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The study was conducted to investigate quality changes of dried cherry 

tomatoes which were combinations of the main factors including (1) packaging 

systems (Air-packaging and Active Modified Atmosphere Packaging using oxygen 

absorbing sachet, vacuum packaging with C02 flushing (40 % v/v). All packages 

containing dried cherry tomatoes were PET/Metallized PET/LLDPE laminated plastic 

bags (2) temperature (10°C and 30°C), and (3) storage days (30, 60, 90, 120, and 

150 days). The research results showed that oxygen concentrations in the packages 

having oxygen absorbing sachets were as low as 0% (v/v) when measured on day 30.th. 

The concentrations were relatively stable throughout shelf Life and they were not 

significantly different among the storage temperatures. The oxygen concentrations in 

packages with C02 flushing and vacuum packaging were approximately 0% (v/v) 

during the storage period, and there were no significant differences in oxygen 

concentrations among these packages during the storage period. Shelf Life periods of 

dried cherry tomatoes packaged using air-packaging system, stored at 10 and 30°C 

were only 30 days due to visible microbial growth which principally was attributed to 

the growth 

Moisture contents of the products kept at 10°C appeared to be higher than 

those kept at 30°C during 30 days. The moisture contents thereafter slightly 



• 

• 

decreased. There was an increased trend in weight loss of dried cherry tomatoes. The 

extent of weight loss at 30°C was higher than that measured at 10°C. Values of 

maximum loads obtained from texture analysis of dried cherry tomatoes continuously 

increased. Statistical analyses showed that there were no significant differences 

among experimental treatments regarding quality changes in moisture contents, 

weight loss and maximum loads. Lightness of dried cherry tomatoes kept in all 

experimental treatments slightly increased during 30 days but insignificantly changed 

thereafter. In contrast to the lightness, redness and yellowness of the tomatoes 

decreased during storage, contributing relatively stable values of a* /b* ratio. 

Lycopene contents and tritatable acidity of dried cherry tomatoes tend to be 

continuously decreased during storage. Contents of total flavonoids and ascorbic acid 

rapidly decreased during the first 30 storage day whereas the contents became stable 

throughout the storage period. There were increases in total phenolic content and 

antioxidant activity of dried cherry tomatoes during storage. However the increasing 

extent of total phenolic content was higher than that of antioxidant activity. It can be 

learnt from the experimental results that phenolic compounds are key components 

attributing antioxidant activity of dried cherry tomatoes. Among these chemical 

quality attributes of dried cherry tomatoes, there were not significant differences 

between experimental treatments, although there were significant effects of 

individual factors (p < 0.05). 

Total plate counts measured in dried cherry tomatoes in all experimental 

treatments excluding the air packaging kept at 10°C and 30°C quantitatively were 

lower than the standard level for industrially dried fruit (Thai Community Product 

Standard 136/2550). Experimental findings showed considerably low quantities of 

yeast and mold measured in dried cherry tomatoes. Results from preference tests 

using dried cherry tomatoes kept at 90 days showed that most consumers rated their 

overall preferences with significantly higher scores (p < 0.05) to the product contained 

in vacuum packages kept at 10°C, in comparisons to other experimental treatments . 

Overall, the present study shows that utilizations of active packaging which can 

get rid of oxygen can extend shelf life of dried cherry tomatoes to 150 days at both 

10°C and 30°C, in comparisons to shelf life of the tomatoes contained in the air-



packaging which is only about 30 days. The study, however, points out that using 

active packaging and high oxygen barrier package together with 10°C storage 

temperature would be a suitable condition which is consistent to consumers' overall 

preferences of dried cherry tomatoes. 
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'IJ n1)1Lfl'S1::'Vl'11JUi;J'VJ1.:!Ll"l1J'IJ'1.:!1J::L'!J8L'Vlf'IL"ll'118'1..JLL'VI.:! 98 

fl m11 Ll"l'S1::-Ha.:iritl1::n8U'Vl1.:!'1~'U'VI~ ~'!J'1.:!1J::L ~m 'VIP! L "ll8~8'1..JLL ~.:! 100 • 
.:i m1Pim!f1n'1 lnm1L tl~EJ'ULL tl'1.:i'!Ja.:in1'ilavn~L'1'ULL'1::a11~1'Uv'U11'1~a1:: L'U 

'" 
103 

110 

142 

0 



• 

2.1 

2.2 

2.3 

2.4 

mll1ru 1a 1~l'n'U L 'Ullt L ;im 'Vlflla1EJw'U~~1.:i 'l 

mmru11J11ii'Um 'Ul.Jt L ;im 'Vlfil'11fJW'U~~1.:J 'l 

m1L tl~EJ'ULL tla.:imll1ruvlm 11'UtiEJvi..r.:i'Vll.Jl"l'!lti.:illtL ~m 'Vlfl!'11EJw'U~lii1.:i 'l 
.J I II 

'Vl~1\Jn11tlULL 'Vl.:J 

~1tlV1.:J11Jlfll"ll"ltltlfl~L'1'U..r.:i1tJLL UU'!1tl.:J'!J'U11'1L~fl ~~ll LLrlt'lU LL UU~'U '1 •v ~ v I 

mm 'U'11Jl'11'Vln'l'll.Jtl1"'111 

II 

'Vl'LJ1 

7 

9 

12 

17 

4.1 n11LU~fJ'ULLtla.:imll1Wl"l11lJ~'U (dry basis: db) '!Jtl.:Jl.JtLiim'VlfllL'!1B~tlULLl1.:J 
.J II I .,j4., .J - 0 0 

'Vl'U11~1'11fJ1tUlJn11U11~LL'U'UIJ11.:J 'l Ll.JtlLflU1ffl~t1'Vl~N'Vl.fJll 10 C LLrlt 30 C 37 

4.2 ~ :: ., (II ) .. ..I 111 ., ' 
n11'1UJLG'lfJ'U1'Vl'Ufl )tlfJat '!Jtl.:Jl.JtL '!Jm 'Vli31L '!1tl1tlULL m 'UU11'1.f1N'1 v ~ • 

d LI I ddu .J -=:ii. 0 0 

'VJU11";Jl"ldfJ'lt'U'Un11U11'1LL'UUIJ11.:J '1 Ll.JtlLflU1fl~1'VltlN'Vl.f11J 10 C LLrlt 30 C 40 
• • I • v 

4.3 
"' ' 

R1LL1.:J'1.:J'11'1 (Maximum Load: N) '11nm111'1LUv~ll~'1'llv.:J1JtL;jm'VlfllL'!1u~uuLL~.:J 
v • 

l 'Uu11'1Ii'ru'1~u11-;ii;l1EJ1:::uum1u11-;iLLuu~1.:i '1 L~mnu'f n~1~vruV1.nii 10 ° c , , , I , v 

~t3~C ~ 

4.4 
I t .ct d II _.J II 

Fl1Fl11l.J'111.:J (L *) '!Ju.:Jl.JtL '!JVL'Vlfl!L '!1tl1uULL 'Vl.:J'VIU1)";)1')1fJ)tUUn11U11'1LL uu • • 
\Jl1.:i '1 L'lJ1t'Vll1.:Jn11Lnu'fn~1~uW'Vlflii 10°( LLrlt 30°( 45 

I • v 

4.5 f'i1 a* '!Jti.:Jl.JtL~m'VlfllL'Utl~tlULL~.:J~u11-;ii;i1EJ1:::uum1u11'1LLUU~1.:i '1 LLrlt L'U 
• • I 

I " "1 d c:ir. 0 0 
1t'Vl11.:Jn11LflU'lfl~1'VltlN'Vlfll.J 10 C LLrlt 30 C 48 • v 

4.6 f'i1~L'Vl~u.:i (f'i1 b.) '!Jt1.:Jl.JtL~m'VlfllL'!1t1~auLL~.:i~u11-;ii;i1EJ1:::uunTrn11-;i • • 
I .d " CV .J C\ 0 0 

LLUUIJ11.:J 'l Ll.JtlLflU1fl~1'Vl~N'Vl.fJ1l 10 C LLrlt 30 C 49 

4.7 m1Ltl~fJ'ULLtla.:iml.l1rula1FIYi'U (Lycopene; mg/lOOg db) 'llu.:Jl.JtL~mVlfll 
.J U .J II I d " fl.I .J Q 0 

L'Utl1tlULL'Vl.:J'VlU11~mfJ1tUUfl11U11~LLUUIJ11.:J 'l Ll.JtlLflU'lffl~1'Vl~N'Vl.fJll 10 C 
0 

LLrlt 30 C 52 

4.8 mmrua11tl1::: nvuvlm L 1'UtlfJvl..r.:J'VllJl"l'!Jtl.:J1Jt L ~m Vlfl!L '!1B~uULL ~.:J 
d I.I I d"v .J Q 0 Q 

'VIU11";11'11fJ1tUUfl11U11-;JLL'UlJIJ11.:J si Ll.JtlLflU'lfl~TVlVN'lll.fll.J 10 C LLat 30 ( , , I • v 55 

4.9 lfi111ruml"!LLtl'11°1el{UF1'!Jtl.:Jl.JtL~m'VliilL'!ltl~tlULL~.:J ('VltJ1fJ~tl mg/100g) 



... 
'WU1 

-~ ·' ~ .. ~ ( ) "" .J ,, .J 4.10 u'U.J1UJ'11".iu'S:::fl8UmU~fl'\ll..:Jl1lJ~ mg GAE/g '!18..:JlJ:::L'!JtlL'\llf'IL'lltl".itl'ULL'l-1..:J'\ll'l.J".i".i'l 

,, I d"u .J .. 0 Q 

~1EJ'S:::UUfl1".iU".i".ili!LL'UU\;11./I 11 LlJ8LflU".ifl'IY1'\118UJl1f)lJ 10 C LL~::: 30 ( 63 
, I , " 

4.11 fllilfl".i".il.Jfl1".iLUU'311".i~1U8UlJ~~"'"''S::: (% Inhibition) '!lti.:ilJ:::L~tlL'\llf'IL'!18~ • v 

,,,J II I .,j "U .J "" 0 

vULLl1..:J'\llU".i".i'l~'lEJ'S:::'UUfl1".iU".i".ili!LL'l.JU\;11..:J 11 LlJ8LflU".ifl'IY1'\1181Ul1.f1lJ 10 ( LL~::: , , I • \J 

30°( 67 

I d " U .J .. 0 0 

LLUU\;11..:J 'l LlJ8LflU".ifl'IY1'\llrirul1.!Jl.ll0 C LL~::: 30 C 72 

4.14 
.~ "' ' Cl .J ll .J ll I 
u•l.J1UJEJ'1\;ILL~:::'S1'!18-lll.J::: L 'tltlL '\llf'IL '!1€1".itlULL l1./l'\llU".i".i'lmEJ".i:::UU fl1".iU".i".i'lLL UU\;11..:J 'l .. 
4 d "' cl - o a 

Ll.JtlLflU".ifl'IY1'\lltJUJl1.f1lJ 10 ( LL~::: 30 ( 73 
• v 

4.15 Fl:::LLUUFl11lJ'll8U'll8..:J~U~Lf)FllJitilJ:::L~8L'\llf'IL'!18~vULL'lX-ll~Ltl'Uffl"tY1iK1v15~1-11 'l 75 



2.1 

2.2 

2.3 

2.4 

4.1 

:u:::L;im'Yll31L'l.1'1~ (Cherry tomatoes: Lycopersium Esculentum) 

Ll'11.:i'1~1.:i"!leJ.:i la Lf"rriu ( C40H s6> 

Ll'11.:i'1~1.:i"!JeJ.:i~a111ueJv~ 

LL uu'1'1aeJ.:i LL u1?1l1lm1~~'1J1u11vJi' ru.n LL eJflYi'W'1°1V1f rn.J::: L ~m 'YIP! L 'l.1eJ~eJULL ~.:i • 
m1L tl~v'IJLL tla.:i1"111m -ii:uoii''IJ"!leJ.:in1'ijeJeJn~L vu.mv L '1Ju11vfiru'1~u11v • • 

.. cl 1111 I ..,j ~.,cl 
:u:::L "llm 'Yl~L'!!'11'1'ULL V1.:i\Jl1v1:::uum1u11~LL uu1111.:i '1 L1leJLnu1n~1'YI 

... 0 0 

~NVIJJ1l 1 o c LLa::: 30 c 

tl
cl tJ II II I> 1 ., 'cl 4 cl 

4.2 m-sL av'IJLL n.:i1"111:UL"!l1.J"!l'IJ"IJeJ.:im'ij co2 .mv 'IJU11~flru'1V1m1~:u:::L"!lm'VIPIL"lleJ1 

II II I ..,j ~ ., cl "°' 0 0 

tJULL'Vl.:i\Jl1V1t'U'Ufl11'U11"ilLL'U'U\Jl1.:i ., LlJ'1Lfl'U1n'\~1'YI eJUJ'Vlfl:U 10 c ua::: 30 c 
, I • " 

4.3 'j II tl"' tl .J' .. cl II cl II 
LL 'IJ1 L 'IJ1lfl11L amJLL a.:il'111:U'l.1'1J"!JeJ.:i1.JtL "!Im 'YIPIL '!!tl1'1ULL 'Vl.:i'VIU11"il\Jl1V • 

1 .ddv d .:::.. a o 
1:::uum1u11vuuul1l1.:i ., L11mnu1n~1V1tiru'Vlfl:U 10 c ua::: 30 c 

, I • " 

4.4 nTrnn 1 L~mI1wun"lleJ.:i:u:: L ;im 'VIP! L '!!eJ~eJULL ~.:i L '1Ju11vfiru'1~u11v~1 v ,,,·~ , , 
I dQv .J Q. 0 0 

1tUUfl11'U11"ilbL'U'U\Jl1.:i ., LlJ'1LflU1fl~1'VleJUJ'Vlfl:U 10 C LLa::: 30 C 
, I , " 

4.5 LL 'IJ1 L Ul.Jfl11L tl~V'lJLL tla.:i~1LL 1.:i'1.:i'11\Jlm~v1 flfl11ll'lb if B'11.J~'11"!JeJ.:i 
'II • 

:u:::L;im 'VIPIL'!!el~el'ULL ~.:iL'IJ'U11"iJJlUJ'1 ~'U11"il~1V1t'U'Ufl11'U11"ilLL uul1i1.:i ., LLnt , • , I 

d~.., d IQ 0 0 

L11mnu1n~1V1eJruV1.fl:U 10 c LLa::: 30 c 
• 'II 

4.6 LL 'IJ1 L Ul.Jfl11b tl~V'lJLL tla.:i~11'1111l'1111.:i (L *) "!J'1'3:UtL~eJL'VIPIL'l.1'1~'1ULL~-3~'U11~ 

~1v1:::uum1u11'1 LLuul1i1.:i ., Lm::: 1 m:::V111.:im1Lnurn~1~eJruV1.flii 1o0 c 
, I , " 

LLa::: 30°C Ltl'Ub1m 150 l'IJ 

4.7 LL'IJ1LUl.Jfl11LU~V'lJLLtln-3~1~LLl'l.:i (~1 a*) "!JeJ.:il.JtL~eJL'VIP!b'l.leJ~tlULL~.:i~ 

4.8 
Id"" d Q. 0 0 

fl11U11~LL'UU\Jl1.:i '1 blJ'1LflU1fl~1'Vl~NVIJJl.l 10 C LLat 30 C 

4.9 LL'IJ1 L Ul.Jfl11L tl~V'lJLL tln.:i~1B\Jl11~1'1J'rn'V111.:i a* /b* (a* /b* ratio) 61!'1'3 

4 d t.1.d f.I I d C: LI d ea. 

1.JtL "IJVL 'VIP! L '!!tl'Sel'U LL 'Vl-3'VIU11"ill'l1 V1tUUfl11'U11"iJLL U'U\Jl1.:i ., L:U'1LflU1 fl~1'VleJUJ'Vlfl:U 
, " I , " 

., 
'Vl'lJ1 

6 

6 

11 

21 

33 

34 

36 

39 

41 

44 

47 

47 

10°c LLa::: 30°c L'lJ1:::V111.:im1Lnu-rm~n 1so 1u 50 



If 

'Vl'IJ1 

4.10 'i ., ti"" ti • ~ 1 'i .. .. ..r ,, .J ., 
LL 'U1 ~ 'Ul.JnT'H nVtiLL a.:iu·ni1ru a ~rlYl'U'!Jel.:llJtL '!JelL 'Vlfi!L 'tlel'H>U LL 'Vl.:l'VIU':i':i~ mv 

I 1 I " 4.1 cJ .C:. Q 
':itUUnT'rn':i':i'1LLUU\J'l1.:1 ., LLnt ti':it'Vl11.:lfl1':iLnU1n'IY1'VleJW'VIJllJ 10 c LLnt 

• I , " 

30°( Lth.1L1n1 150 1'LI 53 

4.11 LL m ttl'iJm-sL tl~v'LILL tla.:im111rua11tl1::m:iuv-la1 l1t1eivl'l~.:iV1lJ~'!Je.HlJtL ;aeiL 'Vlfil 

..r ,,.,, ., I """' 4V ..r .. 0 
L 'tlel'SeJULL 'Vl.:l'VlU11'1~1f.J':itUUfl1':iU':i':i'1LL uui;i1.:i ., L1Jmnu':im~1'VleJUJVIJllJ 10 c 

• • I • \J 

LLnt 30°( 56 

'i" ti"" ·' -~ ~~ .. .J ., ..r 4.12 LL 'U1 ~'UlJn1':iL nVtiLL un.:lu11J1Wn':i~LL'1'1flel':iUrl'!Jel.:11JtL 'tlm 'Vlfi!L 'tleJ':ieJULL 'Vl.:l'VI 

,, I"""'"' .J .. 0 0 
U'fi~i;)1f.J'StUUfl1':iU':i':i~LLUU\Pl1.:I 1 LlJmnu':in'\Y1'Vl ~UJ'VIJJlJ 10 c LLnt 30 c 59 

4.13 LL~'U~.:IL~tJ'Vl1.:I (Pathway) fl11L~ellJ'1n1V'llel.:ln':i~LL'1'1ReJiuri 1 'LI'1Jl11tilmmfil 

(L'1'1Jtbt) LLnthiflmmfil (L'1'1JViU) 60 

4.14 mmrum~LLCJ'1rtviUrt'!JeJ.:11JtL ~m 'Vlfi!L 'tlel~eJULL ~.:i 1ti~.:l'Vl~nel.:I VAC-10 

LmvuLVivunummrum~LLeiarieiiuri1m::V1i1.:inTnnu~ni;1 150 i'ti ~vi1'1J1EJ 

L~V'1lJn1':i Eq. 4.1 

4.15 LL 'IJ1 t tl'iJm-sL \J~EJ'IJLL ua.:immrua11\J1:: neiuwt u~n~.:i'VllJ~'!Jei.:ilJt L ~m 'Vlfil L '!1ei~ 
II .J IJ' I ~ ~ V .J q 0 

eJULL'Vl.:l'VIU':i':i~~1EJ':itUUn1':iU'S':i~LLUU\Pl1.:I 1 LlJmnu-sn'\Y1'Vl~W'VllJlJ 10 c 

61 

u.at 30°C 64 

4.16 u. 'IJ1 t UlJn1':iL tl~V'IJLL \Ja.:in-;im':ilJn1':iL U'IJ'11':ii;1'1t1ei'IJlJnB'1':it (% Inhibition) '!Jv.:i ,,, 
4 .cJ II ..J II I 4 ~ V cJ q 

lJtL '!JeJL 'Vlfi!L 'l!el':ieJU LL Vl.:l'VIU11'1~1 V':itUUfl11U':i':i~ LI. UUl'l1.:I ., LlJmnu1mn'VleJW'Vl.f11J 
, , I • " 

10°c u.a:: 30°C 

4.17 LL 'U1 t tl'lJm':iL \J~V'ULL ua.:i\J~1J1rum~~.:i'Vl1J~'!Jei.:ilJtL~m 'Vlfi!L '!1ei~eiULL~.:i~u':i1'1~1v • 

5.1 

66 

71 

78 



0 ., d ~ 
1.1 fl112Ul1fUULLil::'V12.J1'llil.:!uru'Vl1 ., ., 

d 
U'Vl'VI 1 

0 

U'Vl'l.11 

l.lt L ~eJL 'YIP! L U'UW'l!~ri1~'lJ'V11.:i LP11~~rh1'llijl'lvrrt.:i L 'U m1~mntlL~eJn 1 ~l.ltL ~m 'Y1 Pl'W''UqL 'l.rn~ 
"" 4 dcO I ') 1 I 1 ') c0 .. .. c0 

Lt1€1.:!'11m.JtL'llm'VlPIL'l!t1'rnfJrufl1'Y11.:iL.n'll'U1n11~.:i L'll'U '11'S rtLflYfU (Lycopene) 11'11l.l'l.J~ 

(Vitamin C) LLrtt'111vJa1L1'Ut1tri;i' (Flavoniod) ;.:1'111L vrri1tliif'lru'11J~L Ut1'111~1t1€1t11Jrt~'1·rn . '"' 
d .. "" c0 1"' "" ~ ., '1 ..,i., I I ~ (George et al., 2004) 'IWiltLnl'ln11L'1€1lJL'1EJ l'l.:11tJL1JVLnU1n~1L'IJ'1.f)11t'VlLlJLVl1J1t"1lJ L'll'\J Ln'lJ 

1 w:rn11t~iieJ ruvr.nii'1.:i u11v1n1 Pltln~ vr~eJ"1.n11tvlii LL'1.:i'111.:i ( LEJ11.n 1 ~~111.1t11t1 na, 
• \J \J • " 

2545; Dermesonlouoglou et al., 2007) ~.:itT'U :S.:iiim1'1t1€11JfJru.n1'WlJtL~m'YlP1 ;.:im1 

'Yi'1LL i.1.:iL tlt1u t11'Y11.:ivrrt.:ivhi;i'~ufl111JijEJlJ 1 t1m1Clt1t1l.lf'lru.n1Yl (Akan bi, et al., 2006) mh.:i hnm11 • 
€1.:!~tl1tnt1Uri1~'lJLLrl t rhJn111J n11~1'UB~lJr!V'11t (Antioxidant activity) '1JeM1Jt L ~m 'Ylfl1€1ULL i.1.:i 

(Sharma and Le Maguer, 1996) uat~ai;1Jiru'fivuLLi1.:i~'U 1 L'lit1 lJ'\JL'YlPltlULLi.1.:i (Yang et al., 

2010) LmtLflnt1ULLi1.:i (Senevirathne et al., 2010; Hiranvarachat et al., 2008) iiLL'\J1LUlJ~"ilt 

Lnl'ln11L~t1l.IL~EJ'11nm1Lnl'ltlijn~EJ1nuti16llt1t1n~Lv'\J (Oxidative reactions) L'lit1 m1L~Bl.IL~t1 

'1Jt1.:ilaLf'loW'lJ (Sharma and Le Maouer, 1996; m11m ~111.l'l.11'\Jna, 2545) 1miiu~ (Muratore 
:::. '"' 

et al., 2005; Zerdin et al., 2003) '111tl1tnt1u:Wfoan (Serrano et al., 2008) LLrtt"111vJa111 

ut1vl'i (~'1111.nwl uat"'l'!l'l11'aa, 2547) m1L~€11JL~mvrriTOiiLm11 i!1Jv1:vtLnl'l~'U1i;JL ~11 '1Jm1Lnu . . 
~n~nVit1ruvr.niim1Lnu~n~1Vi'1.:i L"ti'l.J '1m1tt1ruvr.niii.1't1.:i (Robertson, 1993) , " " , "' 

:v1nm1~n~1Lt1 n'111~1.:iv.:iv1L~EJ1'1it1.:iwu':i11JtL ~ti L 'Ylfllvu LL i.1.:i tl1tL.n'Vl~.:i LL i.1.:i (Semi-dried 

tomatoes) LU'U~ai;1.t1ru'fiv11t~'lJfl111J~'\J~.:1 L"ti'l.J it~Um1J1rutl1V'1it (Water activity: aw) '11€1.:1 

1JtL~VL'Vlfll~'UG Excell, Tadriro, Urtt Flavourine ~.:1~1'1.Jn11vl1LLi1.:i~1t1'1i111t 42°( LV'UL1"1 • 
18 'li'111.J.:i ~.:itl1tmru 0.95-0.96 (Toor and Savage, 2006) ~.:i1t~Ufl11l.l~'\J~.:in~11'111J11Cl 
ri.:i~a l i.1~~1'1.tlru'fiiiu 'U1 L UlJL~€11JL~EJ l~L ~B.:1'11nL ~€1'1a'IJ'Vl~V LLrttVl1mnu~n~1lJtL ~m 'YlPltlULL i.1.:i 1 i • 
L'IJ'1.n11t'lJ1W1n1Pltln~ (Atmospheric condition) '1Il11t~.:inri11t11"ild.:im1L"il~'lJL~'lJ Ll'IL~U Li;J 

1 . 
1Jtim~iie111nilmi;ln,,,1ffiflftimiau'Ua'lj1J~'Uth::111wii'i11J~ii~11Jn1,i;i1dlu01,'liv\l1nii1tl'n~1'Ufl1U::ni,11n1i'WvLL1'i~111iii (am.) Li1tiifll'U1,t\J\Jn1, 

um111::Liim'lll'IL11v~vuu.~~ th::41u~'Uth::111w 2553 



2 

"l.leNL~e:i~~'U'Vl~VLLU\WUtnmPI (Proliferations of aerobic micro-organisms) (Kurtmann et al., 

2009) 

'11n.Ue:i~1nl'l1 'UnT'~ Lnu~ mfl11t L ;'im VJP!e:iu u ~~n1v 1~ '1n11tu·rrn1 m Pi'l.Jn~ ~a1'l.J'li1~ ~'U 

'Yi'Ui1 f1Trn l'l'l.J~111rue:ivn~ L '1'1JLL"'t/"1~ vFl111J~'U 1 'U'U'f'rn1 fl1 Pl 'Sv'U 'l ~a IPlif ru,.JiiFl'l11Ja1~ qj 

Ll'lmu'Yi1tu11 mmPl1'Uu11~.t1ru'1 (Package headspace) zj~u11~~ai;i.f1w,.J L ~m1~~1i,,il1mLG'lt 
Qu I .:1411.ql 1 4 cilcJ II I u 

Lf1'U) f1'\i1 f)e:J'IJ(l~1Jv~U1 fl fl 'Uf111PI f1'\i1 Lvf1'111'Yl Lf) EJ'l'IJ e:l~'WU'l 11 t'UU f111U1) '1 u 'U'U'U1W1 f11 Pl\91 \91 
v • 

LL'l.11 (Modified Atmosphere Packaging: MAP) LU'U1tuum1u11~n1v1~a.n11tn1l!!e:ie:in~L'1'U 

f"l'l111L.U11'1i'U~1viii~nv.n1v.1 'U f111LnU~f1'\i1~~ IJl.tl ru,.Jm'H11'HG'l1EJ'l11t L.f1'Yl'S'l1J~~e:i1i,,11 LL~~ ( ~111 
Viv.a .tl1hl'l11, 2550) 'Vl~f1f111Ll'IEJ~'lL'l1'1Jm1tUU MAP fie:im1"'1'1Fl'l111L'li11'1i'U"!Je:J~ijijf)~L'1'U1'U 

v 

U11E.11f11ill'U'S1~firu'1 (Charles et al., 2003) zj.:Jtn'1'1t~1LU'UL~"1G'l1EJf11111i~ L"li'U f111U11~LL'UU 
. ,J ~I ,,, 1 ., ,,,J 

'lqJqj1f11PI (Vacuum packaging) "IML u'Uf111'111.:J'1.f11'lt'lqjqj1fl1Plfl1EJ 'U'U11~.nru'1'V1'111111fl 

~1'Uf111~11~1'Uve:lf1~L'1'U\i.:I (High oxygen barrier) L°li'U n~1JV.G'l1'1~n PET/LOPE
2 

(Manju et al., 

2007) 5~ u,j11f111'1~1~'1.f11'l t'1ntn11 f11 Pl'1t'111111fl f11-;ij' l'lvv n~ L '1'\J 1 'UU11'1 fi ru'11~ 'U'St ~U~'1.:J , ·~·~ . " 
111n L °!i'U 'l.J1t111ru 0-1 % 02 1'U'U11EJ1f11PIU11'1firu'16i!'l.J51 '11P11 Lile:i LLG'lt'i!'l.Jdle:i 51LL"'t~f) . , " , 
(Ready to eat) L~mi'h.J-rn'ti1L U'UL'l"1 29 l'U w Dfl.l'Hfli1 3 ° C (Murcia et al., 2003) Ll'IEJ&'tfl1'lt 

• v 
., ., 0 ~ .q d .., d ti ~ ~ Ill.I 

Fl'l 1l.J L 'lJ1J'IJ'IJ'IJij .:i f116il e:i ij f)lij L '1'U LL" t ij W'H fill f11) L nu) f) '\i1'Vl) t l'IU i;J1'1J 'U '113.11) fl"!! t"' e:i ij \;) 11 fl1) • v 

Liil'lunn~EJ1vvf1~L\9leH'U1'UL'!JlJ'ULL"t L'l11~'U'tm.:i~ai;).t1flJ'1U~3.J (Fuentes et al., 2010) LLvl~f)'l!fflJt 

'!Jv.:iu11'1i1w'fie:i1v'1tl'l L1J&'t1EJ.:i111L v.11tu11'1.t1w'fi'1e:i'U!Ji'1 (Flexible materials) L-li'U ~~" 
• v ' 

Nylon/PE
3 

(Hu et al., 2004) '1tLnl'lf111'Vll'l11'1~~\;).nflJ'1L~el.:J3.J1'11f1Fl'l13.JLL\;lf11'11~1tVl11~Fl'l13.J~'U 

fl1EJ1'ULL"t.n1EJ'Ue:inu11'1.t1w'1 (Dobias et al., 2004) 'Ue:imnnil ~ai;i.f1w,.Jviii11l.JLLVl""Fl" L'li'U . ' 
lJ'U~~.:JLL~'UVlvl'ln'Se:JU (Silva et al., 2004) a1'1vi11~Lnl'l1~1vi1'11'1U11'1L~Lrnt~.:i~"1 ~'1ntL~EJ " , , "111~ 

'1fl1'lt~qiqi1mP1liiu11~i1w'1 (Mann, 1968) 

1 'U'Vl1.:Ji;)'S~tl'U'!i11JtlU f111U11~LL 'UU~qj ClJ1 fl1PI f111"\91 Fl113.J L '1i11oU'U'IJv.:Jvvf1~L v'U 1'UU11~Jl ru,l 

e:i1v 1 "!i'mtu1'Um1vi'Uti1"1l (Gaseous flushing) 11'lvn1'llviwm 'li11 iJ1 'Uu11~Ji'ru'fla1~L tl'Un16li 

R1iuau Ll'laan L'!f~ ( C02) zj,:iii~ru'111u~e'Ju8~ m1 L'1~ClJL~u Li;) L~u Li;i'!Je:i.:i L ~a~~'U'Vl~v (Matan 

et al., 2006) n1"1JL'U 1\;l1Llil'U (N2) ;~L U'Un11!!vi'l"li'ui'u'1lJl'l"'IJij~tJ1fl1PI 1111~.:JeJ.:J°li'JEJ eru8.:im1 • 
L'1~qJL~UL\;lL~u li;i'lle:i.:iLifmia'Uvr~v L'li'U Aspergillus flavus 

4
1 'U51 LL"tm1Lnl'l'l.Jnn~v1eie:in~Ll'leH'U 

2 12 µm-Polyester laminated with 300 gauge Low-Density Polyethylene ~lllLthJiiih1~iit'l111J~11J1~'1n1~~1'1Jn1~~1J~1'1J!l!ln~Lil'U (Manju et al, 

2007) 

3 Nylon® (Polyamide) laminated with Polyethylene 

4 ~ii'IJY1~6.;1fi''l!~i'i~uii hi1iitm1~11iiJ1~1~;;.., Atlatoxin 



3 

•im..:i1"llir'U (Pascual et al., 2003; Oliu et al., 2008; Mexis et al., 2010) LL'1~/'Vl~eJn1"1l~?l:W 
~ CL1 c:i1 I C1i II " & I CV .-d q CV I I 

(Mixed gases) 'Vl:Wml~:W?l1'U~?ll.J"lleJ..:JeJeJn611L-;J'IJfn1l.JL "lll.J"ll'U!Jl1 L '11'\J u11~.f1'lJ~'Vl:WeJ1J111?11'U1~'Vl11..:I 

n1611Bfln~Lv'ULL'1~Fl1'S°UeJtl1~aanL611~ 5% 02 LLG'lt 3% C02 (Costa et al., 2011), 0% 02 LLG'lt 

20% C02 (Rubio et al., 2008), 80% C02 LLG'lt 10% 0 2 (Chen and Xiong, 2008) hHJU11~ 

.t1ru'1vinm-svi'Un1"1liimitihtl'1'm~Hu~'Y'la..:i~1 L'll'U mu11virt1~~..:i'Vla~ (Silva et al., 2010) 
'U • • 

I 1 ~ I ... O ~ .J "' U 'I ~ U .J .. ~ .JC: mn..:i 1n!Jl11J 1~UUn11U))-;JLL U\J'Y'ltln1611';11L1J'U'Vlvt1Jlf)..:J)t1.:J ~ tln11'Lnu1n~1'Vlfl1';J';Jtl.Ji;i.:J'Vl'Vll.JLL 'Vl.:J • 

'UflnL 'VIUeJ';J1n1tUUn1)\J))~~nci11'ti1.:ii;it1 1tUUn11U11~L iB.:iLLeJf'lVi'W (Active Packaging 

Systems: APS) LiJeJn1:5'~eJan~Lvt1 (Oxygen scavenging) L'll'U m11"li~eJ..:i~~iun161laeJn~L'<\l'U 

(Oxygen absorbing sachet) 1~i'uf'l11:wilv:w L 'Um1Lnufo~1~~i;i.t1ru'timV111e:iu LL ~..:iviii 

eJ.:il°itl1tnvu"!la..:ih.1lY'U~.:i L'll'U ~~i;inru'ti~L~EJa (Cereal products) LLF11mnai (Cracker) 'Vl~a 

~~1J1.t1ru'tiL de:ieJuu ~.:i(Dried meat products) L'Y'l11t~~i;i.t1ru'tiLV1ci1dnLL 'U1 L ti:wLn~tl~n~E.11 
mm~L~it11~~1EJ (Brody et al., 2002) -;i1nm1Pln~1m1Lnu~n~1n~1EJ'VleJ~mauV1~eJn~1mu1n 

LLi;in (.n1~1~t1) (il.n1111ru U'1teJ1tl'l1 2553) LLatV1:wi;i1mL~.:J'VleJ~tl1.:i1?1'Vl~eJ'Vl:W?1111Fi' (nn~m 
• \.I , \.I 1111 

Lrn::mm'lftin, 2553) 'Y'lu11~a.:i~~iun161laeJn~L-;it1i1fli'nv.n1'Y'ILt1m1'1~rh~e:ieJn~L-;i'ULt1u11vi1ru'1 
'U • 

w~:w'rlm?l~n (PET/mPET/LLDPE) 1~eJEJL'U1t~u 0-0.02% 1~1Pma~a1vm1Lnui'n~1 90 i''U ru 
'U • 

30±5°C v1man?111~L~VUL~EJ..:iL(;)eJ·n11Vi'Y'IEi 1-hh~:w (2550) 'Y'lu11i'i..:iu.3!11m11i"1leJ.:J(;)~iun1"1l 
'U 'U 

e:ieJn~L'<\J'IJ-;Jt 1~i'uR1111ilv:w m11 .U.:i1t161la.:i(;)~iun1•irnan~Lv'Um1v::1tiJ(;)1ti'..:i 61leJ.:rn1vvt Ln~ 
'U 

n11LLIJln/~1 ~.:Jfl1-;J'Vi1L~Ln~n11U'IJL na'U1t'Vll1.:Jel 1'Vl11LL'1t'111~~iijue:ian~L'<\l'U L -dti ~..:IL 'Vl~n 
'U 

ilv-;iu'U1~nm1~"1J'U1w~:wu11-;il1ru'1~nfli'nv.nTw~~iuaeJn~L-;i'U 1~vfl~:wtl1:::L.n'Vl~.:imi11 'Vl~a 
• • 'U 

L~E.lffl1 Multi-layer films ij.ff'U (Layer) vi'11l.J1'S'1~~.a'UeJeJn~Lv'U L-d'U EVOH/OS/CPP
5 

(Zerdin 
'U 

et al., 2003) LfJeJ'1~U'Y'Vl1n11U'IJL~f)'U~.:Jnci11 av1.:ihni;i1:w Yl~:w~~iueJan~Lv'UeJ1vvti1 
-iieJlii1n~~1t1f'l11:wLL~.:iLL1.:iV1~af'lru'1:wmi'Vl1.:imEJil1'Y'l~'U 1 L-du m1Ei~~1 L~e:i.:iv1nneJ.:il"i'tl1tnau 

'!le:i.:i1~uu~~iuaan~Lv'U 
'U 

-;i1nm-si;i11-;i rnn'111~L~E.11rUeJ.:J'Y'IUl1i5m11'i.:i nci11 v.:i hH1m1 Pl n~1mh:i L U'U)tUU L 'U m1tl1 

V1'1'nm1 MAP ~..:im1vit1n1611LL'1t'Vl~e:i1tuu Active oxygen scavenging 111tl1:::~ni;i1-tlnu 
~~ i;inru'1:w::: L ~m 'VI fl! L 'l1eJ~e:iu u ~.:i~.:i L ll'U~~i;i.t1ru'1~i1F1ruri1'Vl1.:ieJ1V111 Lrnt:w'1 ri1V11.:i m1i;i'11~~?1.:i 

• 'U 'U 

~.:ii!'U m11~El'0~..:iL U'ULL u1m1~"1J'U1LL'1tl'iave:i~e:i.:il"i'f'l1111~m1u11'<\l'11V1fo11::: L ~a L 'Vlfll L 'l1€l~eJU LL ~.:i 
'U , 

5 EVOH, 05 u.11t CPP 1\Julin-tmJeYlu!lnii~ll~rlthtn!l\J,,!NYl1hJ'1rn111~n'Hi'11!.l'ffu (Multi-layer film) ~~thtn!lui;\°1v .Ou Ethylene-vinyl alcohol 

copolymer, .Ou Proprietary oxygen scavenging layer U.i'lt .Ou Cast Polypropylene 
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.,j "" tl.,j tl II q ~ cl ~ t d v 
L 'Viv f'1 m~n n TH "m.J u. ".:i fl run 1'Vl'Yl1.:J mm Fl 11 m tlfl 1'VlLLm:1il"'1J'Vl 1 ti i'UJ'Vl.:ien t1 m-s Lm.rm '1!1'1 • • • 

11::L ~m 'Vlfl!L '!lv~vuu. \1.:in1v li;i'-s::uum-su-s-s'1u.mrnwvi.n1im-sLnu~n~ni;h.:i '1 
, , " I 

.. .,j II 

1JtL "I.Iv L 'Vlfl!L '!lvivtJLL 'lH 

1.3.3 tl1~mm-s1~t11 tlL~tl LL 'Vl~!Jiv~tl-s::naum-s~~1J1firu'1mm1 ~.:iij~nvm'Vlvl"ilttl1m-s1~v 

1tl 
I ._ .. ~ I lltl .3 I .J.. .,j <0 .,j II 

'1L'!l.:JY41W'!IV L'!l\J ~ -s:rn8tJfl11"l.l'U1J'!JtJLFltldLL'1t81Vl1i11.:J 'Yl1JLfl18.:J1J8n1itJ11'"1 'Yl'VlieJ1J"ilt .. .. . 
~1L ilu m1tl~u lit -Haal'lfl~B.:inu1::uu m-su -s1'1vlijm-sw1;1n.J1;1'uv1 n-ila Lauv m-s1~ vd • 

m11~Vvt~1LU'IJn1iL~Bn'!lill'littJtJtJi1V1fl1fil~l'lLLtlivlLVl1J1ti."11JtltJfl1iUii"il1JtL"lim'YlfilL'!l8~ • 
vtJLL-H.:ivlu-s-s'11 'Um'lla.:ithtLfl'Vl PET/Metallized • • 

.Jo ~., 

PET/LLDPE 'Vl'V11fl1iLnu-sm~n ru '1.fl1')t 

eJWVlfl1ioHB.:JLL"toH8.:JLV'U fl1iL~8nittJtJ~\lmh11 im-s1Lfli1t~ 2 LL tJtJ~eJ . .. 
.. -~ I q ~ 'j cl cl "" 1.4.1 L '!l.:Jui1J1ru L '!l'U n11') Lfli1t'VI ~" ~Fl~'U LL"ti."11ifJt1J.fl1'Vl'Yl1.:JLfl1J-n1 V.fl1'Vl8\J 1 

1.4.2 L"'B.:irirun1'Vl L'liu m1'Vll'l'1BUF11111'!IBU"l.IB.:J~~1J1.Ji' w'1n1t1li;i' m-su11"il LL uu!Ji1.:i '1 
• • I 



.. 

... .d 
2.1 1J:a<t1VL 'Vlf1 L 'lli>'i 

d 
\J'Vl'VI 2 

4 .., .?. 4 .Q .J .:J4::111 0 .., .Q d 111"' "" 1 
1.Jt L "lJtlL 'Ylf'l'11'1L U'UY4'1l'll'Ul'l'Vl'\H'Yl1Jl'l111J~1flqj'Yl1'3Lfil'i~~ml L 'Uu-3'11n l'l'i'Ul'l111J'U l'.111 'U 1111 

'U~L.f11'l fl'Utl V1-3 LL 'Vl~'Vl"'1t:J~-31 'Utbt L 'Ylf'I LL"'ti;l1.:itht L 'Vlf'I an~.:!1JtL ~u L 'Vli'IEJ.:!tll'll.J 1 tJ~1t:J'11'itl1'Vl1'Svl • 

4 " =" " LL"'tl.Jt L "lJtlL 'VI f'ltl'ULL 'Vl-3 L U'U\;l'IJ 

tJ<stL'VlfilLUlLL"'ti:a~ 1.ltL~tlL'Vlf'I (Tomato) ii~ti'V11.:ii'Vlt111'11'1(;lii1 Lycopersium Esculentum 

Mill ~l'ltlt:JL 'Url'lli;i'ltn"' Solanaceae 1JJ'Stm'IL~t:J1nu.W'll,j'Trnn'Vl~n t:J1'1'U 1.ltL~tl LL"'tU'U~~.:i 
'II 'II 'II 'II 

~ n~Wtt:rn'Vtl-31.lt L ~m 'Vlfllii~.:iLLi;li:rn n"'1J 1 V'1'U5.:i i:.rn~ i1"llti.:it:rnii~.:i LLi;ii1L 'Vl~tl-3'1'Ufi.:ia LLl'l.:IL ir1.1 Lrntii 

'V'U11'1L~n'1'U5.:iii'U1111 l VJni ~'UuVfl'U~1t:J~'UB (n'111m~-s~n1'1'i, 2531; Lfl<s.:im1~1'1.:iL~'U~{1.:i.:i1'U, 
·~ \I • • ·~ 

2549) l 'U1111~n~1d L~tin 1 .U1.1tL ~m 'Vlf'l~'UBL 'llti~ L~ti.:i'11n11tL ~m'Vlf'IL'llti~iif"lwrhvn.:i t.n'!ru1m-s?t.:i 
' • 'II 

~.:i'1t 1~tl1L~'Utii;le> 1 tJ i;i"'til'l'1'UL U'U Lfl'i.:JnT~i;lm ~ti.:i-;J1nm<s~\;lJ'tJ11.ltL ~m 'YI !'IL 'llti~u'ULL ~.:i 

1.ltL~tlL'Vlf'IL'!lu~ (Cherry tomatoes; Lycopersium Esculentum) (.nTwvi 2.1) ii~n~wtt:·rn 

'!lu-!11.ltL ~m 'Vlf'IL 'llu~~l'ltl~ L 'UU'StL.f1'VIL 'Utl~ (Berry) ~.:iiim11.1LLi;in!Ji1.:i-;J1n1.1t L ~m 'Ylf'lt:.m L 'Vlqjvlii~tJ~1.:i 
~n~wti;l1.:i I L'li'U nmJ m'll.ILLU'U n"'11t:J11 'Vl~tJLU'UL'Vl~t11.1 ('4'11-rlJltl LLn11.11i;iv LL"'t~'Ui;iu1 'U1~.:i'l-i 

'Vlu.:i, 2551) 1.1tL~tJL'Vli'IL'llti~ii~rufi1'V11.:imV11'lvi~1~qi~u 1"' LflW'U ( Lycopene) vlvi'1l~Ln111i1LLl'l.:J 

1mij'U~ (Ascorbic acid) ~1'l°ti"'111'Uut1~ (Flavoniod) LL"'t~1'S~'U I vl'11~qi L'li'U LLl'lhViueitii;l 

(Carotenoid) ~.:1~11 L V1'11ii'ih•1ru'111u~l un1-sL tJu~1-svi'1'Uti'U1J"'~~'St (Antioxidant) (Guil-
• '"' 

Guerrero and Rebolloso-Fuentes, 2009; Friedman, 2004; George et al., 2004; Chang 

et al., 2006) 1111t1~11vi'1'Uu'U1J"'~~-s::diitJ1t 1ti'lltl i;ie>~1\ltl1t:J1J'U~V L '!i'U "ll1t1 L 'Utl11"'.:i Ll'l<s1::'1-i 
• 'II • 

l'lu"'"'1L'1'U (Collaoen) ~.:ILU'U~1-svl,j'1Ltl'Ul'Ut11'S~{1.:imt111n L~'U ~1VJ-U.:i LL"'tLifm~eJ 'li1vm::\;]'U 
:> 'II ' 

m1~{1.:iTT111n"'u'U '!i1t:JueJ.:in'ULL"'ta1'1.:i.f1ij\;)1'U'V11'Uhl'l L'!i'U hl'11.1tL~.:i ( n-s11.1i'1J1tl ~.:i"'.:i-U, 2551) 
'II • 



fl1'W-vi 2.1 U::L;iilLVIAL'Uil~ (Cherry tomatoes; Lycopersium Esculentum) 

vf u1: Maki (2009) 

""..9 ., t .. "" 2.2 il11il1\111VIC11A'lf 1JU::L'!li1LVIAL'Ui11 

2.2.1 la ltit'ri1J (Lycopene) 

6 

G"11~1"1f"lf;t1 (C40H56) (fl1'W~ 2.2) ~i;rn~"lt1n~l.l"flv~L1.f"lhVit1mJ~ (Carotenoid) 'li;iu 

1 'i ... 'I .. ..1..... .. U U I .. 'i cl f't U 

'1Ll'l'W'U'W\Jl.11nL'U'W'fJVll.IG'IL\1'1v~ G'll.l Ll.'1tG'll.ILLi;l~ L'fJ'U l.JtL"fJe>LVlf'I LL~~Ll.l l.lt'1tnv L°llv~ LU'U~'U 

~1~1~~ 2.1 1~G"1~tltl~1.11ru 1" Lf"lf;u1 'Ul.ltL iim vtf'IG'11EJ~'UQ~h~ "l 'W\Ji1~t~\J 1'1 Ll'lf;u1 mJtL iim vtf'I 

L 'llv~i1LL u11 i!1.1~~ni11.1tL iim vif'IG"11v~uQmu zj~u."'i;i~t ~L ~u5~1'Jw~1vi1~ Lfl'!lt11m~~~~'!Jv~1.1tLiiv 

LVl!ilL'!lv~ (George et al, 2004) 'UvmnnU V~'W\Ji11'11f"lf;utmtl~vni1t1~1.11ruG'l~ffh1uLilv1.1tLiiv 
'II 

L Vlf'I 1i;iutl~1.11w L'1 Lf1Y4u1 'UL'll~vni1fi1v~"I. u·rh~ 4.83 - 14.l mg/lOOg ~1u 1'1 Lf"loW'UL 'UL il'vi1~1vtj 
L'U'!i'd~ 2.04 - 6. 94 mg/lOOg L'1 Lf"lY4'Ui11"JNG'll.IU~LiJ'1t'11Elll1 LL~'1t'11EJ1i;i'm 'UL"fJlJ'ULL'1t~TYh 
'1t'11EJil'U'Yl~V LLf"l hYiutiui;lu. u~titin L~L U'U 2 m=i1.1~v n~1.11~1i;i~l'l1'fov'U LL&ltn~1.1~i1t1vniiiL'1'UL 'U • • • 
Ll.IL"~" 1i;iv 1'1 Lf"lf;'U~i;it1~"l un~1.11~1i;i~f11'fovu (u5m -s~u1tl'Ut1vi, 2545) 



.. 

