
. ... 
b~eJ-:j ~ ~"lJeJ -:jn';i~'U'l'Wn1'~eJ'U bb~-:j~ eJ flnU)1~"lJB-:j"lJ'W1J"lJ'U bf.1tJ'l1\)1n~~1~• 

EFFECT OF DRYING METHODS ON FRUIT SNACK QUALITY 
OJ cl 
(;H\Jru1b~"lJ'VI GRB APS @fN <fi> 1£IGTt o~ 

QlQJ - - - - ­

.r::::t .Q, Q.I .Q, 

~~.~';i."lJ1~~1 'U';i1J~"lJtJ"lJ1191n~• 
.fl1f11"lJ1b'VIflb'Wb~~'VI1-:jeJ1'V11';i flru~1'V1tJ1~1(;l~i 

1\)w1~-:jn';inhJ'VI11'V1tJ1~tJ t;).~ru11'V1 U'VI1J1'W. .
~ 

n';i-:jb'VI~' 10330• 
b'VI';i~~'VI 0 2218 5518b'VI';i(;l1';i 0 2254 4314 



n{9l~n'a'a1JtI'a~n1A (Acknowledgement) 

n 



•• • 

• • 

Il. 

~BlA,~LUn,U1.~WL~LIb~W~'n,fl.Ibn,fl.n,,V Nil ~\~utt-~11 n,BN"f1:~lblhru,V'~~I':l t-Bfl.~~Ib~Bpo1~ru~u~ 

~t ~1':lt-~~~k!LULmm~~e...1~~llbt~e...~t-~11 n,B~LU~" ~U-t~~~~~i1:hBn,L~~LUglA,b~~11U~Bn,~n,BU~~rt~L~ , 
ru LIb~rtL~Ul-lj ~LIbL~t-~"UB ~1P. 11 n, n, 11 t-~11 n,BUU t-~~~lhru,V'~ ~I':l t-Bfl.~ ~~~~i1:hB n,L ~~LUglA,b ~~11 

• 
, 

U~Bn,~n,BU~~rt~L~ruLIb~rt~" ~tt-~11 n,Bt-e...f1:~lblhru,V'~~t:lt-B fl.~~Ib~BP.1~~11~t-~rtn,l-rt~LUn,t M,LLJglA,~~~rt 

~,EoWU~lbl~BB~L~~~~L~~~l t-~~~t-~11L,lA~LUn,tL~e...1 n,~1b~1t-~11L,lA~LUL~~~~tL,lA t-~11L,lAn,B~t-e...f1:~1b 
, '" , 

lhru,V'~~t:l t-Bfl.n,~IbLU~~~~LUn,t ~e...p.n,e...~~~~lbl~B B£~~e...~t-~11 L,lA~LUL~n,M,L~U~LIb!:btUB~L!b~m'~n,!1B 
'" '" • • 1\ 

~Jl.19n,~t-e...f1:~IbUB~1~t t-e...f1:~Ibn,l-II\,L~ £~ Z t-~n,Bklb~n,n,11 t-~" n,BIb~P.1mn,fl.L~ut-~Ibe...W~1n,l-IbB~~LU 

n,rl,11 ~~~k!LULmm~~e...1~~llbt~e...~t-~11 n,BIb~P.11 n,hfl.L~n,M, ~~Ib~lA,L~~~rtt-LlA,n,l-IbB~~LUn,G' ~~rt~LUL,lAB~1 

k!LULmfu~~e...'~~111t~e...~t-~'111BIb~p.1mhfl.t-Bfl.~~ll~Bn.'~m~U~B~~I':lt-~~LBe...L~Ut-~t-Lk~t-~~l~ru~U~t-~
'''' ' I'b ~ 1'\ " ". n. II>

[lill\,t ~Ln,fl.n,~M,~~~t-Lk~t-~~l~~'~~" e...~t-BM,~LU~t-~1mBIb~p.,mn,fl.t-Bfl.n,t~LLJt-Lk~t-~~l L~n,M,k!LULmm~ 
tt " n. .. 

