

~iilJlnru'V1 BBP ld'flT::;u~L'lft1mTLflurnI:t1c.hw1tl VjU11 f'lrwIl1VjVl1-.ltii1WUT::;1'l1V1lJ.Ja-I'l!l'fl-.l~ii(;lnru'V1~Lflfi'flU 
" ~ ~ col , ", - ~.. J~ _'_I .." 1 ~ .J ~" U %. ~ Vl'lU LflLlJl'll1WJ.Jfl1ftV1ft-l'D1m1~f'l(;lf)ru'V1 BBP VI u.Jw1wmTLflft'flU(i1'lU fl L(;l'l!1W LJ.J'fl L'Df'lrwIl1VjVl1-.l T::;1'l1V1-nJ.J~1'l 

!I'il-.l~~!1Itlru"LiJWln ru'Vl1wm Trl1"-'WVl 'B1f!n1 nnu VjU11~~!1Inru'JI~'W~1wm Tlf'l~'tlUrJ'1l1f!mTlnUW'tlU n11 21 

iw ~'lW~ft(;ltlru'V1~~1WmTLflft'tlutii'lU1f1 l!1l'll1wrJ'1l1umTLtlurnI:t1W1W 28 iw, 

. .. 
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6.1 lW~1w19tJcl'~n~1mrl;Vl~1-J LfI~'fJuu1Lnfll~~1nlf1LI11'll1W1Wmr~tIl'fJ1~mrLfiu'lI'fJ~[.J~Lilrlru'Fl 
.1 ." I .J' ~. .. J , ~I .. ...r ~ ..r J ~ v.. ~ v , ~!!q

'tl1".1rLLu rt L.J~1nLW'fJ'nLil'l 'll~'v'lU'l1V'i flI-JVl[.J fll11'11W'l11-J1 rn'll::fl'1l n1rL'lltll-J Lt'1tJ'lI'il~[.Jfll11n ru'Vl'1l1"'1r'llUUW1~n fl1'l LVI 

Lci'il~~1nVl ~I-Jlf1LLil'll1uiJl')lU'lll-JtJuilum r'D::fl'ilmrL~1qj'll'il~ L:t'1l'1 ~uVl1uLLfl::tTu~~m rLntllUBmm m riiw'lI'fl~ 
1'l1~u LLfl::tT'l'll11-J1rnu'iltJMl1tJl~Lil1I-JDnl-J'lI1~ ~'lUJ rl'flltA Lnllll-JrlYi~Iii'fl~'l LL'lIll~'fl1-J 1Il'lt!U~~tl1~::iJn1r~n~1mr 
1;ur::LtJ'lIw"JJ'1l~Vl~I-JIIl~nri1'llumr~"''tl1tjn1rLriu''JJ'fl'l[.J~!Jlrlru.,r'fl1'''1r'llU'''~U1 L~I-JL~l-JIii'fllU L'llW urn".1'fl'il1".1r 

Vl::LrI'lIn",1ii1~1 [.J~Lilrlru'FlUI-J LLfl:: £.JftLilrllU'FlLU Ln'1li ljjU~U 

6.2 ~ ~I-J Lfl ft'fluu1Lnfll~~1nlf1LLil'll1U~[.J~ l11iui:Jt'll-Jilli'll ::fl'fl mrL~1C\J'1I'fl~' ih~Vl1u ;'llU'l1U19tJd' 

Ui"'Lil1I-JmrL~1C\J"JJ'fl'l total aerobic bacteria LVht!u ~'ltl1~::i:Jmr~n~1£.J'il"JJ'il~mrl;~~I-J~[.JfiLil;fulumrtTu~'l 
L:['1l"lftUVl1U'llUtIl~1'l1 J''l~';h1tA'fl1'''1ml1L~tJ LL'il::~vhl';';Lii"'Lrfl L~'il'1lmtJ'lI'fluL"JJl11mn.111tl1;'l1ul~n11'l'1l'l1'l 
, " ~ ..