., " ... tn2.11Na1'~la lRcW\l (mg/lOOg; wet basis) 
a1V'W'U~2J::L "lJtlL'Vlff 

~buLtJilan fl1ULila 

... ..J ., " 
1J::L'!JeJL'Vli31L"lfeJ".iW'Uf:i 818 • 14.1 6.94 

... ..J ., " 
1J::L'!JeJL'Vli31L "lftl".iV'l'Uq BR-124 10.2 4.89 

.. ..J., " 
1J::L'!JeJL'Vli31L"lftl".iW'Uf:i T56 • 12 3.78 

... ., " 
1J::L'!JeJL'Vli31W'Uq DT-2 8.1 5.22 

1J::L;im'Vli31-W''U5 5656 • 10.7 4.5 

1J::L;im'Vli31-W''U5 7711 • 8.97 4.37 

1J::L;im'Vli31-W''U5 Rasmi 10.8 4.3 • 

1J::L;im'V1131..;''U5 Pusa Gaurav • 10.2 3.98 

1J::L;im'Vli31-W''U5 DTH-7 • 4.83 2.73 

1J::L;im'Vli31-W''U5 FA-180 7.58 2.48 , 

1J::L;im'Vli31-W''U5 R-144 6.24 2.04 • 
1J::L;im'Vli31-W''U5 FA-574 • 6.12 2.18 

"" 'Vll.11: George et al. (2004) 

1'11flrl'U~LL 'U11 u1J~'1::Ln~m".i L~eJlJL~v 1~~1v,nnih1'1vV1'11vtJ1::: L.fl'Vl L ~'U m:::u1'U m".i 

~~~ (UGV1 i'~'U1tJ'U'Uvi, 2545; LEJ11.fl1 ~~1~'U1'Uf1'1, 2545) LL'1t'1.fl11tLL1~'1e:i1l1'U".itVl'h:m1".i 
'" 

Lnui'm~n (Lt111n1 ~~1~'U1'Uf1'1, 2545) '11f1'11'U1:5'v'!Je:i.:i Muratore et al. (2008) wu11e:iruV1nD 
.,, "I \I 

LL'1~L -rn11 'Um".ivl1LL ~.:ilJ~L ;lm Vl111L "lfe:i~ij~m•ie:itJ~mru'!Je:i.:i 1'1 LflYi'U 1~vtJ~mru 1'1 LflW'U~t'1~'1.:iLde:i 

1'li'e:iru'Vlflm'Um".ivl1LL ~\1'1-:JLL'1t 1-UL 1'111 'Um".ivl1LL ~\l'U1'U 1 miru:::~.:i1'U1:5'v'!Je:i.:i Sahlin et al. . " " 
(2004) mh111mt'U1'Uf11".iLL tJ".i".itJij~'1~eJtJ~1J1ru 1'1LflYi'U1 'U1J~L;imVl111 Ll'lEJ1JtL ;ie:iL 'Vl111~~1'Uf11".itl'U 

" 
LL'1t f11".i,]1J~tijtJ~1J1ru1'1 LflYl'U'1\ln11 n1".i'Vltl~ L ~tl\1~1 f1 f11".i'Vltl~ L U'Uf1".it'U1'U nT~m if fl111J~tl'U'1 \I 

" " 
".i11JvY.:iijJ1JJ'U ~.:i 1'1LflW'U'1t'11EJ1~m ml1JJ'U~tvl11 ~Lfl~ln1".i~qjL~V1J1nn11 

ei~1.:ihn~11J f11".i~tlJL~V'!JeJ\11'1 LflW'Ufl~\lfl\ILfll'l~'U1~L ~tl\1~1nu~'1v~'U 1 L'li'U LL'1\I 

fl111J~tl'U LL'1tm~ ~1m1'Ui:5'v'!Jti\1Lt111n1 ~~1~'U1'Un'1 (2545) 11v.:i1'U11tJ~mru1'1 LflW'U1 'U . " 

7 
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t.h1;'1'Uh1 'Um1vhm1u. tlntl'Ue>nL viiimnnm 11'utl1~'Vl1'U'1~ L 'Ul;'I~~ L ~B\l"i11niJi\Pl1ij'U~1;'1-:in-;l1 v v 

2J~L;JBL'Vll3!~11tl 111J~\lifo11~'U 'l vt'1'1LU'Ui;IB~1\ln1t.J2J~~V 

i.Ri.nru1~1ih.1~ 
... , ... 

i'l1E.1~1Jf5JJZL'llilL'Vlfl (mg/100g; wet basis) 
• 

ri11..1LtJaen 
.K 

fl1'LIL\JB 

... ..1 ... " 
lJ~L"!.IBL'Vll3!L'!1€))l'i'Uq 818 56 32.4 

"' ..1 ... " lJ~L"!.IBL'Vll3!L'!l€l1't'i'U5 BR-124 • 40.6 29 

"' ..1 ... " lJ~L"!.IBL'Vll3!L'!lm't'i'Uti T56 50.8 28.6 • 
"' ... " lJ~L'IJC>L'Yll3!Vmq DT-2 25.9 15.2 

... ... " 
lJ~L'IJBL'Ylfll~'Uti 5656 20.1 13.4 • 

"' ., " 2J~L"!JBL'YlfllW'U~ 7711 17.2 12.7 

2J~L~BL'Vll3l~'Uq Rasmi 42 14.8 

"' ... " 2J~L"!.IBL'VlfllW'Uq Pusa Gaurav 13.4 9.2 

"' ... " 2J~L•!ffiL'VlfllW'Uq DTH-7 24 10.7 

2J~L~BL'Vlfll~'U5 FA-180 45.5 9.4 • 
"' ... " lJ~L"!.IBL'VlfllW'U~ R-144 8.55 30.4 

lJ~L~BL'Vll3l~'U5 FA-574 • 9.4 8.4 

cl 
'Vl111: George et al. (2004) 

i\Pl1ij'U~ihL 'U11-Umn~m1~qiL~v1~~1EJ 1u1~vii1.:im1LLtl1~tl hwiJilv~v~'11fi'cy~tJ 

LL"1\ILL'1~€JCIJ'Vl11ij zj\IL~mn~tJnn~EJ11~'Vl11.:iimij'U~LL'1~U"il~EJ L 'Vl~TQ ~\I~~ L mmij'U~ Ln~ 011 L~€l2J • v ~ 

l;'lmEJ 'Utlmnnd n1'11€leJn~Lv'UV\IL U'U~nuv~EJ~iJ~~ 1 ~Ln~tll)n~t.J1B€ln~ L~eU'U~t111 tl~n11L~€llJ 
"1mEJ"!.lv\li\Pl1ij'U~ 'UtJmnnd m1~qiL~EJi\Pl1ij'U~mvLn~v1nm11oti"111~~mt.1i.h~LffV1~1-:i m1'11-:i 

'Vl~€ln11LL'li LL~~m1tJ1-:imV111 L'li'U n11~1J1;'1n (5111J1'\Pltl ~""'"'!!, 2551) "il1n\11'Ui~EJ"!.leJ\I Georo .. , .. :::> 



10 

Ll'lEJimiju.m 'UlJtL 'iim 'Vlf'lvl~Tum·m tl<;iit1~1vF111lJ-S'autfi lJ1rui911i)u~al'la~tl<;itlJ1ru 80% Lda 

L ti~ EJ'U L fiEJ'U nutl~mrui 911il'UoITT 'UlJt L 'ii m 'Vlf'l~'1'1"1 1911il'lJ~tl1'1Lii~fi11~qJL~EJ 1m 'U1t'Vli1\I 

n1t'U1'Ufl1';i'U';i1~LLatLnu'S'mfl Muratore et al. (2005) ';i1EJ~1ui1i911fl'UoITT'UlJtL'iimVlf'l'rl"'lJ~a 

'1~ (Plum tomato) LdtiLnu-Sn~nvi 15° c i1LL 'U1LUlJLn~fl11L~tilJ'1'11EJ1~41EJ 1 'U'lJ1';i'1.ii'ru'1tl1tL.f1'Vl , 
( 4 "" ~I ' ) .J "" .J~I ' Polyolefin "lltlL1EJf111lJ"tltl\ln'1lJ Polyethylene LL'1t Polypropylene "11~lJ'11L'VIVl'110fi11'Vln'1lJ 

~\I n"11 EJ tllJ l ~n1'lltltl n~ L '1 'U; -3 ~1'U~ ~lJL ,j 1lJ1 L 'U'U ';i';i ~.n ru'fl1~41 EJ~~ L n l'l fi1';j '1 t'12.J"tl tl\I fl1"11 

aa n~L '1'U L 'U'l.J';i';i'1.Ji'ru;Ja.:i~a l ~Ln~m';i'Vi1tlfifi~EJ1';itV1i1.:in1"11aan~L '1'ULLati9l1ij1J~ ~.:ii.h 1 tlclm';i , d.j \I 

d .. .. ::!'! '" L .J" ..j .. J 1 "" L ~I ' ,J.,, 'tJ L'1'1lJ'1'11EJ"tlti~1\Jl1lJ'U"l1 Ll'l~1CJ 'U"tl'1Jt'Vlti\Jl';i1fl11L'1tilJ'1'11 mn~"tl'lJ l'l'l!1 'Un'1lJ'VllJti\IFI 1t na'U"tlti\I 

PET ;\li1fiJUJ'1lJ~~1'Ufl1';i;lJ~1'Utitin;L'1'UL~~-3 (High oxygen barrier property) Zerdin et al. 

(2003) 11ci.:i1ui1tl~mrui911ijuil uJ1'1lJ;\l'U';i';i'1 L 'lJrt\lfj~lJzj\lihtuu~~iuaan~Lv'U ( Oxyoen 
'I 'I \J ::> 

scavenging: OS) al'la-3tl1t1J1ru 20% Ldm tl~mJL ViEJunum1a~a-3'!.la~i911iju~l 'U~-3Yl~1J 
.J 4 'I du u .,. o.J ~ 

EVOH/CPP 'Vl'1'3LOtl'U 30% L'lJfl1)L0'l.J';i0~1 3 1'lJ ru tl'1JVl.f1lJ 25 c "ll-3~'1fl1)1"1n'lfl"tlfl-3 Zerdin 
\I • \I 

et al. (2003) LL'11'l-3ii-3tht~'V15.fl1Yi"tlti-31t'U'U OS lum1n1~~aan~L'1'ULL'1t'l!:mam1~qiL~EJ 

i911i)u~ 'Utin'11nd Zerdin et al. (2003) 11EJ~1u11m1~qiL~EJ"tlti-3tfimrui911iju~~lJ~'U5nu 
011 L ~1J~'U"tleJ-3~J1911a t uJ1~a 1l! L V'4';i1ti9l1iju~ L uu'111~1um-; ~n~~J1mavi~1R'qi (Anti­

browning agent) L~EJvifl1';iLn~~J1911a l uJ1~1Jvl'lJ';i1~ 1 u~.:iYl~lJ OS i1LL 'U1 L U1Jfl11Lfll'li'1J1911a 

L 'UU'1~uu-31ui~EJvlPln~1 L~ci1nun11~qiL~EJ"tlti-3i9l1iju~l u~~91.fi'ru;J11t L 'iia L 'Vlf'I 

ti'ULL-H'-31 'U'1fl11tm1u11~1Jl1.:i 'l V-3 'WLL 'rl~Vlmm vhvlm1 ~\IF111vl'1ti1m1Pin~1L ~1JL~1J 1 m~ti\l"tlti\I 
'U1';i'1.Ji'ru;JvlLnu-Sn~11JtL 'iim 'Vlf'lti'ULL ~-3 zj-3u11v.fi'ru;JvlL V11J1t'11J 1 umw1u-rn~111t L 'iim 'Vlf'IL "llti~ • • 
auLL-H'.:iF11'~vi'1ti1F11111'11lJ11n 1 um1ua-3num1~lJ~1u'!Ja.:iaan~L '1uvl~ i1aruvrnm u 011 Lnu-S m~1 

• \I 

vlL vrmt'11J 111J~.:im1i1nT~ua-3nu 11J1~LL'1-3~ti-3~1u1~ L ~aua~nu 1111-H'Ln ~m1~qJL~EJi\;11i1uit u .. 
lJtL'!JtlL'Vlf'I 

2.2.3 i'l1':iWi'1h'IJt>EJ~ (Flavoniod) 

~a111uaEJ~ L U'Un"1J"tlti\11~F11'9lrtvi'V'4u 1 u~"llvli1~L vr~a.:i zj\IL tlu'111tl1:mautl1t Lfl'Vl • • 
lna LFI l'll~ (Glycoside) zj-31na LFI 1"11~LU'U'111tl1tnau~'U'V11~n~lJ~1R'qin~lJV1ll.:i '111J11rt'rltJ 1~'11fl 

n11'1nl'l~"lliu'1.:i ffim.:i'1i1~tl1tnau~1EJ 2 '11u~a '11uvlLuuJ1i;nm1EJn111na LFIL'1'U ~unu'11u 
\I 

vhlJ1 -dJ1ma L1EJni1at 1na LFl'UVl~ti~uu (fl1Vivl 2.3) lna LFI 1'll~'11u1 vraji1']'Vl~'V11~~1n1V'i 
'11m1riu1lJ1 t.nLuuEJ1-rn~1 hfl l~av1.:in1'1.:i"1J11.:i L'tiu 1"liLtluEJ1-S'n~1 hfllJtL ~.:i u1u~mm1~1 

1'1 Li;i'u~i;itln~ 1-UL U'UEJ1)ttJ1EJ 'Vl~tlU1lJ1 L m 'LILFl~eN~1tl1\I L uui;i'u zj\l')'Vl~L 'U'Vl1\1Lfl'1'1!i'Vl EJ1"tl€J\I 

1n"LFI1"11 ~~'lJ €J ~ nucl 1 u €J tln "LFI '\J Lu 'U '11 ul VI aj (Vi) Vll1EJ fl'U LL n1' 2556) 
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111-w~ 2.3 lfl~~a11~'Uil~"~1t1ueaff 

~111: Cook and Samman (1996) 

li'1111uvt1~L U'U'111~ijfl1111fl.:i'Vl'U~vfl1111-rv'ULLa:::t15mmvvfl~L~i'IJ 1~~fl11 LLv'IJ L 'Vl 

L'llt11-U'IJ LL~L tl~tr'UITT~41vulei"5111n'U 1avr::: li'11l1'1Jvt1~L tl'U'111~.:i!Ji'IJ'V1vi1 t '1Lii~t15n~v1~J1~1'1vl 
ijLei'IJ1-ni1Lllt1vi'1L ~.:it15ii~m Yl"lf~1'1J 1 "'1ajiiwm11'1JvEJ~L U'U~1t1tJ1:::flv'U 1~movn:::'Wa111'1Jv'1 L °ii'IJ 

Lflvi~~'U (Quercetin) ua:::LLfl1l~Vhva 1fl'1Lfl1-n~ (Kaempferol glycosides) (-Ufiv1 -r~'IJ1U'IJ'IJVi, 

2545) 'tia1b'Uvtl~Vi'U1J1flLW·J'1UJ ~fl 51 L1J~~ ~vflUJLL'1:::LtJavfl1lJ L°ii'IJ '!11 iX1V1v1J LLeJUL~'1 

L1ULL~.:i LU'\J!Ji'U (Cook and Samman, 1996) 

tics::: Lt1"l!tl'!Jv.:i'rl'11L1'Ue>EJ~Fim um'l11~1'Ue>'IJ1l'1~'11::: (Antioxidant) hw~::: 1 tlvu8.:i 
·~ . 

Lipid peroxidation t mr'IJ~v'IJLL 1fl'!Jv.:lfl1"5Lii~velfl~L~-a''U (Initiation stage) L~EJfl111tJ:ij'Un'U 
Superoxide anions ua::: hydroxyl radicals vu8.:im1Lii~vvfl~L~oO'U'!Jv.:I Low density 

lipoproteins (LDU LL'1:::a'U&.:im1Lm:::vi'1n'IJ"llv.:iLfl~~Lilv~zj.:i~:::"li1mLnuqil1111flvrav~Lav~i.r1 tlil 
(Cook and Samman, 1996) '1Jvfllil1fl.Q W'11b'Uvtri;i'Ltlt1vi'1ir'U~.:IL~t11'11l1 LV'Uvl1~'ULL"'.:ILYl11::: 
'rl'11L1'1JvEJ~l°1e>'IJ'li1.:ifl.:ivi'11 t1"1i1.:iF11111v11fl~'IJia L U'1 (Visible) LL'1:::v'1~~1111m'1~ (Ultraviolet) • 
(~°ll"51fmll ~11~:ij'IJ'Vli LL'1:::~~~11'1v ~1L~qi't1\;lltl, 2547) 

~111.:ivl 2.3 Lll'Ufl11LL"'~-:itl~111ru'Wm b'IJe>EJ~vY-:iV111~ L'IJ1J:::L~VL'Vl!ile:JULL'1.:i 1~EJYlu11 
11:::L~e:JL'VIPl'11EJ't1'1J~ Sheng-Neu tomato LL'1::: I-Tien-Hung tomato 1i1:::i'.lt1~111ru"!.lv.:!'rl'11L1'Ue:JC.li;)' 

vY.:i'Vl1J~ L ~11111 fl~'UL~v~1'UflW'U1'1Jfl11vU LL '1.:i L ~v.:1'11fl°l!U~'!Jv.:!'rl'11L1'1JeJ EJ~~1'1J t 'VlruL 'IJ L tlilei fl 
" 

'tle:J.:J1J:::L~e>L'VIPl~e> Chalcone naringenin LL'1::: Rutin flavonol LL'1::: Quercetin glycoside 

Chang et al, (2006) e:i5u1a-J1m1L Yi11~'1J'tle:J.:itl~111ru'Wm 11t1vEJ~vY.:iV111~d mlil Lii~"infltl~ii~En 
"1i1Lfliivl'U~L1ruL 'if vLL'1:::L tl~vfl'!Je:J\11.l:::L~m 'VIPl1:::VJ11.:im:::'U1'1Jfl11vi1LL \1.:i 1 t.1"!.lru:::vl Toor and 

Savage (2006) 1~~fl'li1fl11L tl~tr'IJLLtl'1\ltl~111ru'rl'11L1'1JeJEJ~vY.:i'Vl1J~ L 'U1J:::L~m 'VlPIW'U~ Excell, 

Tradiro LL'1::: Flavourine (~111.:i~ 2.3) Yl'Ui1tl~111ru"!.leJ\l'rl'11L1'1JeJCJi;i'lil:::MlMvV1\lij 

i!m111'1qi vt1.:i"''1~ (p < 0.05) L~eJ~Tum:::U'J'Ufl11e:J'lJLL'1\ILL'lJ'lJ Semi-drying ~.:i Toor and 



12 

Savage (2006) n~1111m111ruwm b'Ut1t1"1"~".:itl-st111ru 10-15% 1~murn~ L 'U1ltL ~m 'Yll'l'\i~\.1~ 

Excell ~.:im-s"~".:idtn'1Ln~L~t1.:i'11n Flavonoid glycosides ~n1~1t1-s1m; (Hydrolysis) ei'.:ihiil 

'S1EJ.:11'Un1'S~n'IY1tJ1111ru-.fo1l1'Ut1EJl'i'LL"t/'Vl~El n1'S L tl~EJ'ULL tl".:i-.fo111'UEIEJ~1u1Jt L ;'im 'Yll'1L 'l!El~ 
II 

m.JLL'Vl.:I 

... 'lfi1.11ruwa1l1uavtl~~V11lf'I 
1JZL'!leJL-.ifl 

~aitf'I 
., 

utJLLVI~ 

Sheng-Neu tomato 
1 

4.7 ± 0.1 8.9 ± 0.7 

I-Tien-Hung tomato 
1 

5.6 ± 0.3 8.4 ± 0.2 

Excell 
2 

210 ± 7.2 179 ± 9.6 

Tradiro 
2 

211 ± 10.7 183 ± 7.6 

Flavourine 
2 

197 ± 13.6 176 ± 7.0 

1 
mg ( + )-catechin equivalents/! 00 g dry tomato 1~v 1 <O'~ru'VllJiTI. 'Un1'SBULL-H.:ifia 80 ° C 

2 i111J.:i LL"~ 60 ° C 6 i111J.:i 

2 
mg rutin eq/100 g dry matter 1~ti1i~ru'VIJJij1umwuLL-H.:iFie:i 42 °C 18 i1h1.:i 

~111: ~~LLtl".:i'11n Chang et al. (2006); Toor and Savage (2006) 

"" 2.2.4 it1'auU -J 

'11'S~1~ cyt 'U1JtL ~m 'Vll'1'UE1n'11n~n~11 H'li'1.:i~'ULL'11 v.:iil'11'~ ~'U I L -du Ylue:i~ n 

(phenolic) (George et al., 2004; George et al., 2011; Chang et al., 2006; Serrano et al., 

2008) zj,:i~'UeJ~n~eJ11 L U'U'11'S~ilf"1ru'11JU~ L U'U Antioxidant '11':i~'Utl~ niltl1t 1ti'l!U~tl'161Ji11V'l L 'U • • 
m-s"~f"1111JL~EJ.:i•tm.:ihf"1vmeJ~L~at1\111'11u11'4'IYV (George et al., 2004) ueJmnnd 1J~L~€JL'Yll'1eJ.:i 

tl1trwu1tl~1EJ'111~1~qj~'UI L-ii'U Violaxanthin, Neoxanthin, Lutein, Zeaxanthin, a­

cryptoxanthin, ~-cryptoxanthin, a-carotene, ~-carotene, ¥-carotene, r; -carotene, 

neurosporene, phytoene, phytofluene, cyclolycopene -s111~.:i1tl-s~'U rnftu1mm(;l 1"1J:i1'U 

LE.lt11'Vl11 LL"tL'11 LU'U~'U zj,:iiJtl1tLEJ'lltJt1~1.:i1J1n~t1~1.:imt111'U'\YV (Guil-Guerrero and 
' 

Rebolloso-Fuentes, 2009) 
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0 U ~ ., ., d .,j .J.. .. .. d d I 4 

n11'V11 LL VI.:! L U'U n'it'U1'Uf111'1111n1'S'Vla.:J n1'S LnU LmJ1'Vl'UVl.Jl.J1 ndti'Vl'lH 61!.:Ja1l.J11 rl"ll'l v V111€l1 v • 
m-s Lnufo~n uatv.:i L U'Uifim-s'f n"ct1Rwri1'V11.:ie:i1V11-s"tle:i.:i 11 t L ~e:i L 'VIP! L "llti~ L 'U'it'Vl11.:i m ~u1'Um1 • 
LL '\.J1~tli:-J~l'l.t1W'fil.JtL~m 'VlPIL '!!tl~tlULL ~.:J'1~Ln111n11L tl~V'ULL tla.:i-im.:in~'U1'1 ~ a11'11~qi!Ji1.:i 'l LLa~ 

1f'l1.:ia~1.:i"1Jt1.:Ji:-J~{;l.nw'11i;) (Heredia et al., 2007) u11.Utiw'Vlflij\'Umwua.:iV1~m1a1'U1'lJ'1t~.:ii:-Ja . "' " 
1~n~ma ~ LLata11ri1fi'qi'Vt1.:Jl.JtL~m'VlP1a111a.:i11'l (Heredia et al., 2007) -s111~.:im·nnuL'U'1fl11t 
cJ., _I I d 'I .J.. JI d 0 'I U U .. 'i 1" 

'V1 Ll.JL 'Vll.J1tal.J L 'll'U Lnu L 'U'1fl11t'Vll.JR11l.J'tl'Ua.:i 'il.:J'V11 L 'VIR1111'iltl'U'tJtl.:Ji:-JU'hflRGl\11Gl.:J 111 
" " 

cl I '1!:1 II d .:'! ,!J ., I 1 <0 .J'j I I .J'u 
'11n'VlnGl11 L1 L'U'!Jtl 2.2 611.:JL u'U'111'11flqj{;l1.:J 'l 'UlJtL'IJtlL'VlPIL"lltl'S L111VVi'U11'11'SLVIGl1'Ua"l'lJ 

L U'U~1'Uri1~qj'1Jtl.:Jfl1111'11l.J11rl L 'Un1'i~1'Ut1'434aBa'St '11n'i1V.:J1'U"Uti.:J Toor and Savage (2006) 

Viu11m1an 1L~vla1RYi'U L 'U'it'Vl11.:im-sLL '\.J1-s'l.Jl.JtL ~m 'VlPILn\11L ~t1.:i'11nt1WV1flij LLa.:i mrn~L'1'ULLm: 
\.I·~ " • " 

1aV1tV1tl'nu1.:i"1lii111;f.:i~1'ULL~1LLIJiiji:-Ja!Jiam-sLn1111a l'i!Ll.Jafl 'iL'ili'U ( lsomerisation) LLa~'\.Jl)n~e.11 

titin~L\11-ll'U cl1'U1{;11ii'U~'1tLn111n1'i~qjL~V 11'l'L ~8.:J'11nLL'1.:J vvn~L'1'U R1111~tl'ULLGlt Ltl'U 161111 

<0 .,j ~ OI .. <0 OI I JI V 

'Utl n L 'Vl'Ut1'11n m1 La e:il.J L'1 va1-s1'11'Ut1'U11a e:ia-st'Vt1.:i11t L "Utl L 'VIP! e:iu LL Vl.:J Vi'U11R11l.J'l1'lJ"!leJ.:J{;l1 
'" 

.. ., t iJ~ 4 .c:i1 .Jo .., d di u ~I c:i. .., ,.c:J.c:i1 v 
i:-JMlflW'1L 'Ua1 L V1i;im1 Latll.JLaV'V1'11f'lqj L 'Utl.:J'11n11tL 'VtlL 'VlPltlULL 'Vl.:JL u'Ui:-Jal'l.flW'1'Yll.J1t\11'U 

1"11111~'\J'tJTLJnm.:i (Semi-dried product) fl11:J~'U~111Vf1v"!lt1.:Ji:-J~{;l.nw'fi'tJ·rnmru~e:iC.Jat 19% 

w/w dried basis (Toor and Savage, 2006) ;f.:ii:-J~l'l.t1w'fit11'1ijLL'U1l'tJl.JLn111m-sL~t1l.JL~v1i;) 
... JI q .. , I JI .. t I I <0 U 

LtJ8.:J'11nL'lltl~Gl'U'VlW L"ll'U L'!!tlV'11'1LLat11 '1.:Ji:-Jal'ltlflW.tl1Vil.JtL'IJtlL'YIPltlULL'Vl.:J (May and Fickak, 

2003) l.J1{;11~1'Ui:-J~l'l.t1w'fi'lll.J'll'U uuu~ 1471 (Yi. Pl. 2550) Vl~e:i 11i:-J"1! .136/2550 n1V1u1111 ~ ... . 
L:fft1'1~'U'Vl~v~.:i'Vll.J111~e:i.:i\Je:ivni1 1 x 10

6
1flfail!Jie:ini'l.l ua~~a!Ji~v.:i1~Lnu 1 x 104 1flfail~v • 

i1e:i~1.:i 1 n'fl.J LLGlt11~tl.:J 'WLn'U 500 1R fail~e:in'fl.J 

fi.:iLLlJ11 n1'ia111R11l.J~'U'IJtl.:Ji:-J~l'l.t1w'fia.:ia1l.J1'i fl"l!tati n11 L '1~ru L~U 11'l"!Jtl.:J L ~tl'1~'UVl~ v11'l LLl'i 
"' . 

'1l.l~'1"!JB.:J~~l'l.t1w'fi L-ll'U vi1L~i:-J~l'lfiw'fiijL'ilv'1l.J~mL~.:imti;11.:iLLatV1V1'U (Heredia et al., 2007) 

zj.:JRC\J.fl1Vi~.:imh111huu~~tl.:Jn1'S"UB.:J~U~1.nR 'Ut1n'11nd ~~l'l.t1w'fi11tL~eH'\llPltl'ULL~.:JiiLL'U11u:u . " 
~GJL~VR11l.J~'U'11ni1i:-Jiil'lnw'11tlei'.:i~.:iLL1111~e:i11~iifl1111~'U~~1n-J1 (Heredia et al., 2007) LLm~ 
tl11 '\.J~m1a111a.:i'!lt1.:i ri1111~'U l 'Ui1 i:-Jii l'l.11 w'fi LLat m -s L~t111 L~ vri w.n1Vi"!l B.:J L de:is111 ~a~.:i~ n~ 11'1i 1.:i ~'U " . 

.., .... .. .!I"""' .J If 
2.4 nT~u1·r~ LL \J\J\J'j'j,J1fi1flflfl LL tl1L 'tl.:J U.vfl'VI~ rt1V11U1J:a 'Vil L 'Vlfl L 'tf eJ'jeJ\J LL WI 

'11n'lim.mvtll'l11u1111 t 'U~1'tle:i1Ji1.:i 'l "111.:i~'U Viu11L~t1t1 WVl.nii m1 Lnui' mnf1.:i~m1 L~t111 L ~ v 
" . "' 

f1Wfl1Vi11tL~tlL'V1PIL'iltl~tl'ULL~.:J L-ll'U fi1'H~tllJL~v1a1f1~'U 11'11ij'U~ LLat'tfo111tJe:ivii ii • 



14 

ri112-1&1'1J~'Ui5nutl~1J111rncin~L '1'U t 'U'U'!i'HJ1 tnf'l'U'fs~.ti ru'1V1~ei L 'U~.:i LLJl'l'1e:i1J·rnu 'l ~~ i;i.tiru'1 

(Sharma & Le Maguer, 1996; Muratore et al., 2005; ~"il'!i1.n'Sru TI1lW'1'U'Vl{ LLCl:::~i;ii;i11m.J 

'11L~qi~i;in1, 254 7) ~.:iiY'U R111J~ei.:itn'!i~1'Utn'!i'U'!i'!i~1J:::L ;jm 'Vlf'IL "ile>~'11111'!itl'1~Ul 'UL de:i.:i~'UR e:i 

1'1 i;i u '!i'!i'1~ei.:iiiri ru'11Jllii ~1'U'Vl1'U m '!i~mh'U"tm.:i ti1'!le> ci n~ L '1'U uci :::/'VI~ e:i 1 'U'U'!i '!i'1 .ti ru'1 ri1 '!iii'!i::: uu , , , . 
th'1'i;icicin~L'1'UL '\J'U'!i'!i'1.firu'1 'UC>n'11nd 1'11'l'U'!i'!i'1R1'!iliR111J'111J1'!itl L 'Un1'Slfo.:in'ULL'1.:! L 'rl'!i1t LL'1.:! • • • 
od I ~ II 4 I 1 "\' Cil .J 4 0 d U llClt. Cl.I f' 
1J~CllJ1Clf111L'1Cl1J'1.f11'W'tl'1.:!'11'!i\Jl1'UC>'U1JCIC>'1'!i::: L "lj'lJ Cl LR'W'U '!I.:! L1JCJ'Vl1 n1'!iLn'U'!in~1~ ci~.n W'11'!1Cl'1 

'"' 
1J:::L;im'Vlf'111l 'U'tl11'l L'1'1:::vi1 l ~m1J1ru la lriv:l'Uai;ia.:i (Lv11.n1 ITT1'1l'U1'4Q"· 2545) 

'!it'U'U n1'!i'U'S'!i'1zj.:! '111J1'!itl n1i l'l Cl Cl n~ L '1'Uil'l L U'U 1t'U'U n 1'!i'U11'1 L :a .:i LL tl riVi~ (Active • • 
Packaging System: APS) 'UC>n'11m:::uun1ii;ieie:in~L'1'UV.:iii'!i:::'U'U~'U 'l L'!i'U 1:::uun1'1'i;ilmI1 

'!i:::uun1'1'i;iLeiVi~'U uci:::-s:::uutl"eiv 1ci1:::L 'VlmeiV11'Ueici '!f:::aci m1L "~'ll L~u 1~ L~'U LIJl'tle>.:i L ~ei~~'U'VI~ ~ 
(.:i11JVi'rl6 fi1hl'l1J, 2550; Brody et al., 2002) Charles et al. (2003) nci11i1'!i:::'U'Uf11'!i'U'S'!ivzj.:i 

'U • 

~0% il'lLtl'U'!it'UUn1'!i'U'!i'!i~UUU'U'!iW1n1f'l~l'lLLth (Modified Atmosphere Packaging: MAP) 

li;i vii v1J 1inun1 '!i'U'!i'!i'1~~i;i.tiru,;.n1v1 'LI u-s'!i "Ii ru,; zj.:iii'li e:i.:ii 1.:i'VI ~ e:i u '!i'!i v 1111 f'lu '!i '!i" .ti ru,; . . ' 
(Package headspace) Liieiiim'!itl1'!it'U'U A~S 1J1ti~11JnU'!i:::uu MAP '1:::'111J1'!im~vn11'lv'!i111i1 

'!i:::uu Active MAP L'li'Un1'!iLi"IJei.:il'll'li'U 0 2 L'U'1.:!'W"1'1~n'U'!i'!i'11J:::L~m'Vlfi'l'11'l Ll'l£J"lle>.:il'll'li'U 
" , • \I 

e:ie:in~L vm1:::-d1 m ~.:ie1i;i11tn'!iC1l'lci.:i'tlci.:i 0 2 L 'U'U'!i1v1mfi'l'U'!i'!i'1.tiru'1 zj,:iL lJ'U~ci l \.1vi;i'!i1m1V11 v lv • 
•1rn.:i11:::L;im'Vlf'ICll'lC1.:i (Charles et al., 2003) Liieifl'111ru11:::uu Active MAP ~.:iiie:i.:il°itlwneiu"llti.:i 

"llti.:ii;ii;iia'ue:iein~L '1'\J 'Wu11il1'1::: L U'U'!i:::uum1tJ11'1~ii~nvm'Vi 1 'Utn1vi;imv1J:::L ;ici L 'Vlf'IL "Ile>~ eiu LL 'l-1.:i 
'U • • 

ei~1.:il':inm11 v.:iUJii'!i1£J.:!1'Un1'!i~ni;1'!i:::tJU Active MAP ~.:inci11n'U1JtL~tlL'Vlf'1L"llCJ~CJ'ULL'l-1.:i ~.:iir'U 
m'!ii;i11"iJLtin'11'!i~.:i'tleiu1LG"l'Uei.:i1'U1iv~L~v1-ii'ei.:i~1vn1'!ilitJ1:::fo"!!1.h:::uun1~~rnein~Lv'ULLC1::: 

tJ1'!i'1.ti ru'1~ L 'Vl1J1t'11Jri1'Vl~um1 l i'!i:::tJtJl'll'litJ eiein~L v'\J 
• 'U 

Mexis and Kontominas (2010) 1~vi1m'!i'Vll'l'1C>tJR111J'111J11tlL'Uf11'!i~1J~1'U"l.lti.:in1"lll'U1'11'l • 
I 1111 Q Uf'~ 

'U'!i1'1 PET /LOPE LLCI::: LOPE/EVOH/LOPE 'W'U11R111J L "111J'tl'U"l.ICJ.:!CJ'Elfi"ll L'1'U"l.IC>.:!'U11"il.f1W6rl L1JCll'l • • 
eJCl1JC>'UCl1'U'U'!i'!ivnru,; LOPE/EVOH/LOPE i1r11~1ni1 PET/LOPE L'W11:::~ci'1J LOPE/EVOH/LOPE • 

-2 
ml·m • 

-2 
ml·m • 

dai
1 
·atm-

1 
( Mexis and Kontominas, 2010) L'li'UL~v1nrn1'U1:5'v'tle:i.:i Mexis et al. (2009) 1\Pi' 

vi1n11'Vll'l'1Cl'UflW.f11'Vi'tlCJ'l~Cl1CJCl'!Ji;i (Walnut) ~'U'!i'!i"iJL'U (1) 11.:i LOPE LLCl:::Ln'UL'\J"1.f111:::mmfi'I • • • 
tin~ (2) ~.:i PET/PE zj,:ilim'!i~'Un1'!11'Uhl'!iL"il'U (N2 Flushing) LLCI::: (3) ~.:i PET/Silicon Oxide 

(SiOx)/PE 'lJ)'!i"iJLL uumh'll1 'U LmL'1'U 'Vi'Ul1~'U~1.nriv.:i'111J1)'1£JCl1J~URUJ.f11'W"l.ltl.:!~CI 1eicitl'i;i~Lnu 
• 'U • 
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11 ·YI~ e1 tlf k 

-rn~1Lth.JL1~1 2, 5 u~:: 12 L~ti'U vitiruV111ij 20°c i;i111~1~u'llti.:i'Yln'l!u111it'U'U'Uii'1ilru'11'1111 , ,, , , , 
'Ui i'1 PET /SiOx/PE '1tii f'l111J L oU1JoU'U'!l ti.:iti tin.ij L '1'U vi ti Vil 1 v1 'U'U ii '1 il ru'1~1 n11 L 'Wi1 ::ii . " . 
f'l111J'111J1"H1f11i~1'Utltin.ijL'1'U'1.:i Novotni et al. (2011) 1~vhrni'Yll1l?ft>'UF1111J'111l1i'11'Umi 

" 
\fo~n'Umi~11~1'U'!m~rh111t 'U1a111 uii'1firu<ti'!J'U11il~viLnui'n~11 'Utiruvrnij 1a

0 

c Lum 1m 22 1'U , , , ,, 
~~1a~'Uii~vi'l-tt1'Un1i'Yll1l?ID'U?iti (1) High Density Polyethylene (HOPE) LL~t (2) PET­

PE/EVOH/PE -wu11i.R111ru~'UD~an'!JD~'!J'U1JU.:iviLn'Ui'n~1t'Ufl~ PET-PE/EVOH/PE '1t~l'l~~-ut)EJ • 
,.J4t ., ' .. "" .. .J 

n11'YlLffU 'Ufl.:i HOPE L 'Wi1til1V'Uii'1ilru'1 PET-PE/EVOH/PE '1t1Jf'l111JL'!J1J'!J'U'!Jtl~titin'llL'1'U'VI • • 
-U'tivn11uii'1nru'1 HOPE -,i1nvin"11aitli1~~mL?1111~1 ~'Yli1ui1uii '1nru'1vii1P11111?11111ifl t 'U • • • 
rni~1'Umi;11~1'Ue>e>n~L '1'U i1m111~1 L iJmhv1i'rnJ~i;ifiru'1vu LL ~~Yil 11'i vrniL tl~ V'U u tlMLda 

~11~?1nuavn~L'1'U 

'UvnLV1Uti'11nn1i1-H1a111uii'1~~i1m1m11111i'1~1'Umi~11~1'Uve>n~L'1'Ul~?t~ 6li'v11~'11n , . " " 
.:i1'Ui'1aviL~v1iti.:iu?1111.:i1~'Yli1U111i;i'J'Vl~D'llv.:it:)111.a'Uvvn~L'1'U (Oxygen scavenging sachet) i1 

i'l111J'111J1ifl L 'Uf11i'!1t~Df11iL~D1JL~EJD1Vl1i 1~ v~ UJi1i1v.:i1umiPin'lfln1i 1 ~'llD~t:)l1li'UDDn~ L '1'U 

fl'Un1iUii'11JtL ~m 'Yl?IL '!1D~DULL ~.:i Silva et al. (2004) 1~flin~1it'U'Un1i'Uii'1lJ'U~~~ LL~'U'YlD~ • • 
~1Vf11iUii~LLUUvi'Un1'1l1'UL\Jl1L'1'U (Nitrogen flushing) m1u11~LL'U'U~qiqi1n1?1 (Vacuum 

packaging) LL~tn1i'Uii~L111V1i'llv~t:)l1liuvvn~L'1'U (Oxygen absorber) 'W'U111t'U'Un1i'Uii~vY.:i 
?111JU1 t Lfl'Yl,f 'U?f 11J11fl~111tl~111 ru F1111JL i11-b''U'!JD~ n1'1l t>D n~L '1'U l~ei eh~iJtlit~'YlGfl1Ylvltn~ L~ V'I 

fl'U LLatitUUn1i'Uii~vY.:ia111'1i1m'.1ei.:in'Un1i~qjL~V Polyunsaturated fatty acids 1 'U~~i;ifiru'fi 

lJ'U~~.:i LL~'U'YlDl'lnieJU1~ \JlaDV1'1'Ual'lf111L~D1JL~EJ'!Jtl~tl1Vl111 'UL~tl~'!Jtl'lf111L tl~V'U~ n~'U (off­

flavor) ua::a11111f!V111D1~mwiu~~l'lfiru'11~ (Silva et al., 2004) Ldei~'111ru1 1t'U'U~~?f11J 
'W'U111::uum1Yi'Ufl1"11D1'1 L Vl2.J1t'11Jfl'U~'Ufl1Yiii11P11?1~ L ~tl~'11 ni1i'l1~'U'Yl'U'lJD.:i n1"111 'U L\Jl)L '1'U " . 
L 'U'tJru::Yim1ui1'1u uua n 1n11mii1vi1 l ~~~l'lfi ru'1Lnl'lm1 L tJ~v'U1iJ1~ (LL\Jl mXm~vvna) ?i1'Um1 , , ·~·ts " 

LL~t~~i;inru'11lJ~tl'IL~V.:in11LL'1n~m~VVl1V mh~linm11 ~tlitfltl'Un11~D~LL'UtU1~'U~L.flf'l 
" " 

LVfi1 t~u~U1f'lm'1Ln111f'!1111L .U11'1~ 111111i;i'1111111eiein~L '1'U?t11111'11'utl1t'Vl1'U1"1'Vl~a L lJ"U?i1'UtJ1~1?1 ,, . " , 
'!lei.:il!u~~.:i (Silva et al., 2004) 

ii.n1111ru ~~1.:i!il ua:: ti1'U'!1 V1i'~uaun~1~ (2553) -wu11u1i'1ilru'1vlt?i'lla~1111'16llu eian~L'1'U . . " 
'1ti1f'11111L i11-b''U'tJv.:ieiein~L'1'U 1 'Uu11mmfilvi~1ni1u11~firu'1Yil11 L~"11tl~ L~B"vh m1'Vl111?tarn uu 
na1 90 1'U ru tiruvr.nij~a.:i ~'Uei~nu'l!u111'!lei~u11-,inru'1 1111vu11'1nru'1 PET/metallized , ,, " , , 
PET /LLDPE (Vl~m~ vn11u11-,ifiru'1L11°vi'a1a'li) i1F11111Lvr111::a11vl-,i::1-Unu'llti~l'l111 iueia n.ijL '1'1.J . " 
L'W11tUe>~n'Un1i~11~1'U'!Jtl~Dtin~L'1'ULLat lmf 11~~ L~m tl~V'UL ViV'Ufl'Uf;)'I pp Yivei111 ~eian~L'1'U • 
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~11~1'1J1~~1EJ 'Uamnfld f"l1m1Ln~fl~'Ui1'1J (Peroxide Value: PV) '!Jv.:ie.J~vi.ii'ru'1fla1mu1mLvifl 
(fla1EJ~flV1a1nmau) zj.:iu-s-s~ t 'Uu11~1iru°ti'L11-.1a faivhh.1 ~u11~61la.:i~~iuaafl~L'1'U iirh PV ~1 
.J ( • iJd ... .J .. "' "" • r;:! .. ... ... • ... 1 ·~1 • .J Vl'11n 'Vl1fl1i'Vlln'1v\JL 'UL1a1 90 1'\J 'VI vW'Vlfl1J'VltJ.:i) LlJaLu'SEJUL'VIEJ\JflU\Ji)\lflW'Y'IL1J'Vla a'1h1rl1J'VI 

, , \I • 

111'tri61la.:i~1nta'uaafl~Lv'IJ LLa:: Yla11 PP -vl1.riLLat/'Vl~a111'tri61la.:i1n1niuaaflraLv'IJ ~.:iiT'IJ ~.:iLL'11n.:it~ v v 

L i1'1J11ri w'111u1i-ua.:i'1la.:i w-.1a 1a'll~a11iiR1111a11111 '1U a.:i n'IJ fl 11~11 ~1'U'!J a.:i 1mh LLri t mm~ L v'IJ 1~~ • 
m~~ii~wa11u~t 'Um-sua.:iti'uLLa.:izj.:i L lluBflUv~ v virt.:i~ L ~.:i m-s Ln1nu 5n~ v1aa fl~ L~i'IJ 'l.la fl'11 nil 

1vi'1~~iuaanraL v'Ue1.:i~1niuaafl~Lv'U~afifl1 v t 'U\Jiiv.ii' ru,j ~.:i'Yh t ~ri1111 L-b'11'll'U'lla.:ie:ian~L v'U t 'U 
, \I " \I • 

Uiiv.ti'w'tia1na.:i\l'IJLflv\JL UlJPl'IJV 'Ut1nv1nd f'l111J,r'ULLatrh aw '!Jv.:it:J~Vlli w'ti\ltL ~11'1.:i,f 'IJ\;111.J • v v 

1tv::na1t'Um1Ln\J~fl~1 <vhm1V11naarnll'UL1a1 90 1'1J w aruviflij~a.:i) 11nv~na1mu1mLvint'U • v 

U11v.fi'ru'1w\1a La'ifYla1J'1tiim1J1Wfl111J,f'IJLLatrl1 aw ~1fl11Ui1'1JlW°ti PP LLi;lt:Ja'!Jt1.:i'tla.:i~~iu • • v 

e:ian~L v'Ui;lariruamm~.:imh1 'Wi~L '1'\J • 

LlJli'a 1a'il (PET /mPET /LLDPE) t 'Ufl1i\Jii\l'Vl1J'1111rl ('V11JV11flLL ~.:i'Vla~) '111J1i{)a!nf'l111JL 'li11-b''U • v v 

"1Ja.:iaan~L'1'UL~av'tm::~u~~1111fl~aav"l'Uit~u ~0.02% (v/v) viaa~a1vm1Lnu~m~n 90 i''IJ vi v v • 

tJW'Vlflii~a.:i 11nv1::~uf'l1111L -V'l.!-li''IJ~.:imh1~1fl111::uum1u11v LL uuufl~ Vl~v'1.:i PP ~u11"'1la.:i , ,, , , , 
!n!n'ii'uaanraL \l'U L~VL U~ tJ\JL Vivu~-,i1'1J1'1J'llv.:ilnlniUvelfl~ L \l'IJ .... u11'1.:iL1Jvla 1rifllffiri'lltJ.:J~~iij'u 
" \I • \I 

tltlfl~L \l'IJ 1 61lt1.:iiitJ1ta'VIGfl1 .... L 'Ufl11a!nfl11'1t'11Jtlvfl~L "'IJ L 'IJU11V1fl1PIU11"Jlt1.l'Y'l1mfla Lfi tJ.:JtlU • 
m1tob''lla.:i~1n'ii'uaafl~L'1'1J 2 'lla.:i ri1'Ui"l1Ln~n~'Ui1'1J (Rancidity) 1~v1Lri11::l1'11nri1 TBA 

(Thiobarbituric acid) \l1n.:i1u1~vv.u11Fi1 TBA "1Jv.:iV111'1111r1~u11'1L'U'1.:i PP iif"l1a.:in111u'1.:i 
\I , , "' , 

LlJvla La'if W 1'U~ 90 L'Yi'IJL~E.11fl'IJL~VL U~ EJULViEJUfl11L otlLLat 111Lotl61la.:i1n1n'ii'um.lfl~L\l'IJ .... \J11'VllJ v v 

'1111ri~u11" t 'UmvibJii'lla.:i1n1niuae:in~L '1'Uiii"l1a.:i n111 'IJ'1.:i~ii61la.:i1n~'ii'umrn~L "'IJ zj.:i LL'11n.:i 1 ~ L oH'U 
• • \I \I , \I 

'1111f'l1~ 

Berenzon and Saguy (1998) .... u11m1tiu11~.ti'ru'tim::ila.:itum1Lnui'n~1e.i~V1.ti'w't'l 

LLf'li n Lfla{1111n\Jfl1i t i1 \;J{)~!n'ii'uaa nraL "'IJ 'VlU11u~mru 1'1111.J L "li'11-ti'IJ'!Jv.:i aanra L "'Ufl 1 El L 'IJ\J))\l • v • 

Ji'ru'fi"::a1na.:iLrlmnui'fl~1Lll'UL1ri1 52 ~u~1l1 L u~vrn Vivuti'uu11'1.ii'ru'1~1llt ii' \;Hl~~'ii'u • • v 

e:ianfiJL"'IJ Lrlmmvrn Vivum111LLV1n~1.:i'!Ja.:iaruV1fliittJm1Lnu~n~1 (15, 25 LLrit 35°C) 'Vlu11vl 
• v 

.ie;i, U Q ILi ~ .J .::. ct Ci! II "" .c:::t. 

tJW'Vlfl1J'1.:it1vi11m1a~a.:i"1Ja.:it1eJn"l!L '1'1J"t'1.:i ~.:J'IJ'IJ VltJW'Vlfl1J 35°C ".:J1Jf'l11l.I L 'lll.l"!J'IJ'!JtJ.:J tJtJfl'llL \l'IJ 
, \I \I \I , \I 

'IJtJEJ~~~ 'Ut1n'11nd v.:i 1~i1EJ.:J1'1J111a-s:: L 'VltJ Hexanal zj,:i L U'IJU\l~tJ'11~qj"llel.:Jfl1ii'l'ln~'Ui1'U1 'U 

e.J~V1.ii'w'fimV111iif"l1~11 'ULLflimflaivlu11'1 t mtuu~ii'lla.:i~~iueJeJn~L "'U • v 
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2.5 8lleH~fltij'Uaan~L'1'U (Oxygen absorbing sachet) 

'llrJ~~~iur:ir:in~L~'U (Oxygen absorbing sachet) i~LthJ~tluuu~'11ri'qJ'Vl;j~"Ur:i~1i;i~~~ 

r:ir:in~L~'U (Oxygen absorber) zj~ij~tlLLUULU'U'1lrJ~'IJ'U1~Lan (Sachet) ~~1~~uri11l.JUCJ111-&'nu 

~ili;ifiw'1mV111V1"1CJ'!lUi;) L ~r:i~~1m11l.J11Cl l -H~1'U 1~'1tmn 1~CJ'111n1ri 1ri"~ 1 tJu11'lJi'ru'1u11'l 

rJ1'V111 L~ L"V 1 '1fl\J11~ LL"t\J11 ~fi ru'1vi'l ~ n\J')i;iri ~i;)fJ rJ n~ L ~'Ui;) rJ~ijl"l11l.1'11l.J11 m1r:i~ tl'Un1':i~l.J 
, • , , \J 

I 0 - : I -2 -1 -1 
~1'U'UrJ~n1'1lrJrJn'Y:IL~'U (Oxygen transmission rate: OTR) i;i1m1 20 ml·m ·atm ·day 

(Brody et al., 2001) L'll'U ~"l.JV1rnvi'U~ijr:i~Pitl1::nr:i\J"llrJ~ ethylene vinyl alchohol (EVOH), 

polyvinylidiene chloride (PVDC) 'Vl~mJt~faiivl.I (~1l.JViVHJ rj1hfl11, 2550) L'Ui;J111~~ 2.4 

LL'1fl~(;)1r:i ~1~"llr:i~1i;irifl i;)rJrJn~ L ~'U~~tl1t LflVl'Ylr:i~ u"::~"11~'1i;)'11V1tl1CJL'U'Vl1~011 f'11 
'"' 

Pl111.:J;t 2.4 M')rJV1.:J1'P1Clflf'l£)£lO~L'1'Ui.:i1tlLL\J\J8ll£l.:J'-l'U1\;lLan ~a:u LLilt1ULL'U'U~'U '1 m.ui.u •v v v 

~flit1'Mn1111B1'M1'i 

Company Trade name 
Principle/ Active 

Type 
substances 

Mitsubishi Gas Chemical Co., Ltd. Ageless 
® Sachets/label Iron based 

(Japan) s 

Toppan Printing, Co., Ltd. (Japan) Freshilizer 
® Sachets Iron based 

Toagosei Chem.Ind.Co. (Japan) Vitalon 
® Sachets Iron based 

Nippon Soda Co., Ltd. (Japan) Seaqul 
® Sachets Iron based 

Finetec Co., Ltd. (Japan) Sanso-cut 
® Sachets Iron based 

Toyo Pulp Co. (Japan) Tamotsu 
TM 

Sachets Catechol 

Toyo Seikan Kaisha Ltd. (Japan) Oxyguard 
TM 

Plastic trays Iron based 

Dessicare Ltd. (US) 0-Buster Sachets Iron based 

Multisorb technologies Inc. (US) Fresh Max 
® Labels Iron based 

Fresh Pax 
® Sachets Iron based 

Amoco Chemicals (US) Amosorb 
® Plastic film Unknown 
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IJl1'a1.:lvf 2.4 ~1i>Eh.:i1'At1tltlililn~L'1'U~.:i'atlLL'U'U'tfeN'U'U1flL~n ~a1J LL~::-atlLL'U'U~'U n vltm'U •v v v I 

~Afl1~0'a'a1Jil1~1'a(~i>) 

Company Trade name 
Principle/ Active 

Type 
substances 

Ciba Specialty Chemicals 
TM 

Shelfplus 0 2 Plastic film Iron based 

(Switzerland) 

W.R and Co. (US). Grace PureSeal 
® Bottle crowns Ascorbate/metallic 

salts 

Darex 
® Bottle crowns Ascorbate/sulphite 

CSIRO/Southcorp Packaging 
TM 

Zero2 Plastic film Photosensitive 

(Australia) dye/organic 

compound 

Cryovac Sealed Air Co.(US) OS 1000 ® /OS20 Plastic film Light activated 

oo® scavenger 

Stand lndustrie (France) Arco® Sachets Iron based 

Oxycap 
® Bottle crowns Iron based 

ATco® Labels Iron based 

Bioka Ltd. (Finland) Bioka 
® Sachets Enzyme based 

vf1J1: ~~LLU'1-!1'11n Ahvenainen and Hurme (1997), Vermeiren et al. (1999); Vermeiren 

et al. (2003) 

LL1Ji111J1'1~ flmrn;iL '1'U L 'U1tlLL 'U'U"ifeM'IJ'U1 fl L~ n '111J11'11-tl.:i1'U 1~~1CJ LL,Je:n'1 L~ v.:i,JCJ m1~1'1JCJ-!l'llel'I 
• 'U 'U 

LLa::'Vi11 i.1~a L Vl~nVl~B'111Lrlii~'U 1 tl'UL ~€l'UtlUCJ1V111 L~CJ-r'Ut11::V11'ULL~1 L tJue:n~eJ'U\;111 v,JB 

~'IJ1l1'r.l~ ~.:iif'U ~.:i~B.:iiim1L~CJ'Url1L~ei'Ui1 "i.11lJfotl1::'Vl1'U" 'Vl~CJ "DO NOT EAT" Hvi'llB-!I 

'UeJff'il1 nd 1(;l'1flfl eJCJ n;iL '1'Utl1:: L1l'Vl'lleJ-!l'IJ'U1 fl L~ nm'1iiiml1 tlfl L~CJ.:ii;i 1 LL 'Vlil.:i rn111.:i'llei.:i L 'U'U11~ 
• 'U • 

irru'fl L~CJ~CJ.:iiirn111.:i'1l€l-!I L 'Ui;i1 LL VIU-!l~~l.1~'1€11 f11P11~~1fi.:i '1.:ie.ia 1 mliL 'V11J1::tlU€l1'Vl1)'U1-!l"lli1~ 

Lflmu-w1::Lrl~CJ.:i~lJ ( .:i1lJYi'Yiv rb 11~lJ, 2550) 
'U 

'llCJ-!l~fli'UeieJ n;iL '1'\J'U11'1'111 Lrliivh oUfl flern n~L '1'U zj.:i?i1'U L 'VIUJ 1 off L tJue.i.:i L VI~ n (Iron powder) 
'\I , " ti 

LU'U\Jl'lfl~iuBBn~L'1'U L"li'U 'll€l-!1~~€l€ln~L'1'Uvlii~B'Vl1~m1r11 Aoeless ® ('U~-J'Vl Mitsubishi Gas 
'U 'U ~ 
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Chemical Co. Ltd. thtL'Vlf'l~~'U) L"1t1na1mh~t1J'lltl-:tn11~"1iuf'leim1vi'1tlljii1vTwvr11-:in1"l! 0 2 

LLrtti:.mvran L"1t1iir1111J:fftJvr~ei1mf1ltJu11v1mf'1LU'U~-:tmt~'U (Rooney, 1995; Floros et al., 

1997) L~mHL vran 1~-rur1111J:ff 'Ul\l1 ntl1Vl111\lt Ln"1tlljii1EJ1tltl n~L"1-a''Utl'Ufl1"l!tltln~ L l\l'UL U'UG'IUl.J 

L'Vlan i;i1l.Jtlfin1v1viu."1"1.:il'U Eq. 0-1 

Fe 

1/202 + H20 + 2e­

Fe 2+ + 20H-

2+ -
-+Fe + 2e 

--+20H 

--+Fe(OHh 

Fe(OHh + 1/402 + 1/2H20 --+ Fe(OHh 

.fntl Llfi'G'II111tvlU"1~iinG'lil'Vl (Hermetic seals) mmru~-:tL vranvll\lt L otl,!'U;f'Utl~tl'U1tli1Un161j 
" 

tltln~Ll\l'UL~1Ji;i''U L 'U'lJ))fJ1n1f'1Un'111ru9i mmrutitin~L l\l'Uzj-:tata1EJ L 'U~~i;ifi w9iti1'Vl1i LLrtttJ\;1)1 • 
m16l11J~1'U:n~1J'llt1-:in1'ileiein~L'1'U zj,:i L"1v..t11tl~-:iLvran 1 g G'l11J11f!vi'1tll)n1mti'utitin~L'1'U1~ 300 

ml uat t 'U'Vl1-:im1A'1'1'1Jii'ilti-:t'll'U1"1L~n'Vlmt1'1J'U1"1 vl"11m1flvi'1tlljii~t11ti'un1"l!ffvn~ L l\l'Uik-:iLL~ 20 

fi-:i 200 mt (Brody et al., 2001) i'i;i'l~"'n1"l!-e.rnn~L'1'Utl1tLI1'Vlt:·mvraniivl-:i'lhtLI1'Vlvivi'1tlljn~v1 
ti'utitin~L'1'U1~~'UVivf~l.J~G'ltl'Utitin~Ll\l'U (Self-reacting type) L'!i'U Ageless® Type GLS zj,:i 

l\ltlfi'ti-:tLnu1~'l~"1tltln~Ll\l'UU1tLI1'Vlffi i111t1 Lvi"1.f111ternn~Ll\l'UF1111JL .fil.J"!i''U~11J1n (Low or zero 

oxygen atmosphere) u.atm'1iiu1-:itl1tLl1'Vlvl'1t Wiim1~"1t1t1n~Ll\l'Ul\l'Un-.l1~1 water activity 

(aw) '1tii~1~-:in-.l1 0.85 'Utinl\l1nil iii'i;iQ~"1iut1t1n~Ll\l'U L'li'U Ageless® Type G LLrtt 

Freshilizer ® Type C vrt \1n1"l!F11'foti'U 1"1titin 161j!'ltJvn1J1 L ~ei'!i1t11'n'l!f1Fl111Jlil'UI11EJ L 'U'Ui1~firuEfi' 
vi'1 L mliLii"1n1W'U~1'Vl~tlL~EJ1U'Vl1.:!'IJtl-:t'U11'1Ilru9i zj-:tn11L Yi11;f 'U'IJ€l-:tFl111JL o011"!i''Ufl161j C02 €111\1 . " . 
'!i1t1"lltrtt1m1 L '1~t1JL~u t~L~u Li;J'llv-:i L :ff t>'i~'U'Vl~Eiu1-:itl1t Ln'Vl 1~ 

'Uvnl\l1n~-:iLvr~mL~1 "111Lriii~"1iun1"l!tivn~L'1'Utl1tLI1'Vl~'U "l L'li'U Ascorbic acid, 

Catechol, Gluclose oxidase, Ethanol oxidase Vl~tl Polyunsaturated fatty acid L"1mrn1n 

U.'1tn1) t-tt'tl1t Ltl'!IU'V11'3 n11rl1'1Jv-3G'l11 LFliiL mhil &'111111fl'Vl1)1EJrtt L~EJ"1 L Yi11L~1J1m 'ULtl flG'l11vi 

' " ' 
Lnv1,jv-:i (Brody et al., 2001; Vermeiren et al., 2003) 'Utlfl'11n'U iimiA''Ul"l11i~mYltl'u1 

'i~'U'Vl~Vtl1tLI1'Vl Aerobic microorganisms L'li'U Pichia subpelliculosa mtl1t~n~1-tl'L.tJ'U1~'l 

"1"1fl1"l!tltln~Ll\l'U (Altieri et al., 2004) ei'-:iWiim111v-:i1'Um11-tl'·thtfo'tl'U1'U'V11-:tm1r\'1 
" 
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• 1. I ~ .!I ., "" ., cl cl ., 2.6 ft"hnJ'a~LR'Lll>11fUU~1fl.:J1'Ll1'1V'r!LmJ1'tltl.:J . .. 
11::L~m'VlfllL'llt1~LtJ'U-n'!lvii1f'lruFi1'Vl1.:i 1fl'll'U1fl1";i&'l.:i L"li'U a1";i1a 11'lf4'U i1J11ihi~ LLa::a1wJm 11 

• 'U 

' ~I ., cl I .:.. "'""1 ?. "' ... ... "" .. 1" 'Ueltl~ Lu'U\Jl'U 'l1.:J&'l1";iL'V1'11'U111'1UJ&'l1JtJ\JI 'Ufl1";iLU'U&'l1";il'l1'Uel'U11'1el&'l1t LL'1t'i\ltLfl~fl1";iL"1el11L"1CJ ~ 
• • 'U 

I "" Q U 1 ~-I I Q 1 .,,.. '°" 1 tJ '°" 4 .:11CJ L11VLfltJ";jfl~1 'U&'lfl11t'VI UJL'H111t"111 L "!l'U Lflt.I 'U"1.fl11t'Vl1Jelu.l'Vl.fl11&'1.:I 'Ut.l";i ";iCJ1fl1fll fl\JI 'Vl";iu 
• 'U 'U 

.J Cil t cu :; cl .r::1 4 ..J o II ~ cl -=M llcv 
&'l.fl11t'Vl11LL'1.:1"111.:I ~.:l'U'U 'i\l.:11Jfl1";i'1'Uel1lflUJil1'Yi1JtL "!Im 'Vlfll 'l1.:lfl1";i'VJ1LL 'Vl.:J L U'ULL 'UTV11.:J'Vl'U.:l'Vl L~";it.I 

C. 1 I 1 Q O U 1 ... .,,.. '\ "' .,j '°" 
Fl111J'UCJ1J 'Ufl1";i'1'Uel1JflUJ.f11'Yi elCJ1.:I ";ifll'l111 &'11";i&'l1FIUJ 'U11tL "!Im 'Vlfll L 'l!u";i1J LL 'U1 ~ 'U1J'Vl'i\ltLfl~fl1";i . ., 

L~el1JL~CJL ~el.:l'i\11flfl111l~el'U l t1";it'Vli1.:!fl1";iLL thitJ LL'1tfl1";iLn~tJfin~CJ1tl t.1fh'l1elufl~L 'i\l'U 1 'U";itW.h.:i 

~.., ~ ~ .c:1 cl ~-. .r::1' .i:a .J 1.1cu ~I 
fl1";iLflt.l";ifl~1 ";i11J'VJ.:lfl1";iL'1el1JL'1CJL 'Uel.:l'i\11flL'llel~'1'U'Vl";iCJ L 'Yi";i1t1JtL '!JUL 'VlfllL '!lel";ieJtJLL ,._,.:l'i\l~ L u'U 

tJ 
,J ., cl ?. ... ., '.,,.. ., JI ., ~ "" ..: " ., .. 

';it L.fl'Vlfl.:J LL 'VI.:! 'l1.:IL U'U~rtl'l.f1u.l't'l'V11J";it~t.ll'l111l'l!'U'1.:I ~.:l'U'U L 'Yim 'Yi1JU1CJfl1";j Lflt.l";ifl'1S-111t L 'llm 'Vlfll L '!ltl 
'U • 

~ n1";in1-:5'~elelfl~L'i\l'ULLat/'Vl~ell'l1111;f'Ut t1t.1";iw1mfll";it>U 'l ~ai;i.tlru'1~.:ii11"11111'11Rcy ~'1'Yiui1 
";ittJUfl11U";i";i~LLUUU";i";iCJ1fl1fll~~LLth (Modified Atmosphere Packaging: MAP) hii1'i\ltLU'U 

fl1";iU";i";i~LL t.lll'1'Y'Y1fl1fll fl1";iU";i1~LL UtJ'Vi'Un1'l1r11itJel'U 1~tltlfl 1'l1i;)f'l111JL 'li11'!i'U~.:J 'Vl~elfl1";jtJ";j";j~ 

LL tJtJU1";iCJ1fl1fll~~LL thL ~.:ILLell'lVin (Active MAP) i1~n CJ.fl1'Yi~'i\lt 1 'li'nufl1";iLtltJ1'nis-111:: L =!im 'Vlfll L "!ltl~ 

ell.ILL ~.:i 1~CJ l'Ufl1";i1-:5'atlv:: 1i;)'j;hL ti'Ufl1";iPin~1i;lt> 1 tJ 

'i\11nn1";i'1n~1.:i1'Ui-:5'a~.:in~11'1i1.:ivi'U ~.:ii1u 'U1~~t>t>n LL uu'11at>.:Jfl1";i fi~m CJfl11 Lnu1' n~1 • 
11::L =!im 'VlfllL "!lel~eltJLL ~.:i ~'1.n1'Yivi 2.4 1~au uu'11riel.:i~.:in~11L U'Um1'11rie:i.:im";ia~m ~ m1 Lnu-r n'l!t1 

.. cl ,, 1 'i' .,j .'1 ., ~ ., .,j 0 1 " .. 
11:: L 'llm 'VIP! L '!ltl";itlt.I LL m.n1CJ 'U'1.:J ~~CJ'Vl'1.:1"111111'1uel.:lfl'Uuv'i\l EJ.f11 CJ'Utlfl'Vl'111111'1'Vl1 'V11lt L 'IJm 'Vlfll • • 
L'!lel~elULLoH.:iL~u1JL~EJ L'll'U fl1";jL~el11L~EJ'Uel.:i1a1f'loW'U 11'l1ij'U~ rlmb'UelEJi;) LL'1t&'l11'11Rqj~'U 'l ~.:i 

1a~u11vvt~v.:iijF11111a11111'1 l 'Um1ut1'1n'Uve:in~L 'i\l'Uua::F11111iff 'UL-ff 1ma 1 'U'1.:i 1111~.:iUv'1tl'ULL'1'1 • • • 
1i;l L -n11::LLa.:iij~ri~elfl11L~v11a.n1'Yi"1Jel.:ia11i;l1'Uv'U11riB&'l1:: 'Uvn'i\11ntl .n1 CJ1 'U'1.:iu11'i\l.tlru'1F111i1 , " . , 
";itt.1un1-:5'~vv n~L v'U 1 'Ut.111~.tlru;J ;.:iL.ll'Uu v-:5't1'11R'Y1 'Un1nh1 ~~al'l.tl ru;JLfi~n1";iL~el L~ CJ 1~ 

"' "' ~.:JU'U ~.:ii;it>.:iija11 ~~~t.IFl111J;j'UU11v.fl1EJ L 'U l'1 ~tJ";i'r'1 i;i tl.:JU Fl rua11u~~1'U'Vl1'U fl11;11~1'U"U €).:) n 1'11 " , , , , 

L ll'U1::uum1u11'i\lvli1~na111'Yi L 'Ufl11V~V1CJ1ltL ~vL 'Vlfll L 'llel~t>u LL tX.:i 1~ CJ&'l11111'1a1tl LL u1'V11.:i'11Rru . , , ., 

1 'U m1v~v1am1 Lnu1'n~1~~l'l.tlru'111::L ~el L 'VI fllL '!lel~uu LL tX.:i~1CJm1u11'i\l u.u F1ViV'l~i1m 1n1-:5'~n1'l1 • • 
elufl~L'i\l'U L 'UU";i1~.tlru'1 l'l111 LL uu'11riu.:i LL u1fi~ m1~~'U1u11~ .tl ru;J LLt>f'lVi1°'~1V1-rumH ~m 'Vlfll L '!leJ~ 
uuu-H.:i~LL'1~.:i L 'U111-n 
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d 
'U'Vl'VI 3 

., ... 
3.1 1\;l'Jl'l\J 

3.1.1 1.JtL~VL'Vlf'IL"!lu~'1"1 (Lycopersicon esculentum) '11V'W''Uq'niiii ':itm~~n~LLl'l.:i ~1n 

nci111'11V1n~"!l1J"ll'Ui1\J"'"'uii1J111 '51Lflvu1.:iL"'ii ~.:i'Vl1"1iifl':ithil.J 
• • ,, di 

3.1.2 n':il'l~IJl~n (Citric acid monohydrate) u~~'VI Fisher Scientific tJ':itL 'Vii'! 

'1'Vl-r~m11~m 

3.1.3 Ln~t1L8!1L~V1Jfl"'t1 h~ ~~atJ1.:iVi-wv (Prung Thip) F11111u~~'Vl~~av"'t 99. 9 u~,;''Vl 
ai;i'11V1m':i1.1Ln~t1u~'1'VI~ -,i1ti'"' m.:iL'Vl'W1J'Vl1iJfl':i thtL'Vlfl11vm • • • 

3.1.4 J1i;i1"'8!1F1"11"'1 ~-La ii CD-et) u~~'VI v~.:i ,\'1nl'l m.:iL 'Vl'W1J\11'Ufl':i tJ':itL 'Vlfllhw 
" " . 

-=I 4 ~ 
3.2 Lfl-av.:il.JvLLa:f.!tln-aw 

ti n ... ... cl ., 
3.2.1 "! n-aw \Jn1"a~ftfl1J:L'tlVL'Vlf1L'!Jtl"atl\JLL'Vl.:I 

3.2.1.1 ~uULL~~ Hot air oven BINDER ~ii FED 240-M thtL'Vlfl1LE.Ju':i1JU " . 