U'l'llU 

6.3 Ld,[)'l~1 n~~1-J Lfl ~'flUU1Lnfll~r.nn1fIL[I1'l11Wi:J"l rul'll-JU~tJ'fl'l num~I-J~1u'lItl'l1~J11~r1'flU~ 1'l~1 

'tl1"'lU fuu T'l,,! rut'lI-Jl..T&i~1wn1rtJ '1l-.J num r:nI-J~1U'lI'1l-.J1'flJ11~L'" tJvi1 LUuVI ~I-J LLuu[.J'lll-Jnui2'lUl'lln"'~U1 ~1'l11-J1m 
!'I v ".1 1 0"1"'" J~" ·~.'l"v ~ 1" ..rv"u'tl-.JnUmr'lll-Jw1U'lI'tl-.J 'flU1 "'''' L'v'l'1l L".t'l11-J1mW1 LU 'lInu[.Jrll11nru'Vl'1l1".1r "''''1'1 1 n".fl 1 U'1lU 

6.4 VJ ~I-J Lflft 'flUU1Ln f11~~1nlf1L!Jl'll1Ui:J"lruiuJu~lum r'lI::r1'1ln 1rL~1Cld'll'fl-.JL:i'tl"l~wVl1uLLrI :::tTutT-.J n 1 r 

LnllluBmm n1rnU'1l'1l-.J1'l1~u ;-.J"! ru2'll-JU~IIl-.J nri1'l'fl1~ LL!Jl nIii1-.Jnu;j"W'tl~nuJ1"'UnLI-JLrI'lfl Llfl::r11 degree of 

deacetylation '1l'tl-.Jlf1L(;)'ll1W '1lf11'l1rnI1111-J1w'l1W19ucl'tT'lUJiJ m rPi n~1 [.J r1'l1 'fl'lr1111l~ nft1'l1ii'fl"lM'II-JUm'll 'fl-.JVJ fll-J~ 
1~ 1Il'lt!w1wmrur::tjnI111;VJfll-J lfl~'fluu1Lnfll~~1nlf1LUl'JI1w1w'tlw1f1!Jl '1l1~iJmr~n~1[.Jft'll'fl-.JJ1".UnLI-JLfl'lfl LLfl:: 

, 1 'i' ' - ~I .. ..11" J 1"... ~ 1 'i' J 0 f11 degree of deacetylation 'tI'1l~ f1LI11'D1W1Wtll')ru2'll-JUUl"JJ'1l'lV'iftl-JVl til l'v'l'tl '''If'l'fln'llWIIl'1l'fl-.J fI LI11"ll1Wl'v'l'flW11-J1[.Jftl11 

LjjW~ ~I-J Lflft'flUU1Lnfll~~ l".1-J1 ::~lI-J num r H~1w"'l1~1~ 
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111f1~U'm "lI 

Acid type Thickness 

(micrometer) 

Standard deviation 

Lactic acid 48.5 1.108 

Acetic acid 47.7 0.98 

Acid type Tensile strength 

(N) 

Standard deviation 

Lactic acid 40.069 2.4 

Acetic acid 48.84 2.19 

.J ~I r .. ~'>' ~1' 1 '>' .J 1" v 0 'v
1f11l'1--lVl rl.3 Elongation at break !l'!l'lYifUJLrl~'!lUUrL/lFl Li11"llrl rlLUl'lllWL)..J'!l 'lI1f1'lVll'(l:::~lEJUll--lrl'W 

Acid type Elongation at break 

(%) 

Standard deviation 

Lactic acid 7.09 1.207 

Acetic acid 4.98 0.987 

.. 

Acid type WVTR 

(g/ mm2/day) 

Standard deviation 

Lactic acid 6.47 0.65 

Acetic acid 5.12 0.78 
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ml-J1nJ plasticizer Thickness 

(micrometer) 

Standard deviation 

0% 46.92 3.88 

10% 50.9 3.59 

20% 55.1 4.01 

30% 58 .93 3.72 

ml-J1ru plasticizer Tensile strength 

(N) 

Standard deviation 

0% 37.49 3.27 

10% 35.1 3.1 

20% 32.05 3.03 

30% 28 .26 2.14 

. .. 


mW1nJ plasticizer Elongation at break Standard deviation 

(%) 

0% 14.63 1.69 

10% 27.04 3.82 

20% 50.18 5.46 

30% 57.42 6.11 
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.J • ~ , , :':1 .. .. ~ ~ 1" 1 ~ 
1i111'1'1Vl 1'1.8 ~f'l'll'fl'lLJTJ.J1ru plasticizer lil'tlfl1 WVfR 'lI'tl'lYif'lJ.JLflf'ltlUUTLnl'1 tfl"nn I'1LIil'll1U 

illJ.J1ru plasticizer slope WVTR 

(g /mm 21day) 