3.2.1.2 Ll"l~u.:ii~'Vlfl1UEJJJ 2 i;i1LLV1i.i~ METTLER ~'U PB -53202 tJ':itL'Vlia!uluii . ". 

3.2.1.5 Lfl~u.:imii uunLLuu 1~v ~Pl.l'l'tTIV1 Yl':i1.1na.:i 

3.2.2 ~tlmw11.1n1-au-a-a~ 

3.2.2.1 m PET/Metallised PET/LLDPE 6UiJ11'1U':it1J1W 6 X 9 U1 u~~'VIL'Vlmv.J"'n • 
~LD"'LLYlfl -,i1nl'I tJ':itL'Yll'l1'VIV 

3.2.2.2 Lfl~v.:iiJl'l~iinLLuuijvnl'I u~~'VI Wenzhou Fable Machinery tJ':i::L'Vli'l~'U 

3.2.2.3 Lfl~tl~Ul'l~Un~qj'lJ1n1f'1 u~~'Vl MUL TIVAC BEDER PACKAGING ~~ij 

MUL YIVAC i'U A 300/42 thtL'Vlfl1LVm1Jii 

3.2.2.4 Lfl~v.:ii~'Vl111UEJ1J 2 ~1LL'VloU.:i ~'U PB -53202 u~,;''Vl METTLER tJ':i::L'Vlialflitl'U . ·~ . 
II I~ Q 0 Q Ill.I q d ~ Q o.I 1 

3.2.2.5 IJILL"IJLV'Ufl1Ufl1Je:JW'VII11J 10 ( U':i~'YI Yl. L~. Lfl':iv.:iLV'U111'U u':itL'Vli'I 'VIV 
" , , 'U 

3.2.2.6 i;l't,j1Jfl1Ufll.Je:JW'Vlfllj (Incubator) 30°( u~,;''Vl Multivac tJ1tL'YIPILVt11l!'UiJ " . , " 
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3.2.2.7 11'l~~~~Ue:mn~L:V'LI (Wonder Keep® RP-100) 1'Ll~ULLtJU'i!eW!J'Ll1~L~n 
(sachet) u~i;'Vl L:V'Ll:vfmfl11~wvm1v '11n~ tl-stL'Vlfll1'Vlv 

3.2.2.8 n1'i!fl1'foei'Ll1~e:ie:in1'il~L-V11'li'LI 40% v/v C02 1~vi1 N2 balance u~~'VI 

n~fll LYl1~~~ '11n~ thtL'Vlflll'VIEJ 

3.2.3 titlmw1un111Lfl11::oH • 
3.2.3.1 Lfl~e:i~.t~'Vlf'liiv11 4 i;\'1LmtA~ SARYORIUS l'LI BP2215 thtL'Vlfllel~n~'I; 

4 ..,., 3..,.., 
3.2.3.2 Lfl'je:J~1~"'n'l;rutL'Lle:J'11J~~ Texture Analyzer Univeral Testing LLOYD 

~'LI Model LR5K U'ltL'Vlfllavrf~rnL1J~fl1 
• d 

.,j OI ... I 

3.2.3.3 Lfl'jm1~'1 (Hunter Lab) Hunter Lab Color Flex ~'U Model 45/0 

SIN CX-0413 thtLYlfll'1'Vl-r~eiL1l~m 
d 

3.2.3.4 Lfl~e:>~ Spectrophotometer Shimadzu iu UVmini-1240 tJ-stL 'Vlfll~~'LI 

3.2.3.5 Lfl~m~'11J (Vortex) Vortex Genie ~'LI G-560E tl1tL'Vlfll'1'Vlf~m11~m . ~ 

3.2.3.6 Lfl~m~~~1L~e:> (Auto clave) HIRAYAMA 'U~~'Vl HIRAYAMA 

MANUFACTURING CORP. thtL'Vlfll~~'U 

3.2.3.7 Lfl~e:J~L'tJV1 (Stomacher) IVL thtL'Vlfllmtl'LI 

3.2.3.8 i;i'u11L~e>fil1Ufl1le:JW'Vlfli1 (Incubator) ~'U 9010-0075 ED 400 u~~'Vl1'i!Lbel'W " , , ,, , 
~Vlfl 1tJ-s111iu '11n~ tJ-stL'Vlflllvtv 

..i,, I tJ < 
3.2.3.9 Water bath EJ'Vle:J Heto 'j'lJ SBD-50 'jtL'VlfllL~'W1J11fl • 
3.2.3.10 Lfl~e:i~1~n1'i!.n1v1uu11~i1weri (Packaging Atmosphere Analysis) iu 

MAP test 3050 tJ1tL'Vlfll'1~nq"1; 

"" .. ., tJ 3.2.3.11 Lfl'HN'U11"~qjqj1fl1f'I 'U'S't;'Vl MUL TIVAC BETTER PACKAGING 1tL'Vlfll 

3.3 a1'lLfluitlmun111Lf111::oH 

3.3.1 L~mL'i!'LI (Hexane) J.T. Baker tJ'jtL'Vlflla'Vlf~m11~m 
d 

3.3.2 e:it;Jli;i'LI (Acetone) fl111JL'li11'1i'IJ-re:iv"'t 99.9 J.T.Baker thtL'Vlflla'Vlflm11~m 

3.3.3 Le:J'Vl1'1.Jti"' (Ethanol) fl111lL'limiu 95% ~\.1ei S.ISS tJwL'Vlfll1'VIEJ 

3.3.4 L'i!L~EJ1J l'LI li;i-sl'i (NaN02) Ajax tJ-st L 'VIPIU1~LL"''W~ 

3.3.5 ti~i1L tiEJ1Jfl"'tl 1 'jvi (AlCl3) Ajax tl-st L 'VlfllU1~LL"''Uvi 

3.3.6 L'i!L~EJ11lo~1tin1'il~ (Sodium hydroxide) Ajax tJ1tL'Vlfllii1~LL"''Uvi 

3.3. 7 ~VJ'U loL~-si;i (Rutin hydrate) SIGMA-ALDRICH t)'jtL'Vlfll'1'Vlf!m1l~n1 
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3.3.8 m~m:in'!nan (Oxalic acid) Ajax 'lhtL'Vlf'1U1~LLn'Ui;l 

3.3.9 m~~i;i~n (Acetic acid) fl1111Li11'li''Uimrnt 99.7 J.T.Baker thtL'Vlf'1'1Vli'~m11~m .. 
3.3.10 m~wi;i1~u'11mn (HP03) Lubon tl1tL'Vlf'l~'U 

3.3.11 1~flaub'1'Um'I B'U1~'1'Uua (2,6 dichlorophenol indophenols) fl11l.IL"lll.l-b''U 

imrnt 98 Ajax tl1tL'Vlf'1U1~ua'U~ 

3.3.12 NaHC03 Ajax tl1tL'Vlfl!U1~Ua'Ui;l 

3.3.13 Ascorbic acid Analytical Grade fl111lL'Yl11'YltJimrnt 99 Ajax 'lhtL'Vlf'1U1~LLa'Ui;i' 

3.3.14 Folin-Ciocacateu phenol reagent Analytical Grade m1m'Yl11-U'U 2 'Ufffoua 

~~tl Sigma tJ·rnL'Vlf'l&'lii;iL'!luiua'U~ 

3.3.15 Sodium carbonate anhydrous (Na2C03) Analytical Grade fl111JLeU1J-b''Uimrnt 

99.8 Ajax tl1tL'Vlf'1U1~LLa'Ui;i' 

3.3.16 m~unaan (Gallic acid) fl111JLoU1J'!i'uimrnt 98 SIGMA ALDRICH tl1tL'Vlfl1 

~vi-r~uw~m ... 
3.3.17 Ll.l'Vl1'Uua (Metanol) J.T. Baker tl1tL'Vlf'l&'l'Vli'~m11~m ... 
3.3.18 2,2-diphenyl-1-picrylhydrazyl (DPPH) SIGMA-ALDRICH tl1tL 'Vlf'l&'l'Vl-r~m11~fl1 

3.3.19 V1'Vl11L~EJ\IL~tl~1'Vli'UUUFIViL~tl,.r\l'Vll.I~ (Plate count agar) Difeo tl1tL 'Vlf'l~~\ILf'l&'I 
3.3.20 tl1'Vl11L~EJ\IL~tl~1'Vli'u~~i;iuat11 (Potato dextrose agar) Difeo tl1tL'Vlfl1~~\IL!il&'I 

... ... "" ... 3.4.1 01'H'11V3J3J::L'tltlL'VlflL1ftJ"HJ'lJLL 'Vl\I 

II o 4 II :t' " c:! 4 ..J 
a1.:i'Vl1F11111&'1tV1~1ltL 'llu L 'Ylfl1~1 EJ'U1&'1tti1\rl LLat LmJ&'l\1&'1 ntl1 n LLa t/V11uafl'Vl 

'II 

L i.J1uun -,:nmY'Uvi1 m1~.:i11tL ~m 'Ylfl1tmmt~1~-J11t m 'l.mtl1t'1.:iF11 ~LL ~.:i~uruvi.niJ~u\ILLntL ~1t 1 
, 'II 'II 

1JtL~UL'Vlf'11~EJLiL~1J'll'U1~L~'U~1'1Jf'1'UVfl'11\I 1 iJa~L1lmU'Vl\I 16 1/m11\IL'!l'U~L1Ji;J) ..t1..r.:i~rn 
'II 'II 

4 ~ 4 ..J Q 0 CllllO 1~1.1:: 
1JtL"!JtlL'Vlf'1 ~1fl'U'Ua1m.JtL'lltlL'Vlf'l'Yluru'Vl.n1J 80 c '\JTU 3 '\J1'VI LL'1TVl1n11'Vl'1ULEJ'\JmEJ'IJ1 

• 'II 

QI/ 0 0 ' .J c:i.11 d 
( uruV1.n11viu.:i 'lhtinru 3 7 C) uat11.:iu'\Jmt~1~'!l11tm 'Untl1t'1\IFl&'ltu1\rl'YluruV1.n11V1u\I L iJ'UL 1m 

.. " .. " 
30 u1Vi ~u1 ~u ~.:iriu'IJ'1111 tlvi1m1u '!!~11 <'!Jm..1a1V1m1'Ui~EJL~u.:im1cl1EJ fauma'llu.:i11tL~VLVl!il 

'II 

' 
3.4.1.2 m1 u 'llB1111t L :Um 'Vlfil 

Li;J~EJmn1atmEJL'\Jn11LL'll~11fimnam'Yl11'liu 1 % (w/w) m~~(;l~fl 1 % (w/w) 
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LLG'lt'llF11ha 0.075% (w/w) 111va1J1"S1'11'U"StV1-.i1.:ia11G'ltG'l1rJ~v1.ltL~m'VIP!~v 10 : 1 v11m1LL'li~1.1 
" 

LU'UL1'11 6 i111.1-:iv!F1111.1L ~11vu 96 "SvU/'U1Vi 111vrn1LL'li~1.11~~1di'Ufl1"Svl~ruV1JJih~v.:i <1~v1 

-n"S1.1nv.:i LL"tf'lrut, 2554) 

u.J-r11 II o .J .qi/ ~ 01tl II II V d Q. 0 
LLG'l1 t:N ~ VILL Vl.:JU'Un'St111~'!!1'Stl.1tV111'VlvUJ'Vlfl1J'Vlv.:J ';11fi'U'U'U1 vU111rJ!JlvUG'l1J'Sv'U'VlvUJ'Vlfl1J 60 . " " . " 
c 'U1'U 52 i1 L1M (1~v1 -n11mv.:i LL"tf'lrut 2554) 

fl1rJ'Vl~.:i"1nrn1vuLL~.:i1~v11rn"Su'S'S';J1.ltL;ivL'VIP!vuLL~.:J 20 n'S'1.1~v'llv.:i ( 1.l~L=iJm'Vlfil 1 
' 

"n ihl1V1iJn tht1.11ru 1 n-r1J) 1m1.:i PET/Metallised PET/LLDPE 'Yl'U111tl1t1.11ru 6 X 9 il1 -Ja11 
" ' ' 

tl 
,r.,. ~ U .,. I Cl 1 :: 1 !."! ., .,j .. "° 

U'S)';J 'StLll'Yl'Ul.Jf'lUJl.11.JUIJllJl1'U'Yl1'Ufl1'S'll1J~1'U'Y!v.:Jfl1 'llLL"t v'U1 11 ~ 'U)t11U'Vl'1.:J LL"t1JF1111J'VIULL'1.:J 
' ' " 

d I .,j .. _.S., 'I .,j ...; .. 1"'d 'I"' d U .,j 
L 'nv'tf1rJ"11fl1)L'1v1JLl.1rJ'Ylv.:J'111'11f'lqj ~ 'UV1'Vl1'S'VleJ1';J';)t L?tvl.JLl.1 rJ 11 L )1fl1rJ ~IJl'1fl11tfl11 LntJ'Sn~1'VI 

flLLa.:i L -d'U m1LntJ'S'n~1~~i;iJi'ru'1'1lva1.1tL ~m'VIP111't 'U6ll1111a ;.:iv11 t l1'm1.11ru1'11f'l~'U"11".:i (Lv11fl1 

:::!""'°" 'I g .x ........ 1110 QUI 4 .,j "''1':'111 

ci'S1~'U1'Un'1, 2545) ~'Ufl1)t"lfi~1'Ui:J1';JrJ 11'Yl1fl1'SLIJl)rJ1JIJl1vrJ1\11JtL'Y!e:JL'VIPIL'!lv1vULLVl\I ~VI ~111J111J 
'" " 

tl~1J1 ruvl~v.:J fl1) nv'Ufl1)U)'S';J ;,:i L 'Ufl1) LIJl~rJ1Ji;i'1vEi1.:i1.1~ L ;im 'VI Pl L '!!v~vU LL l1'.:ii!'UflsUv~1 tl11 L ~v\I 
' 

~vU"l.J~v'Uvlt m 'Ufl1'SvULL \1-:i ~.:iJ'U ITT~rJ~\l~v\I Lin ~v1.1i;l1vV1\l'Vl"1rJf'l~.:J L11rJfl1CJ'Vl~\1';11fi fl11 
" " 
vULL ~\IL 'ULL~G'ltf'l~\IITT~CJ 1i;'lti1i;i'1vEi1-:iu11';1G'l\l L'U{)\IL1J~G'l 1'1iLLG'lt'li11 tlLL °iiLL~\l~vru'Vlflil -20°( L~v 

\I , • , \I 

111 4 .J 0 11-=- .... 111 0 :: d QJ I cJ 0 I d .J 
1'11.J t L "Um 'VI Pl L '!!v'Sf'l 'SUIJl11J';J1'U1'U ~1 ';J CJ 11'V11 n11G'l t"W'U1 LL 'Yl\llJl1v rJ1\l'Vl'Vl1 fl11 LL'!! LL 6ll\1Vl 

" 
vru'Vl.nil~v-:i "1ni!mi11tlvtJ1~F1111.1~'U"'U 1i;'l"St~Uf'l111.l~'UL vhti'u 80 - 90 %db (1~v1 -w11.1nv-:i 
' " 
LL"tf'lru~, 2554) "1ni!'U~-:i'li11.1tL ;ivL 'Ylfi!L '!!v~vULL \1-:i 1 tlv11m1u11';1G'l.:J L 'U{)-:i~fl"Stuuu 1'S';J~1\I "1 , , , I 

(nv'Urn1u11i:Jiln) ~-:itJwnvui;'l1v 

3.4.2.1 m1u11~.n1CJ 1~'1fl11tU'S'SCJ1fl1filtln~ (Air-packaging) 

n11u "S'S" fl1v1~a.n11tU'S'SCJ1n1 P!tln~ L U'U n1"Su11"~hi1i;'lij rn 1~ 11 LL tl1 
' ' 

'1fl11t'lJ)'SCJ1fl1filL 'U'lJ)';j';)JlUJtli;)'1vi51.11 "1 L~vvl1 fl1)tJ))';)1J~ L ~m VlP!vULL ~\1'1\11 tJ1 'U{).:J LL~1vl1n11 , I , • 

tJ11i:.ii1n~-:ii;'l1CJl"l111.1~v'U (Heat-sealing) rn1u"S1~ffi~n1V1'Ul'l L U'\J~\l'Vl11"v\lf'l1'Uf)1.I (Control) 

3.4.2.2 fl11'lJ'S'S~LL'lJUU'S'SV1fl1Pl~l'ILLtl1 (Modified Atmosphere Packaging 'Vl~v 

MAP) 
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1JtL:UmviP11~i'lla.:i~Pliuaan~Llil'U (Oxygen absorber i;i11J-s1t1atLat1P1~LLflP1.:JL'U'IX1-Va 3.2.2. 7) 

'11t11t1 1 'l!a.:i i;ia ri.:i'rlmfl~n 1 ri.:i 1i11ntTt1vhm-stJP1~i1n~1vm11J-rvt1 • • 
m-sPin~nm;n Lfl'S1tl11ila'U'WaP11'311Jli (Kinetic) '!JC>.:!fl1'SL U~tl'ULL ua.:Jfl111J 

L oU:1JoU'U'tla.:in1'l!aan~Llil'U l t1u·rw1mP1'!la.:iri.:i'Wa1fl~n~u-s-slil'lle>.:iP1"1iuaan~L lilt1'11t11t1~1.:i ., LLat 
• • ~ I 

" ... ..I ... I "" ~ ., J' ., "" • I ., ... 'I .. 'I ., 
Lnu-sn~1V1e>N'Vlil:1Ji;J1.:i ., L'Wmut1m-s-s1u11:1J'tle>1Jmua.:ii;it1L'We>u-stnaum-s1J1P1'3!'U~lilLaan~'tl'l!a.:i 

• v I v 

Pll'l~uaan~Llil1.J Lii'U '11i.J11.J'l!e>.:iP1P1iuaan~Llilt1i;lau-s-slilnru'1 LP1t1-s1vatLBt1P1'!Ja.:im-sPim~11~ ., ., . 
tl1L'3!t1a l t1n1ri~t11n .:i 

2) fl1'SU'S'S~LLUU~qjqj1n11'1 (Vacuum packaging) 

fl1'SU'S'S~LL UU~qjqj1n1Plvl1LPIE.ln1'S~Plmn1111L1.JU'S'S~.tiru'1~1mri~v.:i 

u-s-s~~qiqi1mP1 (i;i1m1t1atLBEJP1~LL'1vi.:ilt1-H1-b'a 3.2.2.3) LLatvi'1m-stJl'l~iln~.:i~1vm11J~e>'U ~1EJ 

fl111Jvi''U 988 mbar L 1m 5 1t11Vi 

3) m-su11~vii.Jn1'ilriTiue>i.J1viaan1'll~ (C02 flushing) 

m-su-s-s1i1LLuuvii.Jn1'il co2 1~-Hn1'll co2 ri11m-fi1l-V''U 40 % (v!v) (u-ru • 
a:1J~a'tle>.:i-stvi'ufl11:1JL'!i1J-b''U'!Je>.:in1'i1~1v N2) vit1L .U11 tJ1 'UQ.:!Ylma~nu-s-s~1JtL ~aL viPlaULL-H.:i 1i;iv1-H 

-stuum-svit1n1'il (Gas flushing) '!le>.:!L1"1~a.:iu-s-s~~qiqi1mP1 mt1'Vl"'.:ilil1nm-sviun1'il1~vhm-stJ~ 

~iln~1E.lfl111J~e>'UL'U'1fl11tL~E.11num-su-s-s~~qjqj1fl1fil 
" ., 3.4.2.3 an11tm1Lnu-smn 

n1t1'Vl"'.:i"1nn1-su-s-slil:1JtL :Um 'Vlfile>ULL -H.:i~1t1-stuui;i1.:i ., 1~v11m-sLL u.:iri.:i 
• I • 

1JtL:UmviP1aamllmh1nt1Lvi1 'l nt1 LLattl11tJLtiu-rmfl~e>N'Vlfli1-Ha.:i (32-35°C) LLm~ 10-12°C 
• 'U 

~n~rut'tle>.:!1JtL;imV1111auLL-H'.:iVJn 'l 1 L~e>'U lt1ii1.:inmPin~n~.:in~11 
... ' 'ti ... ..; ., 3.4.3 n1'j1Lfl'j1::'Vlv.:Jfl 'j::nvuiJ::L 1Jt>L 't'lflL 'tfij'jt)\JLL 'Vl.:J 

3.4.3.1 8'1~U'Stne>u'Y11.:I Lflij'tltl.:llJt L ~m 'Ylfi!L 'llel~tl\JLL -H.:i 

1) 1a1riYi'U (Lycopene) 

m-s1Lfl'S1t'Vl1a 1riYit11~~11LiJt1m-s 1i;ivuw~nvi15'!la.:i Toor and Savage 

(2004) ~.:iij-s1t1atL~tlPl~.:lil vi'1t1V1.:11JtL;im'VlP1L'tltl~eJULL-H.:i 1 n-rlJ 1~a.:iL'U'!l1mU'tllJvi~riti~1E.I 
'U 'U 

titafailt1:1J~tlt1~ L~:1Ja1-s~'11J Hexane : Acetone : Ethanol 25 i1a~~i;i-s ~'1:1JL-HL-V'1n'ULU'UL1a1 
'U 

30 t11ViL~:1JJ1mi'u 10 i1a~~i;i-s vl.:il-Ha1-sata1t1LLt1nimum1a1 2 u1Vi LL'11LLt1n.ff u Hexane 1~ 
a.:i L 'U'Vl'1eJPl'VlP1at1.:i~ij~1tJvi tl11 tJ1vifi1P1"1f1~'ULLfl.:i~ri11:1Jt111ri~'U 4 72 'U1 foLl.Jm ~1'U Blank 1 "ii' 

'U 
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2) ~a111'Ue:iai;i~.:iV111~ (Total flavanoids) 

m11 LF111::~~a111'Ue:i v i;i~.:iV111~1~i;h L U'U n111~ vth:: an ~15"!1 e:i .:i , 
Zhishen et al. (1999) ~.:ilj11va::L~v~~.:id ati'~i;i1vfi1.:i11tL~m'Vll'!L'ljeJ~e:iuu.iX.:i 1.4 n~1J1~v1-&'15 

Soxhlet vi'1va11a::a1mv'Vl1'Uva 100 ljaaa1Jl1LU'UL1a1 1 ,11111.:i LL~1ULUl'l'111G'lni;ivt1i;i',nn 

~1vV1.:i 1 ljaaa1Jl1 a.:i1'U Volumetric flask "IJ'U1~ 10 naaal'l1 L~h.1tl1ni'U 5 iiaaal'l1 L~lJ 
G'l11ata1a NaN02 0.3 naaa1Jl1 LL~1vl.:iH 5 'UTVi 'nmY'UL~11'111ata1a AlCl3 0.6 iiaaa1V11 U.~1 
vr.:iH 6 'U1Vi uivF11'Url1'Vl'U~L~11'111ata1£J NaOH 2 naaa1V11 LLa1\J~u\J~1111V111'i'1vtl1nitJ11Xmu 

.. .. .. 0 ., I .,j " .,j ..,j .,j 
10 11aaai;i1 LLat'U11111~F11m1~~na'Uu.a.:i~1mF11v.:i Spectrophotometer 'VIFl11l.JE.111Fla'l.J 

510 'U11 'UL111Jl) uuVin~hvfli;i'L vJm tl~£J'UL Yiaunum1~111m~1'U'!JeJ.:j Rutin LLat11a.:i1mrnL U'l.J ... 
mg/100 g DM .ff'U1JJeJ'ULLat11aa::L~EJ~L~11L~lJ"l.le:i.:im11LF111::V11vi'LL'1~.:i1'Ufl1flt:J'U1n n.2 

3) m~u.e:iaFie:iiufl (Ascorbic acids) 

n111LFI11t~n1~ LL e.>'1Flviu Fl 1vi' i;l1Lij'Un111~ v\J1 tan \Pi v11 aiti • 
2,6 - dichlorophenolindohenol titrimetric i;i11115'!Je:i.:i AOAC (2000) ~.:ilj11va::L~t:J~~.:id ti 

Ltll'l Standard ascorbic solution 2 naaa1J11 a.:i1'U"ll1~1U'ljlJvi'll'U1~ 250 naaam L~11 HP03 
" " 

5 naaa1J11 11'lLm'Vli;\'1a 0.02 % 2,6-dichloroindophenol sodium salt "il'Uii.:i"il~v~fie:i • • 
?111ata1mtl~£J'ULU'U~'!111l'lF1.:i~111nni1 s i'U1Vi LLa1u'UVin~h~1i;\' "iJ1mY'UtlL\Jl'l?l11i;i1vfi1.:i 

" 
2 ljaaa1J11 a.:i1'U'll1~1U'!111vi'll'IJ1(;) 250 ljaaa1J11 L~11 HP03 5 iiaaam 11'lLl'l1'Vli;\'1v 0.02 % 

" " 
2,6-dichloroindophenol sodium salt "il'Uii.:i"il~V~~e:ia11a::mmi.J~a'ULtl'U~'!11JrlF1.:i~111nni1 . . " 
5 i'U1Yi LL~1U'UVirn•hvf'tv) LL~1ULU!Jl Blank L~m~11 HP03 2 naaa1J11U.'Vl'Ui;i1e:ifi1.:i LL~1L~1J 

HP03 5 ijaila1J11 11JJLIJl1'Vli;\'1v 0.02 % 2,6-dichloroindophenol sodium salt "il'U5.:i~~~~Rv 

?111m~a1m\J~a'ULU'U~'!1lJ~F1.:i~111nni1 5 1u1Vi u.~1u'UVirn•hvrtvi'Lll'U mg Ascorbic/100 g DM 

.ff 'UIJlv'lJU.a::11aatL~EJ(;) L-ri11L~1l"IJ'-l.:!n111LFl11t'Vl1i;\'LLG'l~.:i 1 'Ufl1Flt:J'U1 f) n. 3 

4) a11\J1::ne:iuM'Uan~.:i'Vl1J~ (Total phenolic compound) 

a11\J1::m:iuMuan~.:i'Vl11~1Lm1t'VIL(;)V1m5 Folin-Ciocalteau 

reagent u.a::V11r11111i;i11~1'Um(;)LLnaanl'l11115"Ue:i.:i Kim et al. (2003) ~.:iih1va::L~£J(;)~.:id 
ULUl'l'111mvi'"il1nm1an~ 1 naaam 1'U'Vlav~'Vl(;)av.:i L~1J'111mm1v Folin-Ciocalteu reagent 5 

iiaaal'l1 Lnu11lu~ij(;)'\.ht111ru 5 'U1Vi "il1mT'UL~lJ 7.5% Na2C03 \J~1J11Jl1 4 naaam Lnu11l'U'vf 

ii~LV'UL1m 1 ,111".:i Blank vi1LeU'UL~EJ1tl'\J~1vEJ1.:j 1~v1.U 80% L1J'Vl1'UvaLL'Vl'lJ'111'1tl(;) LL~1t11h.J 

1'~r11m1~i;in~'ULLG'l.:i~1mF1~v.:i Spectrophotometer ~Fl111JEJ11fl~'U 765 'U11'LIL111J11 U'UVinFi1vl 

1v\'LYivunum1~111m~1'U ~1'lJ'111a::a1v111m~1'Um~LLnaan 1LF111t~L"li'UL~v1num1iLR'nt~ ... ... 
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!Pl1aej1.:i LL":::u'UViflrhvtl~v1flm11'~L Yiaa~1.:imTtimi;i13jTU u'UViflrhvl'l~L U'U mg GAE/1 oo g 

DM ~'Ui;ia'ULL":::11em:aav~L ~11L~11'!Ja.:im11 LF111:::V11~LLa~.:i L 'Uil1fl~'U1fl fl.4 

5) m~~.:!'Vl11~ (Tltratable acidity) 

m111rum~~.:i'Vl11~1Lm1:::~i;i11115'!Ja.:i AOAC (2000) ~.:iii11v":::LBt1~ 
i;J.:id i.:i~1av1.:i11:::L~mvim'Yla~auLL"1.:i 5 fl-r11 ~'ULmtl1v1fl~1av1.:i11:::L~m'VlfilL'lla~auLL "1.:i 1~vm1 
L~11J1fli'U~1'U1'U 5 Lvl1'!Ja.:i~1av1.:i 'VIV~ phenolphthalein 2-3 '\tltl~ 1i;iLi;i1'Vla1·rn:::"1t1~1t1 0.1 

M NaOH v'Um:::~.:i5.:i~~~~~aa11":::"1mtl~t1'ULU'Ua'Yl11~tia'U 1 u'UVim..J~111i;i1'!Jti.:i 0.1 M 

NaOH viH1\JIL\Jl)'V1 U'UVirn•hffi~LU'U mg/100 g ~1mh.:i ~'Ui;}tJ'ULL":::11t1":::Lfltl~Lfi11L~1l'U8.:in1) 
1 Lfl11:::V1L~LLa~.:i L 'U.fl1fl~'U1 fl fl.5 

6) fl111l~'U (Moisture contents) i;i11115'!Jti.:! AOAC (2000) 

aut11va:::"fa ilt1111 'Ui;i'mm11~a'U~aw'Vlflij 105 ° c 'U1'U 2 - 3 i11m 
" " . " 

LL~1 ta1 n 'U Lei~~ fl111J~'Uv1.:i 1 i'v'U fl1:::~ .:i aru'Vlilij" ~".:! L vl1 ti'uaru'Vlflij\1a.:i LL~1i.:itl1V1tl' flt1'1 ti " , " , " 
a:::"ijLilt111 cB'.:itl1'VIUfl1J:::L~8L'VlfilL"/Hl~tl'ULL"1.:itm~J1'V1Ufl~LLil'Ua'U 1 - 3 fl-r111ci".:i1'Ut1'1t1 .. 
a:::"fa iit111~vi11utl1V1tl'flLL~1 aut 'Ui;iaua11~a'U~aru'Vlflij 105 ° c 'U1'U 5 - 6 i1111.:i LL~1tl1 

\J v • " 

~1av1.:i11::: L ~a L 'V1fil~auLL~11a1il'U1ci~~F11111~'Uv'U m:::~.:iaru'Vlflij"~".:iL vhti'uaru'Vlflijl1a.:i LL~1aff .:i 
" • v , ,, 

ihvttl'fl tl11 tJau~1v'Un-htl1V1tl'flv:::fl.:i~ u'UViflFhvi'l~L ll'U %db ~'Ui;JeJ'ULL":::11v"::: LBEJ~ L ~11L~11 
'Uti.:im11Lm1:::V11~LL'1~.:i L 'Ufl1fl~'U1fl fl.6 

7) nvm111m1LtJ'Ua11i;i1'Uti'U11"~"'1::: (antioxidant activity) ... 

Serrano et al. (2008) ~.:iii11t1":::Lat1~~.:ill lJLtJi;ia11":::mt1 DPPH tl~1111J11 3.9 ija~~i;i1 ".:!L'U 

l-iatl~'Vl~"a.:i iJL tli;ia11'11n~~1av1.:im111i;i1 0.1 ""~~\;}) a.:i L 'U'Vl"tlVl'VlVl"tl.:i~ii DPPH L 'UV1'1111 ~ 

L .a'1n'U~1t1Lfl~tl'I Vortex LtltJ 11l 'U~~VILU'UL1"1 30 'U1Vi Control vl1L eii'UL~tl1tl'Un111Lfl11:::~ 
!Pl1a~1.:i 1~vt-« 80% L1l'V11'Utia LL 'Vl'Ua11anviv1fl~1av1.:i tl11 tJ1'vir11m1~~fl~'ULL'1.:J~1mR~a.:i .. 
Spectrophotometer ~fl111ltl11fl~'U 515 'U1L'UL11i;i1 u'UViflrhvi't~11t1.:i1'ULU'U % Inhibition 

.ff 'Ui;ia'IJLL":::11em::: L~tivi L ~11L~11'!la.:im11LR11:m1~LLa~.:i L 'U.fl1fl~'U1fl fl. 7 

3.4.3.2 a.:ir1tJ1:::fleJ'U'V11.:!n1tl.fl1'Vl'U8.:!1ltL~m'VlfilL'Yltl~tl'ULL~.:! 

1) a (Colors) 

m11'via'!Ja.:i11:::L ~m 'Ylfiltiu LL ~.:i 1 iLfl~ti.:i1'via (Hunter Lab). 1~ v1'~ LL"::: 

11tl.:!1'UITT 'U1ttJtJ CIE system L *, a*, b* L * ~ti a* ;ia LL"::: b* Ra 1'11 L • (Lightness) R8Fl1 

R1111a11.:i L~tiiir111fl~ 100 LL'1~.:i111'i;i'1ii~'!J11 L~m'li'11fl~ o LLavi.:i111'1J1nii~~1 a* , , 

(Redness/Greeness) fiarhaLLvi.:i LL":::aL ~v1 L~m U'U'U1flLL'1~.:i111'i;i'1ii~LL~.:i L~m U'U"tJLLavi.:i11 , 
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1'i;i'1iiaL~v1fi1 b* (Yellowness/Blueness) ~tifi1~m~eH LLm::~tl1L~'U Ldmuuu1mL'1~i.:ii111'1'1ii • • 
aL'Vl~tl.:! LdtJLU'U"ULL'1~.:!1111'l~ii~tl1L~'U 

nT~iLF1'n:::~l'i'1tiv1.:iLi;i~m.JLF1~ei.:i 1~vrn1'1tiUL Vivu (Calibrate) LvWLLeJu 

LVivua1J1(;m>1ULL~1U'UVin tl11Ji'1tiv1.:i11:::L;itJL'Vlfil~L1;J~f.J1J11ttl1~Fha~VIU'UVinFhavi'ti;l' vhm1-Jvia ... 
1'11tiv1.:i"::: 3 .J1 1vivm11'viFi1~ L *, a* 1.1."::: b* .ffui;itiuLLa:::11mrnL~vviL~1JL~1J·rn.:im1iLF111:::-H 
1~LL'1vi.:itumF1~t11n '!l.1 

2) Ltlti'11J~'1 (Texture) 
.,.f.,.,o ull d ( 

f1111VILUtl'11J~'1'Vl1n111VIV11VLF11ti.:i Texture Analyser LLOYD, LR 

Model, USA) 1vivtl1:::~nl'li5'!Jti.:i Heredia et al. (2007) 1im11'~ TPA (Texture Profile 

Analysis) 1vivtil111'viLLuu Cylinder probe '!lmvi 2 ijaaL1J!;J1 Fl111JL~1tum1nvi 10 ij"aL1Ji;i1 

i;ltit11Vi tl1i1tiv1.:im-Jvifi1 LV!f.J11.:!i1mh.:i~~~fi.:ina1.:i'!Jti.:i Test Cells -Jvifi1F1111JLL ~.:!'!Jtl'l!Ji'1eiv1.:i • 
1viv1i Test Cells nvia.:i 1 tl~l'i'1tiv1.:iF1~.:iV1-d.:i'!lti.:iF11111V1t11'!lti.:i1J:::L ;im 'Vlfi!L"!lu~BULL \1.:im111 tl1LLm1J 

~~.:iH 1vim1:::1'vil'i'1mhrn::: 3 .J1 tl1-b'mmffitl1LLm111'vifi11~111iLF111:::'l-fo" 1vivu'UVinf'l1LtJu 
" 

f'l11.1.1.:i'1.:ia~ (Maximum load 'VIU1V~tl N) .ffui;itit11.1.a:::11vf!:::L~f.JVIL~1JL~1J'!Jtl.:!n1'~iLF111:::'Vl1~ " . 
1.1.'1vi.:itumf'l~t11n '!l.2 

3) n11L tl~V'ULL tlf1.:itl1V1-tJn 
.. <f 

0 
l.,j tl ?;' ., 4 .,j II 111 o 

f1111Lf'l11:::'Vln11L uf!V'ULI. a.:it11'Vl'Un"tltl.:!1J::: L '!JtlL 'Vlfil L "!ltl1tl\J Lb 'VI .:i V!'Vl1f111 

1'vitl1V1-U'nmvmr.:i~1nm1Lnuf n~n t UVJn 'l L~aui;iativie>1~m1Lnuf n~n 1vivm1i.:i11::: L ;im 'Vlfiluu 

Lf'l~ei.:ii.:i 2 l'i11.1.V1ti.:i (Satorious, LP4200S Model, Germany) LLa:::vhm1Ltl~m.JLVivum1 

L tl~vuu. tla.:itlTm!nnutl1V1i!m~11LL 1nritit1vi1m1u11~ ~1mTu11v.:i1mrnm1L tJ~vmL tl '1.:itl1'Vl'U'n • 
~I II • l.,j tl ?;' ., o 11 L utl1tlf.J'1::: nTn u'1f.J\JLL fl.:!tl1'Vltlni;i111'1m Uvnam f111f'l1'U1UJ1tlf.Jfl::: 

" " 

(3.1) 
" U1'Vl'U'nntltl\J11~ 

4) m1 L tl~V'ULL tl'1.:in11/lmm~L ~'ULL'1:::F11{uti'U 1vititin 111li;l.rnv t uu11~.ti ru'1 

rn1Pin~1m1 L tJ~ vmL tla.:in11/ltitin~ L~'ULLa:::F11{utiu lvimrn 111lvlfl1V tu 

u111i1.ti'ru'11 u1:::'Vl11.:irn1Lnuf n~1 1~vi1L ilum1 lvivliLf'l~ti.:iiLF111:::~ti11/lt uu111i1.ti'ru'1 (m11 • • 
11vm::L~vvi~n"111'J~1'!lti 3.2.3.10) t urn11'viF11111L"li11"1iu'!Jti.:iti1lll li;lvi1m1~vil'i'1tiEl1.:in11/l 

.fl1V L tlU11~.firu.;JtJ~111ru 20 ml LL~1UVI L "li11 tJ1 'U Lf'l~ti.:i-Jvi n11/l L ~tivi1 f111l Lf'l11:::"1 f'l111J L "li1JoU'U'U tl.:! • 
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fl111 LFl11 ::~tl~m ru L ;f el'1 a'UVl~ ITTvl vl1 L il'U fl111 Ii) '11 m ;f el'1 a'lJVl~ rh~.:im.1 Ii) • • 
( ) .. ~ ....... ( ).J"" ""'\ tl"'.s Total plate count u.mmMILLa::11 ml.J1o'lle>.:i AOAC 2000 6l!'3l.111t1atLvtllilLlilt1'1~ lil'3'U m1 

1LF111::~V11mmw~a'lJVl~vvYw1l.Jlil Llilt1 ~al.Ja11a::a1r.i\;}1eiv1.:iLLa::ei1V111 L~ r.i.:iL eff ei 1 'IXL-il1 n'U~ 11.:i 

~.:i11l '!Xei1V111u~.:i\;}1 '11n'1tJF111'11'Uv1vr11L~t1.:iL ~aa.:i u.~1tl1 hhJl.11 'lJ~til.lvf vruvr.flij 3 7 ±2° c 
'U • 'U 

L U'UL1a1 24 - 48 -B-1 Ll.l.:i m1~11'1tl'u LFI fauu.a:m1111r.i.:i1'U~a '11'lJm11LF111::~V11va~LLa::11 

Llilm VlmV111L~t1.:iL ;f ei L 'lJ'11'UL~ti.:iL ;f eiLLa111.:i~.:i11l '!XmV111u.~.:i{;}1'11mr'lJ Ln~m :ff ei t 'IX'*1'11'uv1vr11 

3 .r ., 01tl', .,, .J .... 0 ~ .:,'\ "'\ '\"" 
LatlWllU LLa1'U1 tJl.JL'U~'Ul.JVluW'Vl.fll.J 37±1 c LU'UL1a1 24 - 48 '111Ll.J'3 fl1)(;1)1'1'lJtJLFILa'ULLat 

'U • " 

.J ~ ._, I 3 0 l.f QJ 

fl1111tl'31'lJ~a 6l!'3'Vl'3 PCA u.a:: PDA 'Vla'3'11fl'Ul.J'11'UL'Vl1tL'!ltlfl)'lJ(;l1l.Jfl1'Vl'U(;IL1a1LLa1 (;1)1'1'lJ'U 

0 '\ '\ .. .r .Jq 0 '\ '\ .. I I '\ '\ q I O '\ '\ ..0 .J 
1il1'U1'lJ LFI La'U'U'U'11'lJL vn::L'lftl'Vll.J'11'lJ1'U LFI La'lJu~)t'Vl11'3 30-300 LFI La'lJ 'Vl1Fl11il1'lJ1'lJ LFI La'ULUatl 

'11nvY.:iaei.:i'11'UL -r.1::L ;f ei11r.i.:i1'lJm1i;i11,-itl'tJ t uV1u1 r.i,j°1u1'lJ LFI 1au~ei\;}1ei v1.:i 1 iiaa~~1 ( CFU/ g) 

Llilt1.ff 'lJ~u'lJm11 Lm1::~ua::11t1a::Lijt1li'IL ~2.1L~l.Ju.ai;i.:i 1 'U.fl1Fl~'U1n rl.1 LLa:: Fl.2 

3.4.4 n1<a'VlfU1tltJfl111J'tfi>tJ'llt1~e1tJ°ilnfl 
'U 

m1Vllil'1utJF1112.1'11eiu'l1ei.:ieru~1.flfl 1vlv11L il'lJm1Pim~1vl1'lJ~ n~'U 1'1'111~ L deial.J~a 
" 

LLatfl11l.J'!ltl'U Llilt1111l'llt1.:i~u~L.flfl~ti~ai;ifiw'ti11::L ~m Vlfi!L 'lfu~uuu'IX.:i Llil ti 1 '°15 9-point Hedonic 

Scale Llilt1F1::LL'U'U 9 vrmr.ifi.:i F1112.1'!leiu111nvi'1lil LLa::f'ltLL'lJ'ULvi1nu 1 'Vll.J1t1fi.:i F1112.1'!leiui!eit1 • 
vi~i;i ua::1'1i'~Vllil'1t1tJ~11uuu untrained panel ,j°1'U1'lJuv1.:ii!eit1 60 R'lJ L'Um1Pim~nffi~vhm1 
Vllil'1t1tJF1112.1'!lutJ'llu.:i ~u~LflR L 'lJfl11 Lnu-rn"t;11'Uvi 90 '11 nn11Pi fl'\;1 L 'lJL \f ei .:i~u-r.u11~ni;ru:: 
t.111 n!)'llu~~ai;ifiw<tiLrlmn'UL U'UL1"1 120-150 i''U '1tij~fl"t;ru::vri;i\;}1eiv1.:i2.11n (ij~fl'l;(Utfla1tl 

'Vl'Uu'U) u.a::Lileial.J~aflR112.1u.~~m::~1.:i ~~u1'1::vl1 t'!Xeru~tnF1 'W'lleiu~~~firu'ti ~-:nru m1Vli;i'11-uu 
'U 

~.:i Lvlvl1m1'Vli;iaeiuvf 1uvi 90 eiv1.:i hn~111 m1Vli;i'1!eiu m1 L i.J~r.imL tla .:i'llv.:i~~\J'lfiru'ti ~1'ULFlij 

mt1.fl1-r. LLa::L ~ei'1~'U'Vl~v'1'U Lvlvl1n11'Vllil'1uu1i1ui1.:iL 1a1m1Lnui'n"t;1 150 l''U L ~m ll'U<U'u2.1aVl1~ 
• 'U 

1'Vlt11mai;i{riT~·rf um1~~'U1~~\111lru'ti2.1::L ;im 'VlfilL 'YJu~utJLL ~.:ii;lei 1 iJ 
... ' 3.4.5 u.e.1un1<aY1'1av~LLa:nLfl11::'Vle.1am1Y1'1aeH1 

n111LF111::~ei.:ir1t.11:: neiu LL a:: R ru.fl1Yl'll ei .:i ~~ i;iil ru 'ti1 'U-a ::V111.:i n 11 Lnufo"t;1 vi • 

m11i{;}1~i;i'li'ueiun;JL'1'U (Oxygen absorber) m1u11~uuu~cyqi1mf'! (Vacuum packaging) 

LLa::n11u11'1uuu..;un16l!F1Tfoeiu1i;imrn16l!~ eiruvr.flii 2 -a::~u~-u 10°c LLa:: 30°c LLa::L1a11u . . " 
m1Lnu-rn"t;1 5 1::~u (30 60 90 120 LLa:: 150 i''U) Llilt1~1Lil'Um111.:iLL~'Um<a'Vllilau.:iLL'U'U Full 

,, .J 
Factorial in Completely Randomised Design LLatvJ1fl11Vl(;lfleN 3 61i1 (Replicates) 6l!'3oUulJ" 

vf1~1il1flfl11'VJ(;lau~1vltl1l.J1iLR11t~Fl112.JLLU1U11'U (Analysis of Variance 'Vl~u ANOVA) LLat 
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Fl1111LL~n~h'l'!Jtl'IR1LU~V'!Jtl'l~G'ln1'WWlG'ltl'l L 'ULL~"t:~1 LL tJ1~'Yi1 nT~Plm~1~1 v Duncan, s Multiple 

Range Test (DMRT) Y11:::~uF11111L~alfu~t1VG'lt 9S 1i;ivH1tl1LLm11 Statistics Package for the 

Social Sciences (SPSS) 16 for windows 

uam "Htim11nm1iLF111 :::~vn-:ia~~ i'Vlei1un'Ut5ffi~tl1 La'UmL 'U1 l ti11m1L tl~V'ULL \JG'l-:i 

., I ... .J .,., ti .. 1 ., .... 1 "".I 'i 
~W.f11Vii;J1'U~1'1 1 '!ltl'll.Jt:L'!ltlL'Vlf'IL'!!tl1tlULL'H.:i ~\J~ n'l1n~i;J-L'1\J LVitlu1t:ntlUn11tl.f1u11EJ~" ~i;JEJ 

ije)n~1elt1'!Jt1.:i~.:i'Vli;iG'lv.:i~tJ11n!Jvtj~.:id 

AIR-10 = u""'"" du .J 1t:UUn11U11'1LLUUV1n1f'l n~ Ll.Jmnu1n~TVI 10°( • 

OAB-10 
.J ... ., "'ddu .J 

= 1:::uum1u11'1'll'l1l'llv.:ii;ii;i511uavn'l!L'1\J LlJvLnu1n~Tv1 10°C • 'II 

10 d du .J 
(02-10 = 1:::uum1u11'1LLUU'Y'l\Jn1'!1 C02 Ll.Jmnu1n~1'VI 10°C • 

... d u .J 
VAC-10 = 1t:U'Un11'U11~LL 'U'U'1tyty1n1f'l Ll.lmnu1n~TVI 10°( 

AIR-30 = u"'"" du .J 1:::uum1u11'1LLuummf'l n~ Ll.Jmnu1n~1'VI 30°C 
' 

OAB-30 
.J.c:11 v q d G-., .c:J 

= wuum1u11'1'll'llJ'l!v'li;Ji;J'lJUt1vn'llL'1\J L11mnu1n~1'VI 30°C 
' 'II 

(02-30 
• .. 4 d "' .,J 

= 1:::uum1u11'1LLuuvrum'll C02 Ll.lvmu1n~1'VI 30°C • 

VAC-30 
... d ., .J 

= 1:::uum1u11~LLU'll'11Y'lJ1mf'l Ll.Jvmu1n~1'VI 30°C 



d 
\J'Vl'VI 4 

4.1 U'1tl1 

• Id ti ., ., .,, ~ .. 1 1 !"I ., .. 4.2 n1'Ruil'1\.IU a.:ifl1111L'll11'll\.l'llt>·m1'tiee>n-oL"\.ILLil::fl1~uu\.I tle>e>n ~" L\.l'U~~'J.flNeri 

•• ..1 .1 "' "' .. "" , ., .. ..1 .. d "' "' 
nT'H uaCJ'lJU ua.:iR11l.JL 'lll.J'!l'U'!Jv.:im'llmJnll!IL '1'U ~ 'UtJ11'1i1N'rl'Vl'U"fi'1l.JtL '!Jv L 'VIPIL '!lB''rntJ LL vi.:im CJ • • 

I llf .J I II II D ~ 'I II ,c:J -=I 

'1i111tfl1'jtJ'j'j'lU tJU~n.:i i L 'Ufl1'Vi'Vl 4.1 'Vi'U11R11l.JL '!J1J"!J'U'llfl.:ifl1'ilflvn'i!L'1'U L 'lJ'lJ'j)~i1t:\J'1'i!.:ilJfl1) 

L~'llt1.:i111111iumm;fL'1'U (OAB) a111a.:itn~LfiEJ.:i 0% (v/v) ~mnu-rn-ct1Lth.1L1a1301'LI LLatijLL'U11i!ii 
" 

R.:l~\Jlavl'lv1CJm'jLnu-rmfl uat1ijijR11l.J1.t\Jln~1.:iti'lJ'jtV1i1.:ieiruvif1ilm'jLnu-rmn fl1'jaitww1.1ITT . . " 
R'J1lJ L '1i'l.J'1i''U1trn.:it1v n~ L '1'Ufl1CJ L 'lJtJ'j'j'lzlW..,j ~ lJ'U~al.!1'11 ntJ~ fi~CJ1tlvn~ Ll'l~'U1tVli 1.:i~.:i L 'VI~ n LLa t 

vvn~L'1'U~v~fl1CJL'UU11,-izi'ru"7i (.:i1uVi'Vit1 .ri1hl'l:lJ, 2550) '1vl'll"l~t1.:itiu~a.:i1ui~EJm1t~6llei.:il'll'l " , ,, ,, 

(v/v) 1J1avl'IV1CJfl11Lnufo-ct1 30 i''IJ '\Jvn,-i1nd Charles et al. (2003) ~11EJ.:i1'1Ji1R11l.lLoU:lJoO'\J • . ,, 
016lltlvn~L '1'\Jfl1CJ L'U'1.:l'Via1'1~n LOPE Viu11'1lltL iim 'Vlfil'11'1LL"1t'llv.:l~Wliuvv n~L '1'U '11lJ1) mnl'l1i'IJ . . " 
L ~1ni1Lllm mCJtJL Vivunum1al'la.:i'!Jt1.:iR'J1lJL 'li':lJoU'U fl16lltlv n~ L '1'Uf11EJ L 'U~.:i'Via1'1 ~fl LOPE ~'\.)))~ 

L wv.:i:lJtL iim 'V1Pl'11'1 ~.:i~a t '1 Lnl'l'1m1tu11v1mP11'i'l'l LL tJ1f11v t '1Ju11,-izi' rueri1~ L ~1;ff 'lJ • 

~qiqp mfil (Vacuum) YiU11ri11lJ L 'li'ii'li''U'll eNn1611v v fl~ L '1'U t uu11 v1 fl1filijl"11 tn~Lfi CJ.:ivi ~m vhnu 

0% ( v /v) \Jlatll'IB1 CJ fl1 'j Lnu-r mn~.:i '18.:IB t:\J'Vli1iJ L 1i'UL~ E.11 nu~ rl'!JB-:1 fl11 L -ti'611 v.:il'll'liUtltl n~L '1'1J , , ,, 'U 

(fl1'Vi~ 4.1) ~.mm1Pim~nm1u1'j'1~.:i'11ii1tUULL'1l'l.:i 1 lXL ~'IJfi.:iflinEJ111'Vi L'Um1al'l m1:lJL oUl.loU'U'lJv.:i • 
fl1'llflflfl~L '1'U t 'lJtJ'j'j'1Jl ru"7i fl1'j L~B n t -ti1 '11'1Yl~lJYl"11'1~fl~ijl"111lJ'11l.J11'1 L 'U fl11vl1'\J fl11'lill~1'U • • 
'lJt1.:it1vn~L'1'U1~~.:i L'li'U YJ~lJ PET/Metallised PET/LLOPE vltmum1Pin-ct1d ~1l.J11'11i1CJal'lfl1) 

" 
fliii~1'U'!lv.:in1'llt1Bn~L '1'1J'11nfl 1CJuvnu11'11i'rurn L '1i'1l.l1~u1w1m filil1 CJ t 'Uu11'11i'rurn L ~v.:1'11 fl . " . 
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fil111JLLf!n~h.:i'llv.:Jfl111JL c011iu'lle.:in1ineen~L\l'Uv1L iJuu ,.:ii'U~'U (Driving force) 1. ~Lii"m,LL 'W~'IJv.:i 

n1'1.ltJtJn~L'1'U~1u~~1J'W"1"'fin 

25 -+-AIR-10 -> > -9-0AB-10 
~ 20 • -r:: -.-coz-io 
.s 15 -Ill .. ~VAC-10 -e 10 
CJ -!-AIR-30 
r:: c 
CJ 5 
r:: ...-oAB-30 
Q,I 
~ 

~o -C02-30 

0 0 30 60 90 120 150 
-VAC-30 

Storage days 

"" - •"" .1 .. .. .. !:I .. ., """ .. 1'1,.'rl 4.1 n'l1LuitfJ'ULL uit~fl1111L 'Ull'UU'tli>~fl1-tl88fl"D L;JUll1fJ L 'U\J"a1'!1'N"'Yl\J11'!11::L 'UBL 'Ylfl 

"" .. .. • d ., "" ... 0 
L'UB1B\JLL'M~ tt1v-a::uum-au11'1LL\J'Ufi1~ 'l ua:an'U"an'tt1'rl '?N'M{lll 10 c ua:: 

30°C LtJUL1it1 150 1u 

\l1fi.fl1'Wvl 4.1 'W'U11fl11lJLi1JcO'U'IJil.:ln1iumin~L\l'UL'U'U,)fJ1n1P1tlnf\,T.:i"'v.:lilWV1.nij (AIR-10 
• 'II 

u":: AIR-30) ijf11""".:iav1.:i111milm tl~EJ'UL Yiv'Un'U1::~'U fl1111L i11iu11,>.:in1iuv£Jn;iL '1'U 1 u 

'U11v1mt11i11tl (20.99% v/v) mh1f'ia w 1uvi 30 'llv.:im,Ln'U'fn-tn R1111LilJiu"1Ja.:in1iu 

ilvn;;L'1'UviawV1.nij 10°c iifl1tl1::mw 8. 79% (v/v) u"::~awV1.nij 30°C iifl1tl1::111w 1.17% . " . - "' 
(v/v) Lrlmn'U'f mi1L tlun"1 30 1u m1""".:i"1Ja.:ifl1111L c0JJiun1iuven~L \lu~.:in~11e1\lij'1!1L Vll"l • 
~1~tylJ1'11nn11L '1~qj L;itJ Lfl Lfl'U Lfl'IJB.:I L (e~il'\JVl~VLl'lEJLQTf1:: ev1.:i~.:in~lJ 1 immt'I (Kurtmann I 

'i "'~"'' ,., ... .. "' ..... "'"' ..; ... .:, "' ..; 2009) L"EILVl'ULl'l11n11""".:J'IJ8.:ln1'1.liltln'UL'1'U L \JtJ))~flW~VILn'U,n~1VI 30°( Lnl'l'll'U L 'UtJ\;1)1Vl\'!.:J 

n11 Liiti'11newV1nij~'11.:i'1::d.:im,Ltil~mLf1'ULflLflt1Li;i'IJa.:iL(e"'~'UVl~V (Robertson, 1993) m1 . ,, " ·~ . 
L tl~EJ'UUtl".:ifl111JLcOlJi'U'll8.:!fl1lft88n~L'1'\JL'U~.:!Vl""8.:J AIR-10 u":: AIR-30 ijfl11lJ'1tll'lflav.:in'U 

m1Lfi11i'U'lltl.:ifl11lJLi1JWfl1'U C02 (n1-nvi 4.2) ;.:l'rl'Ui1fl11lJLiU'1J<ti'\J'Uil.:Jfl1'U C02 'IJtl.:l~.:!Vltl"v.:i 
..:ill O&I -.,..J "CV 

AIR-10 u":: AIR-30 1Jfl1'11.:Jtl1::1J1W 8 u":: 20% (v/v) fl1lJ"1ti'U w 1'\JVI 30 '1Jil.:ln11Ln'U)fi~1 
'II 

Ltlf.Jf1111JLiU'11.Uu'IJv.:in1iu C02 vi 30°C iifl1\'!.:ini1 ij"'1LV1~'11nm1L\l~qjLfl'U lviLfi'U Li;i'IJ£J.:i 

JI .. ... ~ .., ..; 
L 'Uil'l"'UVl)EJ L\J)::fl'UVl\'!..:J 

'11nm1;in~1Lvn'1!11e1-.:iil.:i~Lfim.Ua-.:i'rl'Ui1lJ::L;imV1t118'UU'l1.:itJ,::LflV1fi.:iu~.:i (Semi-dried 

tomatoes) LV'U~~ft.ti'wirlvi1::fit1fl111J('\J~.:I L-ri'U )::~'UmlJ1wtl1f3'11):: (Water activity: aw) 'IJtl.:I 
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11::L~m'Vlflli'IJ~ Excell, Tadriro, LLa:: Flavourine ;'1~1'1Jm-s'Vi1LL~'1~1va.n11:: 42°C Ltl'IJL1'11 

18 i1111'1ii'Uiifh~'1tl-s::111w 0.95 - 0.96 (Toor and Savage, 2006) Lt1V"St~'\.Jfl1111;i'IJ~'1n"11 
I ,, II Q .., ... cj T " 4 Cf 1., 4 J Q q ... " .., 4 

'11111"S(l'1·Uol'1 L'Vl~'1\JlflW'Fl11LL 'IJ1 L 'IJ11L'1v11L'1V l'IL 'Uv'1'11nL '!1'1~'1'1J\ll"SV LLa::V11mnu-smi111:: L 'tJm 'Vlfl 

v'\.JLL ~'1111 'Uan11::u-s-sv1mflltl n~ an11::~'1n"11m'1 L ~'1m-SL'1~qi Ltiu 1,, Ltiu L\Jl'tlv'1 L ;i'B'la'U'Vl~u 
LLuul.Ummfll (Kurtmann et al, 2009) ~'1m~viitl-s1vltl'li1'1~'1J l'U.n1Yi~ 4.1 LLa::n1v.~ 4.2 

bJ1.iJl-s1V'11'1Jfl1fl1111L'li11'1i'IJ"IJB'1n1cu 0 2 LL'1t n1cu C02 'tJv'1~'1\llfl'1'1'1 AIR-10 LLa:: AIR-30 .fl1EJV!i;l'1 

., al "' ... Q ,. ... 1 .r Q .... a1 d 1"'"' ti I '1101'\J'Vl 30 L'U'1'1111'11n n1"SL'1-SqjL\Jl'\.J Ll'lL\Jl'\.J fl"IJv'1L"!IB~a'IJVl"SV\11'11111-SmVl'IJ flfl1V\Jl1L '11'\.J'IJ 

.., IT~., "'1~ al~ .... ,. ,K .,. .... )o'I"'.., 
1.ltL 'tlvL 'Vlfll \LflVL u'Uani;ru::L'1'1J f.J"1'tJ11Vltn'1L 1J'U n1"SL'1-SqjL\Jl'\.J L\Jl'Utl'1L "!18"S1'Vl"SBV'1'1 'Vl1 L \111.ltL'tJtl 

L 'Vlflii'U ll.ia1111-s"-S'utl')::'Vl1'UV1~v'tl1vl~~ni;iv1 ti tfjiv~'1 UJ-s1v'11'1J~an1'llt 'Uu-s-s~.nw.iLLa:: 
fJWfl1Yim-sLnt1-S'n~n ~'U i "llt1'111::L ;im 'Vlfllt 'IJ~'1VlflaB'1~'1nciTJ 

4) -.0 • ~ • • • • -OA.B·:r> 
;;. 

l 
;s 

-• }O 

0 
w :5 
b 
• :o .. 
y 

15 • • y 
JO .. ..... 

¥ 
i.,i 

0 • • I 
0 ;o 1:0 

cl ti"' ti .. .. .. 'I ., ..!-' .. cl 
ll1'W'rl 4.2 n11L iUJ'ULL fl'1ft112JL'U2.l'UU'Uil'1n1ttl C02 1118 L'U\J'i"l~llW.,.'rl\.111~2.l::L-UtlL'rlfllL'tfil1 

.. J! I A ., cl - 0 0 

il\JLL'Vl'1r11t11:uum1u11~LL\J\Jfl1'1 'l LLa:mu1m.'!t1V1 ~W'Vl.Q2J 10 c LLa: 30 c 
LUUL1a1 150 iu 

lun1Yi~ 4.2 f\1111L'li11'1i'IJ'Ut1'1n1'll co2 tuu')')'1nw.i~tJ')')'1~1am')loU''llv'1flflit1mm;;L'1'U . . ,, 
LLa::')t'\.J'\.J~tyqi1mfll iifl1tn'1Ltit.1'1V1~mvi1tiu 0% (v/v) i;iat1flV1~n1')Lnu-rn~1vT'1'1B'1~wvi1,1ij 

L 'U'tJw::iifl1111L i11'1i'IJ'Tlv'1ti1cu co2 t 'U'l.J')')'!fiw.iiiiinTsvt'Un1'll co2 iit•hv~'t 'UoU1'1 39 .68 -

40.86% (v/v) ~am');in~1~'1nci11u'Ua'Ufl1111a1111')(l'tJ8'1~'111wilalacnvtlm'IJm');in~1mum') 

~1'Um');i11~1'1J'Tla'1vT'1n1'llaan;iL'1'ULLa::n1'll co2 (Robertson, 1993) ~'1a'1~a l~fl'1fl1111L'li11'1i'IJ 
'Tlv'1n1'llvT'1aa'1l'IJ')::~uiit1a'1m')lil~1J1avflm~m')Lnu-Sn~1 
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"' .J 4.3 m~Lthunm tla'lfl'l13J'tl'U 

"i11nn11lLF111t'l1f111lJ LL thth1'1J (AN OVA) YltJl11ttJtJn11tJ11"il (Packaging) eHU\·Uliln11 • • v 
~ U ) If d U .:;ii I CU 3 
Lnu1n-~1 (Temperature LL"t1tEJtL1"1 ~'lm11Lnu1n~1 (Storage day) 2.J1:.m1J1€l'rnliltJF111lJ"!l'IJ 

mh.:iih!mh~ty'Vl1.:i&'fi1~ (p<0.05) (1J1111.:ivi '1.2 LL"t "il.3 L'\Jfl11'l~'IJ1n) ~.:JLL'1vi.:il~V111u11m1 

l ~'V1)1tJl1U~~lJ~'Utht'Hl1.:J~W'VIJJil LL" t L 1"1~ .:)~" mh.:iih!m11 ~ qj'Vl1.:J&'f i1~ ~€lf1112.J~'U'!J el.:Jl.Jt L :0 €l 

.J II ( .J ., ti"" tJ J' ., I q 
L'V1'1L'U€l1€ltJLL'Vl.:J IJ\111.:J'Vl "il.2 LL"t '1.3 ~'\Jfl11'l~'IJ1n) n11L "E.l'IJLL ".:Jl'l11l.J'U'\Jlil.:Jnm1l.!'11L'VllJI . . 
'11~n 11iJ1ne:iru'Vlflij~"'.:ini1 ~.:i~" l ~Lfil'lm1 LL vf~"!rn.:i 1e:itl1'11n2.JtL ~m 'Vl'1l.l1v.:iu11 v1m F1u11'1.tirusn 

-~ , "' "' , 
L '\JeJIJl11~L ~1n11 '11n-D'e:i""1um11.:i~ 4.1 LL"tfl1Yl~ 4.3 LL'1lil.:JL~'Vl11ui11tJ-d1.:i 30 i'tJLL 1n-ue:i.:i v 

~ct.I 4 d II '1 Jc. I 11.J v ~ 
n11LfitJ)n'l!t1l.Jt L -um 'Vlfi!L 'llB1€ltJLL 'Vl.:J )tliltJl'l112.J'll'IJLnliln1)"1il".:Jmn.:ie:iEJ1.:JIJ\€lL 'IJ€l.:J fl1EJVm.:J'11fi'IJ'IJ 

flm1L tl~EJ'lJLL tJ".:Jf111lJ~'IJL 'U)t~tJ~~1 LVIEJ 1~flfl11lJLL\Jln~1.:ie:if.i1.:i~viL "il'IJ'!J€l~fl112.J~'U)t'Vll 1.:J~.:J 
Vllil"€l~ mh.:ihn!J11l.J L 'IJi''U~ 150 '!J€l~n11Lnufo~1 YltJl1)t~tJfl11lJ~tJ'!J€l.:J2.Jt L ~m 'Vlfil L "11€1~ 

11.cl ~ .c.:tt I CV ,,: dil .d II 

BtJLL'Vl.:J'Vl€l11J'VlfllJ 10 °( (88.09-98.11 % db) 2.Jfl1'1~n111tliltJfl112.J"!l'IJ'!JB~l.JtL'!J€lL'Vl'1L'll€l1BtJLL'Vl.:J 
• v v 

' 
Vi~ru'VliJij 30°C (78.31-82.90% db) e>v1~ih!EJG11~qiV11.:i&'fu~ (p<0.05) 
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VAC-30 

0 

0 30 60 90 120 150 

Storage days 

I d V V 

"iZ'M11<1101'UO\J"i0~1 150 1U 

Lrlv~'l1'Hu1~vru'Mnih;lv1nu (1 o ,.,~v 30°() -nui1fl11:1.1ifu'1Jv.:i:1.1:L ~vL 'VlfllL u~.:i'Vlflav.:i . "' 
OAB ua: C02 iiuu11i7:1.1~~1ni1fl11:1.1ifu'IJv.:J:IJ:L~VL'Vlfll~U'l'l'lL'U~.:J'VlflatH VAC ul1i1'Wiifl11:1J 

u1J1n!Ji1.:imh.:iihrmh~qi fl11:1.1u1J1n!Ji1.:iilv1,,iie11L'M\Jl~1n (1) nT'Hnfltl~n~e.111:"111.:i~.:iLviantu.,m.:i 

~fl'ilue:mn~L~uua:fl11:1.1ifutuu1':iv1mf'I ~.:iLtlum:u1um':i~~.:i~a!Jim~v.:il\1~.:iL'Manvhtl~n~v1 
nun1'tlvvn;iL~'U (Brody et al., 2002) ri.:i~aLl1fl11:1.1ifuluu~~V1n1f'IU'l':i~nru'liatla.:i ~tl1ltl'1 . "' 
m':id.:im':iLL"n~'!rn.:ilmY1,,1n:1.1:L~mvif'l:1.11v.:iu·fiv1mt11u11'l.ti'ru'li ua: (2) m~tJtl'iluua:m1 

' ~ 

a:a1v'IJv.:in1"!f C02 a.:il'U:1.1:L~mV1fl1L"llv1vuu\1.:i 1t1Vm':ia:a1vtl1'!rn.:in1"!f co2 ri.:i~all1Lntlmfl 

tn{uvilfl (Carbonic acid) ~m~G'i.:i~a 1\1m:1.11rutl1 l 'U:1.1:L~vL'Vlf'lafla.:i l~u1.:i m1fli;iiuua:m':i 
"' 

a:a1v'IJv.:in1'tl co2 ii"ULnfl~u lm 'U':i:~u~~1 Lflv,,: L '1u 1~~1nm':iafla.:iL Y4v.:iL~ ni!vv'IJv.:ifil11:1.1 
~ "' .. cl L'IJ:IJ'IJ'Ufl1'!1 C02 (111'n'VI 4.2) 



.. 

..I G • ..i GI - ~ .r ... ..I II l .... 'I ,.,i II ' 
\111"J'1.:i'VI 4.1 n1"J'LuiU.11JLL uit.:lu"d1J1Wfl'l11J'!l1J (dry basis: db) 'tle.J.:11J:: L 'tJe.J L'Vlfl L '!le.J"J'e.JU LL \H uq.:i UJ'Vlit Lit'll'VIU"J'"J''l~'lll"d::UUn1"J'U"J'"J''lLL UU\111.:i "J LLit:: 

Lnuin'li1;1'!ru"'1Jij 10°c LLa:: 30°c tu"J'::wh.:im·nnui'm~1 1so 1'LI 

Days 
Temperature 10°C Temperature 30°C 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 
100.68± 7. 72abcdefs 104. 98±6.51 ab 105.96±7.41. 103.24±6.35abcd 97.99±1.50bcdefsh 97.91±4.16bcdefsh 102.08±6.13abcde 101. 75±5.65abcdef 

98.93± 7.84abcdefsh 102.21±9.06abcde abc 94.12±4.62shiJ 97.36±5.56cdefsh 97.98±6.56bcdefsh 
60 - 104.04±5.68 -

90 -
97.58±4.09bcdefsh 94.43±9.04fshiJ 103.41±5.64abcd - 94. 97 ±6. 92efshij 98. 90±4. 70abcdefsh 98.40±6.89bcdefsh 

120 
96.09±4. 7 6defshi 92.54±5.92hij 102.39±4.15abcde 89.96±5.9ii 92.21± 7.96hlj 99 .19± 7 .55abcdetsh - -

93.05±8.61 hij 'k 98.11±9.13bcdefsh l l kl 

150 - 88.09±9.5'1 - 78.31±6.89 79.05±4.20 82.90±4.66 

1-t1J1llL1-t9!: 1. '1qi"'mml AIR, OAB, C02 mi::: VAC LL'1~\l'lt'U'Ufl1'l'U'l'l~LL'U'Utnfl1111Ufl~ fl1'ln1~~tltlfl~L'1\J~1E.l'!ltl\l~~.ff'Ut1tlfl~L'1'U fl1'l~\Jn1'!l C02 LL'1t 

fl1'l'U'l'l~~qiqi1111111 11rn.J~1~'U 

2. ~1elfl~'l~L'Vliiawi''l.J 1lliif"l111JLLl'lfll'i1\ltl'LJ'V11\l'1'1~~'lt~'Ufl111JLiimt'l.J 95% Fi1~LL'1~\l~ari1Lu~E.ILL"tri1L~E.1\lL'U\J1J1\fl'l~1'1.J (n = 9) ... 
I .f ... .,j II 1 !'111 .... .... ' d d 1' OI I 1" Q 3. fl1F\111J"!l'l.J'!Jtl\llJtL'!J8L'Vll11L"!ltl'l8'ULL'Vl'l'!J8\l'lt'U'Ufl1'l'U'l'l~ AIR lJ L~'l1E.1'11\J ('1qj'1fl~ru LF\'ltl\l'VllJ1E.I -) L'l.Jtl\l'11fl 1J'111J1'l'11~F\1 ~ L'V'l'l1tLfl~ 

m-s L '!~'\! L~'U 11?1 L~'U Ll'l"UB\l L ~a~~'l..l'Vl~V'l'l..l'111J1'l'11Ja.:i L ~'1..11~~bEJm L tl'11 

\,>) 
-..J 
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., 
4.4 01-aflruLilvu1"Kun 

'U .. 

1il1fin1'a1Lfl':i1:::l1f'l11lJUU':ithTU (ANOVA) "1Jtl.:JU1il~t1v1~n~11'ltim':i~qJL~mhv1tl'n'rl'Ul1 
~fill11Jij (Temperature) u":::':i:::t1:::n"1m':iLnu-rn~1 (Storage day) LU'UU1il'1t1~ii~"mh.:iii 

uvri1~qi'V11~'1~~ (p < o.05) i;ivm-a~cyLavJ1,,.,irn (m':i1~~ 1il.4 LL"t 1il.5 1u.n1ri~'U1n) 
tll)am~''Uti':itl111.:i':itUUfi1':i'U':i':i~ ~fill11Jij u"t':itt1:::n"1n1':iLnu-rn~1 (Packaging x 

Temperature x Storage day) ii~"mh~iitl't1ri1~cy'V11~'1~~ (p < 0.05) l'lvm':i~qJL~mJ1,,.,tl'n 
m':i~C\!L~vJ1,,.,iJn (fh~vtJ"t) '!lv~lJtL~m 'V1PIL'!fti~ t 'U':it"1i1'lm':iLnu-rn~1~1t1~~'V1i;mv'I 

1'11.:i I u'1i;i~t 'U1Jl1':i1.:iv1 4.2 LL"tfl1'Yi~ 4.4 'Yiu11iiLL u11 i!11L -rl11;f 'U':itl111~m':iLnu-rn~1 1i;ivt 'U 

30 1'uLL':in'!lv~m':iLnu-rn~1iim':i~cyLavJ1,,.,unveh~ii;iL1iJ'U ~'l~"m':iPln~1~~mh1avi;iri~a.:inu 
~ JI 4 .J II t I ., I .J .J 

n1':i~qjL'1tlf'l11lJ'!f'U'!Jv'llJtL'lJtlL'V1f'IL'!f€l':iv'ULLm 'U'!f1~L1"1i;J'ln"11 (V11':i1'1'V1 4.1 LLmmTV'l\1 4.3) 
II t .J .J I ~ l;' ., .. t 1il1n'!lulJ" 'UVl1~':i1~'V1 4.2 umm1'Yi'V1 4.4 'YiU11n1':i'1UJL'1tJ'U1l1'Un"llu'llJtL"llm'V1f'I 'U'Vlff';jt'lJ'Un1':i 

\I "ti , 
U':i':i1il ~vru\.111ij 30°C Liii;i 1m 'U':it~ufl'1'lni1m':iLnu-rn~1v1urul1.nij 10°c ~'ILL'1i;i.:it iL ~'Ui1 . . " " . " 
a'V1BY4"1il1 fi':it\JU n1':i\J':i':i'1i;ia m ':i'1 f) I La vJ1,,.,ir n 'Won i;i L 1il'U L vh nu a'V1B'Yi" 1il1 n €JW"1ilii '1 vl"l ri '1 tl'I nu 

• 'U •l1 , " 

~rnm':i1Lfl':i1tl1 ANOVA (V11':i1'1~ 1il.4 U"t '1.5 t'Uil1fl~'U1n) v1LL'1i;J'1Li'V1':i1'U11il'1'1t1'11n':i~'U'U 
"' "' ' 

n1':i'U'fi'1 LV.t1'lvv1~ L~t11u'U 'Wii~"vv1~iitl' m11~ n •'V11'1'1n~i;iu n1':i'10I L~ mi1l11 n L i1 u~'11 nu rul1 .nii 
, ·~ "'·~ , \I 

'1'lci.:i~m1i1 t ~Lnvim':i L ~.:J'!Jv~m:::'U1'Un1':i LL Yfi"llv~J1'11filJt L ~ti L 'V1f'l111V.:JU':i':i tl1n1f'l'U':i':i1il.fi rusvi 
'U • 

LL"t/,,.,~um':iLni;itJnn~t11':itl1i1.:i 1uJ1 t 'U'U"a':i'1.firu-iiu"t~.:iL ,,.,~n t 'U'nu.:ii;ii;i~uaun~L '1'U U':i':i1il.firu-ii ., , " . 
'l'I LlJ-n" 1"ivtl m 'Un1'a'V1Vl"u~da1111':ifl U€l'IO'Un1':i;lJ ~1'1.J'!Jij.:j 1uJ11~~ ~~'!f t"€ln1':i~ 'l! L~ ml11il1 n 

U':i':i v1mf'IU':i':i1il.firu'fi111V'.:iu':i':it11mP1111t1'Uvn ~'IL ll'U'11L,,.,V1'11~oi,,.,~.:i~ci.:i~"1-H':i~~u m':i'1 n •L~t1 
• • 

9

lS \I 
9

t 

J1,,.,tl'n'!lu'llJtL ~vL VJf'IL '!fv~vULL oH~ 'W'1-:im n 
'U 

lu1i1'I 120 l'U'!Jv.:Jm':iLnu-rn~1m':i'1UJL~t1J1,,.,un'!la.:i11tL <Um 'Vlf'IL '!fu~uULL oH'I 1 u'Vln~.:i'Vli;i"u.:i 
'U"' • 

iiuin 1 i!11m':iL tl~vuu tl"~uv1.:i"l11 1 UVIL'U1u~ 150 'Yiui1m':i~C\!L~t1J1,,.,tl'n"Uu.:ilJtLiim 'Vlf'IL '!fu~ 
vULL oH.:i L'U'V1mtuum':iU':i':i'1 1i;it1~uru\.111ii 30°C m':i'1fllL~t1J1vrtl'niirhL ~11;f'Ue:iv1.:iil"lL'1'U 1,;ivmJ 

, • , 11\J \I at V 

l'U1i1.:i~vt1"t 1.01-1.18 m':iL~11t'U'llu-:im':i'1ruL~t1J1,,.,,rnil '1uvifl'1u.:inu fi1m1lJ~u'lJe:i-:i11~L~u 
'U"' 

L 'V1f'IL '!fti~vuLL i~v11',;i L'U1''Uv1150 ~-:iiim':i"vi".:i-Uuvni1fl11lJ~'U l'U1''ULL ':ine:i~1.:i iitl'm1'1~qi'Vl1.:i'1ii~ 
(p<0.05) (V11':i1~~ 4.1 U"til1'Yi~ 4.3) n1':i"i;!"'l'lJ€l.:Jfl11lJ~'U~'lmh1m'1LnV1'11fi~""l.1€l.!ln1':iLtlU 
-rn~1mt1 t;J~rul11Jii~~~ ci~~" 1-HLnvim':iu Yfi"llu-:iJT'il1n~~V1.firu'fi111ei.:iu':iw1mf'lu':i·r~.firu'11~ 
uv1.:i!Jim~e:i~ LL"~'lh 1tlcim':i'1fl IL~t1J1,,.,irn L 'U':it~U~L ~11a.:it'U ~"n1':i'Vli;J"e:J'lrrt~'1tYl€l'U L oHL~'U11 

" v•t " 

m':iLnu-rn~111t L ~m VJl'IL '!lv~e:iuu-H.:i~uru•vwiia.:i L U'U':ittlt L 1"1'U1'U '11111':iri?i~~" 1-HLnvi m ':i'1fl • L~tl 
, \I \I \I·~ 

fl11lJ~'UU" tJ1,,.,irn LL" t€l1 '1~'1~" i;i e:Jflt\lfl 1m de:i'111~a1~ Ll'l ti~" m ':i'V11'1" €l.:J'1 e:Jl'lflii' €1'1 nu~" • 
n_1':itfotfl'!J€l~ Gloria Soto-Zamora et al. (2005) LL"t Javanmardi and Kubota (2006) vft~ 
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ll1Yi'M 4.4 LL1J1 ~1JSJ1illla::n11l!tyL-ctll1J1"'1.ln'UilUl::L'tlilL'MffL,,il1il\JLL'M~ ~1J\J11,ll'1.191'M\J11~ 

.. • ... d., ..I .. 0 0 

fl1ll1:\J\Jn11\J11,LL\J\Jfl1~ -i WilLn\J1n1~1'M~W'M'J11 10 c LLa: 30 c 

4.5 n11Ltl~f.IULLtla~Lilaas.1sla 
'11m.mm'j1Lfl'j1::'1fl1111U\h'l.h1U (ANOVA) '!lcHfi1U'j-3~.:l~tlm~,,1nn1'jitlLilmY11er'1 ,, . 

(Maximum load: N) (fl1'j1'3;i '1.6 U'1:: '1. 7 tun1f'l~.nnn) 'Wu11vW1'1Jljju'1::'j::U::L1'11n1'jLnu . ,, 
fmflJuii~'1t>V1-3ih!u~1fl'cyV11-3~il;) (p < 0.05) l'it1fi1U'j-3\i-3~t'I tll)~11liufi'j::1'111.:i'j::uum'j 
\J'j'j~~ru,.,1Jjj u'1::'j:m::nmm'jLn\J'rmfl (Packaging x Temperature x Storage day) 11m~" 

t1ei1-3ih!u"1fl'cy'Vl1'3~U~ l'it1fi1u 'j-3~.:i~~ uPitJl)~11liu G'j::,.,11-3 ( 1) 'j::U\Jn1'j\J'j'j~U'1::'j::a::nm 

n1'jLnufnti1 (Packaging x Storage day) um~ (2) ~W1'11JfaL'1::'j::u::L1"1m'jLnufn~n 

(Temperature x Storage day) ij~'1t>V1'3i'.ii!u"1fl'cy'Vl1-3~il~ (p < 0.05) vit1fi1U'j'3\i'3~tl (vt1'j1'3;i 

'1.6 U'1:: '1.7 llJfl1fl~lJ1n) 



..I !::! ~ ., II 4 ..I II"! ..., .. ..i II • .,j d "" ..I .,. 
\Jl1,1'3'VI 4.2 01,~'Y L"1V'U1'Vl'Un ( 1ilVi'l~) 'tlil-311~L 'tlilL'VIA L 'Uil,il\JLL 'Vl-3 L 'U'll,1~.f1Nlfl'Vl'll11~fl1V1~'U'lln1'nJ11~ LL'll'UVl1'3 81 UJilLn'l.11n'~1'Vl'lN'VllJ11 

10°c LLi'l~ 30°C L'U1~'Vl'h-3011Lnu~m~1 150 1'U 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 0.17±0.06shiik 0.18±0.05shijk ,0.17±0.05shlik 0.20±0.06efghljk 0.25±0.03defghlj 0.26±0.07defg 0.29±0.05 
de 0.25±0.05defghl 

60 - 0.20±0.08efghijk 0.19±0.06fghijk 0.23±0. lOefghiik - 0.16±0.05h1ik 0.23±0.08efghij 0.26±0.08defsh 

0.26±0.04defghi 0.20±0. lOetshiik 0.25±0.08defghl 0.17 ±0.07ghijk 0.25±0.09defghi d 
90 - - 0.34±0.06 

k 0.16±0.04ijk 0.19±0.07ghijk 0.55±0.lOC 0.28±0.08def d 
120 - 0.13±0.05 - 0.33±0.05 

jk 0.21±0.06efghljk 0.23±0.13efghijk b 
1.18±0.19a 1.15±0.lt 150 - 0.15±0.04 - 1.07±0.09 

'V1111VL'Vl\Jl: 1. ~nian'l!tru AIR, OAB, C02 LL'1t VAC LL~Vl\l1tUUn11'll':i':i\leJ1n1f'ltln~ m1ri1~i;im:in~L\l'IJ;J1£J'lltl.:iVIVliUmln~L\l'IJ m':ivJ\Jn1'll C02 LL'1tn1':i , ·~ , "' 

u11'l~cycy1mf'I ~rn.1ci'1~u 
'1 4LJ .J 4 V 1 lo:::il I U Q..q .J " <df ~ I .,J Cit I .,J I .J 

2. \11Teln't!t1'V1L'V111ll'l.Jn'U 1J1Jm11JLL\Jln\111\ln\J'Vl1\l'31'1\Jl'Vl':itVIUm11JL"llll1J'IJ 95% 1"11'VlLL'31Vl\lfl()fl1LU'1mL'1tl"l1LU£.1\lLU'IJ1J1\Jl':i~1'\J (n = 9) ... 
I V QI ~ CLI 4 .J II 1 it"' U ILi ~ ,cl a.I 1' ., 

3. r11':ill£.1'1tfl1':i~qJL'31V'IJ1'Vl\Jn'l.llJ\l1Jt L"lJtlL 'Vlf'IL"!lll':ilJULL'Vl\l'l.lll\l':itUUfl11U':i':i'l AIR 1J Vl11£.l\l1\J (~qj'1n'l!tru Ll"l':ill\l'Vll.11£.1 -) L\J()\l\11n 1.1'3111J1':imVI 

Fh 1~ L l'111t Lnvim1 L\l~cy L~u 1i;i"lJ().:i L i1ll~~'IJ'Vl1ei\l'IJ~11111ci11'€J.:i L ~'IJ 1~~1£.1i;i1 L u'11 

+:> 
0 
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1J11"J1.:ivl 4.3 LLat.n1-nvl 4.5 u.afl.:i'!im.mm"JLtl~EJ'IJu.tla.:i'llt1.:if11LL "J.:ia.:iaflm;;'11nm"J1'flLilt1 
v v • 

"'11il''1'lltl.:111t L ~m 'Vlfll L '!ltl~tlUU. ~.:! l 'IJ~.:l'Vlflfltl.:!Pi1.:i '1 Y4U11f11u. "d.:1'1.:1'1"1vTl;J'110n1"d1flL ilt1"'11iJaij v • 

n1"d L Ti11~'1JtlV1.:li;im tlt1.:iL~tltl1lln1"d Lnu'f oi;1L Ti11~'1J LL flt 1l.iljfl'l111U.IJIOi;i1.:in'IJt1V 1.:loUflL \l'IJ l 'IJ • 
I ..: I 1 G I ,d.., 1" ... d ... .J G ., 'I 

"dt'Vl11.:1'1.:l'Vlflf!tl.:I tlEJ1.:1 "d0\;1111 fl1LL "d.:1'1.:1'1f\'Vl'lfl fl\11011tL'lltlL'Vlfll L'!Jtl"dtlUU. 'Vl-3'VILOU"dn'l~1 L'IJ"dtUU v • 

m"dtJ"J"JliltJl1'1'1 vi~w'Vl.nij 30°C ljLL 'IJ11 u11a'1n11vit1ru'Vlflij 10°c uij'h'1t 1l.iljfl1111LLi;mi;i1'1eei1'1ij 
l 1'1" " • " 

tl'm~1R'qi'Vl1'1ail~n1J1111 1t1vu.at"1'11. l1L ~'IJ11e.1a1J1nru-rivl Lnu~m~nvl~ru'VIJJii 30°c ,i'IJijL ilml11il'avl 
d II I Q .., .. ci1 C: .., cl ct. Ciiio d 4LI' .Jc:i1 I 

LL 'll-1 U.flt n"dtfl 1.:11110m1~f!IJl[l W91'VI LOU"d ni;1 'V1t1 W'Vlfl11 10°C ~"'ll tl'1tlW'VIIl1101"d LntJ"d O'li1'Vl111Jl ti " " . ,, 
J/.,.,., 1 II., .. ~ tltl ( )( d t L'IJt1'111e.J'1"1'10f!11'1tll'lflatl'10Ue.Jam"d1Lfl"d1t'Vlfl1111LL 'j "d'l'IJ ANOVA \;11"d1'1'VI '1.6 LLat \"!. 7 'IJ 

fl1fle.J'IJ1n) vlu.afl'1Ll1Y1"J1u11flw'VIJJijij~amh-3ljtl'mh~qi'Vl1.:iaii~ (p<0.05) tJit1f11LL"d'1~'1~"1m~ 
., JI .., ., ~ .J' tl.J ti .r ""' ., ... d ... ... ""' ., ~., 

"1001"d'l"1L1Jt1'111~'1 'Vl.:l'IJ 01"d L f!EJ'IJLL fl.:IL1Jtl'111e.J'1'lltl.:111tL 'lltlL 'VlfllL '!Jtl"dtlULL 'Vl.:111fl1111'111'Vmtmu 

I .r ( d d ) ... : ., d d 'j 
fl1fl1111'!J'IJ IJl1"d1-3'VI 4.1 u.atil1\'4'VI 4.3 LLatm"d~tyL'1EJ'IJ1'Vl'IJO (1J11"d1.:l'VI 4.2 U.fltil1'VC'VI 4.4) LflEl 

.., • .J a: .., ~ - d a: .., -== 3 • l "- ~ .r 
IJl'l tlEJ 1.:l'VI LOU"dni;1'V1t1 W'VII\11 30°C L11tl"d t EJt L 'lfl1n1"d LnU"d ni;1 L 'VC11'll'IJ '1-1~" 'Vl1..1"d111Wfl1111'!J'IJ" t • v 

.. q.cfq - • cil 3 4 Q ' : ., Q ., .. 

afl" .:i L 'IJtl.:1"1 n '1 W'Vl1J1111tl'Vlt>'na\JI tl n1 'j ~qi L'1Elfl1111'!1'1.J'Vl'j tl LO fl 01"d u. 'VC'l'lltl.:l'IJ1tltl 0\11 OIJl'l ~fl{Jl[l W91 

mh.:iljtl'mh~ty'Vl1'1'1il~ (p<0.05) 1J1111m~eihh1EJ t '1J\11'fi'e'fi'1.:ifi'IJ ri-1~a 'l l1Lnl'lm"d~ tyLifotl1'VIUn 

LLate.JalJlllW-riLnl'l 01"d'1n1 L~EJtl1 'th 1 tJrim"d L fi11~'tJ'lltl-3fl'l111U. ~'1mt;J1'1'lltl-3L ilm;'11~'1 
v·~ v 

E 
::I 
E 
~ 
Gii 

~ 

2.0 

1.5 

1.0 

0.5 

0.0 

0 30 60 

-OA 

~VA 

~All< 

~OA 

co: 

VA 

90 120 150 

"" ,. .. • .... • I I ~ .. ., .r ., ., .. "" 
ll1'W'1 4.5 U 1J1L1l2Jn1'UlJi'tf.11lU lJi't4fl1U 'H\J4i!fl'1Lfl;J1001'i1flL1lil811s.lft'lli>411::L 11i>L '1AL 'tfi)'j 

.\' "f V <( ... .. I ... 4' V "" 

i>\JUl'l4 L1J\J11~W'rl '1\J'j'j,fl1f.l'i::U\Jn1'i\J'S'j,U\J\Jf114 '] L11i>Ln\J10i;1'1 

~W'M<Jii 10°c ua:: 30°C tucs::'M'i14011Lnuini;1 150 iu 



.. 

..a I .... .K QI QI 4 ..I II "I. .... .. ..I II I 

\11111.:1\'I 4.3 fl1LL1.:i~.:iqfl (Maximum load: N) ;)1fln111flL'Uili1:1Je.Ji1"lJil.:!:IJ::L"lJeJL\'lf'IL"llil1iltlLL\N ~'Utl11'lflWYl\'lt111'lfl1V1::tJtJn11tl11'lLLtltlm.:i °1 
"" d .... ..a ... 0 0 "I. I d ., OI 

UJilLfi'U1n'l11\'l~N'MlJ11 10 c LLa:: 30 c ~1J1::'M11.:!n11Lfi'U''rn'tt1 150 11.J 

Temperature 10°C Temperature 30°C 
Days 

AIR OAS C02 VAC AIR OAS C02 VAC 

30 0.78±0.13° 0.80±0.15° 0.80±0.13"
0 

0.86±0.26"
0 0.86±0.29mno 0. 93±0. lllmno 0.80±0.23"

0 
0.85±0.14"

0 

60 - 1.05±0.161jkl 1.11±0.17fghij 1.02±0.17ijklm - 1.08±0.11 hijk 1.06±0.2djkl 0.92±0.18lmno 

90 - 0.89±0.18mno 0.96±0.15jklmn 0.88±0.26mno - 1.04±3.0lijkl l.08±0.22hijk l.09±0.13ghij 

120 l.23±0. l 9efgh l.15±0.16fghi 1.13±0.19fghi 1.17 ±0.31 efghi e~ de 
- - 1.24±0.19 1.31±0.17 

150 
ef be cd b 

1.73±0.lt 
ab - 1.25±0.30 1.49±0.24 1.41±0.25 - 1.56±0.27 1.63±0.28 

'M:IJ1VL'M\ll: 1. '1qi'1'm;ru AIR, OAB, (02 LL":: VAC LL'1~.:i~::'U'Un1~tJ'~~ye:nmf'l'lJn~ m~ri1~~e.Je.Jn~L'11J~1EJ'lltl.:l~~i'Utltln~L'1'U m~vJ'Un1'll C02 LL"tm~ 

t.J~~'l~'l-Jqj1fl1PI !Jl1lJ~1~t.J 

2. ~1eJm;~~L'Vlilv'Utl'U 1lJilfl11:WLL!Jln!Ji1.:in'U'Vl1.:1'1~~~~::~'Ufl11:WL~vli''U 95% rl1~LL'1~\lflelfl1LU~EJLL"::ri1L~EJ\1Lt.J'U1111Jl~jl1'U (n = 18) 

3. fl1LL~.:1'1.:1'1~ (Maximum load) '11nfl1~l~Ldtl'111~'16tltl.:l:WtL~tlL'Vli'IL"lltl~eJ'ULL~.:J·tm.:i~t'U'Un1~'U~~'1 AIR 1:w1~~1EJ\11'U (~rn'1'n~ru Lfl~B\l'Vl:w1EJ -) " " , ·~ 

L ~V\l\11n 1lJ'11lJ1~'11~r111~ L y.i~1:: Lii~m~ L\l~qj L~'U 11Jl'lleJ.:J L ;ie:i'l~'U'Vl~Ei~'11:w1~'1l.JeJ.:I L ihJ 1~~1EJ!Jl1 L i.J'11 

+:> 
N 
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4.6 m".iLtl~auu ua-11fhi1 

v1n~nn111LFl".i1t~Fl111JLLtl1thTU (ANOVA) 'U8\lri1Fl111J'1i1.:i (~h L *) "ileNlJ:::L:iim'Vlf'IL'lltl~ 
&1...ld., 'I~ I ( ..,j 1 ) I 

tl\JLL \H'VILOU'Sn~1 ~'lJ'1.:!VlflneN(;l1.:J'l (;1111\l'Vl v.8 LLG'lt v. 9 'U.fl1fl~'l.11n YfU111tU\Jn11U1".i~ 

(Packaging) 'lW'HJJii (Temperature) LLnt1tEJtL'ln1fl11Lnu-rn~1 (Storage day) ij~G'lav1.:iij 

iJv'11Rqi'Vl1.:iai1~ (p < 0.05) ~al"i1 L * tl{j~1Jli'l.15".i:::'Hi1.:i".i:::uum1u11~ 'l~l.1\1.fJU LLn:::".i:::EJtL'Jn1 

m1Lnu-rn~1 (Packaging x Temperature x Storage day) 'Wij~.me:iv1.:iijiJm11~qiV11.:iai1~ LLi;i 

tJ{j~u~'tJ5".it,,,i1.:i (1) ".itUUn11U".i".i~LLnt'lN'HJJii (Packaging x Temperature) LLnt (2) 1:::uu 

m1u11~LLnt1tEJtL1n1n1".iLnu-rn~1 (Packaging x Storage day) -wui1ij~nav1.:iijiJmhRqi'V11.:i 

ail~ (p < 0.05) ~al"i1 L * (i;i111.:ivi ~.8 LLnt v.91tJmfl~'lJ1n) 

fl1)L tl~EJ'ULLtln.:il°i1F1111Jai1.:i (l°i1 L *) 'Utl.:JlJtL iim 'VIPIL 'lltl~tlULL oH-!11 'U~-!l'Vlfl'18-!1~1\I 1 LL'1fl-!l~-!I 
..,j ..,j I I ..,j I I ., d .. I ., 

(;11)1\IVI 4.4 LL'1t.fl1'Yi'Vl 4.6 V'IU11Fl1Lil'1EJ'Utl-!lfl1fl111J'111-!I ru 1'1.J'Vl 0 1Jfl1 14.61 ,,,,Hv1n 

)tEJtL1n1n1".iLnu-rn~1 30 1'1.J 'YiUi11JtLiitiL'VlfllL 'lltl~tlULL oH\lijfi1ri111Jai1.:iL ~1J~'U L~m!m.11 'U'Vln~\I • 
'Vlflna.:i (18 .10-24. 22) LLn:::.n1 EJ,,,~.:iv1 nif tJfi1F1111Jai1.:i L 'IJ1Jt L :nm 'Vll31 L '!la~e:iu LL-H.:in n 1 ".i 

L tl~ EJ'IJLL tln-!!L ~EJ-!IL~nUtJEJ(;lneJfl)tEJtL 1"1fl11Lnu-rn~1 150 1'1.1 LL'1t hmri111J LLi;ini;i1.:i1tvii1.:i~.:i 

'Vlflna.:i ri111J 1iJLLi;ini;i1.:i'S:::,,,i1.:i~.:iV1flna.:ia1vn~n m,; 1 nnTrni;ia.:i'Ua.:itl~1J1run16l!a a n~L vtJ1 'I.I 

u-s1v.tiru'1 (mruiThh11Jm-su1-svLL urnnm131tln~) ~.:i~a t-H~n"Ua.:iuv~EJvY.:ia1:u~am-sL tl~EJ'LILL tln.:i • • 
m1:uai1.:i 1iJ-n'flLv'U ~'J'U:UtL ~m 'VIPIL 'lltl~eJULL oH-!lviLnlJ'!n~1 t tJ )t\J\Jfl1)\J))vtl1fl1131tln~vi 10 LLn::: • 
30°C iiuiit11EJn1".iLnu-rn~1L~EJ.:i 30 1tJ 1i;iEJ:u:::L:nm'Vll11L'llti~auLL ~.:i1iJa1m1mi1:uTJflri11i;l • 
L ~8-!lv1n n11 L v~qjL~U L~'U 8\1 L ;f e:i~~'U'Vl~ v~.:ivili;itl1 L'1'1.18oU1-!l~'U 

fl1)L ~:U'Ut1\lri1F111:uai1.:i'U8-!l:UtL iim 'Vll31L 'lltl~tlULL oH-!I 1 'LI 30 1'1.JLL -sn'Ut1-!ln1".iLnui'm.~1 (~111.:ivi 

4.4 LL'1tll1'Yi.yi 4.6) iitJflVifll'Vl1-!li;i)-!ltl'UoU1:UtlU~nn11~fflfl'!Jtl-!I Akdeniz et al. (2012) vit;J 
".i1EJ-!11'Ui1Fi1m1:uai1.:i'Ut1.:i:utL~m 'Vlfllt!ULL oH-!ILL UUl"l~.:ian ('11EJ~'IJ5 Rio Grande) iim-sai;ia.:i1'LI 

v • 

".it'l'1i1.:im'SLnui'n~1 9 L~a'U LflEJn1".in~in.:ina1L 'Vll'J'11~qiv1nm:::u1'Um-s lsomerization LLnt/ 

'Vl~e:i m:::u1tJn1".i Autoxidation 'Ua.:i1a Ll"l~'IJ 'Vl~anTHni;itl{jfi~v1~J1~1mLtm1:u'1"1i'La'U16l!l1 

(Non-enzymatic reaction) \1~a Maillard reaction LflEJO'StU1'Un1".i~.:in~11~.:i~n1'lXr11~LLnt 

1"111:uai1.:infln\I vi11~:u::L:nm'Vlfllii~l"IJ1mn~'U (Toor and Savage, 2006) 

v1n~nn1".i1Ll"l".i1t~Fl11:ULLtl".itl".i1'U (ANOVA) 'U8-!lfi1~LLfl\I (ri1 a*) 
... d 

"iltl-!l:Ut L 'tlm 'Vlf'IL "tlB".i 

BULL-H.:iviLnu-rn~1L'U~.:i'Vli;iaa.:i~1.:i1 ( i;n11.:ivi v.1 o LLnt v .11 L 'U.n1F1~'U1n) V'lui11tuu m1u11~ 
.-. ~ Q.I ~ .::i I .ct V 0 U Cito.Qi. I I 

'lW\11.fJ:U LLnt1tEJtL'ln1n1".iLOU".in~1'U'U:U~ntlEJ1-!l:U'Um'111"lqj'Vl1-!1'1'1~ (p < 0.05) ~Bl"l1 a* 

tl{j~:u~wh:::'lt1i1.:i (1) -stuum1u11~ ~ruviJJii Lrnt1tv:::nnim1Lnu-rm.fl (Packaging x 

Temperature x Storage day) liJii~nmh.:iiiiJm1'1RqiV11.:iai1~ LLl1itl~'1:u'W''Ui51:::vii1.:i-stuum-s 
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'U":i":i~Uat~Wl-1.fJij (Packaging x Temperature) ua:: (2) ~W"1.fJijuat":itUtL1a1n1":iLnufo'l!n 

(Temperature x Storage day) l'tU11ij~m:ieh.:iihjmhR'qiv11.:i~iiPi (p < 0.05) ,jt1fi1 a· (\Jl1":i1.:ivl 

~.10 ua:: ~.11 lu111ft~u1n) 

....... • ;.. 

100 

80 

60 

; 40 

-.-AIR 10 -OABlO ~C0210 

-!-AIR 30 ...-oAB30 ~C0230 

' ~ 20~-..-l!!!!!!!~~~~IF-iiiiiiiiiiiil ... , ......... ~1._ .. • 
0 

0 30 60 90 

Storage days 

-VAC10 

-··-VAC30 

- -- ...... • • 
120 150 

tl
.,j ti I 4 .,j II 1 ~ I 'f .,j 

nTH m.11JU a.:i!'n a* 'Utl.:11JtL'UtlL'VlfllL'Utl":itl\JU"1.:i 1J~.:l'Vll'latl.:1\Jl1.:i 1 U~fl.:i~1JVl1":i1.:i'VI 4.5 

ua::111l'tYi 4. 7 l'tU11Ldt1":itUtL1a1n1":iLfl\J~n'~11J1n;l1J fi1~ut1.:i'Ut1.:i1JtL;'it1L'VlfllL'Utl~tl'UU,,;.:iij 
LL u11 U1Jal'la.:i Ldm muULViuutiufi1L~1J~1J (R1LU~mvhtiu 12.44) uatfi~u'!i1.:ifl.:ivtlu":itUtna1 

1201u R1 a* Yi1fllmu1uvi 150 ijfi1L~1J;11JL~num.1LdmmuULViautiufii1Yi1fllmu1uvi 120 

t1eh.:il":infl11J m":iLtl~auutla.:iifwihn11Juflnv11.:i":it"111.:i~.:i'Vltmt1.:i L'limt1u1nu~a~1nm":i;Tmi11'l1 

f'l11).1~11.:i 1fla~afl1":i~n'lfl~.:imh1~t1flfil~t1.:itiu~am":i1Ll'l":i1t,,,f'l111JUtl":i\h11J CANOVA) YiLL~tl.:i 

t ,,;'Vl":i1u11tl~"'1Jiufi":itl111.:iil~~ avY.:i~111 ( l1"i ti~.:i'Vlfl ati.:i) Ju lijij ~a mh.:iihjud1R'qifit1fi1~ LLfl.:i 

'Uti.:!1JtL;'it1L'VlfilL'Ut1~t1uu,,;.:i (fl1":i1.:iYi ~.10 ua:: ~.11 1u111!'l~u1n) vY.:iil m":iatla.:i'Uil.:i~ufl.:im~Lnl'l 

~1nm":iat1a.:i'Ui>.:immwla11'l;4utw::L;'im'VlfllL'Uti~u1::vi11.:im":iLnu~n'l!l1 



< • 
#' 

..I ' ' ... ..I .. ..i.. ' • ., ..I ... 0 01' 
~111./IVI 4.4 fl1fl11lJfl11./I (L *) 'lltl./llJ::L'lltlLVlf1L'Uil1il\JLL'Vl./IVl\J11'!~1V1::\J\Jn11\J11'!LL\J\J~1./I 'l Uil::Ln\J1n'tt1Vl'!N'VllJlJ 10 c ua:: 30 c 'LJ1::Vl11./I 

"' ., ., 
m1Lnu1n'tt1 150 1'LJ 

Temperature 10°( Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 21.50± 1.20 bedef 24.22±2.0Sa 22.19±1.36 
be 21.76±1.23bede 18.10±0.63Jk 21.17±2.03cdefg 20.64±1.14defghi 21.83±1.SSbede 

60 - 21.82± l.09bede 21.04±1.83cdefg 20.59±1.04defghl - 19.75±0.98ghl 19.84±0.99ghl 20.41±0.88efghi 

90 - 21.56± 1.27bedef 19.92±0.46ghi 21.12±0.9ldefg - 19.65±0.95ghl 19.12±0.92
1
j 19.31±1.45hij 

120 
bed 20.33± l.16efghi 20. 79±0. 9ldefgh 19.76±1.18ghi k 19.34±1.63hij - 21.98±2.05 - 17.70±2.09 

20.13±2.44fghi 22. 79±2.22b 20.83±1.Stdetgh 
.k 

20.08± l.65fghi 20.06±0.99fghi 150 - - 18.07±3.li 

VllJ1VLVI~: 1. "'qi~n'l3ru AIR, OAB, C02 LL'1::: VAC LLG'l~\l'rn'U'Ufl1';i'U';i';i~Cl1fl1~tln~ fl1';jfl1~~ililn~L'1'LJJ11e.J'llil\l~~.a-uernn~L'1'U nT~vl'Ufl1'll C02 LL'1:::fl1';i 

'U';i';i~~qiqi1m~ ~111~1~u 
IV IV cJ 4 IV 11q I Ct.I 44 .J Q.I cl ~ I cJ ell I .J I .J ( ) 

2. ~1t1n'l3';i'VlL'VllJEJ'Un'U lJ1Jfl111JLL~n11n.:in'U'Vl1\IG'l'1~'Vl';i:::~uri111JL"!lillJ'U 95% f'l1'VlLLG'l~\lf'lilf'l1Lil'1eJLL'1:::ri1L'UeJ\IL'U'UlJ1~';i~1'U n = 18 .. 
3. ~1m111?111.:i (~1 L *) '!Jt1.:i11:::L~m'Vl~L"!le:i~t1tJLL~.:i'!Jt1.:i';i:::tJtJm';itJ';i';i~ AIR 111'1~';i1eJ.:i1'U ("'qi~n'l3ru Lri~t1.:iV1111e.i -) L~t1.:i'11nhl?11111';i'11'~~11~ 

L Yl':i1::: Lii~ fl1';i L '1~L1JL~'U 1~'!Jil\I L ~EJ~a'U'Vl~~ 

~ 
ln 
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zj.:JB11i1L tl'IJ~fllil1n n·rnu1i.m11 lsomerization uat/l-1~€1 Autooxidation •im.:i1a LFl~'IJ l1~B 

tJfin~~.naJ1maLL\J\J Non-enzymatic l-1~€1 Maillard reaction (Toor and Savage, 2006) £'11'1.J 

m1L ~11~m~ni!mi'llti.:irh a* mlilija1L l1~1i11nm·rn~rn.:i'IJ€l.:Jf11111.f'Ul 'UIK1~i'\i;i.ti'ru.fi~mlil£'i.:i~a 1 ~ 
fl11lJL'!i1J'!i'IJ'IJ'1.:J1a LFlii'IJL~1J;f'U uui1m1L tl~EJ'IJU tla.:ihiflfl111J LLl'lni;i1.:i1tl1i1.:i~.:J'Vll1lfltl.:J LLi;i 

U 1"' .. d ".,j .. .., .,j I I .J .. 
a11111(1'1.:JLnl'l 1111111tL'IJtiL'Vlfillij.:JLnuvmrul1fl1J 10°c 1JFl1LuaEJ'IJcMFl1 a* a.:im1V1€lrul1fl1J 30°C 

, " v , v 

en" L ~ti.:i1i11ntiwl1flii~a.:iri.:i~rn 1 ~Ln111 tlnn~m m1aa1vlK1'1Jti.:i 1a 1rif;'U 1~i'L ~1111n;f 'U (i1'1itiviti 1 tJ , " " -.., 

LLa111.:i~auattiiitl11vm1L tl~EJ'UU tla.:i'IJti.:i 1a LFIVi'IJ'llti.:J1Jt L ~m 'VlfilL '!le>~ti\JLL ~.:i) 

liJ1n~am11LFl11t'1F1111JUtl1tl11\J (ANOVA) 'IJ'1.:JrhaLl1~tl.:J (rh b*) 'IJtJ.:J1JtL~tlL'VlfilL'lltl~ 
Ud"OV 'I~ I .,j 'f I 

tl\JLL \1.:J'VILmJ1m~n L 'U'1.:J'Vll1lfltl.:Jl'l1.:Jj (lil111.:J'Vl ".12 LI.flt Iii .13 L 'Ufl1Fl~'IJ1n) Yi\J111t\JU f111\J11~ 

~Wl11Jiiuat1::v::na1m1Lnu1mflJ'Uij~amh.:iih!mhf'i'qiV11.:iaei~ (p < 0.05) via 

rh b* tlfi'111~'Ufi1::l1i1.:i1::uum1u11~ ~rul1JJii ua::1::v::L1a1m1Lnu1m~n (Packaging x 

Temperature x Storage day) 1l.iij~amh.:iih!m11~qiV11.:ia(i~ ui;itll)'111-W''UB1tl1i1.:i1::uum1 

u11~uat~rul11Jii (Packaging x Temperature) ij~amh.:iijiJv'11~qrvn.:ia(i~ (p < 0.05) i;itir11 

* .J 
b (i;i111.:i'VI ".12 ua:: lil.13 L\Jfl1fl~'IJ1n) 

m1Ltl~v'Uutla.:iri1 b* 'llti.:J1JtL~tii.'Vll'IL'!lti~tiuu~.:i1'1J~.:iVJ111aa.:ii;i1.:i I LLG'l111.:il'Ui;i111.:i~ 4.6 

LLfltfl1'Yi~ 4.8 "1n'lim.1a'Yiu11r11aL l1~ti.:i'IJti.:J1JtL ~m VJfilL '!lti~eiu u ~.:i L 'UVJn~.:iVJ~rnti.:iij LL 'IJ11 i!:wa111a.:i v • 

L~ni!tiEJUfltfl.:J~1tl111.:im1Lnu1mi1 120 l'U LLi;i"::ijf11~L~:W;f'U1 'Ul'U~ 150 zj.:JLL 'l.111 i!:wm1 

Ltl~EJ'ULLtla.:iri1 b* dLll'L11tlL'U'VifilVJ1.:iL~EJ1nuri1 a* (i;i111.:i~ 4.5 LLat fl1'Yi~ 4.7) m1mrn.:i'!Ja.:ir11 

b* ua111.:i 1 ~V111u11a'IJti.:i11tL ~mVJfilflm1:wL ll'UaL l1~a.:ia111 a.:i l1~uijfl111JflJ1111n;f'U (L ~ti.:i1i11nij 

fl11:WLU'U~tl1L1'UL~11;fu) 1u'!b.:i 30-60 1u'llti.:inTrniu1mi1rl1 b* ijLL'U11i!:wa111m111nn11r11 a* 

zj,:i£'i.:i~a 1~ri1B'i;i11£'11u1tl111.:i a* /b* (a* /b* ratio) 'iJti.:J:WtL~mVJfilL'll€l~L~:W~'U (fl1Yi~ 4. 9) L111EJ 

a*/b* ratio LU'U~'!lu~'11~qivi'l'lilum1utinfi.:i~rufl1'Yia (Brightness of red colour) '!Jti.:JlJtL~B 
L'Vlfil (Shi et al., 1999) Akdeniz et al. (2012) 11v.:i1u11B'i;i11£'11'1J1tl1i1.:i a*/b* 'IJv.:J:WtL~m'Vlfil 

tiuu~.:i~Lnu1mi1luam1::~qiqi1mfil ~ 20°c Lllm1m 9 Liltiu ijm1a111a.:imh.:ivim~v.:i LLa111.:i1~ 
L~u11ri1 a* a111a.:i ua::i1ri1 b* L~1J~'U 1111EJfl111JLLl'lnvi1.:i'IJei.:im1Ltl~EJ'UUtla.:ieJ'i;i11'11u.,1::l111.:i 

.... .J .,,., ~ ~ 4 u c:1 .J r 
lJt L'ilm 'VlfilL'!ltl1B\JU l-1.:J L 'Un11filn'lfl'l.JLLatlJtL'IJm Vlfiltl\JLL l-1.:J LL \J\JFl1.:Ja f1'Vl11EJ.:J1'1J Ll11 tJ Akdeniz 

v 

et al. (2012) tl1\lij~alil1f1"lWl1JJiiUatm111~'UL'Uf11t\J1'Uf111ti\JLL~.:i (Toor and Savage, 2006) 

rl1eJl'l11~1'1J1tl111.:i a*/b* 'IJtl.:J1JtL ~m 'VlfilL '!ltl~v\JU ~.:i L 'UVlf1~.:JVJ!1lati.:iijLL 'IJ1 L UlJFl.:J~l'lati111m1 Ln\J • 
1m~nfl1£Jl1'1.:i1i11n 601u zj,:iae:i111F1~ei.:inum1LtJ~tJ'ULLtla.:iri1 a* LLat b* (.111-w~ 4.7 ua:: .111V'l~ 

4.8) n11L~lJ;f'U'IJeJ.:Ji°11 b* ~1111htt'IJl'IJ~ 150 'iJtl.:JfiTHnu-rm~nLLG'l111.:JL~'Vl11Ui1lJtL~tlL'VlfilL'!ltl~ij~ 
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~L'V1~€m.J1n;1'U L'U'!IW~LflV1rl'IJfi1 a* flL~lJ;1'Uti1v ~~Ltl'IJ~"tl1er~-s1'11'1J-s~·w.h~ a*/b* 1imm-s 

L U~V'ULL U'1~111n 

2.5 

20 ...,_AIR-10 

-OAB-IO 

1.5 -.-co2-10 

•• 10 
~AIR-30 

-+-OAB-30 

-002-30 

-VAC-30 
0 

0 30 60 90 120 150 

Storance days 

., .., .., 
Lfl\J'm~'l 150 1U 

~AJll-10 

20 -OAB-10 

·..:. --OOJ-KI 

15 
-VAC-10 

10 

--OAB-30 

() 

0 lO 1.'.!0 150 

"" ,. .. • •"" • I I ~ .. .. "" .. "" .. ll'l'W'WI 4.8 LL U11. \llln'l'JL-uiUJULL ua~fl1ttL \UtiJ~'tliJ~ll:: L 'UiJL 'Wlfl L ,,iJ'iiJ\JLL \1~'Wl\J'i'i,fl1tl'i::\J\Jfl'l'~ 

I "" cl .., "" - 0 0 'I. I cl .., 
\J'i'i,LL\J\J"'l~ 'l Wi>Lfl\J'ifl~'l'Wl~N\1<)11 10 C LLa:: 30 C i.U'i::\111~n'l'iLfl\J'ifl~1 

1501u 



. . .. 

..I • .. "" """ ~ • ..i "'"'"" ... 0 01 . "' IJl1''51.:IVI 4.5 fl1 a* 'UtlUJ::L'UtlLVlflL'Htl1tlULL'Vl.:IVIU"51~11'11tl':i::U'lJn11U11~LLUUIJl1.:I '1 L11tJLnU':in~1Vl~CU'VllJ11 10 c LLa:: 30 c 'U':i::'Vl11.:ln1"5Lnu 

i'n~1 150 1cu 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 1 l.31±2.48bcdefg 13.36±2.7b 12.40±2.12bcde 9. 90±0.87defgh 9.15±2. 74fgh 11.51±2. 72bcdef 8.52±2.16fgh 10.35±2.46cdefgh 

60 10.46±0.93bcdefgh 9. 73±0.8letgh 9.50±1.00efgh 8.80±2.1 lgh 
gh 

8.86±1.75 - - 8.34±2.21 

90 
be 10.69±2.65bcdefgh 10.03±1.22cdefgh 9.53±1.40efgh 8.57±1.98fgh hi - 12.90±1.62 - 7.80±1.53 

11.50±2. lObcdef 9.99±1.43cdefgh 9.91±1.35defgh fgh 
5.54±1.5d 

hi 
120 - - 9.04±1.98 7.90±2.13 

150 - 17.42±6.6a 15.85± 7.55a 12.55±4.94bcd - 1 l.37±5.46bcdef 9.03±5.54fgh 12.25± 7.18bcde 

\11111'-'L'Vl!Jl: 1. '1'qi~n~ru AIR, OAB, C02 LL'1::: VAC LL~~\11:::'\.J'\.Jf11'~'\.J11~tl1f11fll'IJn~ f111rl1~~tltlf1~L'1'1J~1V'lltl\l~~.a-'lJClClf1~L'1'1J f111~'1Jn1'll C02 LL'1:::f11"5 

'\.J"51~~qjqj1f11Pl IJl1lJ~1~'\.J 

2. ~1Bf1~1viLV1i'.it1'1Jtl'U 11Ji11"111lJLLIJlf1l'i1\ltl'U'Vl1\1~'1~vi,:::~'\.Jfl11lJL~Cl~'U 95% f11viLL~~\lfltlfl1Lu~mL'1:::fl1LtjV\IL'lJ'UlJ11J1"5~1'U (n = 18) ... 
3. fl1~LL~\I (fl1 a*) 'lJCl\llJ:::L~ClL'Vlfl!L'tlCl~Cl'ULL"1\l'lJCl\1"5:::'\.J'lJf11"5'\.J1"5~ AIR LlJL~':i1V\11'U ("'qi~n~ru LFl~Cl\IVllJ1V -) L~Cl\1'11n1lJ~1lJ1"5'11~1'111~ L'Vi"51::: 

Ln~f111 L '1~'\j L~'\.J l\Jl"lltl\I L :fi'ff~~'U'Vl~EJ.yi~1lJ11t:llJtl\I L ~'U L~~1 VIJl1 L tJr;l1 

+:> 
ex:> 



. . 
f .. .. 

cl ' !:!I ... ' *> ... ..i ... ..i ... ' "" • ., ..i ... 0 0 t 
\JlT'a1.:l'VI 4.6 fl1TIL'Vlfl£1.:I (fl1 b 'll£1.:!ll::L"IJ£1L'Vlf"IL'ti£1"rn'ULL'Vl.:!'Vl\J'~1~fl'UJ"a::'U'Un1"S'U"S"S~LL'l.l'U\Jl1.:I '1 Lll£1LO'U10~1'V1£!CU'Vl'Jll 10 C LLfl:: 30 C 1J 

I G 4.1 .., 

1::"V111.:im1Ln'l.J1n~1 150 1u 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 l 1.89±2.84cdefghi 14.87±5.96bcde 13.74±1.9idefg 9.24±0.90hij 10.25± l.39ghij 1 l.61±2.50defghi 10.19±2.84ghij 10.05±2. lihij 

60 12.14±1.36cdefghi 10. 79± l.23fghij 9.04±2. lOhU 9.66±2.51 hij ij 8. 71±1.38ij - - 8.75±1.58 

90 14.53±1.5lcdef 12. 78±2. l 9cdefgh 10.75±1.03fghij 11. 06± 1. 7 sefghi 10.26± l.89ghlj lj - - 8.26±1.07 

120 14.57±2.97bcdef 1 l.74±2.16defghi 11.09±0.91 efghi 11.46± l.33defghi 6.97±2.96j 
lj - - 8.47±2.14 

150 17.57±7.ol 21.22±1 l.23a 15.09±7.94bcd 14.18±5.89bcdef 12.14± 7.64cdefghl be 
- - 15.66±10.42 

'Vlll1E.IL'Vl\Jl: 1. ~n1'1rr1~ru AIR, OAB, C02 LLa~ VAC LL'1(;1..:J)~'U'Ufl11'U1':i''iltnfl1Pltln~ rn1ti1~{;leJeJn~L'1'U~1tJ'lleJ..:J(;l(;l.a''U'enln~L'1'U fl1Wl'Un1'1l C02 LLa~fl1) ' -~ , ~ 

'l..J))~~qjqj1fl1Pl \Jl1lJ~1~'1..J 
CV CV c:J 4 CV 11.ciil I CV et..c:t.cil QJ ~ " I .J 4 I .J I cil 

2. \Jl1'Eln'l~frnL'VflJ'El'Un'U lJlJrl11lJLL\Jln\Jl1.:lfl'U'Vl1.:!'1CWl'Vl)~(;l'l..Jfil11lJL"U'EllJ'U 95% fl1V1LL'1(;1.:lfl'Elfl1LuamLa~rl1L'l..JtJ.:IL'l..J'UlJ1\Jl)~1'U (n = 18) ... 
3. rl1~L'Vf~eJ..:J (fl1 b*) "UeJ..:JlJ~L=ilm'VIPlL'!leJ~eJ'ULL-H..:i"lleJ..:J)~'U'Ufl1)'U))~ AIR 1lJL~11tJ..:J1'U ("'qj~fl'l~ru Lfl~eJ..:J'VllJ1tJ -) L~eJ..:J'11nhl'11lJ1)()l(;lfl11~ 

L "fl)1~Lfl(;lfl1)L 1il~qj L~'l..J L\Jl"U'El.:IL ~'El~~'UVl~ ~~'11lJ1)CllJ'El.:IL ~'U 1~~1 eJ \1\1L tJri1 

+:> 
\0 
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1.2 --

...-AIR-10 

---OAB-10 
Q 
: • .. 0.8 -.-co2-10 
... 
~ ... 

0.6 • 
_,.._VAC-10 

... 
\ 

Q ,_, -AIR-30 
~ 0.4 = iii 

;;... 
0.2 -; 

I 

-.-oAB-30 

I 
i 

0 -"--------~---r-- ------------~, --------, -VAC-30 

0 30 60 90 120 150 

Storage days 

- .,. " • ..id., - ... 0 
L'!lil'U)\JLL'M4'Vl\J'i'i'!fl18'i::\J\Jn1'i\J'i'i'!LL\J\Jfl14 91 WiJLn\J'in~1'Vlf-!N'M<J11 10 C 

LLtt:: 30°c tu1Z"M114n1·nnui'n~1 1so 1u 

4. 7 m1Ltl~aULLtltt~lttlP11'u (Lycopene) 

'11m.Jam11LR11t~t"l111JLL thtl11u (ANOVA) 'llv.:Jm1J1tlJ ill 1flvttl'llv.:J1JtL -tim 'VlfllL "llv~v'U LL i.:i 

viLntJ-!n~1t u~.:i'Vltiav.:i~1.:i i ( '1111.:ivi '1 .14 LLat '1.15 t un1flt.Jtl1n) TftJ111ttJtJn11tJ11~ 

(Packaging) ~ru,.,JJii (Temperature) LLat1:v:L1a1m1LntJ-!n~1 (Storage day) i!uil~mmh.:iil 

i1mh~'l!'Vl1.:iai1~ (p < 0.05) ~vtfi1J1rula1f'lvttl tlfi~1niuth:,.,11.:i (1) 1ttJtJm1tJ11~ ~ru,.,JJii 

LLa:1:v:na1m1LntJ-!n~1 (Packaging x Temperature x Storage day) (2) 1t'U'Un11'U11~ 

LLat'ltlJ'-UJii (Packaging x Temperature) (3) 1t'U'Un11'U1~~ LLa:1:v:na1m1LntJ-!n~1 

(Packaging x Storage day) LLat (4) 'lru,.,JJii LLa:1:vtna1m1LntJ-!mt1 (Temperature x 

Storage day) i1t.Jamh.:iili1mh~ty'Vl1.:iai1~ (p < 0.05) fivtfi1J1rula1flvt'U (m11.:ivi '1.14 LLa: 

'1.15 t un1flt.Ju1n) m~L tl~vuLL tla.:i'IJv.:itl~1J1ru la lflvt'U Ltl1J:a-tim 'VlfllL"llv~vtJLLi.:i LL'1ti.:i Ltlf\111.:i 

4. 1 LLm:n1Tfvi 4.10 '11n'tiv~aTftJi1m1J1rula Lt'l'nuilLL u11,j1Ja~m.:iflavtivi~m·nntJ-!n~1 (p ~ 

0.05) ulvLmV'ULViV'Un'Utl~1J1tlJ1aLf'lff'tlL~1Jvltl (83.82 mg/100 g db) cl11l~iJm~L~1J~'U 

t11:111ru 1.2 Lvhtu1uvi 30 'llv.:i~.:i'Vltiav.:i OAB-30 ;i.:im~L~1J~uJuu1'1tLV'tlt.Ja111'11nt'l1111 
LL tl~tl11u'IJv.:i11:L ;'im'VlfllL "llv~vivhm1v'ULL~.:i 1tivLL u11,j11m1atla.:i'IJv.:i la Lt'lfil.l~.:imh1a11J1~f!Tf'U 

lm u'Vln~.:i'Vltlav.:i '11nt.Jam1~m11~.:imh1vi1t~a1tJ1.t1'111:vtL1a1m1LntJin~11J:L -tivL 'VlfllL "llv~ • • 
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tiu LL ~.:i?l.:ii:.i" t ~m1rnu 1" 11"1Yi'U"~".:i ~.:i'1v~1"1'1a.:itiut:-Jflf11'jiLl"l";i1t-H1"111l.JLL tl)'thTu (AN OVA) ~ 

LL"1~.:it ~'Vl)1ui1)tEJ~ L1fl1fl1)Lnu'f n~1 L ll'Uih1~v?l.:it:-Jfltiv1.:iiii!t1'11f'i'qi (p ~ 0.05) !Jivtl~mru 

1" 1fliJ'U (i;i1)1.:i~ '1.14 LLflt '1.15 L 'Ufl11"lt:-J'U1n) fl1'jfl~fl\l'llti.:itl~i.nru1fl 1AYi'Uhm1)Flm~nt1' 

'1B~l"l'1ti.:itiu.:i1'Ui~EJ'tlt>-3LEJ11fl1 ~~1~'U1'4Q" (2545) LLflt Hussein and El-Tohamy (1990) ;.:i 

1~Fin~1mmru 1" 11"1Yi'U L 'U'iltl'1l.lt L ~m 'Vlfll 'V'lui1m1nru 1" Ll"1Yi'U~Lnu-rn~1";ittrt L 1m'U1uiit1~mru 

"~a.:i ~.:im)a~a.:i'tlti.:immru 1" 11"1Yi'Uv1'1ii'11L "1~ri11'1qiL ~ti.:il.l1'11n 1" 11"lri'U hiL"1~EJ)LLatbl'imL"1.:i 

..I " ..I d t " 0 q 'i " ..I "'ti... 1 1 q 4 I I ti ... L"!JB)tltJLL"1.:i'VILntJfl1EJ !Jl'1fl11~ 10 c l.JLL'U1~\Jl.l'Vl'1tl.J 'j3J1W " fl'V'l'UL"1at>B~~.:im1 ";il.J1ru 

1" 11"1Yi'U'fltt.:il.ltL1im'Vll'IL"!lB~BuLL~.:i ~Lnu-rn~1~ 30°C L'U'Vln~.:i'Vl~flti.:i 1~mo'V'l1~-d1.:i";ittrtL1f!1 • 
du u ( ..I ..I ).J II u 

fl1";iLntJ'jn~1 120 1u !Jl1)1'3'VI 4. 7 LLf!t111n'Vl 4.10 '!l.:it:-Jflfl1'j'VJ~fl"tl'1'1B~l"l"ti"nut:-Jf!fl1'j 

1 L1"1)1t~r111l.ILL tl'jtl)1'U (ANOVA) ~ LL'1~.:it ~'Vl";i1ui1t1ru"1fliJL '1Jfl1'j Lnu-rm~n?l.:it:-Ja!'it>m'j . " 
L tl~tr'ULLtlfl.:ifi11a 1riri'Umh.:iiitiva1i'1'Y'Vl1.:i'1Ci~ (p < o.05) (1J11)1.:i~ '1.14 Lrn~ ".15 h1 

J g 1" ... ~ tl d ... d ... ..I 
fl11"lt:-J'U1n) 'UBn'11n'U t:-Ja fl1)rin~1 ~'1'UtJ'1\J'Ul"l11l.J) ~ 'U )t L~'Utiru"1m.Jfl1';iLntJ";i n-~1V1"1.:i 

• '\J • \f \I 

"11l.11'Hl L ~.:i fl1";jL~tll.i'1fl1EJ'tJB\1'11'~ri1 l'1qj LLfl~ f11";j L~B3.JL~EJ'tltl'lt:-J~(;)Jlf;\J,jtl1"11';i (Labuza, 1982; 

Robertson, 1993) m.h.:ihn1Jl1l.J m3.J1ru1a1rifi'U'fltl'llJtL~tlL'Vll'IL"tttl~tltJLL~'IL'U~'l'Vl~fltl'I VAC-30 

ru i'U~ 120 LLat 150 ~~.:ini1tl~mru 1a 11"lnut 'U~.:i'Vl~flt>'l~'U 1 Ldt1Yi'11';iru11u-d1.:iL1mL~v1tiu 

t:-Ja f11";j Pin~1~.:i n'111'1ti~l"l"'t1" ti'ut:-Jf! fl1';il Lm1t-H1"111l.J LL tl';iU';i1'U (AN OVA) ~ LL&'l~.:i 1 l1'Vl ';i1ui1 

tlfi~l.Jn'UG'l t"1i1'1'l~tltJ fl1'ltJ'l'l'1 t1ru"111n LLflt'lttlt L 1 fl1f11';i Lnu'f n~1i!uiit:-Jamh.:iiiiJv~1 fl f) I d,..I , 'I \I v~ 

'Vl1.:i'1Ci~ (p < 0.05) l'iummru 1" 1riYiu '11L "11J1~?l.:it:-Ja 1~tl~mru1a 1riYi'LiiiFi1"1.:imv 11'ifl1";jtJ";j';i1il 
' " . 

'1nirn1mP1LLatt1ru"111ii 30°C v.:i 'W'11m';irttii5u1t11m \Jf11";jPi mnd' ~'li'l1";iiif11";j?i n~1fl'Ul"li'11'ia 1 tJ 'Iv~•~ 'I \I 



. ' .. ' . 

..I ti"' ti • ~ 'I T .. .., ..I II ..I II ' "} 
~111.:IVI 4.7 n11L amJLL a.:iu1111CULa Lfl'W'U (Lycopene; mg/100g db) "Utl.:111ZL"UtlLVlf1L'tltl1tltlLL\1.:!Vltl11'J~'UJ1::tJ'l.ln11'1.l111i1LL'l.l'l.l~1.:I '1 LLa:: L'U 

1::V1':i1.:im1Liiu;'m~n~i!CUV11Jij 1o
0 
c LLa:: 30 ° c l u1::V111.:i011Liiu-rm~•1 1 so 1u 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 58.67±5.24 
f 

71.05±4.49c 48.91±3.99sh 77.09±5.51 
b 65.87±6.13cde 105.84±8.23a 79.49±5.56 

b 
52.56±6.93s 

63.86±6.41 def 79.91±6.48b 68.25±1.39cd 49.83± 7.55sh 
de ef 

60 - - 64.96±5.91 61.08±8.04 

hi cd 
51.15±3.29s 

k 
35.63±6.33j 36.06±5.45j 90 - 45.16±2.80 67.13±3.96 - 29.94±3.01 

120 - 35. 93±4. 7fi 60. 97 ±5. 730ef 59.36±4.52
1 

41.38±4.99; 
hi 

49.47±5.85sh - 44.71±3.59 

15.61±2.34m 18.52±1.22m 
kl l kl 

48. 90± 1.85sh 150 - 26.62±4.81 - 24.60±3.52 27.10±5.84 

\1111f.IL'Vl\Pl: 1. ~cy~n~ru AIR, OAS, C02 LL'1:: VAC LL'1~~1::'\J'\.Jn1'nJ"r~yenm111tJn~ m1n1~~e:ie:in~L'1'U~1EJ'lltl~~~.a-'\Je:ie:in~L'1'U n11~'Ufl1'll C02 LLa::m1 

'IJ11~~cycy1m111 ~111'°'1~'\J 

2. i;i'Tan~1~L'Vfi'.itl'Utl'U hli'.irn111LL~nl'i1~tl'UVl1~'1'1~~1::1'1'1.Jrn111L~tlli''U 95% fl1~LL'1~~~tlfl1Lu~EJLL'1::fl1L~EJ~L'IJ'Ul.J1~1~1'U (n = 18) ... 
3. fi1tJ1111ru 1" 11°1Vlu'Uei~l.J::L~m'V1111L"llei~eiuLL'iX~'Uei~1::'1.J'Um1'1.J11~ AIR 1li1~11EJ~1u (~cy~n~ru Ll°l~ei~V1111EJ -) L~ei~'11n 1li'111111crr~~11~ 

L \'l11:: Ln~m1 L '1~'\:J L~'IJ 1~6lle:i~ L ~ e:i~~'U'V11~~'11111w11e:i~ L oH'U 1~~1 EJ~1 L i.Jci1 

ln 
N 



53 

120 

-.c s 100 -OAB-

OIJ 

g -.-.c02-
.-1 80 

r ----vAc--
~AIR-3 

-.-OAB-

0 

0 30 60 90 120 150 

d ,. .. d -~ ~ ,. .,. .. d .. d .. 
ll1'W'1 4.10 LLU1 i.Ulln1'U\JiUJULL \Jil~lJ'U.11W Lil Lfl'WU,,iJ~ll::L'tliJL'1AL'Uil'iiJ\JLL,H'1\J11,fl'lfJ 

'i::uun11u1'i,LL\Jufi1~ -i LLi1::lu1::'M'i1~n11Li\uin~1i'lf:!W'M-t)il 1o0 c LLil:: 30 ° c 

LUUL1i11 150 1u 

4.8 n11L\JitauLL \Ja~m111w,.i11l1uiJatli~'Mllfl (Total flavanoids) 

'11n~am~1Lfl~1z'1tl1111u tl~th1u (ANOVA) 'f.la~m111w'1!1~tl~zmn.J~a1 huaafi'fJcH1JtL ;ia 
..I II ..I d "1 , ~ I ..I , I 

LVlfllL'lltl~tlUU'Vl~'VILnu~m~nL'lJ'1~'Vlflatl~\Jl1~1 (Pl1~1~VI '1.16 uat '1.17 L'Uil1tl~'U1n) ~U11~tUU 

"' m~u~~~ (Packaging) ~W'VllJij (Temperature) uat~tazna1m~Lnui'nli1 (Storage day) U'uij 

~amh~ijiJmh~'l!Vl1~'11i1~ (p < 0.05) i;iam1J1w'1!1~tl~tnau~a1 huavl'l tl~"'"..;'ufi~t'Vl11~ 

(1) ~tuum~u~~~ ~WVl.fJii uat~tatnmm~Lnui'nli1 (Packaging x Temperature x Storage 

day) (2) ~zuum-su~~~ uaz ~W'VllJij (Packaging x Temperature) (3) ~:uum~U~'S~ uaz 

'StEJzL1a1m'SLnui'n"n (Packaging x Storage day) uaz (4) ~W'VllJij uaz'S:a:na1m'SLnui'n"11 

(Temperature x Storage day) ij~aav1~ijumh~'l!'Vl1~'11il~ (p < 0.05) ~atl~111w 

a1-sll'S:nau~a1l1uav~ (;i1'S1~Yi '1.16 ua: '1.171'Ull1tu.Ju1n) 

n1'SLtl~vuu tla~m1J1W'1!1'Stl'S:nau~a1l1uavl'l (Total flavanoids) 'fJ~H1JtL ;im 'VlfllL "trn~ 
II ..I d "1 , I "I ..I ..I I .,: II 

tl'UU 'Vl~V!Lnu'Smfl L'U'SZ'U'Un1'SU'S-S~Vl1~ 1 U'11fl~L 'UPl1'S1~'VI 4.8 ua:111~V1 4.11 tl1L ~11viu'Y.m~ 

m1J1W'11'Stl'SZntl'U~a1b'IJtlEJ~LVhnu 115.52± 2.92 mg/100 g (db) ~~iifi1ln"Ltla~n'lJ 

m1J1W~m L 1'UtlEJl'l~~'V11Jflii'S1EJ~1'U L 'U11ZL ;im Vlflltl'lJU \1~~'U I L1i'IJ 11ZL ;im Vlfll'1'lJU l1~'1!1EJ..;'IJ~ 
Excell, Tradiro ua:: Flavourine iim111w~a1huavl'l~~'Vl1JflLVhnu 179, 183 uaz 176 mg 

rutin eq/100 g dry matter Vl11Ja1~'lJ (Chang et al, 2006 uaz Toor and Savage, 2006) 

coi-: 

VAC-
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IJl1e:icl1~'111wa1b'Um.w11m.1::L;im'Vlf'l L'li'U Naringenin chalcone, Flavonol rutin LLn::: 

. . ( ) "" .. " 1 ..I ..I Quercet1n glycos1de Chang et al., 2006 we:ivr"11ru1'lJ€l2j'1 'Ul'l1':i1~'Vl 4.8 LLa::.n1'Vi'Vl 4.11 

v-n..J11tfimru'11-sth::mnnim L 1'Ut>EJi;i°vY~Vll.Ji;J L 'UlJ::L ~m 'Vlf'!L 'llti~e:JULL "1~ii LL 'U11 Ul.J'1i;Jn~e:icl1~11i;i L ~1 

'Vla~'11m::EJ::L1a1Lnui'm;1 30 l'U hmiil"l1ti~L'U'li1~ 37.18-89.75 mg/100 g (db) L~tiLViEJunu 

i..fim ruwa111'UeJEJvl L~l.J~'U ~rnm-s flimfl~~na 11'1eJ i;iR '1ti~ti'rnrn m-s1 LR-s1::'l.1R11l.J LL tl-si.J':i1'U 

(ANOVA) ~LL'1i;J~ 1 l1L ~'1..111-s::EJ:: L 1a11 'Un11 Lnui'ni;1~~~amh~ii'tJEJri1~qj'Vl1~'1'1~ liieJ tl~l.J1ru 

'111tl-s::ntiurla1 b'UtiEJvi' (1J1111~~ '1.16 ua:: '1.17 1 m11R~'U1n) .n1EJV1a~'11nm-sLnu-rm;i 

30 i''U ~~vhl'11l.J11'11i;il"l1tl~l.J1rurla111'UtiEJi;i'vY~'Vll.Ji;J'lJeJ\ll.J::L;im 'Vlf'lL'lleJ~eJU LL "1.:i ~U11~L 'U 

u11e.11rnf'ltln~LLa::Lnu-rni;1~ 10°c ua:: 30°C L'li'UL~e.11nurn11i;immru1a 1Rfim~eJ\1'11n m1 

L '1~'\!L~u Ll'lL~u Ll'l'tlti~L ~eJ~a'U'Vl~v~'11l.J11"l.Jm L oH'U 1~~1vmL tl~1 
fl1EJ'Vla\1'11fifl11Lnu-rni;1 30 i''U ~ui1mmru'111tl1:: neJUWn1L1'U€ltJi;i'vY.:i'Vl:IJi;J'lJeJ~l.J::: L "lieJ 

L'Vlf'lL'l!eJ~e.Juu l1.:iflrn1ai;ia.:iu1.uanueJmLliiu '1..111ul.J1i;iv-s1l.Jiii"l1~l"lti'U-U'1.:iF1.:i~ 1i;ieie:i~1 'U'll1.:i 54. 12-

60.11 mg/100 g (db) ua::bJiiri11l.JLLl'lnlii1.:inmJcl1.:iiitrvri1~cy'Vl1.:i'1'1~ rn1ai;in.:i"lleJ\ltl~l.J1ru 