Standard deviation 

0% 0.0038 5.37 0.73 

10% 0.0039 5.51 0.55 

20% 0.0052 6.21 0.40 

30% 0.0051 7.21 0.20 

Properties values 

Thickness (mm) 0.055 ± 0.004 

Tensile strength (MPa) 32.05± 3.03 

Elongation at break (%) 50.18 ± 5.46 

WVfR (g.mm
2
.dai

1 
) 6.21 ± 0.40 

1i111'1'1~ 1'1 .10 FTIR Spectrum integration of chitosan coating at wave number 650-4000 cm'l 

Beginning X 

(cm'l) 

Ending X 

(cm'l) 

X of Peak 

(cm'1) 

Y of Peak 

(absorbance) 

Height 

(from baseline) 

X of 

Centroid Area 

741 833 744 0.406 0.128 784.016 30.410 

833 877 847 0.284 0.030 854.620 12.069 

877 937 925 0.332 0.019 908.268 17.924 

937 1137 1020 0.668 0.330 1034.502 95.264 

11 37 1203 1151 0.304 0.080 1168.132 16.627 

1203 1219 1215 0.228 0.000 1211 .030 3.624 

1219 1270 1242 0.247 0.015 1244.578 12.066 

1270 1349 1339 0.295 0.006 1311 ,158 21.443 

1349 1476 1403 0.387 0.124 1409.953 40.809 

1476 1614 1542 0.369 0.146 1542.998 41.495 

1614 1684 1661 0.251 0.058 1648.685 16.178 

1684 1769 1701 0.231 0.074 1723.608 15.521 

1769 1879 1772 0.158 0.003 1823.847 17.117 

.. 
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. 

ti11i1'1Vl4.14 FTIR Spectrum integration of chitosan coating at wave number 650-4000 cm-

1 
(continue) 

Beginning X 

(cm-1 
) 

Ending X 

(cm-1 
) 

X of Peak 

(cm-1 
) 

Y of Peak 

(absorbance) 

Height 

(from baseline) 

X of 

Centroid Area 

1879 2237 2161 0.164 0 .002 2059.853 57.207 

2237 2242 2240 0.162 0.000 2239.500 0_809 

2242 2259 2253 0.162 0.000 2250.500 2.753 

2259 2908 2876 0.224 0.006 2601.709 121.378 

2908 2991 2919 0.219 0.013 2948.968 17.749 

2991 3129 3114 0.218 0.001 3060.768 29.240 

3129 3606 3217 0.221 0.059 3354.905 96.308 

3606 3621 3610 0.163 0 .002 3613.481 2.429 

3621 3690 3628 0.161 0.005 3655.310 10.902 

3690 3702 3694 0.156 0.001 3695.997 1.870 

3702 3719 3711 0_157 0 .001 3710.504 2.657 

3719 3734 3727 0.158 0.001 3726.511 2.357 

3734 3760 3749 0.159 0.003 3746.986 4_098 

3760 3780 3768 0_156 0.001 3769.987 3.115 

3780 3810 3806 0.156 0.000 3795.009 4_660 

3810 3827 3823 0.156 0.000 3818.505 2.648 

3827 3843 3835 0.156 0.000 3835.001 2.496 

3843 3858 3854 0.156 0 .000 3850.503 2.344 

3858 3880 3866 0.156 0.001 3868.994 3.436 

3880 3896 3889 0.156 0.000 3888.003 2.499 

3896 3910 3902 0.157 0_001 3902 .994 2.187 

3910 3926 3918 0.156 0.000 3917.999 2.492 

3926 3942 3932 0.156 0 .000 3933.999 2.490 

3942 3954 3947 0.156 0.000 3948 .000 1.867 

3954 3967 3960 0.155 0.000 3960.499 2.021 

3967 3986 3975 0.155 0 .000 3976.498 2.951 

3986 4000 3991 0.155 0.000 3992 .999 2.172.. 
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Abstract: This research was aimed to prolong shelf life of broiled boneless pork (BBP) using 
edible chitosan coating. Chitosan, a linear polysaccharide of randomly distributed ~-(1-4)
linked D-glucosamine and N-acetyl-D-giucosamine, is a deacetylated product of chitin and is 
considered a biobased environmentally friendly material . In this study, chitosan, as a by
product from seafood industry, was used to prepare different concentrations of chitosan coating 
solution. The BBP was dipped into different concentration of chitosan coating solution 
(Coat-A and Coat-B), allowed to dry and packaged in a PVDC pouch under vacuum condition. 
BBP without chitosan coating was used as control samples. Changes in pH, texture, microbial 
growth and sensory characteristics were determined throughout the storage period. It was 
found that samples with chitosan coating had the better qualities and longer shelf life when .- compared to control samples. 

Key Words: Shelf life, Pork, Chitosan film. Coating 
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