'111'Y"l'11L1'UeJEJvlvY\l'VllJi;Jll'1eJi;JR'1eJ.:i nu~am1~n1;1'UeJ~tl~l.J1UJ'11'SW'11L1'U€lEJvlvY~Vll.J~ 1 'Ul.J::: L ~el 
L'Vlf'l (f-!::>ssain and Gottschalk, 2009) ua::~al'l.ti'ruf'i~'U L'li'U tl1~~ (Saric et al., 2012) ffii;l 
11EJ~1'U11ml.J1ru'111rla1L1'UeJEJvl~\l'Vll.Ji;Jiim1ai;ia.:i L 'U1::'Vli1\I fl1':i Lnu-rni;1 vr~d'111Wa1L1'U €l EJ~ 

'iJe:J\ll.JtL ~m 'Vlf'lL'l!eJ~J'Um'1eJ~'1~~.:i L 'Un~l.l phenolics LLa::/'Vl~eJ polyphenols ;.:t'111L V1a1di1 

LL 'U1LUl.J~ai;ia.:i1m u1:::vii1·rn11Lnui'ni;1 ~~L U'U'11L 'Vl'Jri1~cy~~.:i~n 1 l1tJ~mru1;'111wa111'Ue:iEJvi' 
vY.:i'Vll.J~ai;ia.:i 1~ 

~m mEJUL fit1UR11l.JLLlilnlii1~1::'Vll1\ll"l1LO~EJ'iJ€l\ltl~111Ni;'l11tl1t neJUW'11 L TU€! EJ vlvY\l'Vll.J~"!JeJ\I 
11::L ~m'Vlf'lL 'l!eJ~eJULL l1.:i'11nuliia::~.:i'Vli;imM (m11.:i~ 4.8) 'Viui1'1t11tl1tne:iurla1bue:ivi;i~.:i'Vll.Ji;J12.l 

i~ L '1'U1::V1i1.:i~~'Vl~neM 1~ movn:: L~e:i Ylv11 ru11::V1i1.:ie:iru'Vl.f1ij 'Viui1tl~mru'111tl1t ne:iurJm 11 
• 'II 

ue:ieivl'vY.:iV1:1Ji;J'iJeJ.:il.J::L;im'Vlf'lL'lleJ~e.Juu "1.:i~Lnui'ni;1~ 30°c L 'Uu1.:i1:::uum1u11'1 L-d'U i''U~ 60 • 
'!Je.J.:im1Lnu-rni;1 m1u11vu uuv-iun1'11 co2 iiri1'1~ni1mmrurla1 b'Ue:ivi;ivY.:iV1:1J~~Lnu-rmn~ 

• 'II 

10°c ~a'iJeJ·:ir~ruV11Jfo;fom1L tl~EJ'ULL tla~tl~111ru'1111rla111'Ue:ieil'ivY.:iV111i;i L 'Ul.JtL ~m YJf'lL"lle:i~e:iu LL ~.:i 

L'Um1flin~nd LLl'lnlii1.:i'11n~a~11EJ~1'UL'U Hossain and Gottschalk (2009) ~-s1ei.:i1'Ui1m1ai;ia.:i 

'iJe:i.:itl~mru'11-swm 11ue.Jeii;ivY~v1:1Ji;i L 'Ul.J::L ~m Ylf'le:iuu "1.:i~e.Jru'Vl.nij"1e:i.:i ( 20°c) Lni;i~'U 1~ L ~1ni1~ 
• 'II 

~ru'VIJJijLL'llLv'U (5°C) L'U1t'Vli1.:im1Lnu-rni;1 5 L~em ~.:im1l.JLLl'lnlii1.:iJ'UmvLfii;iv1n'!lui;i"lJe:i.:i 

lJ::L ~m 'Vlfllvi'l m 'Ufl11~mn LLa::/'Vl~eJR11l.J~'U"!JeJ.:J~alil.ti'ru'1 Li;JEJR11l.J~'U'lJeJ\ll.JtL ~m YIPIL "lleJ~e:JU LL ~.:i 
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~111.:l'Vl 4.8 u1111rua11 1::f1il'Unfl1L1'Uiltl"'VlU111"'tlil.:111::L 'tlilL 'VlflL 'tfil1il\JLL 'M.:l'Vl'U11~"1tl1::'U'Ufl11'U11~U. 'U'U~1.:I 81 WilLf1'U1f1'tt1'Vl~N'MIJ11 

10°c LLa:: 30°C L'U1::w;h.:i 150 1'U 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 77.43±2.41 de 77.92±3.99de 37.18±2.12n 57.21±1.65ij 59.77±2.65; 80.77±1.12 
cd 

89.75±2.18 
b 

58.72±1.43 
ij 

ef b b 
83.41±5.23c 97.03±6.25a 

de 
60 - 74.30±3.75 88.32±2.43 89.31±4.79 - 77.55±2.69 

52.63±2.90kl 81.60±5.4td 71.82±4.llfg lm 59.98±4.33; 57.53±7.641jk 90 - - 51.24±3.77 

120 58.53± 7.00ij 68.16±6.85sh 
ef h 

71.52±5.96fg 54.38±5.05ikl - 73.37±6.59 - 65.86±3.61 

150 - 55. 79±2. 99ijkl 47.02±4.22m 54.72±3.64jkl 56.01±3.98ijkl 56.07±8.97ijkl i 
- 60.17±4.02 

'M111tlL'M\Jl: 1. Glqi"'n~ru AIR, OAB, C02 LL'1t VAC LLa~.:J'lt'l.J'l.Jfl1'ltJ'~'l~eJ1fl1Pltln~ fl1'ln1~~eJeJf1~L'1'U~1EJ'lleJ.:J~~ium:in~L'1'U f11'lvi'Un1'll C02 mltf11'l 

'l.J11~&1qJqj1f11P1 IJ11lJ'11~'1.J 

2. ~1eJf1~1~L'V!i'.ieJ'Utl'U 1l.li'.ifl11lJLLIJlf1~1.:Jtl'U'Vl1.:la~~~1:::~'1.Jfl11lJLzjeJ~'U 95% ri1~LLa~.:ifiari1Lu~EJLL'1:::rl1L~EJ.:IL'U'UlJ1m~1'U (n = 9) ... 
3. r11tl~l.J1ru'rl'1111'UeJEJ~~.:JV!l.J~"UeJ.:Jl.JtL=ileJL'VIPIL'lleJ~eJ'ULLi1.:i"UeJ.:J'lt'U'l.Jfl11'1.J1'l~ AIR 1lJ1~11EJ.:J1'U (Glqian~ru Lfl~eJ.:JV!l.J1EJ -) L~eJ.:1'11n1l.la1l.J11'1 

1~ri11;J L V'111:::LnV1m1L~~qJL~tJ Ll'l"lla.:iL ~a~~'U'Vl~E1~a1lJ11'1l.JB.:iLi1'W t~;J1vmL t1'h 

V1 
V1 
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"' 0 VAC-30 

0 30 60 90 120 150 

Storen~ days 

fl1'W;t 4.11 LL'U1lUSJn11Lll~S'ULL\la~\R111Nfl11\11::nil\JWi11l1UilSthf~'Vllltt'Uil.Ul:a;ieL'YIA 
..a .. ..a ~ I ... • .. ..a - 10°C 

L'Uil1i>\JLL'Vl~'Yl\J11~"1S1:\J\J011\J11,LL\J\J"1~ S) WilLO\J10~1'Wlf?N'Vl'Jll 

LLa:: 30°C lu1::wh:a 1501u 

lum~;ln-eniliifi1i.J~~1nw 88-112% (db) ~.:i"'.:in11fl1111.fu"!la.:i11~L;'iaLV1flla'Uui.:ivi~1v.:i1u1~m 
'II 

Hossain and Gottschalk (2009) ~ii~1~t'Vl11.:i 21-42% (db) Hossain and Gottschalk (2009) 

~1v.:i1u11m~L~a11"'a1v"!m.:ii.R111w"'1~~a111uavt1vr.:i'Vl11"1 Lnl'l~'U 1~111n l u11t L ;'im 'Vlfll~iifl1111(u 
~"'.:i 1t"1am~Laa11"'ma,,a.:ii.J~111w"'1~~mhuaat1vr.:i'Vl11"1"'.:iil.:i 40% lu11~L;'imV1fl1a'Uu.-H'.:iviii 

'II 'II 

fl1111(u 42% db '11 n~~1a.:i1u"li1.:ivi~1v.:i1u.U1.:i~u11fl1111~'U"!Ja.:i11t L ;'im 'VlfllL 'lla~a'Uu i.:i l u 
9' II II • 

m~;lm~niliifi1"'.:in11 ~.:iii'u m~"'fllL~ai.R111w"'1~~a111uavt1i.:i'Vl11"1~.:iLnfl lm u~~~uVi"'.:in11 
'II "'"a1 'II 

(U~t111W 56-60%) 

4.9 m1Lll~suLLlla~tR111wn1ftLLilflftil-iUft (Ascorbic acid content) 

'11n~a 01~1 Lfl~1t~fl1111LL thi.J~1'lJ (AN OVA) "!JtJ.:Ji.fl111wm l'l LLtJ"'fltJ1°Ufl"IJ8.:J11~ L ;'iaL 'VlfllL 'lltl~ 
" .,j d .., 'I .,: ' ..I t ' 

a'ULL'Vl.:JV1Ln'U~n4e11~u"'.:i'Vll'laa.:Jf11.:i"J (f11~1.:ivi lil_ 18 ua~ lil_ 19 'lJJ11fl~'U1n) 'W'U11~tu'Um~u~~'l 

(Packaging) ~W'VIJJD (Temperature) uat~tVtL1a1m~Ln'Ui'n4e11 (Storage day) i!uii~amh.:iii 
ii'mh~tyvi1.:i"'il~ (p < 0.05) viai.R111rumt'ILL8"'f"laiufl i.J~il11~u6~~'Vl11.:i (1) ~~'U'um~'U~~'l 

~W'VIJJD u.at~~VtL1a1m~Ln'U'f n4e11 (Packaging x Temperature x Storage day) (2) ~t'U'Un1~ 

u~~'l ~t ~W'VIJJD (Packaging x Temperature) (3) ~~'U'Un1~'U~~~ u.at~tatna1m~Ln'Ui'n4e11 
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(Packaging x Storage day) u.m: (4) ~ruvrIJij u.r;i::1:m:a1r;i1n11Liiu-rmn (Temperature x 

Storage day) 1i~r;imh:iih!v'11~qiv11\1'1ii~ (p < 0.05) i;iatfl1.11rumV1LL'1'1FlaiuF1 (\Jl111\lvl lil.18 

u.a:: lil.19 lw11F1mnn) 

tl
.J ti ti"' .. ... 'I d .J II .J 'I ~ I 

fl11 L '1EJ'IJU. '1\1 11.110Jfl'SVI U.'1'1Fl'11'UFI L\JlJtL "!Jf)L 'VlfilL '!181'1\JLL m'l!\l\J11~ L 'Ui;i \l'VIVl'1'1\l\111\l 1 
'I .J .J • ..: ... tl""' ........ ti 

U.'1\11\1 L 'IJ\Jl111\l'Vl 4. 9 U.'1tfl1'rf'Vl 4.12 Fl1L11.1 \Jl'IJ"!Jfl\I 11J10Jfl'SVI LL'1'1Fl'11\JFl1JFl1 1tlJ1UJ 

59.11± 7.21 mg ascorbidlOOg sample LdaV.1i111ru1'!i'a1J'1'rfUi1m1.11run1111LLBG'IF1aiuF1"!JB\I 

lJtL ;iaL 'VlfilL '!la~auu. ~\It uV1n~\l'VIV1'1a\li'.if11r;iV1r;i\lav1\lil'1Llil'IJ lu,h\I 30 i'u"!Ja\lm1Liiu-rmfl (34. 97-• 
38.35 mg ascorbidlOOg sample) ;\1'1'1VIFl~'1\ltl\J~'1fl111LFl11t"1F111lJLLtl1tl11u'!i'1\l~'UvlLL'1Vl\I 

l~Li1'1J11L1'11L'Ufl11Ln\J-rmfl1i~'1'1V1\li'.itl'm~1~qii;iamlJ1Wfi11'1LL'1'1FleJ{U!"l (p < 0.05) fl1EJ'VJ~\I 
~ tl"' .. Q oOI 'i II .J .J a ~ .. ... .J QI 1 !:"J QI .J oOI I 

lil1n'IJ'IJ 1lJ1Wfi11'1LL'1G'IF1'11\Jl"llJU. 'IJ1 L 'IJlJ'YlliltFl\l'YI u1lJ1Wfi1VILL'1'11"181\JFl'Yl1VI VIL 'IJ1'1JVI 150 l.11"11 

~1ffl1R1ifi'Vl1~'1Ji''Uif 120 LfiEJ\IL~fl'IJtltJ 

fl11 L~'12.J'1'11EJ"!J'1\ln1VI u.a'1riaiUFl811ilLnVl~'IJ t 'IJ'1fl11::vl1ia1mfil (aerobic condition) LL'1t 

hHlmml'I (anaerobic condition) fl11'1'11EJ"!JB\lfl'SVILLBG'll"laiul"l l 'UG'lfl11t11i1ia1mfil (l'i'wd'IJ 

l ~ .J'.J... 0 ... "' "' .. ... cl 'I .J 
1t\J\Jfl11\J11~ 'IJ fl11rlfi~1'1J'Vl2.J n11 fl11il VI n1'lf '1'1 flli/f L lil'l.Jlil \I Lfl Vllil1 n n11 L'1 '1lJG'l '11EJ L 'IJ '1fl 11 tVl 

11i1ia1n11'1) tl11tl~n11~\ILl"l11t-Ha11 diketooulonic acid L~ai111tl~fl11'1~1\1'1111 v ~ v 

3-deoxypentosome u.ati'.ifl11L~'12.J'1'11EJi;ialil\J 11'1a11 Furfural 1.1.a::G1111 L 'rf~Ll.le>i~J1\Jl1'1 (Eskin 

et al. 1971; Fennema, 1976; Belitz and Grosch, 1997) (fl1'rfvf 4.13) 

wvri1\l~\l'VlV1ffeJ\111ii'.iF1112.J L1.\Jlfli;i1\la v1'liV1 L lil'IJL 'IJJ11'rf 112.J 1.1.i;ia13.J11'1~\I Lfi\Jl 11'111tl~lJ1ru mvi 

LL'1'1 Fle>iuRiiu. 'IJ1LU2.J'1Vl'1\llJ1flLda1tEJtL1'11fl11 Lnu-rn~1 L ~lJ~'IJLL'1tLn\J-r n~1 L 'U8UJVIJ)ijvf G'l\I 
' v v 

'111 L V1\Jlvf a11i!Yi1 l ~1"111lJ U.\Jl n!Ji1\11tvri1\l~\l'Vl VI '18\IYfb.iivi L lil'U ( Ld a 11ii11 fl11\J11'1 LL 'U'U\J11EJ1 fl1 iii • • 

w~r;i 1a"li:Yh~l.la11.111i;,'!l::aam1;"~1'U"!Ja\ln1'l!aa n.ij L '1'Uvf L '!i'1 aa n'11nu11'1.ii' ru'11~~ ~'lri'l~r;i l i1' • 
fl11L~'1lJ'1a1EJ"!J'1\lfl11'1U.'1'1Fl8iUl"lL V'IJ fl11L~'1lJG'l'11EJfl1EJ L~G'IJ111t 1 ~tl1fl1fll LL'1:: LflVl~'IJ L 'Uel\Jl11vf-H'1 

l'i'·rvi't~ailtl11a"li1\l~'U 

, -



. ' ,. 

d • ~ ~- .., d 11 d 11 • d d Q.I d ... O 0 
\Jl111~'VI 4.9 lJ1:1J1tun1flLLilflflil1tlfl'!J(l~:IJ::L'!ltlL'VlfllL'!fil1il\JLL 'Vl~'Vl\J11'lfl''UJ1::\JtJn11\J11'1U. tltl\Jl1~ 81 L:1Jt1Lnt11n'111'Vl~N'VllJ:l.I 10 c LLa:: 30 c 

L'U1::\'111~m1Lnt1i'n'l11 150 1'LI 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 38.35±2.96abcd 35.33±5.26cde 36.42±6.60bcde 35.60±6.85cde 35.37±4.7fde 34. 97 ±3. 7 6cdef 37.66±8.6tbcd 36.12±4. 70bcde 

60 
ab 

40.82±5.36a 38.54±3.5tbc 37.96±2.79abcd 3 7 .29±2.8tbcd 38.18±2.41 abed - 40.09±3.56 -

90 
ab 32. 90±3.11 efgh 28.05±3.4dj 31.27±3.18fghl 34.32±4.98defg 33.23±6.24efgh - 39.89±4.65 -

38.57 ±4. 96abc 30.86±3.86ghi 25.89±1.9d 28.41±1.90
1
j 34.38±8.09defg hi 

120 - - 29.56±3.96 

k 35.05±8.11 cdef l k l l 
150 - 20.12±5.83 13.90±7.31 - 18.73±4.41 11.69±3.46 11.67±3.26 

'Vl:IJ1VL'Vl!Jl: 1. Giqi"'n~ru AIR, OAB, C02 LL":: VAC LLG'Wl.:l'S::'U'Ufl1'S'\..J'fi~e:J1fl11"1'Lifl~ fl1'Sn1~fltltlfl~L'1'U~1E.l'l:ltl\l~fl'ii'rn:ie:in~L'1'U fl1'Svl'Utl1'1:l C02 LL"::fl1'S 

'U':i'S~~C\J'Y1fl11"1 \Jnl.Ja1~'U 

2. ~1-el'fl~'S~L'Vlliti'Utl'U 11Jill"l11l.JLL\Jlfl\Jl1.:in'U'Vl1'1'1'1~~'S::~'Um1l.JLzjtll1''U 95% rl1~LL'1fl'l~tlrl1L\l~mL"::fi1L~E.l\lL'U'Ul.J1\Jl'S~1'U (n = 18) ... 
3. r11LJ~l.J1rumflLLt1'11"1tl'~ul"l'llt1.:il.J::L ~m 'Vll"lL 'l!e:i~e:i'U LL ~.:i·1m.:i-s::'ll'llm-s'U-s-s~ AIR 1l.J "l~':i1t1.:i1'U (Gi'lJ"'n~ru Ll"l~t1.:i'Vlmt1 -) L~t1.:i'11n 11J'11m':i'1i'flri1 

1~ L'Vi':i1~Lflflfl1':iL'1~(\!L~'U L\Jl"IJtl'IL~tl~~lJ'Vl~~ 

l.n 
Q) 
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80 

- -+-AIR-IO -OAB-10 --..-c02-10 -VAC-10 
Q.I -g. 

~AIR-30 -+-OAB-30 C02-30 VAC-30 e 
"' 60 112 

Cl> = = .-1 

1ii> e --40 

= QI -= = u 
'O ·-u 

"' 20 
CJ -,.Q ... 
= CJ 
112 

< 
0 ------- --- -- - - ~--- ---- ---

0 30 60 90 120 150 

..; ,. ., .... .1 .c ~- ... .. ., ... 
ll1YiYI 4.12 LL U1 ~Ulln1'iL \Ji\fJULL vi\~lJ'Ul1WO'i"LLilitftil'i'Uft11ilUJ:: L 11ilLYlt1L 'ail'iil'U LL "'~Yl'U'i'i1\l 

If I .. .,.,..; ... 0 0 ... 

fl1fJ'i::'U'Un1'i'U'i'i1\!LL'U'Ufl1~ 'l WilLO'U'i0~1Ylf-!W"'JJll 10 c LLa:: 30 c ~u 
'i::,.,11~ 150 1u 

UJ111~a'Uv.:ivru'VlflDnT~Lnu-rn~1,jam.,Ltl~vuu tla.:imflum'lflviufl biii;iL '1'\J (i;11.,1.:ivi 4. 9 . ,, 

ua::fl1Yivi 4.12) m., Lnui'n~1lJ:: L ;Jm Vlt'IL 'llv~t>'UU ~.:ivit>ru'VlflD 10°c il u 'U11 UlJ'll::at>nTrnfla.:i . ,, 
'Ut>.:itl~lJ1rumi;ium11'1t>iuf\1~t'in11m·an'U-rn~1vi~ru'VllJij 30°C ~am'SV1flat>.:ivi1~'S1a-n'\Jil 

'1t>fll'lat>.:in'U~am.,;ln~1m'SLtl~a'\Jutla.:imi.11rumflut>'1l'lt>iiifll'\JlJ::L;'imV1t'lt>'Uu~.:iu'U'Ufl~.:ian ,, 
vi~m~n 1i;iv Hossain and Gottschalk (2009) ua::'S1v.:i1'\Ji1mflUt>'1flt>iuf'l l ulJ::L ;it>L Vlt'lt>'UU ~.:i 

viLnuvi 20°c ilm'Safla.:il'U8'1'S1vi'1.:in11ult>Lmvunum'SLn'Ui'n~1vi s0 c ,, 
i.:iil Hossain and Gottschalk (2009) 1~'i1a.:i1'\Ji1m'S~f\!L~Vn'iflUt>'1f'l8iufll'\J'S::'Vli1.:i 

mrsLnu-rn~1L U'\JU uuL"''\Ji;J'i-1 (linear relationship) ~.:iui;in'11.:i'11n~n~ru::'Ua.:im'S L tl~V'\JU tla.:ivi 

"'.:imi;i1m'\Jm.,;in~1il' 1t1vilu'U11ulJLU'\J First-order kinetic reaction ~.:iLU'\J'1il'\Jt'l1'1i;ii'Ut>.:im., 
L~v11'1mV'Ut>.:imt1ut>'1f'lviuR l'\J~~i;iJi'ru'1im'Vl1':i'Vla1V'l!'Ufl (Labuza, 1982; Robertson, 1993) 

1flvula~hm'itl'S::111rum'iLtl~a'\Jutla.:imflUt>'1filt>iufil~1v'1l.ln1') ~.:iLU'\J Analytical solution 

'Ut>-1'1lJn1'SL;i.:it>'4~'\J~~11tl'llv-1 First-order kinetic reaction Yiu11 Eq. 4.1 '11lJ1'i"18GU1Vn1';i 

Ltl~a'\Jutla.:i~1ltl'Ut>.:imflUt>'1l'lt>iiif\1'\JlJ::L;'imVJt'IL'llt>~t>uu~.:i l~ ~.:iu'1fl.:ilm11Yivl 4.14 ~.:i tim'i 
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Ltl~ti'ULL tl".:iml'lu.a"'ReJiDR 1 'U~.:ivil'lmH v Ac-1 o L u'U~1eJu1.:i ..t-:iil ri1R.:i~·1m-:it1fin~ v1'1Ja.:i Eq. 
I kM "".1 '1 " 0 .1..l ti '"" .. I I ., -2 4.1 (rn tom) 'Vlu'.i~1J1NLl'l~1nnTrn1'U1Vn1'Hu~tJ'ULI. "-!ln'.il'lLLB"1flel'.iUfl:l.Jfl1LV11nU 3.Sx 10 

day 
-1 

J ., II ""' ~"' 'I q 
111~'VI 4.13 LLe.l'Ue.l~La\J'11~ (Pathway) n1'.iLaen.1a~nv11eHn'.i~LLVaflt1'.i\Jf'l L'Ua.n11~1.1t11mf1 

CLa'Utl-a:) LL~:\ijjjt11n1A (La'U;iu) 

~1J1: Simpson (2012) 

c,~ = c,~00 +((c,~.ini +c,~."')exp(-k,~ ·t)) (4.1) 

= m1:1.1L 'li:1.1'1i'Uml'l LLV"'flaiuR L 'U:l.J~L ~ m viiai L "UB~Bu LL '\-1.:i (mg/1 oog) 

= R11:1.JL '1i:1.J'li'UL~:1.Ji;i''U'lla.:im~LLB"'flBiuri L 'IJ:l.J~L ~m viiai L "UB~BULL '\-1.:i (mg/1 OOg) 



t 

'Gi' -Q. s • .,, 
Cl) 

= = -Cl> s -.... = ~ = 0 
u 
~ -u • 
~ 
,Q 

""' 0 u .,, 
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= 
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(mg/lOOg) 

fl1fl.:ivl'Uti.:i first-order kinetic reaction (dai
1
) 

'l:a.1:n~11i.Jm'lLnu~n~1 (day) 

0 30 60 90 120 

Storage days 

61 

~VACIO 

....,._Predict 

150 

• f.! c& "' • f.:! <IQ ,, I .. "' "' cl 0 

L'\J"St1\JLYlt1\Jnuu·u11wn·n,LLBfttitil"S\Jfl ~u1~11~m1Lnu1n~1 150 1u '"11u1t1 

lt1t1as.in11 Eq. 4.1 

4.10 n11Ltl~auutla.:itRs.11w1111th::nt>\JMu~n,fuu.1fl (Total phenolic compound) 

~1mmm'liLf'l'l1:~f1111J u 'lhi.h1u CANOVA) "!lti.:im1J1wa1'li.h:mmifl i.Jani.:i'V11Jti"!lr:i.:i 

1J:LoUt>L'VlfllL'tlti~r:iuu~.:ivluiui'n~11iJ~.:i'Vlti~r:i.:ifi1.:i1 ('11~1.:ivl ~.20 u~:: ~.21 L\Jfl1fle.i\J1n) -wu11 

~:uum'lu~'l~ (Packaging) ~W'VIJJij (Temperature) u.~::'l::t1:n~1m·unui'n~1 (Storage day) 

Ji.Jiie.i~mh.:iih!v"1~qiV11.:iaiiPi (p < o.os) t1r:im1J1wa1~th:nr:iuifli.Jan~.:i'Vl1Jl'l ~.:iii 'IJ~"'1Jii.Jfi 
~:'Vli1.:i (1) 'l::uum'lu~~~ t>W\mij u.~::'l::t1:L1~1m'l Lnui'n~1 (Packaging x Temperature x . . .. 
Storage day) (2) ~::uum~u~~~ u~: ~W'VIJJij (Packaging x Temperature) (3) 'l::uum'lU'l~~ 
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LL(;l~'lttltL1(;11tl1'HflU~n~n (Packaging x Storage day) LL(;!~ (4) ~NVIJJij LL(;lt'ltE.ltL1(;11tl11LflU 

~m~n (Temperature x Storage day) ii~mmh.:ii'.hTmh~
1

L\J'Vl1.:i'1fi~ (p < 0.05) i;\e:itl~inru 

'111tl1::m:ium'IJ~n~.:iV111~ (1J1111.:iv1 ".20 LL(;lt ".21 1'1Jmfl~'IJ1n) 
• 1"' • I • ~ • I ::'!it ... :; ., "" "" II ., 

n11L u"tl'IJLL u".:!u1111UJ'111 u'l~tltl\J'n L 'IJ(;I tl'Vl.:!Vll.J~ L 'IJl.JtL "I.Im 'Vll31L 'lltl'l'VULL VI.:! LL'1~.:I L 'IJ\Jl111.:! 

vi 4.10 LL(;lt1l1Vivi 4.15 rl1~.:ii;i'IJ'!Jtl.:!'111U1ttltJUYfL'IJ~f)~.:!Vll.J~ Lvi1ti'u 46.16±6.67 mg GAE/g 

~.:iv.u11iirh1.naL~t1.:ini.H1'1Jiit1"1.1t1.:i Toor and Savage (2006) ~11E.1.:i1'1J11tl~111ru'111tl1::ne:iu 

~'IJtJ~f)~.:J'VJ1l~'!Jml.JtL;'lm'Vll31tJULL~.:i iirht1~L'IJ-tl1.:i 42 - 44 mg GAE/g Lrlt1~"11ru1"1lt1lJ(;!ViU11 
~ - ~ 'l 4 ,;ij I.I ~ ~I.I ~ ~ .i:!I d 

lflinru'111U'lttltl\J'n L 'IJ" n'Vl.:iVll.J~ L 'IJ1lt L "I.It! L 'Vll31L 'tltl1t!U LL Vl.:il.J LL 'IJ1 L 'IJ1l L Vil.J'!J'IJL11tl'SttltL1"1 n11 LtlU 

~n~1L ~l.J;f 'IJ 1~vmmru'111tl1:: ne:iuffi 'IJ~n~.:ivr11~"1.1t1.:il.Jt L ;'I e:iL 'Vll31 L '!lti~e:iuu ~.:i 1. 'IJ'Vin~.:i'Yl~"e:i.:iiiioh • 
1. 'IJ-d1.:i 59 .66-73.15 mg GAE/g 1~mmm1Pln~n~.:in"11'1t1~fl~t1.:iti'rn.mm1iLri11~\1'm1l.J 

LL tl1tl11'1J (AN OVA) ~ LL'1~.:i 1. ~'Vl11u111t m: L'rn1 n11 LflU~n~1ii~mmh.:iiiiJmh~ LY (p < 0. 05) \Jle:i 

• 1..1 • I • I"" • I ~ "" :; "" .J 11 
( .J n11L u"tl'IJLL u".:!u1l.J1N'111 u'lt ne:iurn 'IJ"f)'Vl.:JVl1l~'!Jtl.:!l.Jt L "I.Im 'Yll31L 'tltl1tl\JLL VI.:! \Jl111.:l'Vl ".20 LL(;lt 

".21 1. 'IJ.fl1fl~'IJ1tl) Lrle:ivhm1L tl~tJU L ViE.1ul°i1 LU~EJ'!Jt1.:itl~111ru'111tl1tnt1U~L 'IJ~n~.:i'V11J~ 'V"U11 

.~ al ~ .. :; 4 .J II .J" <LI 1 ~ .J d <LI .J 
u11J1UJ'111 u'lt tlt!Un'IJtl"tl'Vl.:!Vll.J~'!Jtl.:!11t L "I.Im 'Vll31 L 'l!tl1t!ULL vt.:i'Vl LtlU'ltl~1 'IJ'1.:i'Vl~(;ltl.:i'Vl LtlU 1tl~1'Vl 

30°C ~.:iiim1u11~~~1J1Ji'ru.;J~1E.1m1u11~~L\JL\J1n1131 LLr;:it/V1~e:iwun1'!lf'l1'~ue:i'IJ1~e:iein1'lll°i Lrle:i 
... 

Lnu~n~11::vr11.:i 120 u":: 150 1''1Jiifi1~.:i~~ (p < o.05) ~"m1~n~1~.:in"11il'1e:i~f"1~t1.:inu~r;:i 

m11Lfl11t'i1f'l111lLLtl1tl11'1J (ANOVA) (m11.:ivi ".20 LL'1t "il.21 1'1Jmfl~'IJ1tl) viLL'1~N1~'Vl11U11 

tJfi6111~'Uti"'!Jt1.:IU"it11tUUn11U11"il e:irui.mil LL'1~1tEJtL1'11n11LflU~tl~1 ii1:rnmh.:iiiiJEJ~1~nl'V11.:! 
~ . , " -~ 

'1fi~!Jle:im111ru'1T~tl1tnt1U~'IJt1~n~.:ivt11~"!ltl.:!1ltL;'lt1L'Vll31L'!ltl~BULL~.:i (p < 0.05) 



... 
. ' .. 

d .~ ti ~l'f .. ~ .. d II d 11 , d d u d 
\;1111.(l'VI 4.10 1J1111nu111 1::naurn'lJ~O'Vl{l'Vl11fl (mg GAE/g) 'llil{l11::L'llilL'Vlf1L"lfil1il\JLL'Vl{l'Vl\J11'!fl1!.11::\J\Jn11\J1'j'!LL\J\J\;11{1 91 wmnu1n~1'VI 

~N'VllJil 10°c LL~:: 30°c t'lJ1::V111{1n11Lnu-rn~1 1so 1'lJ 

Temperature 10°( Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 37.29±2.94n 45.29±8.21 lm 41.82±7.34m 43. 79±4.46 lm 55.682±7.10 
hi 47.63±6.54kl 47.10±4.49kl 46.40±5.66l 

60 46.87±3.06 
kl 57.87± 78.29fgh 55.77±7.63 

hi 56.3 7 ±4.20ghi 53.23±5.86
1
] 55.63±8.16 

hi 

90 56. 94±6.35ghi 'k 
50.90±4.5~ 55.54±1.98 

hi 61.31±5.41cdef 63.24±2.81 cde 60.15±4. 79defg 

120 59.02± 7.02efgh · cd 
63.54±4.75 63.86±2.9td 62.68±2.48cde 72.22±3.18a 64.68±2.79bc 

150 61.37±4.0lcdef 59.66±3.98defgh 62.4 7 ±4. 92cde 63.47±4.81a 
cde 

67.89±5.88 
b 

73.15±3.lt 

'Vli.11EIL'Vll'J: 1. "'qii;rn~ru AIR, OAB, C02 LL"~ VAC LL'1~\l'rn'l.J'l.Jf111'1.J11~e:J1f11131tlfl~ f111n1~~CleJfli8Lli!'lJ~1eJ'llel~~~i'l.JtieJni8L'1'lJ f111vi'lJFl1'll C02 LL'1~n1, 

'l.J11~'1'\l'\!1f11131 \J\1lJ~1~'1.J 

2. ~1elf1~1~Lvti'.ieJ'lJtl'lJ hli1rn1lJLL\J\f1~1~tl'lJ'Vl1~'1Ci~~1~~'1.Jl"l113.JL~elli''lJ 95% ~1~LL'1~~~el~1L\l~tJLL"'~~1L~eJ~L'l.J'lJlJ1\J\1~1'lJ (n = 15) ... 
3. ~1tl~mru'111t11~ntitJYltJei~n~~'VllJ~'llei~lJ~L'ilm'Vll31L'llti~eitJ LL ~~'llei~1~tJtJm1tJ11~ AIR 1lJ1~11e.i~1tJ ("'qi~n~ru Lfl~ei~'Vlme.i -) L ~ei~'11n hJ 

'11lJ11t11~~, 1~ L Yl11~ Ln~ m1L '1~'\l L~'l.J L\J\'llei~ L ~ei~~'lJVl~~~'11m1t1lJti~L {;'lJ 1~~1e.i1J11L t1~1 

°' \,,),} 
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20 
~AIR-10 ---OAB-10 -+-C02-IO -VAC-IO 

...+-AIR-30 -.-OAB-30 C02-30 VAC-30 

0 

0 30 60 90 120 150 

.. ... .. • ... "' .., ... ... 0 

il\JLL \H'1\J'1'1'!fl18'1:U\Jn1'ru'1'1'!LL \J\J"1~ 91 UJilLO\J'1n'lfiYI~ W\11(!11 10 C LL it: 

30°C LUUL1it1 150 iu 

fi1'jL ~l.J;i'\J'tla.:ii.fl1mua1'j\h:: na'U:W'\Ja~n'tla.:il.J:: L iia L 'VIP! L 11a~a'Uu i.:i L '\J'jt11111.:i fi1'j Ln'U'i' n-~1 
aaflfl"t>.:inuemm'jflin~1'tla.:i Toor and Savage (2006) Yti:~'j1f.1.:J1'\Jfi1'jL~l.J;i'l.l'tla.:it111J1ru 

., . ., " 
:Wua~nvi.:i1111Jt1'tla.:i1J:: L iim Vlfllv'UU i.:i ( t>'UU i.:il'l1vm::u1'l.tm'j Semi-drying) 1flEJn1'j L ffl.l;iui!'\Jij 

~1LVl!Jlri1R'ty"1nm'jL~1J'11u1'l.l"Ua.:ia1'j\h:ma'UL'l.ln~1J Free hydroxyl phenol ~.:JLV'l.ICJG'1'11n 
tl!]n1v11o1ti'jLG'l;i~ (Hydrolysis) 'Ua.:i Flavonoid glycosides 111~am'jtlG'lfltl~ava1'j'\html'U 

~'l.laamnn~u.:iL'llG'l'U~Nl.JtLiim'VIPI L'l.lvi1'l.lt>.:iL~V1n'l.I Gahler et al. (2003) Ltl'j1f.l.:i1'\Jn1'jL~1J;i'\.I 

'Uv.:Ji.fl1J1Wm1J1W:W'\.la an~.:i1111Jti'tla.:J1Jt L iim Y1Plvi~1'\Jm'j U tJ'j'j\J1. '\.l~a'U (Baked tomatoes) ~.:i 
'U 'U 

~1L Vlf!ri1Rty"ll8.:J fi1'j L fi1J.f uif mnfl'11 nm'jtlG'lt1tl~ av~ 1'j:W'\.lvan"1n Lfl'j.:J~~1.:i~1uf11.:i si (Matrix) 

"Uv.:il.J:: L ;'ia L 'VIPIL '\.l'jt\1111.:im'j au (Baking) lt1v~1u L tl~an uG'I:: L1J~tiiim1J1w~1'jvhrn ~ nvY.:i1111Jfl 

1J1nn11~1uviL \Jm i!a'UV.:J~G'll.JtL iia L Vlfll l um'jflin~1 fi1'jL tl~vuu '\JG'1.:im1J1rua1'jtl'j::nau:Wua~ n 

'Ua.:iLtl~anij'ueJ~.:ivie.hum')vi1ui.:i"'1vm::u1'\Jm'j Freeze-drying Lflll Al-Weshahy et al. 

(2013) 'j1v.:i1um'jL ~l.J;1'\.1"1Ja.:itl~1J1ru~1'j:WuaanvY.:i1111Jfl"Uv.:iL uaamjueJ~.:i i.:iiia1L Vll1Jri1Rfl!'11 n 
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fl11~Le:l'\JL'1llJ L'li'IJ Phenylalanine ammonialyase (PAL) V.:JFl.:ifl11lH't11111'1L'\Jfl11vi1LU'\J 

n'1m1lJ (Enzymatic activity) ul111i:.i~~nru'1'1tiiF111lJ;f'\J~1t~'\.J~~1ni1 2% Lllmm1~1im1 
L v1lJ~'\J'tle:l.:ifl'l1lJ L ilJ-V''IJ'tle:l.:J'111U1t ne:iu'W'Uv an i111EJ.:i1'Ufl11 L v1lJ~'U'tl8.:J'111'lhtneJ'\.J~'UeJ ~n L '\J 

i:.i~~firu'1i:.i"1l1a'1.JLL\1.:i~'U ., L-ti'U "nVialJv'\.JLL\1.:i (Del Caro et al., 2004) LLatamue:i~eirnL\1.:i I v v 

(Michalczyk et al., 2009) 1~t:.1n1iln':i':i1l't18.:JLV'\JL'1llJ PAL LU'U'11L'Vl~ri1A'qi~a.:it:.1"L~Ln~fl11L~lJ;1'\J 
'ti ei.:i '111U1t na'\.J~'\Jva n L 'IJ1t'Vli1.:i fl11 Ln'l.J-S' n~1 LL"tn11 LL tJ1itJ 

4.11 nTntl~a'Llutla~n1ilncaca11n1-aLth.1ft1-a~1'Lle>'4\filBftca: (Antioxidant activity) 

'11 ni:.iam1iLF111tl1'F111l.lu tJ1tJ11'LI (AN OVA) 'tla.:i m1 L tJ~ EJ'\JLL tJ".:in'1m111m1 L U'IJ'111~1'\J 

v'Ul.1"~'11t (% Inhibition) '!lv.:il.JtL~m'VlfilL'lrn~auu~.:i~Lnu-Sn~11'U~.:i'Yl~"ei.:ivi1.:iri (m11.:i~ '1.22 
'" I 

LL"t 1il.23 L'Ufl1Fli:.J'IJ'ln) vmi1~ruV1JJij (Temperature) Ll."t':itt:.1tnmm1Ln'l.J-S'n'l!t1 (Storage 

day) 1i~.mveh.:iiii11:.1ri1A'qi'Yl1.:J'1tl~ (p < 0.05) vieim1Ltl~t:J'IJLLU'1.:J01iln111ln11LU'U'111~1'Ue.l'4lJ" 

8'11t tJfi~m1'LI51tV1i1.:i (1) 1t'\.J'l.Jm1u11~ ~ru'Vl{)ij u"t1tt:.1tL1"1m1Lnu-Smn (Packaging x 

Temperature x Storage day) LL"t (2) ~ruVIJJij Ll."t1tt:JtL1"1fl11Ln'l.J-S'n'l!t1 (Temperature x 

Storage day) 1i~.mmh.:iiitl't:Jri1rl'qi'Vl1.:i'1ti~ (p < 0.05) l'iam1Ltl~t:J'ULLtl".:in1ilm111m1LU'\J?111 

~1'UeJ'Ulrn8'11t (~111.:i~ '1.22 u."t 1il.23 L'Ufl1Fli:J'U'ln) 
• \I 

fl11L tl~EJ'ULL tJ".:in1ilm111m1L U'U'111~1'\JeJ'Ul.la8'11t'tle:i.:i11tL ~e:i L 'VlfilL "!Hl~eJ'\.JLL \1.:i LL'1 ~i.:i L 'Um11.:i 
• \I 

88. 70±2.58% ule:ivhm1 Lnu-Sn~1Viui1fi1'tla.:i n1ilm1l.lm1 L tlu'111~1'1Je:iu11a8?11t'tleM11tL ~BL 'VIP! 
'" 

L6!!B~B'\.JLL \1.:it 'U'VJn~.:i'Vl~"v.:i1ifi1L f111~'U1il1nfi1L~1l~'UL~ffUBt:.1 L~EJ1ifi1 e:i~'1 'U'!b.:i 88. 92-91.86% 

e:iv1.:i 11nmlJ Fl'l11l LL~ nvi1.:i1tV1l1.:J~.:J'Vl~'1cMii'U 1~i ~L'1'\J uviv1'1~.:JLn~ 1~i1n1ilm1lJfl11L UtJ?l11 

1'11'UeJ'UlJ'1~'11t~BruVlflil 30°( i!uiiLL'U'l L ii11~'1.:ii1 10°C L~eJYi'111ru1~1t'\.J'\.Jfl11'\.J11'1LL'1t 
, "' , '\I " , ... ... 

':it EJtL'l'11 L~t:J'ln'U 

~.:iil Lrlv'Vi1m1 Lnufo~1lJtL ~m 'Vlfile:iuu \1.:i~11:.11 tuu m1u11~1'i1.:i 1 L tl'Una1~u1u;i'IJ 
1~m0Vi1t1u~ 120 uat 1so wu111°i1'!m.:in'1m111m1L uu'1111'11ue:i'IJlJ"~"1t'!IB.:JlJ t L <Yim 'Vlfi!L 6!le:i~ 

• \I 

v'\.JLL~.:i"~".:ie:iv1.:iiJ1n 1~mow1~~vru'Vl.nij 10°c uatm1u11'1 L~EJLi'1lv.:i~~.a'ue:ie:in~L1il'U (OAB) , " , " 
Vl~e:l fl11~'\Jn1'1! C02 (C02) 'Vl~el n11'\.J11~~q)qj1fl1f'1 (VAC) ~.:i1il"i1n'1m11lfl11LU'IJ'1111'11'1J 

e:l'4lJ"~"'1tv~L'U-ti1.:i 59.82-61.66 mg/100 g i:.iam1Pln~1~.:in~11'1e:i~F1~ei.:inui:.i"m1iLri11ti.1 

Fl'l1l.Jl.l.tl1tl11'U (ANOVA) (\;1111.:J~ '1.22 LL'1t '1.23 L'Uil1fl[:.J'IJ'ln) ~LL'1~.:ii1tlfi~11~'U5'wvii1.:i 

1tuum1u11'1 na1LL"te:iruV1flilm1Lnu-Sn~1 iii:.iaeiv1.:iiitl'vri1A'n1 (p < o.05) l'ie:ifi1ilm1iJm1 , • '\I gt: 
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:'1 ., °"' 4 d ., 1 .J 1" I 
Lu'Ua1"Jfl1'Ut1'U1Jam'l"J::'Ut1'31J::L'fJt1L'VlfllL'!lt1'rntJLL'Vl-3 ~a 'Ufl1'J1'3'Vl 4.11 ua~H 'Vl'Vl'JTU11'V11n . "' 
"J::t1::L1a1m"JLiiu~·m~n 90 1''Ufi1Ln~EJ'Ut1.:invm"J1Jm"J~1'Ut1'tJ1JaiJa"J::'fJt1.:i~avinru'fl1'tJ"J::tJtJm"J . "' 
tJ"J"JvLLa::sru'Vlflijm"J LntJ'lnti1"1.:i q ii LL 'l.111 im;tw LLflnfl1.:in'Ut1v1.:iiflL v'U 

, , " I 

fl1'J L ~lJ;f 'tJ'Utl-3 flvnn1Jfl1'J ~1'\Jtl~lJa iJa"J::i!'Ut11 vLfltl L~\nn\1a1EJn'J::tJ1'Ufl1'J 1 'U 

m"JPinti1n1'Jt1tJLLi.:i1J::Liit1LVlfllLLtJtJfl~.:i~n Toor and Savage (2006) "J1v.:i1'U11fl11l.l-!t1'Uvllm'U 

n1'JtltJ (90°C) a.:i~a 1iLflfln1'Jrit1'11'Ut1'3 Melanodins ~'3L U'Ua1"Jtl'J::nt1tJ~tl1f11avi~hA'ty\1;j-3 
'Ut1.:itln n'iv1 Maillard (Maillard reaction) ua::a1'JL 'Vlfhiliifl11l.la1l.11'J'1~1'Utl'Ul.laila"J:: 

-.i • "' 

(Antioxidant activity) (Anese et al., 1999; Nicoli et al., 1997) ~.:iii'U n1'JL~l.l°lfll.11W'Utl-3 
Melanodins ~.:imva.:i~a 1 invn"J"Jl.lm"J~1'Ut1'Ul.laiJa"J::'fJt1.:il.J:: L iim VlflltitJLL i.:iL ~l.l;f 'U1 'U'J::'Vl11.:i . "' 
n1'J Lnu'lnti1 ~.:iil n1'JL ~1J;f'U'Utl-3 nv n'J'Jl.Jn1'JL U'Ua1"J'11'Utl'Ul.JaiJa"J::iHifllVl1'3 LflEl'l n'UntJn1'J . "' 
tl

d ti • ~ ti ~ .. :; d"' ~ .3 1 I d OI d 
L aEJ'tJLL a.:iu"Jl.l1rua1"J "J::nt1tJn'Ut1anvt.:i\1l.ltl'Vll.ln1'JL'Wl.l'fl'UL'U'J::'Vl11.:im"JLnu"Jn\i1 (fl1'J1'3'Vl 4.8 

d ) ..J tld ti 1 .. "' ., .. ~ ., -
ua::fl1'WVI 4.11 tti.:im"JL avuu a.:i L'UVlfllV11.:iLi;imnu·1m.:invm"Jl.lm'JL uua1"Jfl1'Ut1'Ul.lat1a"J::ua:: . "' 
°lfll.11Wa1'Jth:: nt1tJ\;'Ut1 an~-3\11J'1 LLatl-3tiL~'U-J1a1'Jtl'J:: nt1U~'Utl an 1'Ul.J::L1im 'VlflltltJ LL i.:i t11vii 

tJ'VlU1Vlri1A' fl 11 'Unvm'J1Jn1'J L U'Ua1'J~1'Utl'Ul.laila"J:: ~.:iat1'1fl'1t1.:i nuern m"J;ln\i1 l 'U1J::L ;'lm 'Vlfll 
·~ . "' 

t1uui.:iutJUfl~.:i~n'fJt1.:i Toor and Savage (2006) v1n-U't12J~lmt1na1"Jil1.:iil.:iL~'J1EJ-311JtJ'VltJ1VI 

'flt1.:ia1"Jtl"J:: nt1tJ\;ut1a n l 'tJ nvn"J"Jl.I m"J L tliJa1"J ~11Jt11J1J~iJa"J::'fJt1.:i~nLLa::e.m lij'flilfl~'U q L oii'tJ 
• "' I 

~a1J1firu-ritl1«1J (Klimczak et al., 2007) 

100 

80 

c 60 
0 
+; 
:0 40 :c -+-AIR 10 
c: -OAB 10 ,..._.co2 10 ~VAClO 

~ 20 
~AIR30 -OAB 30 ----. co2 30 -VK.30 

0 

0 JO 60 90 120 150 

Storage (day) 

.. ,. .. . ... ti ... !ft .. ... 
ll1'WYI 4.16 LL'U'H'U11n1'U\JiUJ'ULL a~n'1n'J"i11n1"iL'U'Ufl1"ifl1'Ui>~\fili>fl"i:: (% Inhibition) 

• • .,J ., • 4av .I 
'Ui>~ll::L 'Ui>LYlflL 'Ui>"ii>\JLL \HYl\J"i"i,fl1f.J"i::\J\Jn1"i\J"i"i'!LL \J\Jfl1~ 81 llli>Ln\J"in'li1YI 

f:!W'MIJii 10°c LLa:: 30°C lu1::wh~ 150 1u 



"" Q !'! II .. ... "" II "" II I ..i "' U "" \Jl111~'VI 4.11 0\101111n11Lu'Ufl1'~\Jl1'lJil~~~ilflfl1:: (% Inhibition) "1Jil~3.J::L"IJilL'Vlf1L'tiil1il'ULL \N'Vl'l.J11~fl1ll1::'1.J'l.Jn11'1.J11~LL'l.J'U\Jl1~ '1 L3.JilLO'l.J1n'lfl'VI 

~W'VIZJij 10°c LL~:: 30°c 1'Ln::wh~m1Lnui'n<t71 1so 1'1J 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 90.32±2.17 
abc 

91.07±1.28 
ab 

90.27±1.17 91.82±0.78a 91.86±0.88a 91.26± 1.44a 91.19±0.94 
ab 

90.64±3.69 
ab 

60 91.77±1.48a ab abc ab 91.26±0.81 a - 90.68±1.95 90.31±3.49 - 88.92±2.92 90.60±0.91 

90 - 89.87±1.50 91.82±0.83a 91.77±0.96a - 91.15±2.26ab 91.41±1.5t 90.81±1.65ab 

120 85.10±4.93efg 85.14±9.15etg 87.07±9.99def 88.01±2.01 bcde abc 87.4 7 ±3.26cdef - - 88.78±3.18 

150 - 61.33±3.58; 61.09±4.33; 59.82±4.57; - 78.90±5.16h 82.33±7.71g 84.33±8. 71 fg 

'Vl111llL'VllJJ: 1. ~flj&rn~ru AIR, OAB, C02 LL'1:: VAC LLG'l~·r~::'U'UnT~''U'S'S~Cl1n1flli.Jn~ m-sri1~~aan~L'1\J~'lEJ'lle:J'l~~i'UernniBL'1'1J m-sviun1'1! C02 LL'1::n1'S 

'U'S'S~~fllfll1n1fll 11rn.1~1~'1.J 
CV CV .J 4 Q.I 1 ·~ I CV .Q.Q .J IV ~ .., I .J ell I .J I .I ( ) 

2. m'V m,.'S'VIL \11.J'V'Un'IJ 1Jl.Jfl'l11J LL\Jl n1J11~nuv11~G'l(1\Jl'Vl'S::~'U~'l11J L "!ltll.J'IJ 9 5% ~1'VILLG'l~'l~€J~1L\l'1VLL'1::~1L 'UEJ~L \J\J1J1\Jl'S~1'1J n = 18 

"" ~I ,, "" .. .J ,, 1 '1" (.., .., ' d ) d 1 1 

3. n'1n'S'Sl.Jn11Lu\JG'l11\Jl1'1Jt11ilJ'1€lG'l'S::"l.1€J~lJ::L"lJtJL'VlfllL"!le:J'Hl'ULLm"lJe:J'l1::\J\Jn11'1.J11~ AIR 1J ~11El'l1'1J G'lflj'1n~ru L~'Se:J'l\11J1EJ - L'IJe:J'l'11n 1J 

G'l11111'11~1'h 1~ L 'Vl11:: Li'i~m1 L '1~fll L~\J 11'l"l.le:J'IL ~a~~'IJ'Vl~EJ~G'l11J11(11Je:J~ L ~'IJ 1~~'lEJ\Jl1 L i.J~1 

°' -.! 
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'UBn'11na1'Stl'Stml'U~'Ue:i~nu.~1 n'S~u.e:i'1~rniuR (1(;11ii'U~) u.a::: la 1R~'UJ'UiiuY1u1V1ri1'9 qi 

L'Unvm'S1Jfl1'S~1'Ue:l'U1.ma?t'St"lleJ~1JtL~eJL'Vli'I (Klimczak, 2007; Odriozola-Serrano et al., . " 
,4 .c:ir, ~ I Q II 4 4 .J II 1 I 

2008) L1Je:l'W'11'SW1~rnfl1'St"Jfl~1'WU11flvm'S1Jfl1'SIJ11'Ue:l'4~ae:i?t'St"Ue:l~1Jt L "Ue:l L 'Vli'IL "ljeJ"jelULL VI~ 1J 

G1lJ..;''U5num'SLtl~v'Uu.tla~"Ue:i~m~u.e:i'1f'le:iiuR (1J1111'3~ 4.6 u.a:::n1V'I~ 4.8) LLa:::la1f'l~'U (1J1111'3~ 

4.4 LLatm'W~ 4.6) ~~mvLn~v1nm'SL ~R112..1~e:i'U t 'Um:::u1'Um1e:iuLL °f1~LLatLL tl'S1tl ~G'i~~rn 1 ~Ln~ 
" 

n1'Sa~a~'!Jei~tl~lJ1run1~ u.e:iaf'le:iiuf'l u.a::: la LRoW'U LLi;i 0111 '5f'l11lJ~el'UJ'Utl1 l tl?i fl1'S?lt ?llJ"lleJ'3 
" 

?11'Stl'Stneiu Melanodins "llv~tJ5n~v1 Maillard ~'3G'i~t:Ja t \Xfi1fl111J'11lJ1'S'1 L 'Ufl11~1'Ue:l'4lJa 

~?l'StL~lJ~U ~'3vi't~eii1tl'S1E.lcU1'3~U (Klimczak et al., 2007; Toor and Savage, 2006) 

m11.1a1111·m L 'Ufl1'S~1'Uei'U1.1a~a'St'!JeJ'31Jt L ~e:iL 'Vli'lmv~'Ue:ivnuuv~EJ~'U '1 L °il'U ..;''U5m'SlJ aru'Vlnii 
• "' " • , \f 

U.?1'3 J1 u.a:::a1'Se:11V11'S L'VIRUf'lfl1'St:J~IJl u.at'1il11t'Vl~'3fl1'SLnULMv1 (Javanmardi et al., 2006) 

mh'31 'Sn(;l11J Uv~E.lmlJ1~1u fl11 Pin~1 t 'U fl1'Si~E.Jflf '3;l L~e:l~'111W1 fl1'SL tl~ E.l'ULL tla'3n '1 fl"j"jlJ fl11 

L ll'Ua11~1'Uv'U1Ja~a1:::il1EJV1~'3v1nm1Lnu1n~1 120 i''U V'IU';hiim1a~Mav1'311~L ~1 L 'U'Vln~'3 . " . 
'Vl~ae:i'3mvLn~v1 nm1a~a'3"lleJ'3mlJ1ru Melanodins t 'UlJtL ;im 'Vli'l~m'1Ln~ m1L tl~ EJ'UU. tla'3 L iJ'U 

?11'SthtneJU~'lJ '1 

• w 
4.12 m-aLtlam.1LLtla·nR1J1run-afli'1'MlJfl (Titratable acidity) 

v1flt:Ja fl1'Si Lfl11ti.1R111J u. tl1th1'U (ANOVA) "Ue:l~fl1'SL tl~ E.l'U u. tla'3tl~lJ1 Nfl'S~~'3'Vl1.l~"lle:l'3 
1JtL~e:lL'VliaJL"ljfl~el'ULL°lX~~Ln'U1n~11'U~-:J'Vl~nm~1'3'1 (1J1111'3~ '1.24 LLat '1.25 t 'Uil1f"lt:J'U1n) V'l'Ui1 

'StE.1tL1a1m1Lnu1n~1 (Storage day) iit:JaeJEi1'3iii1mf1R'ty'Vl1'3'1~~ (p < 0.05) ~e:im1 

Ltl~vmLtla-:itl~lJ1rum~vY'3'M1J~ tJnG11J-n'lJ51:::'Mi1'3 (1) 'S:::uum1u11'1 eJru'Vlnii LLntWE.1tL1a1 -.J • • ,, 

fl11Lnu1n~1 (Packaging x Temperature x Storage day) LLn::: (2) ~NVliJU LLnt1:::v:::na1m1 

Lnu1n~1 (Temperature x Storage day) ijt:J'1elV1-:JijiJvri1'9ty'V11'3'1~~ (p < 0.05) ~flfl11 

Ltl~v'Uu.tla-:im1J1rum~~'3V11.1~ (1J1111-:i~ v.24 LLnt v.25 L'Umf'lt:.1'U1n) 

fl11L tl~EJ'U u. tla-:itl~1.11 ru m~~'3'Vl1J~"Uel-31Jt L ~el L YIP! L "lj f)~f)'U LL °lX'3 L 'U1tvti1'3fl11Ln'U1'n~1 LL?! ~-3 
L'UIJ11'S1-:J~ 4.12 u.ntil1V'I~ 4.17 '11nt:.1am1Pin~1V'lui1tJ~111rum~~-:ivt2..1~iiLL'U11-U2..1a~a-:iL~fl 
1t EJt L 1'11fl11 Ln'U1 fl~1 L ~1.J~'U t:Jnfl11~n~1~'3 nci11?1e>~ fl~ el-3 n'U t:Jn fl11i Lfl11t'-1f"l111J LL U1U11'U 

(AN OVA) ~LL?t~-:i 1°lX'Vl11ui11:::v:::L1a11'Un11Lnui'n~1iit:.1aeJEi1-:iiii1mf1'9qi~ an Ta tl~ EJ'ULL tla-:i 

tl~lJ1rum~~-:ivt1J~ 1~vm'S L tl~vuu. tla'3v:::iimn 1-U11a~a-:ieiv1-:ieff 11'U-d1-:i1:::v:::L1a1m1Lnui'n~1 
1201''Uu.1n LLnttl~mrum~~'3vtlJ~v:::iim1a~a-:ie>Ei1-:i11~L~1Ldmnufo~1mu 150 i''U (0.74-

0.87 mg/lOOg) 1~va~a-:itl'St1J1ru~ema::: 50 'lJv-:itl~1J1rum~vY-:ii.n.1~~1~1~ ru i''U~ 120 (1.38-
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1. 66 mg/1 OOg) '11111';iti~.:iLni;i 1~11~.:i'Vll'lmM~ii nTr-rnuu nTS'U';i';i~VJntl';i:: Lil'VI ( v m 1'U n1';i'U';i';i~ 

tl 
<> .,j d U .J 4 U .J .. I tJ"" :: .J 

LL'U'U'U';iW1n1fll ni;i) UJmnu';in~1'VI 10°c 'Vl';itl 30°C ru 1'U'VI 150 11F11 ';i111Wml'l'Vl.:i'Vl11"1'Vl 

'Wui;in11h.:iti''Umh.:iiiiJv'11R'qi'Vl1.:i'1il~ ul'il"i1"tJv.:im111ruml'lvY.:iV111"1'lJv.:i11:: L ~m 'VIP! L "l!e:i~vu LL-H'.:i L 'U~.:i 

'Vll'lf!CNLvra1il'uvvn-)1~.:i'Vll'lav.:i~'U'l mh.:iiiiJvri1R'qi'Vl1.:i'1il~ (p < 0.05) ~anT~'Vll'lav.:i~.:imh1 
'1tll'I Flav.:i nu~m'lJeJ.:J n1';i1 Lfl';i1t~Fl1111LL U';iU';i'J'U (ANOVA) ~ LL'1"1.:! L oH'Vl';i1'U11tl l)'111~'U 5';it'V111.:i 

';i::uum';i'lJ';j';j~ vruvrniim';iLnui'm~n LLat';it vt L 1a1nTnnui'n~1ii ~mvv1.:iiiirvr;;1R'n 1'Vl1.:i'1 il ~ , , " ·~ 

(p < 0.05) (i;i1';i1.:i~ ~.24 LLat ~.25 L'Ull1Fl~'U1n) 

m';ial'la.:J'lJv.:im111ruml'I L 'U';itvri1.:im-s Lnui'm~nU1~ L ~v.:i111~1n'1m v~1"1Ju.:i ml'l~hrn~6 L °!l'U 

ml'l~i;i~mLa::m"1111~n (LE.111111 m1~'U11Ja, 2545) L'U1ltL~m'VlfllL"lft>~eJ'ULL-H'.:i111vV1~.:i~1nm-svh 
II I d "' r tl.J tl tJ"" 4 "' V LL 'Vl.:iLLat';it'V111.:ln1';iLn'U';in'~1 Ll'IE.Jn1';iL aEJ'ULL a.:i ';i111Wn';il'l"!Jtl.:!11t L "!Im 'Vlfllll1EJ'Vla.:im';ie:J\JLL VI.:! 

II " I II II 

tl''UU1~ihi'.:im';iL~11;i'Uvr~e:ial'la.:i;i'Un'U'11VW'U~"!Je:i.:i11::L;imV1fll L°1i'U Toor and Savage (2006) 

';i1V.:J1'Ui1tl~111run';il'l"!Je:>.:i11::L;im'VIP1'11vwu5 Excell, Tradiro uat Flavourine ill"i1'1.:i;ffu 
• \I 

2-3 L vi1111vvr~.:i~1nm';iv11u -H.:i L ~e:i.:i~1nml'liju'Vl~m 'U11:: L~m vifllilf11111L .U11-ii'i..i111 n;1'U~1nm';i 

';i:: LVIV"!Je:>.:itl11 \.l';it'Vli1.:im';iv11u-H.:i LLl'i Ashebir et al. (2009) ';i1EJ.:!1'U11tl~111ruml'liff .:iV111"1'lJu.:i 

11::L~m'Vlfil'11EJ~'U5 Amoroso Berlinto uat Messina iil"i1al'!a.:i mh.:ihn1J1111 n1';iLU~CJ'ULLtla.:i • 
tl~111run';il'lvY.:iV111l'l"!Jt>.:i11::L ~m 'Vlfllt>uu-H.:i L 'U'S::V1i1.:im';i Lnui'mn Ll'IVL1l0rn:: L 'U';itUUn1';i'lJ';j';j~~ • 

eJUJ'Vl.niJ 30 °C i'.Ju 'U1 L u11"'.:ini1tJ~111ruml'lvY.:iV11Jl'l'lJtl.:!1J::L ~eJL'VlfilL "!lu~tl'ULL oH.:i ~Lnui'n~1~ 10°( 
• \I \I 

L~nUtJEJ Lrn:: hJilf1111JLLi;Jnl'i1.:imh.:iiiut1'11R'ru'Vl1.:i'1i'i~ zj,:it:J1~ii"'1 L 'Vl\;l~1n~11:: L ~UL 'Vlfll L "!ltl~tl'U LL -H.:i 
~ . 

zj.:iLilmnui'mn~ 30°C iiF11111"1'U~~1n-)1 ~.:it>1~~.:i~a t-H'ml'IB'U'Vl1m 'U11::L ~m 'Vlfllflm111L"li'11-!i''U~ 
111nn-J1 uV1.:i 1 ';ini;J11J ulm::EJ::L 1'11n1';i Lnui'n~1L ~11;ff i..i'1.:i~a L oHLnl'ln1';i'1'11 CJl'i'1'lJtl.:! m l'l~'U'Vl1CJ1 'U 

11:: L ~m 'VIPIL '!ltl~tl'ULL oH.:! LL~::tl 11 tl~n1';i~l'l~.:!"!Jtl.:!U~111W ml'lvY.:i'Vl1Jl'!VJ'h.Jii Fl1111 LLi;J n1Ji1.:i n 'U';i::Vd1.:i 
\I 



'' 

..I -~ ~ "" ..I .. I "" ..I .. I ..I d ... ..I 
91111.:IVI 4.12 u1111run1fl'Vl.:l'V12Jfl'llil.:12J::L'llilL'Vlf1L'llil'1il'ULL'Yl.:I ('Vl'U1tlflil mg/100g) Vl'U11~fl1tl1::'U'Un11'U1'1~LL'U'U\111.:I -i L2Ji1Ln'U1n~1VI 

f:ln&'Yl'Jij 10°c LL~:: 30°c tum1Lnu;'n~1 1so 1u 

Days 
Temperature 10°C Temperature 30°C 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 2.24±0.13acca 2.04±0.38aergn 2.06±0.21aoco 2.04±0.39dergn 2.12±0.l 7ocoet 2.26±0.2l°"
0 

2.37±0.lt 2.2l±0.2tccae 

60 2.07±0.39 2.00±0.36efgh 2.06±0.43cdefg abc ab 
2.38±0.25a - - 2.30±0.28 2.35±0.32 

90 - l .80±0.46hijk 1.75±0.4lljkl 1.68±0.4llm - 1.59±0.3Tklmn 1. 94±0.38fghi 1.82±0.45ghij 

120 l.38±0.31n 1.63±0.4¢klm 1.56±0.52klmn 1.66±0.2aiklm 1.50±0.53mn 
lmn - - 1.51±0.33 

150 - 0.86±0.15° 0.87±0.12° 0.82±0.11° - 0.81±0.14° 0.80±0.12° 0.74±0.12° 

lUJ1aL'VI~: 1. ~cyc;lm.~ru AIR, OAB, (02 LL"1:: VAC LL~\Jl~'S::U'Un1'S'U'S'S~mm111tln~ m-sn1~\Jl'1'1n~L'1'U~'lV"1'1~~fl~'U'1tln~L'l'U n1'S~'Ufl1"1 C02 

LLm~m"dU"d"d~~cycy1mfil 1Jrn..J'11~u 
CV V d 4 llLI 1 ICll I -., "=-Cl! .cl CU ~ ~ I .:ii .lllQI I .J I ..J ( ) 

2. IJ11'1n'l!t"d'V1L'l .. UJel'Un'U l.Jl.Ji'l11l.JLL\1ln\111~n'U'V11~~'11Jl'Vl"dt\Jl'Ul"l11l.JL"l1tll.J'U 95% i'\1'V1LL~\Jl~fltll"l1LU"1E.JLL"1tl"l1L'UE.J~L'U'Ul.J11Jl"d~1'U n = 18 

-~ ~ "' cl ., 1!'1" ("' ... , ..I ) ..I 1' ., 3. u'Sl.J1Wn'S\Jl'Vl~'Vll.J\Jl"lltl~l.JtL"lltlL'Vll"IL'tltl"dtl'ULL'Vl~"lJtl~'St'U'Un1'S'U'S'S~ AIR iMl'S1E.1~1'U ~qJ"1n'l!tru Ll"l'Stl~'Vll.J1V - L'Utl~'11n l.J~1l.J1'Sm\Jl 

ioh 1tJl L Yj"d1t LiilJln1"dL 'l~qJL~'U 11Jl"lltl~ L :fi'e:i~~'U'V1~V~~1l.J1"d'12Jtl~ L ~'U 1tJltJ11EJ \111 L U~1 

-..J 
0 



71 

3.0 

-AIR-10 
2.5 

-OAB-10 -... • :!.O • - -co2-10 

l 
~ 1.5 

-VAC-10 

=! • -AIR-30 

:E 1.0 JS 
1: 

-+-OAB-30 

!"" 

0.5 
C02-30 

VAC-30 

0.0 

0 30 60 90 120 150 

Storagr days 

""' ,. ., ""' ~~ :: .. ""' ., ""' ., ll1'WYI 4.17 LL U'H 'UJJn1'i LtlftfJ'ULL tla•nJ'Ul1WO'itlYl.:JlUJfl'Ui>Ul::L '!Ji) L YlflL'lli>'ii>ULL 'Vl.:JYl'U'i'i,tl'UJ 

I d OI d ... 0 0 'I. 
1::uun11U'i'i,LLUUft1.:J9) LLft::Lnu1n~1Yl~W'M'JJJ 10 c LLft:: 30 c L'U1::fJ::L1ft1 

1501u 

'11'U1'U'1a'UV1~avY.:iV11Jl'l"fi1tJEi')zvii1.:i 1.51-4.45 logCFU/g 11'la"Wui11JtL;'imV1l'IL11tJ~t1uu.'1.:i l'U~.:i 
• v 

'Vll'latJ.:iYlu')')'1L'U'U'fia1ml'ltln~u.a~Lnu~n~nvi 10°c u.at 30°C fl1V'Vl".:i'11nm')Lnu~n'li1LlJ'U • 
" ' ' "' Clil &I - q,_, I .till 4 4 

na1 30 1'U'1~1J')ttl'IJ~'1'\J'Vl')V'Vl.:J'Vl111'1~.:in11~.:i'Vll'l'1'1.:Jt1'U 'l Fltl-4.41 u.at 4.45 logCFU/g 

O ., ., I ,J _, cil I t ti ,f ._ q ~ ~ t> I Clf.1- cl 
fl111'11fl'U LL'1tV.:J'W'U11'°'1 L 'Vlfl'11Fl'lJ'Vl'°'.:Jc.1'1 'VIL 'Utl,'1'\J'Vl'rn L 'U '°'.:J'Vll'l'1tl.:Jfl·m'11111 u')1J1W'Vl~.:J 

L ~tl.:J'11nn1iut1t1n~L';J'U'V1'1.:JL 'Vl~tltl~L 'U'U')'rn1ml'lt1')')~JlWcfl ~.:J~.:JL~~11tWjn1')L'1~'lJL~'IJ1fl'lltl.:J 

L if t1~~'U'Vl~a 1fla m"W1~n~1Jvi'l ~mmfll L~t1;f '11w1~W'Vl1Jitl um') Lnu~n'li1vmi111t L ;'im 'Vll'IL 11t1~ 
tlt1LL'1.:JYlLnt1~n'li1H w tlW'Vlflii 30°( '1Zjjn1')L'1~fllL~t11flL~U11Jl'Utl.:JL;ftl~~'U'Vl~a~.:ini11JzL;'imV11'1 . ,, ·~ ; "' 
L'Utl~tltJU.'1.:J~Ln'U w tlW'Vlflii 10 °C L~tl.:J'11ntJW'Vlflii~~.:J"'11J1')CIL~.:Jn1')L'1~fllL~tl 1~1L~'IJ 1fl'lltl.:J . " . ,, " ·~ 
x .. "" .. ( L'Utl'1'1'\J'Vl')V Robertson, 1993) • 

L~tlii'11')W1'11 m.rnn1')'Vlfl'1 tl.:J LU1i11ijjjfil1111 LLIJl nfi1.:ieEi 1.:iifl L '1'U')t'Vli1.:J~.:J'Vltl'1tl.:J u.!Ji 

~11J1') fl~.:J Lnfl 1t\'i1 m111 WL -it1'1a'U'Vl~ V~.:J'Vl111'1'1Jtl.:J1JZL ;'j VL 'Vll'I L 'Utl~tl'U LL i.1.:JtJ')')'1tl1 V~.:J'Vll'l'1tl.:J vi'l i • • • 
iut1.:il'll'lit1mm~L'1uult1Lnt1~n'li1vl 1 ooe u.at 30°C iiu. u11-U11~1ni1~.:i'Vlflat1.:i~u 1 l"'v~.:iV1flat1.:i 

v 

vi'l.Uiut1.:ii;i~ut1en;iL'1'ULlleLnt.1~n'ti1vl 30°c "Wtd1iilii1u1u1f'l1auvluu1tluevn11 30 x 10
3 

luori1.:i 
v 

90 1''U'lltl.:Jn1')Lnt.1fnt-n U.IJlL'U1'Uvl 120 iim111wL4t1,a'U'Vl~V~.:J'V11JflLVhnt1 1.79 log(FU/g LLvi 
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~1~ti'V'IUl1L'U1'1J~ 150 lJtL~tlL'Vlfl1L'll8~8ULLoH"ij'1'1'U1'ULR1'iil~tl'u1~i!ernfl11 30 x 10
3 

!:-Jafl11 
" 
'Vii;) n8"~" mh1rl v'IJ-01" IJI 1" n'lJi11J nUR111J~ ~1'U8WVl.nii~a"fl11a1111 'ltlL ~" fl11 L '1~ fl I L~U LIJl'!lv" 

\I ' \I 'V ·~ 

L off a'1a'IJVJ~cJL 'IJ'ltVl11"fl1'HnUfoiY181Vl11 mh"h ni;i11.1 ~1~EJ'V'IU111tUU fl11tl'l'l'1 LL UU . " . '°"'"'" d" ... .J ., .J ~qjqj1fl1f'1'Vl L'llflUfl11LfltJ'jfl'tY11JtL '!18L 'Vlfl1L'll818ULL VI" 'VI 10°( LLnt 30°( a11J1'jt')'lftn8 fl1'j 

L '1~ n I L~U LIJl'!J 8" L ~8'1a'IJ'Vl~EJ1mfl'1 L~ El" ti'u~"'Vlflrt8"vl'l.-tt61!e.Nfl'1iua 8 fl~ L '1'1J 
·~ . " 

d "' "' n11LfltJ'm'l!t1 150 11J 

Temperature 10°C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 4.41 1.73 N/A 2.34 4.45 N/A N/A N/A 

60 - 1.51 3.25 N/A - N/A N/A N/A 

90 - 1.85 3.47 2.20 - 1.79 1.99 1.86 

120 - 1.71 3.51 3.36 - N/A N/A l't/A 

150 - N/A 2.85 2.91 - N/A 4.48 3.98 

'VliJ1f.JL\UI: 1. ~nl~fl~W - LLai;i"111:w"l~l'i1m11i;im1.11ruL~8'1a'lJ'Vl~cJvY"V11Ji;J L~eN'11fliifl1'j . ·~ . 
L '1~'lJL~u L\Jl'!lv"L ~a~au'Vl~a~a11111u11a" L ~'IJ 1~~1EJ1J11L t1'11u'lJi:.ia1J1.firu'1 

2. N/ A uai;i"fi" ii'1'1'1J1'1JLR 1riili!vEJfl11 30 x 10
3 

t 'IJtl1tL~'U~"fla11ITT~EJl"l1'11181'1Lni;J'11flR111J LL tl1tl11'U'!J8"IK1i:.ia1J1.fi ruen ~"81'1 L U'Ui:Jnv1fl 
" 

m1.11ruR111J~'lJ~LLIJl fl~1" n'U L U'IJ~'lJ LLnt eJ"nu11a11'1'1iU8 8 fl~ L '1'1J 1 'IJU'j'jvJl ru'1a11J11fi fi1:ij '1 " . 
aafl~Lv'IJ.n1t1l 'lJu" LLrita11111mrut" m1Lv~niL~u LIJl'!lv" L off ava'lJ'Vl~a1~ 'lJvflv1frd c1"'V'lu11 . ·~ . 
LL 'U1 L ii:w fl1'j Ln i;i L ~'1~ a'lJ'VI~ cJ'!J v"lJ t L ii m 'VI fl1L'll8~ 8ULL -H" L 'U~ "'VI fl" tl" ~'IJ fh61! C02 '1 t Ln '1 

L ~8~a'IJ'VJ~cJ~"n11~"'VJi;Jn8"'ltUUU'j'j~~'l!'lJ1fl1fl1 LLnt 1 i'il8"~'1iUtitlfl~L '1'\J \Jl11J'11~U v1fl 

m1J1WL ~tJ'1a'U'Vl~cJyY"Vl1Jfl 1 'IJlJtL iim 'Vlfi!L 'lltl~tlULL oH"\Jlntlfl'ltEJt L 1rt1fl11Lnu1'n~1wu11iirhmJ1 'IJ . " 
mmru~n1Vl'Ui;JfltiiivEJn111l11J11~1'lJi:Ja\Jl.firuen'lllJ'tl'IJ'!ltl"i:Jrt 1l!LL oH" (:Wi:J'tl.136/2550) ;"1~nTVl'IJfl ... . 

" I 0 .Q .cil~IV II' II' I O IV .Q 11V ' 

11'1TIJ1'1J~n'U'Vl1 EJ'Vl"VllJi;J\Jl v"'Uti EJfl11 6 logCFU/ g ( '11'\J n"1'1J1l11Jl1!1'1Ji:Jn i;i.n ru't1~1J1a 1l-1m111, 

2556) ri1'U'1'1'U1'U~'1~11~LL'1'1" 1'1JIJ11'j1"~ 4.14 'V'IU11vt'V'IUL ~EJ"~'1'Vl'1n8" 1tUUn1'rn11'1LL 'UU • 



:: 
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10°C (3.17 logCFU/g 1u1'Uvl 120 1'U) ?i1'UL'U~.:J'Vl~rnei.:i~'U 1 hi"Wumwu'1qJL9iu L\PIL9iu L\Pl"!Ju.:i 

.,i .~ "" ~ 4 .,i II .,i II 
M111.:!\'I 4.14 u13.11Wt1a~LLft::11 (log CFU/g) 'tliJ.:i3J::L'tliJL\'lflL'tii>1i>'ULL'Vl.:!'Vl\J11,~1f.J1::'UU 

I .,,d., .J ... 0 Oto d 
m1u11,uuuM1.:i91 L3JVLnU1n'l!t1\'l~W,.,IJ3.I 10 c ua:: 30 c u1::vr11.:in11Lnu 

i'm~1 150 1u 

Temperature 10 ° C Temperature 30°C 
Days 

AIR OAB C02 VAC AIR OAB C02 VAC 

30 4.07 N/A N/A N/A N/A N/A N/A N/A 

60 - NIA N/A N/A - N/A N/A N/A 

90 - N/A N/A N/A - N/A N/A N/A 

120 - N/A N/A 3.17 - N/A N/A N/A 

150 - N/A N/A N/A - N/A N/A N/A 

vrii1t1L'Vlf!: 1. ~ClJ~m~m1 - LL'1~.:ii1bJ1~vhnT~1~mmru~hwlLLm~11 L~ewu1niimwu'1qJL9iu1\Pl 

'IJu.:JL ;f ff'1~'U'Vl~EJVi'111J11m.m.:i L ~'U 1~~1EJ\Pl1L tJci1u'U~~\Jl.firu6ti • 
2. NIA U'1~.:iil.:i iilii'1'U1'ULR1ailuut1ni1 30 x 10

4 

4.14 n11\'l~ili>\Jfl113J'UB\J'tli>.:!~U~lmt 

ni1'Vl~a e:iuF111i.i'!lt1U'IJv.:i ~u'11.n R 1~vi1ni1'Vl~'1 e:irndm.i~ \Jlli'ru6ti Ldmnu-r n 'l!t1 m LL~1 L tJ 'U 
'U 

na1 90 i'U L~e:i.:i~;nniimmruL;fe:i"1~'U'Vl~e1~.:i'Vli.i~e:iv1'W':it~ui;i1i.1Lnru'1m1Jmi1'U~a\Pl.firu6ti"ll1J'l!'U 
, " d.I • 

'llv.:i~a hlu\1.:i (1J~'!l.136/2550) 'Ut1n"11nd "11nm1~n~n L 'UL ~v.:il'i''U"Wui1LLl!i1tJ~1J1ruL ~v"1a'U'Vl~v 
' 

~.:i'Vli.1~'1Jv.:ii.1tLiim'VlfllL'!lt1~vuu\1.:i1'U'Vln~.:i'Vl~aei.:i Ldmnu-rn~1~~i;i.firu'1LtJ'U1tt1tL1m 120 'Vl~u • 
150 1'U iiri1~1n-)1Lnru'1mi;i·rn1'U ul'i ITT~t1"Wui1~n~ruttJ11nn LLatL -d'v~i.J~?l"!Je:J.:i~~l'l.ti'ru'1if 'U 

... 'U -.. 

bJLtl'U~tre:ii.i-ru'IJu.:i~u~1.nR 1~t1~~1'1.firu'1ii~n~rut'Vl~\P)1v'U (R'11t1~n~rut'IJe:i.:i\P)1V1'Ut1'U~L~t1V1~u 
'U 

'Vl'Uu'U1 'V11J) LLat L du~i.i~aii1•n1i.1 u~.:imt~1.:i ~.:iif 'U ~1~v~.:i1~vi1m1'Vl~'1uUfl111J"llu'U'IJu.:i 
'U 

~~i;ili'ru'1~Liiu-rn~1LiJ'Una1 90 1'U 

1'11F1t LL 'U'U Fl111J'!ltJ'U'IJu.:i~u~111 R ~e:i~~ l'lfi ru'11Jt L iim 'Vl!il L '!le:J~uu LL ~.:i L 'Uu11"1.firu'1LLa tu 11"1 
'U • • 

~1t11tuum1u11~i;l1.:i 1 ua~.:i L 'U1J1111.:i~ 4.15 "11n~anT:i~n~1"Wui1~u'11.nR?i1'U L 'VlqjiiLL 'U1 L U1J 

tre:i:w-rul 'U~~i;i.firu'1;.:iu11"1~1t1ni1m1"1 LL uu'1rnrn1 m?I Ldmnu-rn~1~eiruV111ii 10°c 1~ viil'l1 , , , •t:•t , " 

Rtu 'U'Ufl11i.J'!lu'UL~t1':i1i.1~.:ini1~.:i'Vl~atM~'U 1 mh.:iiitivri1!9qJV11.:i'1i1~ (p<0.05) ~anT:ilLR11t~ 



: 
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Fl111JLLtJ1tJ11'U (ANOVA) 'Uti.:JFltLL 'U'UFl111J'!lu'U L~EJ1111'1Jti.:J~'U~lnF1 ( 1Jn11.:i~ '1.26 - '1.35 L 'IJ 

Jl1 ri~'U1 n) LL'1~.:i l \1'V111'Ui11t'U'Um1'U11~ LLa t~ru,.,-0m:i~mmh.:iihi'mhf'1cym'la fi~ (p<O .05) 

L~u'W'111W1F1Ulfl1W1i'1'Uvi1.:i ., 'Utl'l~al'lfiru'tiw'U11~'U~lnFliiLL 'U1 L iil.JL \1FitLL 'U'U~1'U~ n~'IJ , I v 

Q 6' U CU ._, U ' 4 .J II 1 ~ Q.I I .J I 4 
1'1'!111'1 LL'1t L 'U tl'11J ~'1'U tl-3 ~ '1l'lfl Ul't'll.Jt L 'Utl L 'VI 131 L '!ltl1 tl'U LL,.,.:) 'U '1'3'Vl~'1 e:i.:i ~'Ina 11 'V1'1.:J n11 L1J El 

v 

L tJ~EJ'UL YiEJ'Utl'U~'l'Vl~'1tl'l~'U '1 ~.:JLL 'U1 L ii1J~'I na11ati~Fl~tl.:J n'U~'1'Utl'IFl111J'!ltl'U L~E.111 l.J~na11 

oii1.:i!Ji''U W5~EJW'U11~'U~LJ1FI l \1F1tLL 'U'UFIWft n~rut~1'U~'IJCJ'l~ftl'lnru'ti ~'l'U11'1~1 EJn11'U11'1LL 'U'U 
\J \J • • , 

~cycy1ml3! Lrle:iLn'Ui'n~1~ ~w,.,-0" 10°c (6. 91 Flt LL 'U'U) ~.:in11~.:i'Vl~ac:i.:i~'U '1 tiv1.:iihi'mh~qi 
'Vl1'1'1fi~ (p<0.05) ~'lf'l111J'!ltl'U~1'U~~EJ11L U'Ui1'1~EJ"1~qj'Utl.:J~ftl'ln ru ,;~~'U~ln F1'111J11'1l'i~~'U 

., """' 1"' I q q ~ tJtJ F1ruan~rutl11EJ'Uc:Jn'Vll'l'iMn11 ~EJE.11'1~ ~anT11LF111t,.,f'l111JLL 1 11'\J (ANOVA) 'iJCl'lf'ltLL'U'U • 
F1111J'!lc:iu!Jlti~'Uc:i.:i~al'lnru'ti'U'il'l~'U~lnFI (1'1111.:i~ '1.26 - '1.351'U111F1~'U1n> LL'1~.:i1,X'V111'Ui1 

v 

" 
1t'U'U m i'U 11'1 LL'1 t ij om11ij LL'1 ttl fi'11J-W'UG1 t ,.,11.:iu" ~ m1.:i '1 v.:ii:i ~a Cl v1.:iii ii' EJ" 1 f'1 n l'VJ1 '1'1 Cl~ 

, , \I d.J ·~ 

(p<0.05) i;i'1F1111J'!le:i'U~1'U~'Uu.:i~al'lfiru'1 

n11'U11'il'i1'1 '1 111£1 L~'1Il11t'U11EJ1n1P!Ufl~ LL'1tf111'U11~ LL 'U'U'U11EJ1n1131~~LL tJ1 (n11'U11~LL 'U'U 

m1n1~~e:ie:in~L'1'U m1u11~ u uu~cycy1m131 LLatm1u11~vi'Uti1~F1TfomJ 1~e:ie:in 1~i;i) L~mnu 

'fmn~e:iru,.,Jlij 10 LLat 30°c Lll'UL1m 150 i''U w'l111u11'1firu'1vllm'Um1V1~ae:i.:ii:iF1ru'11Ju&il'U , "' , , 

~v.:im1111~l'lav~'11E.Jm1Ln'U-rn~1 L 'U'Urut~ ~a'Uv.:i1tuum1u11" e:iru,.,nii Lrnt1teJt nmm1 , , , "' 
Q: V I C1I Cit. Cllf" 4 .c::il l/q I U 

Ln'U1ff~1 1'1'1 Fl Wll1W'Vl1'1 f11EJfl1W Lf'llJ LLat '1'1'U'Vl1EJ'UB.:J:l.Jt L 'UVL 'VIP! L '!ltl1€l'ULL Vl'll.Jfl11:1.J LLl'l fll'l1'1f1'U • • 
~'U~1Ilf'l 1 l1fl~LL 'U'Ufl11:i.J'!l'il'U 1~v11:1.J~a.:i n'U~~l'lnru'ti~u11" L 'U m1'U11'1'1fl 1ru1 mP! Lrlmfiu1'ni;1~ 
\J ,, , , .·~ " 

10°c 



• J 

..I II ... ,. - 1 4 ..I II ..I d "' II I ..,j d "' ..I (-' ..I 
lJl1'a1'3'VI 4.15 fl::LL\J\Jfl'l111'tiil'U'tlil'3~'l.J'j UtfllJlil1J::L'tlilL'Vlfl L'!fiJ'jiJtJLL'IN'VILn'U-an~1~1t1-a::'U'l.Jfl1'j\J'j'j~lJl1'3 '1 Wi1Lfl\J'jfl~1'VI 10°C u~:: 30°C 'l'U'VI 

90 'tle>'31::a::L1~1n11Ln'll'l'n\o!t1) 

iiru iln'tiWZtlil~ r.ia ""' ru.! 
Temperature 10°C Temperature 30°C 

OAB C02 VAC OAB C02 VAC 

~ .b 
6.12±1.30 5.69±1.46' 6.91±1.09a 5.58±1.26' 5.67±1.43' 

,b 
6.09±1.47 

fl~'U 6.24±1.19a 5.95±1.20a 6.23±1.15a 6.04±1.ll 5.98±1.ll 6.25±1.26a 

~~'(11~ 5.65±1.54d 6.ll±l.50abc 6.21±1.49 
ab 5.83±1.36bcd 5.73±1.5z'd 6.29±1.30a 

~ ., ., 
~'Utl'1l.J~'1 5.60±1.51' 

abe 
5.97±1.20 6.32±1.3l 5.75±1.32' 5.88±1.40 

be 
6.25±1.31 

ab 

F111l.J'l!tiu1~t1~1l.J 5.96±1.16 
bed 

6.14±1.24 
be 

6.60±1.15a 
d 

5.78±1.14 5.82±1.36 
cd 

6.27±1.18 
b 

'V1111ll L'Vl9!: 1. 1 t.1n1'~'V1~"Cl'Uf111lJ"UCl'U'1J Cl.:J~'U~lnfil 1lJ '1~i\l11Ji1CJV1.:J~'lJ'l'j~~1EJ'lt'U'Un1'l'U'l'l~Cl1n1fi1Un~lJ1'V1~"Cl'U L ~Cl.:J'11nil n1'lL 'l~qj L~'U 1(Jl'1J't).:J 

L ~Cl'l~t.l'V1~~~"1lJ1'l'1lJCl.:J L i1t.11~~1EJl'l1 L tl~1'Ut.l~~(Jli) ru'1 'U'tln'l1nii fi1'j1 Lfil'l1::~fil11lJLL U'lU'llt.I (ANO VA) 1lJ '1~tl1il'l~EJ'11 m:: EJ:: rn=nm'l • 
Lfl'U~m~1lJ1~1lJ1Lfil'l1t~ LW'l1tLUt.ln1'l'Vl~"Cl'U ru it.1~ 90 L~EJ.:JCJV1.:JL~EJ1 

2. 1'11eJn'l;'l~LVJi'.lCJ'Utlt.11 t.ILLt.11'1.JClt.1 1~il fil11lJLL(Jln~1.:J tlt.l'Vl1.:J"~~~'l::~'Ufl11lJ L ~Cl~t.I 9 5 % l"i1~LL"~.:J~CJl"i1 L\l~EJ LL~::l"i1L ~EJ.:J L 'Ut.llJ11'J'j3!1t.I 

(n = 180) 

-.J 
l.n 
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\J'Vl'VI 5 

aca\J~an1ca'Vl~av~ LU't::~maumL u:: • 

5.1 ~1tl~ft01"a'Vlflfti).:i 

m·ntl~v'ULLtla-3ri1111L'li'11'1i''U'IJtMn1'iltien~L(ij'lJ1'LI'U11(ijJlru'1~iinTs1-b''lla-3i;i~iueBn~L(ij'lJ m1 
• v 

vl'Un1'ilrnfoe'U1~Ben1'111'1 (C02 flushing) LLmm11u11'l'1'Y'Y1fl1fil (Vacuum) a~a-31naL~V-3 0% 

( I ) .,j d U ~ U .. 'j II ,J d ., ,J 1 '.. I v v L11eLnu1mnL u'UL 1a1 30 1'U LLa:::11LL 'U1 L 'U1lfl'3'VIV1atii;imvm1Lnu1m~n 'il-3 1.11.1rn11.1LL(;lnV11'3 • 
n'U1~V111'3BW'Vlfliim1Lnu-3'n~n m1m1'Vl~ae-3~-3mh1 LL'1i;i-31 l1''Vl11u1 Trn'U'Um1u11-.im .UJ'IJ • v • 

a11J11mh~i;ieen~L(ij'lJL'Uu11(ijJ1'w911i;) LLa:::u11(ijJ1'w'1~~11'Vima~n~LaBnt-Ha11.111f1UB-3n'IJm1 • • 
~1J~1'1J'IJE-3n1'ileen~L(ij'lJ\~m'U'!i1'3L1m~vi1n11~n~n 

fil111l~tl'IJ8'31Jt' L iim 'Vlf'IL "l18~8'ULL l1'3 ilm1ai;ia-3U1'3L 'U1:::'Vli1'3n11Ln'U1'n'~t1 LLa~ 11:: L iim 'Vlf'I~ 
d CV .c:I ... QI T IJ I d ... .J tJ,J tl J' J' II 

Lnu1n'l!t1'VIBW'Vlfll.l 10°c 1JLL'IJ1L'IJ1.1'1'3m1V1ew'Vln11 30°C 'il.:im1L av'ULL a-3m111'!l'IJ'IJ'1Bi;iriam 
, \I \I , " 

n'Um1atyL~vtl1V1un'IJB-311:::L ;im 'Vlf'IL 'i!B~E'ULL l1'-3 ~.:iii LL 'IJ11tl'11L ~11~'U m1aruL~mhV1'1i'n~e:iumflii 
v "' " , "' 

30°C Ln~~u 1~a-3n-heruVlfljj 10°c 1i;ivm1L tJ~v'ULL tJa.:iri1111~'ULLa::m1'1n 1La mhv1ii'niT'IJri.:i~rn 
\I , 'V \I u~ 

vi1tl1ri1LL1'3'1-3'1~m~(ij1nm11'~L ile~11~ailri1L ~11~'1.J ri1111a11.:i'IJ8'31J::: L iim 'Vlf'I L '!le:J~B'U LL l1.:iilrh 
v • 

L ~1J~UL~ntl'Bv L 'U'IJru::~ri1111L tl'IJ~LL~-3 LLm:~L Vlae:i.:iilLL 'l..111 tl'11a~a.:i L~ntl'vv ri-3~.rn 1 l1ti'm1riTu 

I .. 'jl.I ,J 
1::V111'3 a* /b* 1JLL 'l..11 L 'UlJf1'3'VI 

fl11L tl~EJ'ULL tla-3'1JB'3mlJ1W ta 1riii'U LLa:::tl~lJ1Wm~vY-3VllJ(;l'!Je-3lJ:: L iiB L 'Vlf'IL "!je:J~tl'ULL l1'-3Vi'Ul1 

LL 'l..11 L '\J1Ja~a-3viae:i~mvm1Lnv!n'l!t11 'LI'Uru::~mmrua11tJ1::: ne:iu'rlm 11ue:iv~vY-3V1lJ~LLa::tl~1J1 ru • 
m~LLe:iarie:iiuri tmJ:::Liim'Vlf'IL'lle:J~BuLL l1-3~ilLL'IJ11 'll"a~a-3Bv1.:i11~L ~1 L'U~1'3 30 i'mL 1n via-3(ij1n 

,j'ULL 'U11 'll111~v11l.Jrie:i'IJ'li'1-3ri-3~ ri1'Um111rua11tJ1::ne:iuYfl.'U~m~'3'VllJ~ LLa:::n(ijm111m1L tl'Ua11 

~1'Ue:J'Ul.Ja~a1:: L 'U'Vln~.:i'Vl~ae:i-3ilri1L~l.J~'Uv1nf'i1L~11~'Uzj-3L U'U 1 Ul 'IJVif'l'V11'3L~v1n'U LL'1i;i-31 l1'L ~'U-:i1 
• v • 

a11tl1~neu~'IJti~n L 'Ul.J:::Liim 'Vlf'lti'U LL l1'-3il'U'V1U1'V1~1~'Y L '1Jnv011l.Jm1L tl'1Ja1w11'1JB'4\Ja~h11~ 
.J Clio q .. 4 d II I .a LI' .. .r:J d 1 

m1L tlav'ULL tlM'V11'3vm..1'Vl1 EJ'IJB·UJ~ L "!Jm 'VIP! L"11e:i1euu Vl-3 y.iu11~a(;lflW'1'V1Lnu 'IJ'1.n11::: • 
.G:t..J .q Q .K Clio o:::t .. ~ Q ' q 

u11v1mf'1tln(;l'VI 10°c um: 30°C 11tl1l.J1WL'ileva'IJ'Vl1V'Vl'3V11J\;lLn'Ufl1l.J1(;11~1'U LLn:::l.Jm1 . ... 
L v~qi L~'U L(;l'!JtJ-3L .tti'l~'LI'Vl~v~a11111f1mM L ~'LI 1~~1EJ(;l1L tla1u'U~~viJ1rueiimvvi"'.:iv1 n m1 Lnu-! n'l!t1 

30 1'LI L 'U'!lru::~tJ~111ruL ~Bv~'U'VI~ v~.:i'Vl1J~'!Je:i.:il.J:: L iim 'Vlf'I L 'l!e~eu LL °lX-3~ Lnu1'n'l!t1 L '1Ju11~.fl ru'fi~i1 • 
fl11 n1~~n1'ile:Je:Jn~L v'Ui1m111ruL ~e:iv~tl'Vl~V~-3V11l~~1n11f'i1m(;l1~1'U LLa::i1tl~111ruva~ LLn::11 L 'U . ... 
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• I"" d ~ "' ""1 I ... .J "' .J uilJ1UJ'Vll'l1lJ1n ~1nn11'Vl\il'1tlUfil111J'lltltJ'lltl.:! e.JUi flfilViU111J::L'llm 'Vlfl!L 'lltlitl'U LL 'Vl.:i'VltJii~LL \JU 
'II ' 

arnrn1mfl! Lnmnu-rm~nvie:iru'Vlflij 10°c 1~-rufiltLLt1t1f'11111'lle:iu 11ilv1111a.:ia\il~1n~u:S1flf'I ~.:ie..r" ,u~D~ ' 11\1 \I \ \I 

n11'Vl\ilG'ltltJ ~u~1fl Rffii1lG'ltl'U'1tl'U n11L i'll1::: 1EJ'llU LL'1t e:i.:i rlfl111l~ ~1'U n11 n1~\ilt1t1n6'8 L ~ti L 'IJ'U)) ~ 
" ' \I ' 

., " .. d., .J~ 4"" d., ~I 
flru'1LL":::~ru'VllJ1ln11 Lnu1n~1'Vli;J1L VitlEJ\iltl1~n11LnUin~1 n11U11~LL UU~t1Jt1J1 n1 f'IL u'U n11'U11'l 

L =!i.:iLLe:iRVi'ti (Active packaging) '1.htLfl'Vl'Vl~.:i~G'l1lJ11'1~1L ut1m1 lm t11:::~fo~l'l'11'Vlm111'llt11\il 

nm.:iLL"tL~n 11ilEJt11~mfil~t1.:iu11'l~t1Jt1J1n1f'I (Vacuum packaging machine) 

1t1fl1Yi111l'llt1.:im11~ vif Yiu11 m1un~vf ii m1 n1~ \il n1'llt1 e:in~L ~t1~1 nu11m mf'IL t1u11 ~ 
.flru'1ne:it1m1ulile..riln u.a::m1 t iu'i'i'lnru'1~i1m111G'l11111'1 t t1m11il1t1m1;11~1t1'llt1.:ie:ie:in~L~t1 li;i 
~.:i L"iltl YJ~11L11\'i'ala'6 (PET/Metallized PET/LLDPE) mmt1m1Pin~1ifi1~nEJfl1Vi"llt'1tln11 
• l.J .1 1 .. .. 1 .r .. ... " • 1"" .1 L u'1EJtlLL u'1.:!filrufl1Vi \iltlL\lYnt n1'iL~)UJL\;JtJ \;l'lltl.:!L 'lltl~'1'U'VJ)EJ LL'1tn11L u'1EJ'ULL ua.:ifilrufl1Vi'V11.:! 

" ., • 1 

.. "" d llddu d .:I "" 
Lf'llJLLatmEJfl1Vi'llt1.:i11tL'llm 'Vlfl!L '!lt11e:iu LL 'Vl.:!'V1Lnu1n~1'Vl 10°C LL'1::: 30°C t1e:in~1nt1 e..ram1f'ln~1 

lvl'LLG'llil.:i t iV111u111tEJtL 1a1tt1m1Lnu-rn~1i1e..rai;ie:iRrufl1Viua:::f'11111'llt1u'lle:i.:ie..r~\;l11 ru'tl 11ilvm1 
' 

d ., ~ ..I I .. 1 V I .. ••I .J 0 

Lnu1n~1na1 90 L U'U)tEJ:::L1a1'VlL VllJ1:::'1lJ\;Jtln11U1 flfil LL11111tUUn11tJ))~LLtlfil'VITI'Vl\J1lJ1 
' 

Pin~1tTt1G'11m1'1'lltae:in11L'll~EJt1LL tla.:iRrumVi~1t1i;i1.:i1 lm t1-d1.:i~vhm1Pin~1 ( 1so i'U) -Ue:i11a 
' 'II 

~1nm1iiin~1il'11111'im llt1u. t11V11.:i t t1m1~\ilm1 m1u11'li1 bU'tl '1fl11::m1 Lnuf n~1 LLa::m1 

~\iln11Vl1.:!n11\;la1\il'lltl.:!1JtL~tlL Vlf'IL "Otl~tltJLL\1.:i L'li'U i=::EJtL 1'11n11'VllJ'ULiEJ'U~'t.!~1L 'Ul'la1\il n11 
' 

5.2 LL 'U'J'Vl1.:ln1-SU1 l '\.Jl .UtJ-s: LEJ'UU 

~1 nvf il1 L'1'U CJeU1.:!~'U r!u11flfil t l1 n11EJ CJllf UlJt L<ti CJ L 'Vlf'IL 'llCJ~ CJU LL l1.:i~i1 n1 'j\J'j )\]LL \JU 
'II ' 

G'lf11ru1mf'I LL~m1u11~~.:imh1~.:ie..rai;iCJ"'n~ru::tl11nf'l'llCJ.:i 11:::L ;im'Vlf'IL "lle:J~e:iu LL \1.:i vli1"'n~ru:mn 
.. D~ ., 'I d-J \I 

'Vl\il1'\il L ~CJ.:im~1nm1mL\;l ni;i1.:i1::vi11.:im111~'Ufl1EJ1 'U ua:: fl1EJt1CJnu11~.flru'1 ;.:i ~u1Lf1filtJ1.:ifil'U 
' 'II 

t11\J lij"lle:iu t t1"'n~ru::tl11n!J'llt1.:iu11'!firu'1u. uu~.:in~11 t1e:in~1nd e..r~l'lfiru'1m~ Liil'lm 1 L~EJ'V11EJ 
lm m::vi11.:im1Lnu-rn~1V1~CJ'llt1~.:iL ~CJ.:i~1n LL 1.:im::u 'Vin ;.:iiG'llilu11~m~ Ln\ilm1~11~ LLat'1.:ie..ra t ~ 

' ' 
~q)L~ EJG'lfl11t~ qjt1J1 n1f'lt 'UU11'!fi ru'1 ;.:i CJ1~ ~.:i e..rai;i CJ n11 L ~~ 'Y L~'U 11'1 "!JCJ.:i L ~CJ'l~ 'U'VI~ v vi11 ~ 
~u~1flfil WEJCJ111'u t 'Ue.J~(;l.flru'fi 
'II 

~.:ii!t1 u11\J.flru'1ffiiLnu-r n~111tL ~m'VlfilL "OCJ~CJtJLL \1.:i t1CJn~1n~:: 1 iu11\J.flru'1vii11"Jru&'l11u~ 
' ' . 

L'Um1uCJ.:int1m1;11~1t1'llCJ.:in1'l!ua::lml1l~~ LL~1 L°iit1 ~NVim&'l~n PET/Metallised PET/LLDPE 
' 

vtlm'Um1Pin~1d R11~:::iiu11~11'ru'fiuCJ.:int1~nV1~.:ieit1 'Vl~ci Secondary packaging L~CJumnt1 
' 

UUJ'V11vf CJ1~ Ln\il~'U nue..r~ \;I.fl ru'11 'Uitl-111.:i nTHn'Uf n~1 ~.:i'U 11 ~.fl ru'1vi'l ium tl'U'Vl1.:i ~vi 11~EJfl\ill1 
., ' 'II 
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m-siiam~m1t~~11.1Trnuv.:iniJu-s.:imtLL'Vln ~1'ULL-s.:i~'U'Vlta t1n~·rnti1.:iL'li'U n~v.:imt~1~..,u1~ • 
(Folding carton) ;i.:iL U'UtJ'S'S'lJi'w'1~vi1~v~1t1 -s11.1,X,:i~11.11-s"Yi1.1~a1~a1t1\Jl1.:i 61 a.:i1tJu'U1MJ 
.,jfjll ., '~I di fj .,S., 11'!11" 1 1 fj d 

LV.'1 L VltJ'S'S'l.fltlJ'1L u'U'Vl'U1~'U L~'11Vl'StJ~nfl1 L~ \Jl1'1t11.:l'tl'1.:lnav.:ln'St~11~LL~~,:i L'U.fl1V.'Vl 5.1 

.}! '"' ...... I "ti 5.3 'tli!Lil'Ui>U.'UZL'Wi>0111'1tlfli> ~ 

5.2.1 m-s'lhiiHihJtJ-s:mn1J11inut:.1i'il1lJi'ru'1ei1vi1-s~'U ., ~iin-stu1"Um-si:.ii'l\Jl vi~eiflru~1.1im~ 
' I ' 

tn"'L~ti.:in'l.l L'li'U t:.1i'il1lJi'ru'1v1vi1-sviiiR111.1;l'UtJ1'l.lna1.:ivi~eifl111.1;l'U~.:i 
" 

5.2.2 i:.ii'i1J1Ji'ru'1mvi1-s~Lvi1.11t~1vi~ui~il~ei mvi1-sviiian~rutmeiuvi~mLl1lnl1'n~1t1 L'li'U 
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il1fl~'U1n n.1 1Lfl11:~hn111culalfl.W'U (Lycopene) 1i;mtl-st~rwl15'llei~ Toor and Savage 

(2004) 

1. nT~Li;t~EJ11'111Lfli1 

'11-Sr.1'111 Hexane:Acetone:Ethanol e1i;i11'1Tu 2:1:1 (v/v/v) 

2 1Hn1,1Lf1~1~"1 

2.1 1a~1ei~1~11t L ~m 'VIP! L "!!ei~eirnL l1~ 1 n-r11a~ L 'U'll1"1~tl'll11~~l1eil'i1v 

92 

2.2 L~11'111~'111 Hexane:Acetone:Ethanol 25 iii;:iaai;i-s e.1'1111l1L-01n'ULU'U 

L 1"'1 30 'UTVi 

2.3 L~11J1ni'U 10 iiaaai;i1 vr~ 1 l1'111'1t'11EJLLEJni'UL U'UL1a1 2 'U1VJ LL~'JLLEJn 
i'U Hexane 1aa~1 'Uviaeil'l'Vli;Jaei~v1i1~1ui;i 

2.4 tl11tl1"1Fl11'li;Jna'ULL'1~~1"111:UEJ11fl~'U 472 'U1L'UL11\Jl'S aTU Blank 1-ff 
" 

L U'U mg/100 g OM 

il1fl~'U1n n.2 1Lfl11:w\R111cu'Wa111'Ut1ati..f~V13Jfl (Total flavanoids) 1i;ivtl-st~nl'i156llei~ 
Zhishen et al. (1999) 

1.1 NaN02 5% w/v 1i;ivi~J1viiJn~LL il'UeJ'U6lJB~ NaN02 5 n-rlJ i;:itmvi;l1v 

J1nimLi;:itt1-rum111\Jl1Lll'U 100 iii;:iaal'l-s 

1.2 AlCl3 10% w/v 1i;ivi~JTvriJn~LLtl'Uv'U6lJB~ AlCl3 10 n-r:w i;:itmvi;l1v 

J1ni'ULLa~tlfutl1111VJ'nthJ 100 iiaaam 

1.3 1 M NaOH 1i;ivi~J1vi-Un~LLil'Uei'U'lleN NaOH 4 n-rlJ ata1vl'i1vJ1niu 

um~tlfomm\Jl-sLtJ'U 100 iiaaam 

2. 1fim-s1Lfl'S1tl1 

2.1 '1n"1~1€l~1~lJ~L~m'VIPIL"!!v~v'l.JLLl1~ 1.4 nflJL"1EJLotl15 Soxhlet 

'111atmmei'Vl1'Ueia 100 iii;:iaa\Jl-sLu'Unm 1 i11lJ~ 

2.2 uLtl\Jl'111'1nl'IYTti;l'11n~1ei~1~ 1 iiaaami;:i~L'U Volumetric flask 6ll'U1"1 
II o 

10 iiaaa\Jl-s L~11'11na'U s iiaaam 

2.3 L~lJ'111'1t'11tf NaN02 0.3 iiaaa\Jl'S LL~1v1~11 5 'U1VJ 

2.4 L~lJ'111'1ta1EJ AlCl3 0.6 iiaaa\Jl'S LL~1v1~11 6 'U1VJ 
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.,, .J ,, .J .J .J 
2.6 11'lfl1n111!Jl'lnm.JLL'1.:ll'rlmfl'Hl.:I Spectrophotometer 'Ylf111l.JV11fl'1'U 

LU'U mg.1100 g OM 

.fl1fl~'U1n n.3 n1'i1Lfl'i1::-Mm9lLLi>ilfle>iufl (Ascorbic acids) Ll'lvtl1:mnl'1~1v1cr • 
2,6 dichlorophenolindohenol titrimetric \J'l1l.J1G"llfl.:I AOAC (2000) 

1 n11L"1;tl11~1«jLflij 

1.1 Oxalic acid ('1Trn::mvvl'l 'li'1nl'l) 

1.1.1 i.:i Oxalic acid tfh.nru 30 n-rl..l 

1.1.2 '1::'11V Oxalic acid Ltln11'lfl::~~n 80 ii'1~~i;i1 LL'1:: L 'l.Jtl1n~\1 
400 ii'1~~i;i1 :u1ni!'Ut1-rummi;i11m~ 1,000 ii'1~~i;i1 ~bvtl1ni'U 

1.2 3 % Meaphosphoric acid (HP03) 'Vl~fl Extracting solution 
' 

1.2.1 i.:i HP03 15 n-rl.J 

1.2.2 '1::'11V HP03 L'Utl1ni'l.J 200 ii'1~~\Jl1 LL'1::ml'lflt~~m"li11-U''l.J 

1.2.3 t1-rutl~lJ11J111'11vJ1ni'Ul~mu 500 ii'1~~\Jl1 meJ.:il'11e.im::l'l1"1; 

meJ.:iLufl'~ 2 ('11m1mnu11lu~Lv'U11'1'U1'U 7-10 i''l.J) v 

1.3 0.02 % 2,6-dichloroindophenol sodium salt 

1.3.1 i.:i 2,6-dichloroindophenol sodium salt 0.1 nfmm:: 

NaHC03 0.1 n-rl.J 
" .. ' 

1.3.2 '1t'11E.1'111vi'.:i'1m~1e.itl1n~'U 500 ii'1~~\Jl1 

1.3.3 meJ.:i~1e.in1::l'l1"1;meJ.:iL ueJ1 2 :u1ni!mnu'111'1::mv~-:in~11 l'l.J 

"!J'll'l~'!!1 (Lnu1il.'l.J~LV'U1~'U1'1.J 7-10 l'U) 
v 

1.4 Standard ascorbic solution 
' .. ' 

1.4.1 i.:itl1vrtl'nYiLL'lit1eJ'l.J"l.leM Ascorbic acid 200 ii~~nf11 

1.4.2 ~t'11V~1EJ HP03 10 ii'1~~\Jl1 LL'11tlfutl~l.J1\Jl1LoHfl1U 100 



.. 

94 

LL~1tJ-Srn.J~1.11i;i)i;l1v HP03 lilt1i;l' Standard ascorbic solution f11111L-b'11-b''U 0.02 ih1an-S11/ 

""a~\Jl) 

2.1 ULtl\Jl Standard ascorbic solution 2 ii'1aai;i) '1~L'U"l.l11'1)U'!j1JoW'll'U11'1 
" " 

250 ii'1aa\Jl) L~11 HP03 5 ii'1aai;i) 1\JlL\Jl)'Vli;l1v 0.02 % 2,6-dichloroindophenol sodium salt 

lil'Un~~"'v~~e:i'11)'1tmm tl~EJm ll'Ua'!j11~fl~~111nni1 5 1'U1Vi LL~'lu'UYirn•hvtli;i . . " 
2.2 uLtJ\Jl'111~1e:iEi1~ 2 ii'1aai;i) "~1'U'll11'1)tJ'!j11'ri'lJ'U11'1 250 ii"aai;i) L~11 

" " 
HP03 5 ii'1aam 1i;iL\Jl1'Vl~'lEJ 0.02 % 2,6-dichloroindophenol sodium salt lilti5~~"'~~~e:i 

2.3 tlLtJ\Jl Blank Ll'lm~11 HP03 2 ii'1aai;mL'Vl'U~1e:iEi1~ LL~1L~11 HP03 

5 ii'1aa\Jl) 11J1L1J1)VJi;i1EJ 0.02 % 2,6-dichloroindophenol sodium salt lil'Un~lill'IEJ~~e:i •• 
tJ

d ~ q d 1 .. q U "1 4 I df U ~I 
'111'1t'11EJL '1EJ'UL1J'IJ'1'!j11'Jfl~'V1111nm1 5 1'U1'Vl LL"'l\J'U'Vlflfl1'Vl LI'! LL"t)1EJ~1'U~'1L u'U mg/100 

g OM 

111f1e.1u1n n.4 a1~tl-a::mmffiuan..f.nu.1fl (total phenolic compound) Ll'IEJ1-bi5 Folin­

Ciocalteau reagent and gallic acid as a standard \Jl11115"1.lt:i~ Kim et al., 

(2003) 

1.1 '11'rntmEJ Folin-Ciocalteu reagent 

1.1.1 tlLtll'l Folin-Ciocalteu reagent 10 ii"aai;i1 L'U"l.l'll'ltl-SutJ~:1J1m 

i. i.2 tl-Sum111m 1-Hri1u 100 i1'1aa1'11i;l1vtl1n"''U 

L 1.3 Liiu 1 mnl'la"!11~e:iruvrniJ 4 ° c 
' " 

1.2 '11'rntmv 7.5% Na2C03 

1.2.1 i~ Na2C03 7.5 n-S11 

i.2.2 "~mv'11)~1vtl1n"''U LL~1t1fom111\Jl11-Hfl1u 100 fo:iaam ~1v 

' 
1.3.1 -a-~ml'lu.n'1an 0.1 n-S-11 
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1.3.2 "ta1vm~u.naan~1t1 80% Ll.f'Vl1'Uern tl~l.11(;11 5 :U"aa\;11 LL'11 

tl~ut.1~2.J1(;111'1XF11u 100 iia~~i;i1 i;l1vtl1ni'U (Stock) 1ilt1i;l'111a:m1ervliiF111l.IL'lll.l-U''U 1000 µgig 

(ppm) 

.J 
(;11lJi;i111.:i'Vl n.1 

fl1111L.U11.U'U (µgig) 

0 

1 

3 

5 

10 

30 

50 

100 

' 

m2J1W Stock (ml) 

0.00 

0.01 

0.03 

0.05 

0.10 

0.30 

0.50 

1.00 

2.1 i.:i~1eiv1.:ilJ~L~VL'Vlfile>UU.'iX.:i 20 n-rl.J 

m1J1WW'Vl1'Ui>ft (ml) 

10.00 

9.99 

9.97 

9.95 

9.90 

9.70 

9.50 

9.00 

2.2 L~lJ 80% Ll.J'Vl1'Uel" i.fll.J1(;11 80 ""~~\;11 

2.3 "'n~~1eiv1.:i ll'lv~u~"'"~1eJv1.:it 'l-1L -v 1nu~1 v LFl~el.:i~u~"'"~F111l.Jb ~1 
L uei{ 1 L U'Una1 1 uTVi 

2.4· mei.:i~1eiv1.:i~1t1m~~n~mem uei{ 1 u.'11Lnu~1eJv1.:i1?11 'IJ"1J1mtl"11lll'l~ 

3 fl1~1LR~1~"1;}1eJ~1~ 

3.1 uLtl\;1'111vtl~1i11nm1'1n~ 1 ii"~ili;i11m·rneJ~vi~aeJ.:i 

3.2 L~l.1'111"tmEJ Folin-Ciocalteu reagent 5 :U"ililm 

3.3 Ln'U 1 -jl 'U~ij~·tJi~mru 5 'UTVi 

3.4 L~l.f 7 .5% Na2C03 ml.11\;11 4 :U"~~\;11 

3.5 Lnu11lu~ij~Luunm 1 i1lwi 

'II 'II 

3.6 Blank l'i1L'lim~v1nul'i'Tvv1.:i l~vti 80% Ll.JV11'1JeJa bb'Vl'IJ?111'1nl'l 
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., I 4 ., .,j .J .,j 
3. 7 1i;iP11m1~i;imruLL~.:ii;i1mf'l·rn.:i Spectrophotometer 'Vlfl111.IV11flG'l'U 

7 65 'U11 'UL1.f\Jl1 u'UVinrhvhi;iLfiEJutiumTrl1.11\Jl1~1'U ... 

"' ll1f'leJ'U1n n.5 n111Lfl"j1::iMm111n.tmfl~-ll\11lfl (Titratable acidity) i;i11.1iii'IJcN AOAC 

(2000) 

1.1 1 % Phenolphthalein (C20H1404) 

1.1.1 i.:i phenolphthalein 1 n-r1.1 

1.1.2 atG'l1EJi;i1EJ 60% ethanol LL~1·tHutfhni;i11 ~1'11\J 100 iia~~\Jl1 

1.2 0.1 M Sodium Hydroxide (NaOH) 
' 

1.2.1 -a'.:i NaOH 4 n-r1.1 

1.2.2 ata1EJi;i1EJJ1n~'U LL~1tJfotJ~:m\Jl11~1'11U 1 ~\Jl1 

~fl.I I 4 ~ II '1 

2.1 '!M\Jl1CJEJ1.:11.ftL'IJtJL'VIPIL'!ltl1tl\JLL~.:J 5 n11.f 

2.2 ~'ULmJT'11ni;l1civ1.:i1.1tL ;'im 'VIPIL'llci~tiuLL ~.:i 1i;iEJm1L~11J1n~'U'11'U1'U 5 

2.3 "»EJi;J phenolphthalein 2-3 'VIEJi;J 

2.4 l\JlL\Jl1'Vl~11G'lta1EJi;i1EJ 0.1 M NaOH '1'Umt..t.:ifi.:i'1i;JEJ~~Cl~11G'lta1EJ • • 
L 'l.J~ EJ'UL U'U~'!liJ~e)tl'U i 

2.5 iJ'UVinm1.11m'IJt1.:i 0.1 M NaOH Yhm\JlL\;11'Vl 

2.6 LLG'l::11EJ.:11'U~mll'U mg/100 g OM 

ll1fleJ'U1n n.6 f111111fu (Moisture contents) AOAC (2000) i;i111i6'1Jt1.:i AOAC (2000) 

1.1 t1u'11EJci::afo UEJ111 'Ulii'tJua11~t1'U~t1ru'Vl.nii 105° c 'UTU 2 - 3 .a-1111.:i 
" " , " 

LL~11a11l 'U 1rti;ii;im11.1if 'Uvl.:i 11'1'Um::..t.:itiru'VlfliiG'li;ia.:iL vi1n'l.leiru'Vl.niJ~ei.:i LL~1.a-.:iJ1V1-U n51EJ " , " , " 

1.2 i.:iJ1'VltJn1ltL;°iVL'VJPIL'!ltl~tl'l.ILL~.:J1'Vl1i;iJ1V1-Un~LLU'Utl'U 1 - 3 n-r1.11~a.:i 
1 'Un1EJei::aiiLi1EJ11~V111'l.IJ1'Vl'LlnLL~1 tJ'l.l 1'Ulii't1ua1.1~ei'U~eiru'Vl.nii 105°c 'U1'U s - 6 .a-1111.:i LL~1i11 

" " . " 
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(n.1) 
II 

u1"1un"1a~m1eiu 

ll1fleJ'U1n n. 7 n'1m-S1Jn1':iLtlmt1-s!K1'Uil'4~aeil-s~ (Antioxidant activity) L~EJ15 DPPH 

assay 

.. 0 
e>ruV11111 4 c 

• 'U 

' II 

1.1.1 .a'~u1"1i!n DPPH 0.0025 n-r11 

1.1.2 mm1v DPPH ~1EJ 80% 1JJ'Yl1'Uti'1 LL~1iJ-rumini;i11l1FmJ 100 

d t !j..I .. o 
1.1.3 Lnrn111'1t'11EJ DPPH 'U"l.J1~'1'l11'Vltiru'\i1.f111 4 c 

• 'U 

. ' 
2.1 ott~l.ltL~VL'VlfilL'l1tl~tJULLl1,i 20 n-r11 

2.2 L~l.I 80% IJJ'Vl1'Utl'1 m1.11i;i1 80 ij'1~~i;J1 

2.3 tl1\K1eiv1.:iliJ~'UL"1~EJ~~1mfl~t>~ Centrifuge fl11l.IL~11e>u 6000 g 

ell .. llLI I 

3 f1111Lfl11t"1i;JJtJEJ1~ 

3.1 lJL Ui;J'111'1~"1EJ DPPH m111i;i1 3. 9 ii'1~~i;i1 '1\l 1 'Uvme>~'Vl~'1t>.:! 

3.2 \JLiJi;i'111'1n~IK1vv1.:im111i;i1 0.1 ij'1~~\;l) '1\11'U"1'1tl~'V1~'1tl\l~ij DPPH 

3.3 L"l.JV1'1111l1L'ii1n'U~1mfl~e>.:i Vortex 

3.4 Lih.11il'U~U~LU'UL1'11 30 'UTVi 

3.5 Control vi1Loii'UL~EJ1num11Lm1~\1!K1e>V1\l L~EJ1-ti 80% Ll.JVl1'Ut>'1 LL'Vl'U 

3.6 u1liJ1'~fihm1~~f)~'IJLL~\l~"JEJLfl~tl\I Spectrophotometer ~fl11l.JEJ11 

fl~'U 515 'U1L'IJL1Ji;J1 U'UVirn•hvTt~ LL'1t11EJ\11'Ue.J'1LU'U mg/100 g OM 
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ll1fl~'U1n ti 
: 

·. 
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ll1Fl~'U1n '-1.1 m~1flih::tJtJ CIE (CIE color system) 1i;iv1iLFl~eN1i;ia (Hunter Lab) 
o1111t. ~U I 

1 n1'S1Lfl'j1t'VllJl1BV1.:J 

1.1 LIJl~EJ11LFl~v.:i 1~vm-s'1e>UL Vivu(Calibrate) 1~mL~'ULVivua1111J1'S~1'ULL~1 

1.2 tl1{;)1e>V1.:J1JtL ~m'V1Plv1LIJl~EJ1J 11J. tl1~rha 

1.3 ~~u'UYinr11avh~ 

1.4 ...;1nTi1'i;ia~1e>El1.:ia:: 3 .J1 Li;JEJnTi1i;irha L *, a* LLn:: b* rhv1...;1m-s 

ri1 L (Lightness) ~eil"l1rl1111'1i1.:i Lileii1ri11na 100 LL1.1i;i.:ii11'1J1~i1a"!l11 

L~m-V11na o LL'1i;i.:ii11'1J1ni1a~h • 
I 41Cil qq .d~I I 

Fl1 a* (Redness/Greeness) FlBFl1'1LLi;J.:J LLnt'1L "!IEJ1 L11m u'UU1nLL'1~.:i11 

11J1ni1aLLi;i.:iu1eiLll'Uauu'1i;i.:ii11'(;miiaL~v1 • • 
ri1 b* (Yellowness/Blueness) ~eirhaL'Vl~v.:i LLn::~tl1L~'U L~'€JLU'Uu1n 

LL'1i;i.:ii11'1J1ni1aLV1aei.:i Lilmu'UauLL'1i;i.:ii11'1J1nnaJ1L~'lJ ' . 
ll1fl~'U1n '-1.2 m~1flLilvaiJ~il (Texture) hmliLFl~v.:i Texture Analyser (LLOYD, LR 

Model, USA) 
.,_ ~ f&.I I 

1 nTnLFl'S1t'VllJl1BEJ1.:J 

1.1 L lJi;i L tJ'SLLm11cl'1V1i'u1'~"'mm.1:: L dv~11~'1 
1.2 1im-s1i;i TPA (Texture Profile Analysis) 

1.3 1~vti'111i;iLLUU Cylinder probe "!ll.11i;J 2 ijafa111J1'j F111m~111..1m-sni;i 

1.5 1i;iri1m111LL~.:J"!lv.:i~1civ1.:i1~v1i Test Cells ni;ia.:i1tJ~{;)1mh.:J(;111J 

1tl-sLLm11v1~.:i111~v~::1~{;)1eiEl1.:ia:: 3 .J1 

1.6 tl1-Vci11avl'l tl-sLLm111'i;il"l11~111iLFl'S1::~i:Ja 
'U 
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111 fil~'l.11 n fil 
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111PJN'U1n fl.1 n1'11Lfl'l1::\.hJ'i2.11wL;fa'!a'UV1~Vi.:iV11Jfl (Total Plate Count) m2.115"llrJ.:t 

AOAC, 2000 
4.i:::il Q ' 1. 11ln111LFl11tVI 

1.1 l mlL tli;w111'111a:::a1vi1e:ia1.:i tl~1J1(;11 1 iia~~(;l1 1'1'1 'UV1aei11V111aei.:i~ 
" 

1~'111a:::mvi1eia1.:i~L~mn~ 1: 10 Vl~rJ 10-
1 

1.2 lmlLtl(;l1111'111a:::mmnn1i'ti 1 tl~1J1(;11 1 iia~~(;l1 1'1'1 'UV1aei11V111arJ.:i~ 
" 

1.3 1 mlL tJ(;l~11'111a:::a1vi1tia1.:i~1:::~urt112.1L~ei~1.:i!Ji1.:i '1 a.:i1 'U~1m v.1::: 

L=5rJ ~1'Uat 1 iia~~i;i1 111vl'Uu!Jia:::1:::~uP111lJL~ei~1.:i~:::vi1 3 ~1'U 111m~2.1~1m:::~uF111lJL oLJlJ'!l'U 

1.4 L'Vltl1Vl11L~EJ~L;j'tl PCA ~tl.:!LVln1Btj~.:iih~w'Vl.IJihhtlJ1W 50-60°( n.:!L'U 

~1'UL'n1tL;fe:i~ii'111a:::mvi1t1a1~ mmcu~1'Unt 15-20 iia~~i;i1 111VL'U 1 5 'U1Vi 

1.5 ~'11J'111ntn1EJ~1tlV1.:!LLnttl1'Vl11L~EJ.:!L ;j'tl L ~L1i'1n'U~ 11.:tvl~111 ~tl1'VIT~ 
LL ~.:1~1 ~1nii'IJl•ri1~1'Um'Vl11L~v.:iL ;leia.:i u'11tl11 tluu l wnulJ~eiwV111ii 37 ±2° c L lluL1a1 48±3 

" ' " 

2. m1!'l11~tl'u LFI 1ailLLntm111v.:i1'U~n 

'Vl"'.:i~1nulJ~1uL 'Vi1::: L =5t1F11u(;l1lJn1V1'U11L1a1 LLa1 l'l11~tl'u~1'U1u 1rt lnilU'u 
J' .,,.,, 0 'j 'j cl I I 'j 'j q I 0 'j 'j q .,j ~ 

~1'UL 'W1tL '!1tl'VllJ~1'U1'U ~Fl ~'1\JtJEJ1tV111.:i 30-300 ~Fl ~n'U 'Vl1Fl1~1'U1'U ~Fl ~n'UL\ln EJ~1n'Yl.:!'1tl.:!~1'U 
" 

L 'Vl1tL ;j'B11EJ.:!1'Un1)(;1)1~UU L 'UVIU1EJ~1'U1'U LFI fail!Jie:i~1eia1~ 1 iia~~l'l) (CFU/ ml) 

111flNt11n fl.2 m'l1Lfl'i1::\1m2.11waafiLLn::'l1 (Yeast and Mold) (;111J15'l.tei.:i AOAC, 2000 
<QCI ~ ( 

1. 1fin111LFl)1tVI 

i.1 litJL tJ(;l1111'111a::mvi1e:ia1.:im2.11(;11 1 iia~~m 1'1i. 'UV1ae:i11V111aei.:i~ 
" 

u11~'111a::a1vu'WL'Wei{LtltJL(;l'IJ 9 iia~~(;l) L'l.ta11~L1i'1n'U~1mF1~ei.:i~'U~'1lJ (Vortex mixer) ~::: 

1~'111a::a1EJi1eia1.:i~L~e:i~1.:i 1: 10 'Vl~ei 10-
1 

1.2 1mJLtl(;li;i~'111a::mff'11n'li'e:i 1. tl~2.111'1) 1 iia~~(;l1 L'1L'U'VlnB~'Vl~ati.:i~ 
" 

U1)~'111a:::a1vu'WL'Wei{L tltl1'1'U 9 iia~~m L'l.ta11 ~L'ii1n'U~1mF1~eM~'U~'1lJ (Vortex mixer) 
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1.3 1 mJL U\;l~l'la1-satri1vi;i'1e>eJ1.:i~-st~'UF11111L~e>'11.:ii;i1.:i '1 a.:i1 uv1tJL w1~ 
" cil ~ J 4c:il II II Ciro QQ 0 I J s cl 

L 'ttv'VIL 'VIV1V11'SLrltl.:JL 'ttv PDA L W'U'SvVLLa1'11tlrlt 0.1 11ririai;i-s '1'S.:J{;)1LL Vl'IJ.:Jfla1.:Jv1l.IL'1tl.:JL'l!v '11.:J 

1 t1LL!Jirit-st~'UF11111L~v'11.:i'1tvi1 3 '11t1 Ll'lm~11'11mt~'UF11111L 'ii11"1i't1~1~1'1 

1.4 ~11LL vi.:iLLn1-stli;i'1LLe>rt (spreader) Lt1LLe>anmrn~L"li'11"li'u~e>t1a~ 95 1tlL~1 . ,, 
1 ~ "' .1' 1" " 0 .J .ft.,~ YlvtlLLVrtnmrna ~ Vl11Vl1ll'I LLaturte>tl VI spreader LV'IJ t11 spreader LflrttJL 'l!v Vl'Vl1'11'1Jv1'1JL Yi1~ 

24 - 48 ~1111.:i 

2. fl1'S{;)'S1v1!'U Ll"l LrtiiLLatm-s-s1t1.:i1ui:Jri 

"1'1.:iv1nu11'11t1L vntL ~vl"l'SU{;)111ri1"1t1l'IL1mLL"1 {;)'S1v1!'Uli!1'U1'U LR 'i:aiiuw 

A' .J ... 0 'j 'j ... I I 'j 'j cl I 0 'j 'j .. .J ~ 
v1tlL Yi1tL 'tt8'Vl11'11tl1tl LFI ~mJeJtl'S~'\-111.:J 30-300 ~Fl ~atl Vl1Fl1v1'1J1tl ~'"' Lri'IJLu'1V'11fl'Vl.:J'1€Mv1'U ,, 

: 
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ll1fl~'IJ10 .:J 
_. 

n11tlnc'11 n a ln n11L tJ~ vu u. tJa ~ n1'if v v n~ L 1\J'IJU.a :a11M' 1'1Jv'IJ3.ta iht ca: l 'Ui.i ~ L ;j v L 'VI f'1 
• 'II 

II 

V\.JU.VI~ 
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g ., ti'"' ti .. ... " ... 1 ... " 1 1"1n~1e>1J1".i1n1".iL amrn a.:i ml!:!e>e>n'llLlil'ULLa~r:11".i1J11'U8'4l,Jae>r:1".it m.1tL "l.lm 'VlfilffiJLL vrunt:J 'U 

U".i".ili!Jlru~i;l1vr:111m".i First-order kinetic reaction rate 1111vifi non-linear regression Ll'ICJ 
' 

m111LL1i'Utl1"Uei.:ir:11.1m".ittJm".ivi1t11vi!t1 liltL<U'rh Root Mean Square of Error (RMSE) ~.:iLU'U 
~'ttUL~auanfl111.1u.1J1nvi1.:i".itwh.:irhvtli;lli11nm".i'Vl11taa.:i LLatrhvtli;llil1nm".ivi1t11CJ 1111t:J RMSE 

"lleM ~alil1n1".i'Vll'lae>.:i (empirical data) LLat~a:il1nm".itl".it1.J1ru 1111v LL uu'11a e:i.:i'Vl1.:iF1ru1J1f111r:1i;ii 

(predicted data) u.at~avtli;lli11nm".i'Vl11tae:i.:i (empirical data) (Brand et al., 1995) '11111".i" 

ri1t11ru hi'lil1nr:11.1m".i ( 1) 

RMSE= iL~:J.(exp)'-(predict)']2 (.:i.1) 

.. 0 " 

urn n = lil1tJ1tJ"rrn.:i"UB1.Jrt 
'II 

lnnFi1 RMSE ~1ffl1 2 u.r:1111.:i1~'Vl".i1U11FiTITTi;lli11nnT1tl".it1.J1ruL11tmLuu:ij1r1ti.:i'Vl1.:i 

F1rui;irai1r:1i;iii!uijF11111tl1L ~a~a (Yang and Chinna. 1988) 

1. n1".i L tl~VULL tJgi~rhiumm-iL;iu111a t U'U".i".i~nru'li'iiiJ;i1u1u (Oxygen absorbing sachet: 

OAS) 3 ".i::.iu 

li11n111"Wvl .:i.1 -wu11B'i;i".i1m".iLtl~v'ULLtla.:iF11111L'll11'1lt1"UB.:iaan~L\l'U (n1~111aan~Llil'U) L'U 

U".i".ilil.fi'ru~i1t1LL tl".i~'U 1111vi;i".i.:inu'11t11'U OAS m".iL tl~CJ'ULL tla.:im111L '1111'1lt1"Ua-:in1'llmin~h lil'U L 'U 
' 

U".i".ili1.fi'ru~r:11111".irivi1t11CJ li;l~i;l1CJ?11.Jn1".iB'U~uvl 1 (First-order reaction) Ll'ICJ r11F1.:ivle11n".i1"l.leN 
' 

tl~n~v1 (k) iirhLvhnu 0.20, 0.33, u.at0.60 h-
1 1J111.JGf1~u (RMSEs atj".itvr11-:i 0.12-1.58) ~.:ifl 

I I II I 

rl1 RMSEs ,\'1n-)1 2 LL'111t.:ii1ri1Vi·tht111ru1111vr:llln1".iiJuflF1111.JU1L~Cl~8 (Yang and Chinna. 

1988) ~am".iPlmnd r:IBl'lfl"'ei.:inu~am".ii~v"l.lm Charles et al., (2003) vi".i1vnui1e11J1".i1n1".i 

L tl~f.IULL tla.:in1'i1aan~Llil'U.f11f.I t u".:i-wa1r:1~nvlu".i".ilil l.Jt L ~m YJP1?1111 LLat OAS vliitl1vriJn o, 2.55 
' ' 

LLat 4.80 n-r" (Lnuvl 23 °c) u.tl".i~U1J1".i-:inutl1vri!n OAS L~ei~lil1".iru1flTr1vi -:i.1 wu11".it~u 
m1m'llll'llu"l.la-:in1'ileian;iLlil'U 111vvr~.:i 24 -6'11ll.:i1 u'Vln~.:iY1111aa-:ililt l1iiim1l.JLL1J1nvi1.:inue:i~1.:i 

' 
i111Llil'U (p<0.05) ~.:i~am".iPin'li1~·rnci11u.r:1111.:i1~'Vl".i1U11 '11u1u'llei.:i OAS 11iii~aei~1.:iii'\Jmi1~qi 

vimt~'UFl111.JL 'ri'11'1lu'!Jei-:iaan~Llil'U L 'Ur:lil11tfl.:ivi (quasi-steady state concentration) ~.:ii!u n1".i 

1-U OAS '11u1u 1 'llv.:i ~.:iiifl111.Jr:11m".im YlEJ-:iv.ei'11vr-rum".in1~111n1'lleian~Llil'U 1 uu-s·H.nmraiu-s-slil 
' 

Ji'ru~ LLat-U'vl.lrt~-:inci11r:11l.!1-sri'li1va111r111.g'~1v1 ~nu~tl-st ne:ium-s L w-s1t hi:ij1 L iJu~ ei-:ia-:iwu 
'II 'II ' 

'U".i".ilil OAS '11'U1'U 2-3 'ilv.:i LLIJlL~~m11ivi1-:inum".i'U".i".i:VLWV-:J 1 'llel-3 
' ' 
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• 1 'llfl~ 

• 2 'llfl~ 

... 3 'llfl~ 

••••••• TI1\41U 3 'llfl~ 

36 48 

"" • •"" ti ., ., .,, - 'I. ... ll1'W\'I .:i.1 n1'RuiUJ'ULL il.:!fl'l11JL'tl1J'tl'U'!JB.:ln1'lfvem'lfL'1'Ull1EJ L'U'J.:I met. PET "ll.:!'U~~'l OAS 

0 " ., "" - 0 • "" ... • "" ~ '11'U1'U 1, 2 LLil: 3 "lfv.:i Ln'U~n'l~1\'lilN'Vlll1J 40 c Fl1\'ILLitfl.:!FlvFl1LQi'IEJ (3 'lf1) LLa: . " 
., ... • ""ti ,. 1st d ki . . d l Lit'Uflvfl1\'I ~:1J1w LflEl or er net1c reaction mo e 

'11nm'Vi~ .:i.2 'Wu11eY1wn nTH tl~~ruLL tla.:iFr:rnJL <V'l.l<V'u•tHNn1'1!e:ie:in~L v'U (m1fi1..ij~oon~L 'l'U) 

L 'Uu11'1.ti'ru'fi~.:iu11'1 OAS 1 'l!e:i.:i ,j'ULL ·1.h~'U1J11.:inuoruvr.nm~v~oruvr.nn 40° c '1:::l1eJ'1J1·nm1 , , , ,, , " 
"~'1-:i"lJCJ.:JeJCJn~L'l'U~L ~1f1l1 30 LL"::: 10 ° c IJ11lJ~1~U ua:::m1L tl~EJ'IJLL tl".:ifl11lJL .V11.rr'U"lJO.:in1'1! 

oon~L'1'UL'Uu11~.nru'1a11111t:ivi1'U1v M~~1v al.lm1au~u~ 1 f11R.:i~eY1J111"llo.:itl~n:Svi (k) "Uo.:i 
q I I 'LI -5 -5 -5 -1 O V I I .:J 

'1lJf111lJfl1LYl1f1U 3.5x10 , 5x10 LLm~ 9x10 h 1'11lJ"1~U RMSE CJEJ1:::'Vl11.:i 0.01-1.39 '11.:J 
v 

UeJEJf1l1 2 ~.:iua~.:il11"htl1:::111ru~.:ina11'11L~v~fl (Rooney. 1995) ~.mm11..ijvdao~R"1eNrlU 

.:i1'Ui~EJ"lJo.:i Charles et al., (2006) 'Viui1e:iru'Vl.nn~i:.iavie:im1"~".:i"lrn.:ioe:in~Lv'U 1~v~eiruvr.nna.:i , ,, , ,, \I 

(35° C) e:ie:in~Lv'U'l:::a~".:i 1~L ~1n11~eHU'Vl.nij~1fio 25 LLa::: 15° c 1"11'111t11:::~'Ylg"lJo.:ia11m1l1Fh , v 

I V -3 -3 -4 -1 O ... 

L'Y11f1U 3.130xl0 , 2.550xl0 LL"::: 2.260xl0 h 1'11lJi'l1~U 
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25 

20 
~ 
~ 
!;: 15 IP 
c .., 
·! 10 ~~ 
~ 

• 10C 

• 30C .... 
r 

"" 5 A 40C 

0 

0 36 48 

111'W~ ~.2 m·ntl~!J'L1Utla~fl111JL.U1J.U'U'tli>~016lli>e>n~L'1'Llll1VL'Uq~ met. PET ~~'U"f:i'! OAS 
0 ... d &I d Q 0 I d 4 I d ( " ) 

'11'U1'LI 1 L1Ji)Ln'lJ'an'l~1'tlflW'MlJ1l 10, 30 ua:: 40 c fl1't1Ui1i;)~fli)f11Ltli'IV 3 6ll1 

La'Ufli>Ph;ft1~::1J1Wlfla 1st order kinetic reaction model 

LL'U'U Arrhenius Relationship 1i;ivijfi1w"'·N1'lJff'rni;i'u (Energy of Activation) Lv11nu 

19 ,404.88 J/mol 1i;iEJl"11'U1ru~1n 

k =Ar x exp(-&/ RT) (\1.2) 

hw k ~eJl"'i1Pl\l~tl~n~v1 (Reaction constant) (h-
1
), Ar ~eJl"'i1Pl\l~'!JeJ\I Arrhenius (h-

1
), 

Ea ~eJw"'.:i.:i1'UrieJnl.nTui;l (Activation Energy; J·mol-
1
), R ~eJl"'i1ri.:i~'!JeJ\ILLna~i;mri~ (Gas 

-1 -1 "" .. ., ' 
constant; 8.314 J·mol ·K ) LL"1t T fleJeJru'Vl.n11m.1u1ru (Absolute temperature , K) 

• \I \I 

fl111l~ii..;''U5LL'U'U Arrhenius relationship LLai;i.:ifi.:ifl1111~11W'UG1t'Vl11.:ie)m1m1Ltl~t1'ULLtlM 

LL'1teJruV111lj 1i;im)twn~tL~11'1\l~'ULL'U'U Exponential L~eJeJW'VllliJL~ii~'U Charles et al., (2006) , ,, " , " 

1'U.n1'W~ \1.3 'W'Ui1mmruYl'UeJ~f1~\l'Vll.JVl t 'U~1eJV1\lfl1'Ufll.JLL'1t~1eJV1\IVIV1'1eJ'liiLL 'U1 L Ul.JL~1J • 
'1\l~'Ul'U•tb.:i 24 'li'1111\ILL)f1 LL'1tiiLL'U1LU1Jfl\1~(;1"1eJi;JeJ1tJf11)LflU-rn~1 (72 .a-1111.:i) n11Ltl~tJ'ULLtla.:i 
\I • 
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~-:iPim~nnTHnu'f m~mm l,j'1;mmr1L ua~~~1'Um'HJ'ULL ~-:inu11ml.J1ru'3!1-s L 'rl~Yltmm1::1"1-:1Yit 'U-d1-:i 2 
" 

L~8'ULL -sn vra-:i"i11mrmfil.J1W'311'SL 'W~~'U8rt"il ::rii;irt-:i"il'Um::..t-:ifi-:iL~8'U~ 6 LLrt::'1dh.J'il.J1Wfl-:!~ 

"il'Utl.:J L~8tiv110 an~ru::m'SL tJ~EJ'U'S::~'U~'UeJ iln'~-:!Vll.Jfl"lleMl.J:: L ~m 'VlPleJ'ULL ~.:J ( -nt1i"5'EJtl) 

LLf'I:: L \Jel~el'U LL ~-:i v1~1.:i fl'UeJ1"ilLflfl'11nfl11l.J LLi;ini;h:r~::-vd1-:i~il(;JJl ru'ti LL~ ~f'lf11 '.i Pi n~1 L vr'11i1'U LL'31 fl-:! 

1 ~'Vl-s1u11-s:: ~u~'Ueiiln 1mm1ij'auLL ~-:i 1JJ1~nfl'1-:il1'Uii~'U 1i;i1nvvra-:im'.i-.11 LL ~-:i Lrn::/vr1ei m'.i 

'U'.i'.i"il • 
-:i1'Ui"5'v"Uei-:i Serrano et al., (2010) ~.:iPin~1m-sLnui'n~1'3f(;leJL\J8~~i;i'3fi;iv1muvr11fl~1 (4°C) . " 

1i;iv 1.U-s::uuu'.i'.iEJ1m111~i;i LL tJ'.i (Modified Atmosphere) 'rlu11mmwnw1YJ'Ueiiln'1tL ~l.1'31-:1'31"1 Ldei " . 
L1"'1~1'U1tJ 9-11 1'U ll1EJL~U'.i'.iEJ1n1Pl 02 2.5 % (v/v) LL'1::ml.J1Wn'Sfl~'UeJan'1tL~l.Jrtflrt.:JLdei 

L 1'11~1'U 1 ti m'.i L ~11~'U~ei-:im ~~'Ueia ni!'UL tl'U~rtl.J1'11n m,,LeJ'1'11~n~.:iwueiv'1 'Um~YJueian'1::fl 
" 

tJ~111wL~11(m~a-:i"il1n Hexahydroxydiphenic acid (HHDP) ~ntlrii;itJ'1avm>m.n"i11n 
Ellagitannins LL'11LtJ~emitJltJLtl'Um~L8rtn1~n mh-:ibni;i1l.J Serrano et al., (2008) -s1v.:i1'U11 

tJ~m w~uei~ n~-:i'H11~~ml.J:: L ~m 'VIPl~~"'i;i 11Jijm'.iL tJ~ EJ'ULL tlri-:i 1 u'.i::vr11.:i Lnu'f n~1v1e:iruvr.nfl~ 1 . " 
(eiruvrnfl 4°C LU'UL1r11 21 i'u) . " 

140 

"§ 120 -"' .§ -"" 100 8 

~ 80 
"" 

.f 
DControl 

60 
•Sachet 

i 
40 

20 
~ 

a 
0 3 6 24 28 48 52 72 

L1t11 (.f>Uw) 



.. 

.. 

108 

'lid ti ... .. ... 4. m1L at11JLL a.:imm1111'Ua.:ia1-af111Ja'4\jiilva-a:: 

~1nf11n~ .:i.4 nu11m1L tl~V'ULL tla.:in~m1im11 L tl'Ua11~1'Uv'\Jl.laaawifo u11 ul.l~ri'11vnu . " 
m-sL tl~vuu tla.:iml.l1rua1'ivh.iv~ n~.:i'Vl11{;1 L{;JV'1::L ~l.J~.:i~'U 1 mb.:i 24 i11l.l.:iLL -sn LLa::iiLL u11 i!11 

F1.:i~ua::a{;la-3fl1Vl1'1.:i~1nnTnnu~mY1Lll'Una1 52 i11l.l.:i L\;lV~~1mh.:i'VJ{;lav.:i <ii OAS 1 'i!v.:i) 

~::iilJ~mru~.:i~~{;l ~.:i'11n.:i1'Ui"5'v'Ut1.:i Michalczyk et al., (2008) Y1u11rh 2,2-diphenyl-1-

picrylhydrazyl (DPPH) 'Uv.:i~~1J1.Ji'ru9iL'Uv~eiuu,.;'.:i '1:: iitl~l.11WR.:immb.:i 2 L~vmL-sn LLa:: 

'11nJ'U~::iilJ~l.11WL ~l.l~'U~'U m::~.:ifi.:iL~v'U~ 1 o 'Uv.:im'iLnu~m~n Michalczyk nri1111m1 

Ltl~vuutla.:i~1 DPPH ~l.Jli'Udnurh Phenolic LLa:: Anthocyanins ~.:i'11f"11 Phenolic i.1~v 

Anthocyanins a{;la.:i'1::vi1l,.;'ri1 DPPH a{;la-3 

.:i1'Ui"5'v'Ut1.:i Serrano et al., (2010) nu11n~m'i11m1Lllua11~1'Ut1'\Jl.laaa1:: (DPPH . " 
assay) l'U~~1J1.Ji'w9i"11J1VLtJv~~t'l'1V1~.:i~Ln'U~n~1~1v'U'i'iV1n1fil~{;JLLV'i (02 2.5 % (v/v) + C02 

7% (v/v)) ua::mmfi!lJn~ iiu'U1Lul.Ja(;la.:i~um::~.:i5.:i1u~ 4 'Uv.:im1Lnu~n~1 'Vl~.:i'11n'1uri1ffi~ 

40 

35 

£ 30 
0.. 
0.. 25 0 
tlO 

l 20 
-2!! 15 OControl 
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11'1 •Sachet !:! 10 
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111111 (~tlN) 

d • •"" • I I ... ., " ... d .. "I d fl1'W'VI .:i.4 n11Luiilll1JLLuiNfl1 DPPH 'tlv.:i~alJlflW9111::L'UVL'Vlf'IL'tla'Sv'ULLWI L'Uq.:i met. PET VI 

jj OAS 1 'lfiN Cit.11) ua::liiii OAS (at111) (Control) w 40°C 

(v/v) fl1V L 'U 24 'li'11l.l.:i LLa::m-sL tl~V'ULL tla.:im1:uL'li:u'!iu'Uei.:in1'i!mrniBL'1'U L 'Uu11v1mP1u11~Ji'w'1 
a1:uTrn'Vi1u1v l~~hw 1 "lla:um1\Jijn~v1el''Ui;lu~ 1 mh.:i l 1n1J1111 ~a'Uei.:i11J1~~'Um.miBL'1'1JIJivel'1J111 



109 

m·n ti~ V'lJm111a1111·rn~1'lJa'lJ11" ~a'j::: L 'lJ~~IJl.ti' ru"li 11::: L ;im 'Vlfi!L 'tla~ au LL ~-:i (Vl'U a~ n~-:i'VflJi;J LL"::: . " 
nvfl'j'jlJfl1'j L tl'lJa1'j\Jl1'Uamrn~a'j:::) 111v L 'lJ'j:::v::: L 1"1fl1'jLnu~n~n 72 41111-:it!'lJtl.l-tti;i Lvmlla . " 
ti

.. .. ., ~ .J ~ tl..J ti .. .. ., 1 
L 'jeJ\JL 'V1V'Ufl'U'1.:J'Vli;J"8.:Jfil1'Ufil11 ~.:J81vL1J'lJ~"v1fln1'jL "V'lJLL ".:J'V11.:J'tl1Lfil11'j:::i;J'U 1m1~"'!Jf).:J 

~" hl111v"Ha-:iv1nm'jvi1LL ~-:i ~-:if11'j 1~fom'j;lmfli;ia 1 ti 

.. 
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ll1fl~'Ll1n " ~am".i1Lfl".i1::,.;fl113JLLU".i\h11J CANOVA) LLfl::fl11lJLL\Jln~h.:ari1m~EJfl'U.I 

Duncan's Multiple Range Test 

111 

hill1f'1~1J'Jn "l~".i1\J".i'JlJ~'1f11".i1Lf'1".i1::~f'1'J11JLLU".ithTU (ANOVA) u"'::Fl'J11JLL(;ln~h~ 

rl1LO~V~'JEJ Duncan's Multiple Range Test vt1.~"1nm".iPin~1fJO.lil1W~1'lJl'i1~'16!J8~1J::L~m'Vll31 
.J II, I d &I II oClt. Q Q.I I I.I 

L"!l'eJ".i'e)\J LL lH L U".i:::Vl'J1~n1".i Lnu-sm~nl'l'JV".i::U\Jf11".i\J".i".i" u"'::'elru\11l1Jf11".iLnU".in'IY11il1~ 8'l l'l'JV • , cu I 

L tl".iLLml.1'1~~ SPSS 

L 'lJlil1".i1~1LFl".i1::~fl'J11J LL U".iU".i'JU (AN OVA) wu11fl~1v'elvit m 'lJf11".i1 Lf'1".i1t~LL'1t".i1V~1'1.J 

r.rn tl-s::nm.1~1v pack, tern U'1t day ;~,.,mvfi~u":5'V".itUUf11".iU".i".i~ (Packaging) fl0.IVl1Jil 

(Temperature) u"':: -s:::v::n"'1m".iLnui'n~1 (Storage day) i;i11J~1~u 

L'Ulil1".i1~f11".iiLfl".i1::\.ffl'J11JLLlilnl'i1~fl1Lo~v~1v Duncan's Multiple Range Test 1~ 

LmvrnYivul"l1Lo~v"lle>~~~'Vll'lm1~ (Treatments ~1ve>fie> trt) Ll'IV~~'Vll'l"'e>~vlPin~1fl~~V11Jl'I 40 

i~'Vll'l"'e>~ ;~Lnl'l"1nm".i".i'J1Jnu (Combinations) ".i::~u"lle>~u"-;ij'vl'i1~1 vl'111J1".if:l'1~tlLlJ'lJi;i1".i1~1~ 

\Jl1".i1\lif '1.1 il1U'M1J1t1Lfl't!~\l't1'1flv\I (trt) ff'lmunT'S1Lfl'n::,_;fl11lJLL\Jlnlfi1.:afi1LO~Elfl1EJ 

Duncan's Multiple Range Test 

pack tern day 
trt 

AIR OAB C02 VAC 10 30 30 60 90 120 150 

1 ~ ~ ~ 
2 ~ ~ ~ 
3 ~ ~ ~ 
4 ~ ~ ~ 
5 ~ ~ ~ 
6 ~ ~ ~ 
7 ~ ~ ~ 
8 ~ ~ ~ 
9 ~ ~ ~ 
10 ~ ~ ~ 
11 ~ ~ ~ 
12 ~ ~ ~ 
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d al ~ ck~ .,. ' ' t d II 
\111'a1-ll'VI 1\1.1 i'll\llU11VLfl'tln-ll'Vlflfli).:j (trt) 'VIL 'U L'Ll01'a1Lfl"a1::'Ylfl113.ILL\11n!Jl1-llfl1L1U'1Vft1V 

Duncan's Multiple Range Test (~i>) 

pack tern day 
trt 

AIR OAB C02 VAC 10 30 30 60 90 120 150 

13 '1 '1 '1 
14 '1 '1 '1 
15 '1 '1 '1 
16 '1 '1 '1 
17 '1 '1 '1 
18 '1 '1 '1 
19 '1 '1 '1 
20 '1 '1 '1 
21 '1 '1 '1 
22 '1 '1 '1 
23 '1 '1 '1 
2'!. '1 '1 '1 
25 '1 '1 '1 
26 '1 '1 '1 
27 '1 '1 '1 
28 '1 '1 '1 
29 '1 '1 '1 
30 '1 '1 '1 
31 '1 '1 '1 
32 '1 '1 '1 
33 '1 '1 '1 
34 '1 '1 '1 
35 '1 '1 '1 
36 '1 '1 '1 

·. 37 '1 '1 '1 
38 '1 '1 '1 
39 '1 '1 '1 
40 '1 '1 '1 
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Type Ill Sum of Mean 
Source df F Sig. 

Squares Square 

Corrected Model 13323.17l 31 429.780 10.020 0.000 

Intercept 2216540.818 1 2216540.818 51680.000 0.000 

pack 1230.992 3 410.331 9.567 0.000 

tern 1537.305 1 1537.305 35.841 0.000 

day 7890.226 4 1972.557 45.989 0.000 

pack* tern 244.924 3 81.641 1.903 0.129 

pack* day 653.610 8 81.701 1.905 0.060 

tern* day 1120.077 4 280.019 6.528 0.000 

pack * tern * day 237.952 8 29.744 0.693 0.697 

Error 10980.392 256 42.892 

Total 2707654.168 288 

Corrected Total 24303.570 287 

a. R Squared = .548 (Adjusted R Squared = .493) 
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"' Q ~ I I "' .t II , 
0 

i;i1~1.:iV1 ;i.3 ~a0111Lfl~1Z'Ylfl111JLLi;ini;i1.:iA1maa11t1.:ifl111J11'Ufl1V Duncan s Multiple 

Range Test 

I Subset 
trt N 

1 2 3 4 5 6 7 8 9 10 11 12 

30 9 78.31 

35 9 79.05 

40 9 82.90 82.90 

15 9 88.09 88.09 

29 9 89.96 89.96 

34 9 92.21 92.21 92.21 

14 9 92.54 92.54 92.54 

10 9 93.05 93.05 93.05 

27 9 94.12 94.12 94.12 94.12 

13 9 94.43 94.43 94.43 94.43 94.43 

28 9 94.97 94.97 94.97 94.97 94.97 94.97 

9 9 96.09 96.09 96.09 96.09 96.09 96.09 

32 9 97.36 97.36 97.36 97.36 97.36 97.36 

8 9 97.58 97.58 97.58 97.58 97.58 97.58 97.58 

26 9 97.91 97.91 97.91 97.91 97.91 97.91 97.91 

37 9 97.98 97.98 97.98 97.98 97.98 97.98 97.98 

: 
21 9 97.99 97.99 97.99 97.99 97.99 97.99 97.99 

20 9 98.11 98.11 98.11 98.11 98.11 98.11 98.11 

38 9 98.40 98.40 98.40 98.40 98.40 98.40 98.40 

33 9 98.90 98.90 98.90 98.90 98.90 98.90 98.90 98.90 

7 9 98.93 98.93 98.93 98.93 98.93 98.93 98.93 98.93 

39 9 99.19 99.19 99.19 99.19 99.19 99.19 99.19 99.19 

1 9 100.68 100.68 100.68 100.68 100.68 100.68 100.68 

36 9 101.75 101.75 101.75 101.75 101.75 101.75 

31 9 102.08 102.08 102.08 102.08 102.08 

12 9 102.21 102.21 102.21 102.21 102.21 

19 9 102.39 102.39 102.39 102.39 102.39 

16 9 103.24 103.24 103.24 103.24 

18 9 103.41 103.41 103.41 103.41 

17 9 104.04 104.04 104.04 

6 9 104.98 104.98 

•. 
11 9 

105.96 

Sig. 0.162 0.094 0.057 0.093 0.069 0.087 0.054 0.052 0.057 0.084 0.054 0.061 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

The error term is Mean Square(Error) = 42.892. 
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Type Ill Sum of Mean 
Source df F Sig. 

Squares Square 

Corrected Model 21.55t 31 0.695 97.304 0.000 

Intercept 24.331 1 24.331 3405.000 0.000 

pack 0.049 3 0.016 2.300 0.078 

tern 3.675 1 3.675 514.253 0.000 

day 7.935 4 1.984 277.565 0.000 

pack* tern 0.002 3 0.001 0.115 0.951 

pack* day 0.280 8 0.035 4.900 0.000 

tern* day 8.258 4 2.064 288.880 0.000 

pack * tern * day 0.362 8 0.045 6.335 0.000 

Error 1.830 256 0.007 

Total 52.412 288 

Corrected Total 23.386 287 

a. R Squared = .922 (Adjusted R Squared = .912) 

•. 
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..,, ... " . . "" ., ~ : ., ., 
IJl1~1~'VI ~.5 ~~n1~1Lfl~1:Vlfl113.ILLAnA1~fl1UUW'tlv•nmrn:n1~~tyLritl1J1V11Jn~'UJ 

Duncan's Multiple Range test 

Subset 
trt N 

1 2 3 4 5 6 7 8 9 10 11 

9 9 0.13 

10 9 0.15 0.15 

14 9 0.16 0.16 0.16 

27 9 0.16 0.16 0.16 0.16 

28 9 0.17 0.17 0.17 0.17 0.17 

11 9 0.17 0.17 0.17 0.17 0.17 

1 9 0.17 0.17 0.17 0.17 0.17 

6 9 0.18 0.18 0.18 0.18 0.18 

19 9 0.19 0.19 0.19 0.19 0.19 0.19 

12 9 0.19 0.19 0.19 0.19 0.19 0.19 

16 9 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

13 9 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

7 9 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

15 9 0.21 0.21 0.21 0.21 0.21 0.21 0.21 

17 9 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
; 

20 9 0.23 023 0.23 0.23 0.23 0.23 0.23 

32 9 0.23 0.23 0.23 0.23 0.23 0.23 

21 9 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

33 9 ' 0.25 0.25 0.25 0.25 0.25 0.25 

36 9 0.25 0.25 0.25 0.25 0.25 0.25 

18 9 0.25 0.25 0.25 0.25 0.25 0.25 

8 9 0.26 0.26 0.26 0.26 0.26 0.26 

37 9 0.26 0.26 0.26 0.26 0.26 

26 9 0.26 0.26 0.26 0.26 

34 9 0.28 0.28 0.28 

31 9 0.29 0.29 

39 9 0.33 

38 9 0.34 

\. 29 9 0.55 

30 9 1.07 

40 9 1.15 

35 9 1.18 

Sig. 0.050 0.052 0.052 0.052 0.058 0.064 0.060 0.059 1.000 1.000 0.497 

Means for groups in homogeneous subsets are displayed. 

Based on obseNed means. The error term is Mean Square(Error) = .007 
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Source 
Type Ill Sum 

df 
of Squares 

Mean Square F Sig. 

Corrected Model 35.768a 31 1.154 27.827 0.000 

Intercept 584.659 1 584.659 14100.000 0.000 

pack 0.202 3 0.067 1.621 0.183 

tern 1.280 1 1.280 30.882 0.000 

day 28.332 4 7.083 170.827 0.000 

pack* tern 0.042 3 0.014 0.337 0.798 

pack* day 0.979 8 0.122 2.951 0.003 

tern* day 1.380 4 0.345 8.321 0.000 

pack * tern * day 0.511 8 0.064 1.540 0.140 

Error 22.556 544 0.041 

Total 753.525 576 
. 

Corrected Total 58.324 575 

a. R Squared = .613 (Adjusted R Squared = .591) 



~1'1 Duncan's Multiple range test 

Subset 

trt N 

I 2 3 4 5 6 1 8 9 10 

I 18 0.78 

6 18 0.80 

31 18 0.80 0.80 

II 18 0.80 0.80 

36 18 0.85 0.85 

16 18 0.86 0.86 

21 18 0.86 0.86 0.86 

18 18 0.88 0.88 0.88 

8 18 0.89 0.89 0.89 

37 18 0.92 0.92 0.92 0.92 

26 18 0.93 0.93 0.93 0.93 0.93 

13 18 0.96 0.96 0.96 0.96 0.96 

17 18 l.02 l.02 l.02 1.02 l.02 

28 18 t.()4 1.04 1.04 l.04 

1 18 l.05 l.05 1.05 l.05 

32 18 l.06 1.06 l.06 l.06 

33 18 l.08 l.08 l.08 t.08 

27 18 l.08 1.08 l.08 1.08 

38 18 1.09 1.09 1.09 l.09 

12 18 I.II l.11 1.11 1.11 I.II 

19 18 1.13 1.13 1.13 l.13 

14 18 1.15 1.15 1.15 1.15 

29 18 1.17 1.17 1.17 1.17 

9 18 l.23 l.23 1.23 

34 18 124 l.24 

10 18 1.25 

39 18 

20 18 

15 18 

30 18 

40 18 

35 18 

~- 0.062 0.056 0.050 0.090 0.059 0.070 O.Q71 0.067 0.052 0.069 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

The error term is Mean Square(Error) = .041. 
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ti 12 13 14 15 

1.17 

123 

124 

1.25 

l.31 1.31 

1.41 t.41 

1.49 l.49 

156 

1.63 1.63 

1.73 

0.053 0.154 0.208 0.061 0.135 
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Type Ill Sum Mean 
Source df F Sig. 

of Squares Square 

Corrected Model 1042.708a 31 33.636 9.489 0.000 

Intercept 183666.675 1 183666.675 51810.000 0.000 

pack 124.861 3 41.620 11.741 0.000 

tern 404.981 1 404.981 114.248 0.000 

day 277.398 4 69.349 19.564 0.000 

pack* tern 68.291 3 22.764 6.422 0.000 

pack* day 198.476 8 24.809 6.999 0.000 

tern* day 14.266 4 3.566 1.006 0.404 

pack * tern * day 42.913 8 5.364 1.513 0.149 

Error 1907.069 538 3.545 

Total 244104.230 570 

Corrected Total 2949.777 569 

a. R Squared = .353 (Adjusted R Squared = .316) 



: 

·. 

~1n~~ lil.9 ~um111Lfl11::\1fl1111u.~n~1~fi1Lw~V'!le>~fl1111a11~ (fi1 L*) ~1£1 Duncan's 

Multiple Range Test 

Subset 

trt N 
1 2 3 4 5 6 7 8 9 10 11 

34 18 17.70 

30 18 18.07 18.07 

21 12 18.10 18.10 

33 18 19.12 19.12 

38 18 19.31 19.31 19.31 

39 18 19.34 19.34 19.34 

28 18 19.65 19.65 19.65 

27 18 19.75 19.75 19.75 

29 18 19.76 19.76 19.76 

32 18 19.84 19.84 19.84 

13 18 19.92 19.92 19.92 

40 18 20.06 20.06 20.06 20.06 

35 18 20.08 20.08 20.08 20.08 

10 18 20.13 20.13 20.13 20.13 

14 18 20.33 20.33 20.33 20.33 20.33 

37 18 20.42 20.42 20.42 20.42 20.42 

17 18 20.59 20.59 20.59 20.59 20.59 20.59 

31 18 20.64 20.64 20.64 20.64 20.64 20.64 

19 18 20.79 20.79 20.79 20.79 20.79 20.79 

20 18 20.83 20.83 20.83 20.83 20.83 20.83 

12 18 21.04 21.04 21.04 21.04 21.04 

18 18 21.12 21.12 21.12 21.12 21.12 

26 18 21.17 21.17 21.17 21.17 21.17 

1 18 21.50 21.50 21.50 21.50 21.50 

8 18 21.56 21.56 21.56 21.56 21.56 

16 18 21.76 21.76 21.76 21.76 

7 18 21.83 21.83 21.83 21.83 

36 18 21.83 21.83 21.83 21.83 

9 18 21.98 21.98 21.98 

11 18 22.19 22.19 

15 18 22.79 

6 18 24.22 

Sig. 0.556 O.o75 0.050 0.052 0.052 0.053 0.052 0.072 0.067 0.084 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. The error term is Mean Square(Error) = 3.545. 
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i;i1-s1~vf lil.10 ~an1-s1Lfl"S1::~fl1111LLtl-stlnu (ANOVA) 1Ji)~fl1flLLfl~ (fl1 a*) 

Type Ill Sum of Mean 
Source df F Sig. 

Squares Square 

Corrected Model 3070.103
3 

31 99.036 7.332 0.000 

Intercept 47748.368 1 47748.368 3535.000 0.000 

pack 362.792 3 120.931 8.953 0.000 

tern 761.430 1 761.430 56.374 0.000 

day 1189.941 4 297.485 22.025 0.000 

pack* tern 191.347 3 63.782 4.722 0.003 

pack* day 77.805 8 9.726 0.720 0.674 

tern* day 159.701 4 39.925 2.956 0.020 

pack * tern * day 166.638 8 20.830 1.542 0.140 

Error 7266.611 538 13.507 

Total 72631.682 570 

: Corrected Total 10336.714 569 

a. R Squared = .297 (Adjusted R Squared= .257) 



: 

i;i111.:i~ ;i.11 ~am11Lfl11::~fl1111LLV1n;i1.:if'i1Lo~a'tliNfl1~LLfl.:J (f'i1 a*) ~1'-1 Duncan's 

Multiple Range Test 

Subset 
trt N 

1 2 3 4 5 6 7 8 9 

34 18 5.54 

38 18 7.80 7.80 

39 18 7.90 7.90 

32 18 8.34 8.34 

31 18 8.52 8.52 8.52 

33 18 8.57 8.57 8.57 

27 18 8.80 8.80 8.80 

37 18 8.86 8.86 8.86 

35 18 9.03 9.03 9.03 

29 18 9.05 9.05 9.05 

21 12 9.15 9.15 9.15 

17 18 9.50 9.50 9.50 9.50 

28 18 9.53 9.53 9.53 9.53 

12 18 9.73 9.73 9.73 9.73 9.73 

16 18 9.90 9.90 9.90 9.90 9.90 

19 18 9.91 9.91 9.91 9.91 9.91 

14 18 9.99 9.99 9.99 9.99 9.99 9.99 

18 18 10.03 10.03 10.03 10.03 10.03 10.03 

36 18 10.35 10.35 10.35 10.35 10.35 10.35 

7 18 10.46 10.46 10.46 10.46 10.46 10.46 10.46 

13 18 10.69 10.69 10.69 10.69 10.69 10.69 10.69 

1 18 11.31 11.31 11.31 11.31 11.31 11.31 

30 18 11.37 11.37 11.37 11.37 11.37 

9 18 11.51 11.51 11.51 11.51 11.51 

26 18 11.51 11.51 11.51 11.51 11.51 

40 18 12.25 12.25 12.25 12.25 

11 18 12.40 12.40 12.40 12.40 

20 18 12.55 12.55 12.55 

8 18 12.90 12.90 

6 18 13.36 

15 18 15.85 

10 18 17.42 

Sig. 0.07 0.06 0.05 0.05 0.06 0.06 0.05 0.05 0.21 

Means for groups in homogeneous subsets are displayed. Based 

on observed means. The error term is Mean Square(Error) = 

13.507. 

122 
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~1"a1.:i~ 1il.12 mtm"a1Lfl"a1::-HA1111LL'lh'lh1'U CANOVA) 'tlil.:ifhikviifo.:i (A1 b*) 

Type Ill Sum Mean 
Source df F Sig. 

of Squares Square 

Corrected Model 5047.396a 31 162.819 6.974 0.000 

Intercept 61895.287 1 61895.287 2651.000 0.000 

pack 582.693 3 194.231 8.320 0.000 

tern 809.065 1 809.065 34.656 0.000 

day 2452.784 4 613.196 26.266 0.000 

pack* tern 297.209 3 99.070 4.244 0.006 

pack* day 255.337 8 31.917 1.367 0.208 

tern* day 105.010 4 26.252 1.125 0.344 

pack * tern * day 285.363 8 35.670 1.528 0.144 

Error 12559.806 538 23.345 

Total 97670.306 570 

Corrected Total 17607.202 569 

a. R Squared = .287 (Adjusted R Squared = .246) 
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V11'l1~~ '1.13 ~an1'l~Lfl'l1::l1fl1111u~ni;i1~fi1Ln~f.l'tlv~fi1ikviihN (f\1 b*} ~1f.I Duncan's 

Multiple Range Test 

Subset 
trt N 

1 2 3 4 5 6 7 8 9 

34 18 6.97 

38 18 8.26 8.26 

39 18 8.47 8.47 

37 18 8.71 8.71 

32 18 8.75 8.75 

17 18 9.04 9.04 9.04 

16 18 9.24 9.24 9.24 

27 18 9.66 9.66 9.66 

36 18 10.05 10.05 10.05 10.05 

31 18 10.19 10.19 10.19 10.19 

21 12 10.25 10.25 10.25 10.25 

33 18 10.26 10.26 10.26 10.26 

18 18 10.75 10.75 10.75 10.75 10.75 

12 18 10.79 10.79 10.79 10.79 10.79 

28 18 11.06 11.06 11.06 11.06 11.06 

19 18 11.09 11.09 11.09 11.09 11.09 

29 18 11.46 11.46 11.46 11.46 11.46 11.46 

26 18 11.61 11.61 11.61 11.61 11.61 11.61 

14 18 11.74 11.74 11.74 11.74 11.74 11.74 

1 18 11.89 11.89 11.89 11.89 11.89 11.89 11.89 

7 18 12.14 12.14 12.14 12.14 12.14 12.14 12.14 

35 18 12.14 12.14 12.14 12.14 12.14 12.14 12.14 

13 18 12.78 12.78 12.78 12.78 12.78 12.78 

11 18 13.74 13.74 13.74 13.74 13.74 

30 18 14.18 14.18 14.18 14.18 14.18 

8 18 14.53 14.53 14.53 14.53 14.53 

9 18 14.57 14.57 14.57 14.57 14.57 

6 18 14.87 14.87 14.87 14.87 

20 18 15.09 15.09 15.09 

40 18 15.66 15.66 

10 18 17.57 

15 18 

Sig. 0.054 0.057 0.065 0.066 0.056 0.055 0.067 0.053 0.072 

Means for groups in homogeneous subsets are displayed. Based on 

observed means. The error term is Mean Square(Error) = 23.345. 

10 

21.22 

1.000 
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Type Ill Sum of Mean 
Source df F Sig. 

Squares Square 

Corrected Model 113868.388a 31 3673.174 136.501 0.000 

Intercept 615098.190 1 615098.190 22860.000 0.000 

pack 2669.193 3 889.731 33.064 0.000 

tern 503.965 1 503.965 18.728 0.000 

day 69163.093 4 17290.773 642.552 0.000 

pack* tern 1630.492 3 543.497 20.197 0.000 

pack* day 15498.505 8 1937.313 71.994 0.000 

tern* day 12785.204 4 3196.301 118.779 0.000 

pack * tern * day 11000.143 8 1375.018 51.098 0.000 

Error 6888.843 256 26.910 

Total 901006.467 288 

Corrected Total 120757.231 287 

a. R Squared= .943 (Adjusted R Squared = .936) 



126 

i;J1"31'3~ ~.15 ~an1"31Lfl"31:..1fl1111ui;in9'1-3fi1Ln~a'tlt1'3la LflY4'LJ fl1a Duncan's Multiple 

Range Test 

Subset 
trt N 

1 2 3 4 5 6 7 8 9 10 11 12 13 

10 9 15.61 

15 9 18.52 

30 9 24.60 

20 9 26.62 26.62 

35 9 27.10 27.10 

28 9 29.94 

33 9 35.63 

9 9 35.93 

38 9 36.06 

29 9 41.38 

34 9 44.71 44.71 

8 9 45.16 45.16 

40 9 48.90 48.90 

11 9 48.91 48.91 

39 9 49.47 49.47 

27 9 49.83 49.83 

18 9 51.15 

36 9 52.56 

1 9 58.67 

19 9 59.36 

14 9 60.97 60.97 

37 9 61.08 61.08 

7 9 63.86 63.86 63.86 

32 9 64.96 64.96 

21 9 65.87 65.87 65.87 

13 9 67.13 67.13 

17 9 68.25 68.25 

6 9 71.05 

16 9 77.09 

31 9 79.49 

12 9 79.91 

26 9 105.84 

Sig. 0.234 0.341 0.203 0.870 0.147 0.067 0.197 0.058 0.075 0.113 0.053 0.281 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. The error term is Mean Square(Error) = 26.910. 
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d .., " 0 I • ~ •• I 'i " t ~1~1.:J\11 1il.16 ~flfl1~1Lfl~1~'Vlfl113JLLu~tJ~1u (ANO VA) 'lltl.:ilJ~111Wnft1L1'UvVfl\ll.:J'Vlllfl 

Type Ill Sum Mean 
Source df F Sig. 

of Squares Square 

Corrected Model 57750.267a 31 1862.912 88.558 0.000 

Intercept 1084116.710 1 1084116.710 51540.000 0.000 

pack 1048.156 3 349.385 16.609 0.000 

tern 487.304 1 487.304 23.165 0.000 

day 26556.215 4 6639.054 315.603 0.000 

pack* tern 8262.351 3 2754.117 130.923 0.000 

pack* day 9461.i93 8 1182.649 56.220 0.000 

tern* day 7123.245 4 1780.811 84.655 0.000 

pack * tern * day 8107.635 8 1013.454 48.177 0.000 

Error 5385.241 256 21.036 

Total 1357305.512 288 

Corrected Total 63135.508 287 

a. R Squared = .915 (Adjusted R Squared= .904) 
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~1'a1'1~ ';J.17 ~am-a1Lft'a1::~f\1111LLVI0~1'1fi1Ltl~V'tleN'tleNtn2J1CU~a1t1'LlvV~..r~'Vl11~~1V 
Duncan's Multiple Range Test 

Subset 

bt N 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

11 9 37.18 

15 9 47.02 

28 9 5124 5124 

8 9 52.63 52.63 

39 9 54.38 54.38 54.38 

20 9 54.72 54.72 54.72 

10 9 55.79 55.19 55.79 55.19 

30 9 56.01 56.01 56.01 56.01 

35 9 56.07 56.07 56.07 56.07 

16 9 57.21 57.21 57.21 

38 9 57.53 57.53 57.53 

9 9 58.53 58.53 

36 9 58.72 58.72 

21 9 59.n 

33 9 59.98 

40 9 60.17 

29 9 65.86 

14 9 68.16 68.16 

34 9 71.52 71.52 

18 9 71.82 71.82 

19 9 73.37 73.37 

7 9 74.30 74.30 

1 9 77.43 77.43 

37 9 77.55 77.55 

6 9 
77.92 77.92 

26 9 
80.77 80.77 

13 9 
81.60 81.60 

27 9 
83.41 

12 9 
8832 

17 9 
89.31 

31 9 
89.75 

97.03 
32 9 

Si~. 1.000 0.052 0.054 0.053 0.093 0.092 0.288 0.111 0.247 0.060 0.087 0.253 0.537 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. The error term is Mean Square(Error) = 21.036. 
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Type Ill Sum of Mean 
Source df F Sig. 

Squares Square 

Corrected Model 38037.639
3 

31 1227.021 47.756 0.000 

Intercept 488252.185 1 488252.185 19000.000 0.000 

pack 1754.404 3 584.801 22.761 0.000 

tern 980.555 1 980.555 38.164 0.000 

day 26503.283 4 6625.821 257.880 0.000 

pack* tern 1056.787 3 352.262 13.710 0.000 

pack* day 1546.376 8 193.297 7.523 0.000 

tern* day 1533.486 4 383.371 14.921 0.000 

pack * tern * day 3919.665 8 489.958 19.069 0.000 

Error 13977.223 544 25.693 

Total 638622.732 576 

Corrected Total 52014.861 575 

a. R Squared = .731 (Adjusted R Squared = .716) 
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cl ... f( I I cl aF.! ,.,. II 

j;l1,1~'VI \1.19 ~an1,1Lft,1::~fl1111LLf!n{;l1~fl1LQ~U.l'UrN'Ui>~lJ,111Wn,~LLi>i'lfli>,\Jfl ~1'-1 

Duncan's Multiple Range Test 

Subset 
trt N 

1 2 3 4 5 6 7 8 9 10 11 12 

40 18 11.67 

35 18 11.69 

20 18 13.90 

30 18 18.73 

10 18 20.12 

19 18 25.89 

18 18 28.05 28.05 

29 18 28.41 28.41 

39 18 29.56 29.56 

14 18 30.86 30.86 30.86 

28 18 31.27 31.27 31.27 31.27 

13 18 32.90 32.90 32.90 32.90 

38 18 33.23 33.23 33.23 33.23 

33 18 34.32 34.32 34.32 34.32 

34 18 34.38 34.38 34.38 34.38 

26 18 34.97 34.97 34.97 34.97 

15 18 35.05 35.05 35.05 35.05 

6 18 35.33 35.33 35.33 

21 18 35.37 35.37 35.37 

16 18 35.60 35.60 35.60 

36 18 36.12 36.12 36.12 36.12 

11 18 36.42 36.42 36.42 36.42 

32 18 37.29 37.29 37.29 37.29 

31 18 37.66 37.66 37.66 37.66 

27 18 37.96 37.96 37.96 37.96 

37 18 38.18 38.18 38.18 38.18 

1 18 38.35 38.35 38.35 38.35 

17 18 38.54 38.54 38.54 

9 18 38.57 38.57 38.57 

8 18 39.89 39.89 

7 18 40.09 40.09 

12 18 40.82 

Sig. 0.216 0.411 0.159 0.091 0.052 0.068 0.053 0.085 0.05 0.084 0.05 0.082 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. The error term is Mean Square(Error) = 25.693. 
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Type Ill Sum of 
df Source Mean Square F Sig. 

Squares 

Corrected Model 35240.323a 31 1136.785 41.497 0.000 

Intercept 1206422.361 1 1206422.361 44040.000 0.000 

pack 374.348 3 124.783 4.555 0.004 

tern 4437.815 1 4437.815 161.996 0.000 

day 23081.574 4 5770.394 210.640 0.000 

pack* tern 1132.658 3 377.553 13.782 0.000 

pack* day 1307.332 8 163.416 5.965 0.000 

tern* day 509.270 4 127.318 4.648 0.001 

pack * tern * day 1559.250 8 194.906 7.115 0.000 

Error 12135.794 443 27.395 

Total 1572097.857 475 

Corrected Total 47376.117 474 

a. R Squared = .744 (Adjusted R Squared= .726) 
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i;i1n..:i~ ~.21 ~an1'~1LA~1::~A1111u.i;in~h..:ifi1Lu~t1t1e..:im111rua1~th::neuwue~n-.r..:i'Vl:1.1~ 
~-;iu15 Duncan's Multiple Range Test 

Subset 

trt N 
1 2 3 4 5 6 7 8 9 

1 15 37.29 

11 15 41.82 

16 15 43.79 43.79 

6 15 45.29 45.29 

36 15 46.40 

7 15 46.87 46.87 

31 15 47.10 47.10 

26 15 47.63 47.63 

13 15 50.90 50.90 

32 15 53.23 53.23 

21 10 55.46 55.46 

18 15 55.54 55.54 

37 15 55.63 55.63 

17 15 55.77 55.77 

27 15 56.37 56.37 56.37 

8 15 56.94 56.94 56.94 

12 15 57.87 57.87 57.87 

9 15 59.02 59.02 59.02 

15 15 59.66 59.66 59.66 

38 15 60.15 60.15 

28 15 61.31 

10 15 61.37 

20 15 

29 15 

33 15 

30 15 

14 15 

19 15 

39 15 

35 15 

34 15 

40 15 

Sig. 1 0.09 0.08 0.06 0.23 0.1 0.07 0.09 0.12 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

10 11 12 13 14 

59.02 

59.66 59.66 

60.15 60.15 

61.31 61.31 61.31 

61.37 61.37 61.37 

62.47 62.47 62.47 

62.68 62.68 62.68 

63.24 63.24 63.24 

63.47 63.47 63.47 

63.54 63.54 

63.86 63.86 

64.68 64.68 

67.89 

72.22 

73.15 

0.05 0.07 0.15 0.1 0.63 
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fl1'j1.:Jvf ;J.22 e..iam'i1Lfl'i1Z,.,fl1111U\h'l.Jn'LI (ANOVA) "lJ£).:Jfhln'j'j11fl1'jLU'Ui'IT'I~1'Uv'U11a 
• 'II 

~a'jZ (DPPH) 

Type Ill Sum Mean 
Source df F Sig. 

of Squares Square 

Corrected Model 44767.365a 31 1444.109 89.737 0 

Intercept 3586283.6 1 3586283.6 222900 0 

pack 67.224 3 22.408 1.392 0.244 

tern 2583.086 1 2583.086 160.513 0 

day 31017.476 4 7754.369 481.857 0 

pack* tern 56.14 3 18.713 1.163 0.323 

pack* day 67.314 8 8.414 0.523 0.84 

tern* day 9550.454 4 2387.613 148.366 0 

pack * tern * day 375.408 8 46.926 2.916 0.003 

Error 8754.42 544 16.093 

Total 4365329.1 576 

Corrected Total 53521.784 575 

a. R Squared = .836 (Adjusted R Squared = .827) 
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.cl Q I I I d Q !'! ti Q 

IJl1':i1.:l'VI ".23 ~an111Lfl':i1::\1fl1111UAnA1.:lfl1L'1ftEl'tlil.:ln"m':i11n1':iL'U'Ufl1':i~1'1Jil'IJ11fttlfl':i:: . " 
(DPPH) ft'1a Duncan's Multiple Range Test 

Subset 
trt N 

1 2 3 4 5 6 7 8 

20 18 59.82 

15 18 61.09 

10 18 61.33 

30 18 78.9 

35 18 82.33 

40 18 84.83 84.83 

9 18 85.1 85.1 85.1 

14 18 85.14 85.14 85.14 

19 18 87.07 87.07 87.07 

39 18 87.47 87.47 87.47 87.47 

29 18 88.01 88.01 88.01 88.01 

34 18 88.78 88.78 88.78 

27 18 88.92 88.92 88.92 

8 18 89.87 89.87 89.87 

11 18 90.27 90.27 

17 18 90.31 90.31 

1 18 90.32 90.32 

32 18 90.6 

36 18 90.64 

12 18 90.68 

38 18 90.81 

6 18 91.07 

28 18 91.15 

31 18 91.19 

26 18 

37 18 

33 18 

7 18 

18 18 

13 18 

16 18 

21 18 

Sig. 0.29 1 0.05 0.08 0.05 0.07 0.07 0.05 

Means for groups in homogeneous subsets are displayed. Based on 

obseNed means. The error term is Mean Square(Error) = 16.093. 

9 

88.78 

88.92 

89.87 

90.27 

90.31 

90.32 

90.6 

90.64 

90.68 

90.81 

91.07 

91.15 

91.19 

91.26 

91.26 

91.41 

91.77 

91.77 

91.82 

91.82 

91.86 

0.07 



135 

Type Ill Sum Mean 
Source df F Sig. 

of Squares Square 

Corrected Model 154.918a 31 4.997 46.341 0 

Intercept 1416.94 1 1416.94 1.31E+04 0 

pack 0.531 3 0.177 1.642 0.179 

tern 0.352 1 0.352 3.262 0.071 

day 140.555 4 35.139 325.845 0 

pack* tern 0.554 3 0.185 1.713 0.163 

pack* day 0.795 8 0.099 0.922 0.498 

tern* day 2.227 4 0.557 5.163 0 

pack * tern * day 1.847 8 0.231 2.141 0.031 

Error 58.665 544 0.108 

Total 1939.931 576 

Corrected Total 213.583 575 

a. R Squared = .725 (Adjusted R Squared= .710) 
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d .ca. ~ t 1 d ... ~ t. II 

~1'i1.:J'VI "il.25 ~am'i1Lfl'i1~'Vlfl112JLLl;in~1.:ifl1LtlaV'tlil.:Ju'i2J1Nn'ifl'Vl.:J'Vl2Jflfl1V Duncan's 

Multiple Range Test 

Subset 

trt N 

IS 14 13 12 II 10 9 8 7 6 s 4 3 2 I 

40 18 0.74 

3S 18 0.80 

30 18 0.81 

20 18 0.82 

10 18 0.86 

IS 18 0.87 

9 18 1.38 

34 18 I.SO I.SO 

39 18 I.SI I.SI I.SI 

19 18 1.56 1.56 1.56 1.56 

28 18 l.S9 l.S9 l.S9 l.S9 !.S9 

14 18 1.63 1.63 1.63 1.63 

29 18 1.66 1.66 1.66 1.66 

18 18 1.68 1.68 1.68 1.68 

13 18 l.7S 1.75 l.7S us 

8 18 1.80 1.80 1.80 1.80 

38 18 1.82 1.82 1.82 1.82 

33 18 1.94 1.94 1.94 1.94 

12 18 2.00 2.00 2.00 2.00 

6 18 2.04 2.04 2.04 2.04 2.04 

16 18 2.04 2.04 2.04 2.04 2.04 

17 18 2.06 2.06 2.06 2.06 2.06 

7 18 2.07 2.07 2.07 2.07 

21 18 2.12 2.12 2.12 2.12 2.12 

36 18 2.21 2.21 2.21 2.21 2.21 

I 18 2.24 2.24 2.24 2.24 2.24 

II 18 
2.26 2.26 2.26 2.26 

26 18 
2.26 2.26 2.26 2.26 

.. 27 18 
2.30 2.30 2.30 

32 18 
2.35 2.35 

2.37 
31 18 

37 18 
2.38 

0.17 

Sig. 0.318 0.083 0.1S6 O.OS6 0.058 0.078 0.111 0.055 0.054 0.164 0.067 0.084 0.054 0.072 
I 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. The error term is Mean Square(Error) = .108. 



.. 

.,j "" " tltl II !:':9 !Pl111-:l'VI '1.26 ~an111Lfl11::'Vlfl11llLL 1 11'U'tlt1-:i(ANOVA) 'tltl-:ifl::LL 'U'Ufl11ll'tltl\Jfl1'U"'1 

Type Ill Sum of 
df Sig. Source Mean Square F 

Squares 

Corrected Model 222.096a 5 44.419 15.777 .000 

Intercept 39000.093 1 39000.093 l.385E4 .000 

pack 135.046 2 67.523 23.983 .000 

tern 57.870 1 57.870 20.554 .000 

pack* tern 29.180 2 14.590 5.182 .006 

Error 3023.811 1074 2.815 

Total 42246.000 1080 

Corrected Total 3245.907 1079 

a. R Squared = .068 (Adjusted R Squared = .064) 

Pl111-:I~ '1.27 ~a0111Lfl11::-H"fl11llLLPIOA1-:itm-:ifi1LQ~f.l'tltl-:ifl::LL'lJ'Ufl11ll'tltlU~1'Ua~1a 

Duncan's Multiple Range Test 

Subset 
trt N 

1 2 

6 180 5.58 

7 180 5.67 

3 180 5.69 

8 180 6.09 

2 180 6.12 

4 180 

Sig. .538 .875 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

The error term is Mean Square(Error) = 2.815. 

3 

6.91 

1.000 
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A1":i1~~ \1.28 ,;..jiln1":i1Lfl'i1:oMfl1111LL\htln'U (ANOVA) 'tleHfl:LL'U'Ufl1111'tltl\J~1'Un~'U 

Type Ill Sum of 
df Source Mean Square F Sig. 

Squares 

Corrected Model 19.042a 5 3.808 1.772 .116 

Intercept 40370.008 1 40370.008 l.879E4 .000 

pack 15.239 2 7.619 3.546 .029 

tern .579 1 .579 .269 .604 

pack* tern 3.224 2 1.612 .750 .473 

Error 2307.950 1074 2.149 

Total 42697.000 1080 

Corrected Total 2326.992 1079 

a. R Squared = .008 (Adjusted R Squared = .004) 

.cl Q ~ I • .d II c: 
A1"a1~'1 \1.29 ,;..jiln1'i1Lfl'i1:'Vlfl1111LLflnfl1~'tltl~fl1LililV'tlv~fl:LL'U'Un1":ifl1111'tltl\Jfl1'Unil'U 

lflti Duncan's Multiple Range Test 

Subset 
trt N 

1 

3 180 5.93 

7 180 5.98 

6 180 6.04 

4 180 6.23 

2 180 6.24 

8 180 6.25 

Sig. .073 

Means for groups in homogeneous subsets are 

displayed. 

Based on obseNed means. 

The error term is Mean Square(Error) = 2.149. 

138 
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Type Ill Sum of 
df Source Mean Square F Sig. 

Squares 

Corrected Model 63.207a 5 12.641 3.862 .002 

Intercept 38473.070 1 38473.070 1.175E4 .000 

pack 47.457 2 23.729 7.249 .001 

tern .300 1 .300 .092 .762 

pack* tern 15.450 2 7.725 2.360 .095 

Error 3515.722 1074 3.273 

Total 42052.000 1080 

Corrected Total 3578.930 1079 

a. R Squared = .018 (Adjusted R Squared = .013) 

"1'l1.:ift ~.31 ~~n1'l1Lf\'l1::-MA11iiu.'1n~1.:i11e>.:i fi1 Lti~v11e>.:ifl::u. 'Ll'Llfl11i.111vu ~1'Ll'la111~ lviv 

Duncan's Multiple Range Test 

Subset 
trt N 

1 2 3 

2 180 5.65 

7 180 5.73 5.73 

6 180 5.83 5.83 5.83 

3 180 6.10 6.10 

4 180 6.21 

8 180 

Sig. .369 .069 .065 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

The error term is Mean Square(Error) = 3.273. 

4 

6.10 

6.21 

6.29 

.354 
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Type Ill Sum of 
df Source 

Squares 
Mean Square F Sig. 

Corrected Model 71.096a 5 14.219 4.892 .000 

Intercept 38401.481 1 38401.481 1.321E4 .000 

pack 67.891 2 33.945 11.680 .000 

tern .004 1 .004 .001 .972 

pack* tern 3.202 2 1.601 .551 .577 

Error 3121.422 1074 2.906 

Total 41594.000 1080 

Corrected Total 3192.519 1079 

a. R Squared = .022 (Adjusted R Squared = .018) 

"" ""' ~ I I ..I II .: OI OI 

fl1'i1.:J'VI ;J.33 Hit n1-a1 Lfl'i1::Vlfl111JUPI n\fl1.:J 'Ui>.:Jfl1 LOi! fJ'Ui>.:Jfl:: LL 'U'Ufl11ll't1il\J"1'U L 'lJi) i111Hi1 

l"a Duncan's Multiple Range Test 

Subset 
trt N 

1 2 

2 180 5.60 

6 180 5.75 

7 180 5.88 5.88 

3 180 5.97 5.97 

8 180 6.25 

4 180 

Sig. .058 .053 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

The error term is Mean Square(Error) = 2.906. 

3 

5.97 

6.25 

6.32 

.065 
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Type Ill Sum of 
df Source 

Squares 
Mean Square F Sig. 

Corrected Model 86.052a 5 17.210 7.837 .000 

Intercept 40089.259 1 40089.259 1.825E4 .000 

pack 64.496 2 32.248 14.684 .000 

tern 20.281 1 20.281 9.235 .002 

pack* tern 1.274 2 .637 .290 .748 

Error 2358.689 1074 2.196 

Total 42534.000 1080 

Corrected Total 2444.741 1079 

a. R Squared = .035 (Adjusted R Squared = .031) 

..; .. ~ ' ' ..; ,. ,. 
Pl111~'1 ;J.35 e.lit0111Lfl11Z'Vlfl1111LLAOPl1~'lltl~fl1Ltl~UJ'lliHflZU.'U'Ufl1111'titl\J Lflll1111 Lflll 

Duncan's Multiple Range Test 

Subset 
trt N 

1 2 3 4 

6 180 5.78 

7 180 5.82 5.82 

2 180 5.96 5.96 5.96 

3 180 6.13 6.13 

8 180 6.27 

4 180 6.60 

Sig. .286 .059 .064 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. 

The error term is Mean Square(Error) = 2.196. 
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