~e...1~~1Ibt~e...~t-~" n,BIb~P.1mn,fl.~~rufl.n,t ~B!bn,~M,~n,e...n,L~~~~11l~n,~~LU~ n,f"1m,Ve...~~~~t-Lk~t-~~l 

~U1 ~e...LLJ~ Z t-lA,n,B~Ib~n,n,mIl\,1mBIbBJl.1mhfl.Le...n,M, JaZAll?Ue a8eWI t-B~~1~e...~t-1I\,1mBIbBJl.1mhfl. ~ I"tI 1"1 1"1 ~I I ,., 1'1 II ~I

"'. " 

n,}t-Bfl.t-Le...fl.~~M,LLJn,B~~e...~~~LUL,lABp1~~11 ~~~ULIb~~n,n,fl.n,,Vt-~~1,~UW'n,~U ~~ ~~~L~Lrt-Bfl.Ib~W~~ 
". ,." " ,,1\ 

L~~~" n,~IbLe...~mLIb~rtL~~k!LULmm~~e...'~~llbt~e...~t-~11 n,B~LUn,L~~Ib~P.1mn,fl.lhru,V'~~I':lL~n,M, ~LJ1~n,~
" , , 

• t-Bfl.n,l-IbB~~LU~~11 ~~Ib~B1J'1 n,~U ~ Lrt-Bfl.Ib~W~~L~ n,~IbLe...~ruLIb~rtL~ ~11~tt-~1mBn,n,fl.lhru,V'~~1':l 

t-Bfl.M,LLJru~~~L~~1~~LUL,lAB~1 ~Ln, «;Z t-~1mB~LUn,tL~e...me...~ ~Ln, «; U~B~n,B~m1 ~Ln, 1 u~ ~Ln, 

OZ L~e...mQ' ~~l 096 t-~L.\Jk!LULmm~~e...1~~1Ibt~e...~t-~'mB~~"~Ln, OZ17 L~e...1,Eot~IbIl\,t-~Ibe...~ ~Ln, 01Z 
'" 

L~Un,Q' ~~~mQg1Lk!t-B 09 ~~1' ~Ln, 0S'1 L~Un,Q' ~~~mQg1Lk!t-B OL ~Ln, 09 L~e...mQ' ~~~mQg1Lk!t-B 06 

lA,n,B~Ib~~e...~n,B~n,fl.~L~II\,n,m1t-1I\,1mB lA,Ln, OZ17 L~e...m[}1 ~~Qg'~Qg'Lk!t-B 09 IbLJlI\,mGlA,e...~~mB~n,fl.n,B~ F't1 11 ~ II It' ~,., "=' FlO ~ 11 
, . 

1\ , 

. Ib~n,n,11t-~1mBrtt 1b~P.1mn,fl.L!b~~1 ~e...LLJ~ «; n,,Vt-L~~e...LLJ~~t-~1mBn,n,fl.lhru,V'~~I':lt-Bfl.~I':lL~U~~LUn,t ~~~ 

~~tt![JlI\,ruG «; t-~~n,Bklb~~e...~Ib~p.1mhfl.t-~1mB~Lu~ru~U~~Ln,L,lA,Eotlj~LIbL~ a8ed t-Bfl.}~~Lk!~~~t-LlA, 
, 1\ • 

t-B~L~n,m'Le...n,M, IbBJl.1mn,fl.t-1I\,'mB~LUt-Bfl.~~~Lk!~M,n,~~L~Uk!BM,' ~~QgmQg'Lk!t-B 06~~" OL 09 IbLJlI\,ruB o I ~I 11 ,9 I::r P ,., "-=" 
, 

~n,Bklb~~e...~t-~'mBrt~t~n,n,fl.L!bn,!1UL~t-~1A t-lble...,Eo 17Z n,Ln, ~U~n,Lk!t-B OS' ~L~L!b~L~~~~L~n,tP-"~~ 

~hfl.L!b~LU~e...~Ib~P.11 n,h~Ib~~~' t-~~, n,Bn,hfl.t-Bfl.M,~LJ~LU ~~" ~~'t-LlA,~,.CLIb~B~ k!LULfum~~e...1~~1Ibtt-B~~1 
~e...~t-~1,n,B~LU~~1mB~n,,Eo~L~II\,W~mB~n,,Eon,n,'mBklb~~e...~Ib~p.'mn,fl.t-~1mB~LUt-Bfl.~t:lL~U~~tn,n,fl. 

t-Bfl.~Wn,tt-e...f1:~Ib~~1mh~n,l-II\,L~Ib~~LIbIl\,'it-~'mBt-~1mB~LU£~~~1' iUaWieaJiaJd ~LU~t:lL~U~~~l 
• t-e...f1:~1b ~~1' n,n,fl. L~U~UB~1n.~~~n,Lmt~~1 !:bt~I':lUL~W~mfl.Ibn,fl.t-Bfl.~~Ib~lA,L~~~rt~~" M,LlJ~LU ~~, 

n,L~M,LLJm~B~ ~t-L~t-II\,'mB~LUn,e...n,~Wn,UIbe...~ iuaWiea~iaJd ~LU~I':lL~Uk!BM,'~t-~~~rt~~e...Ibn,~~e...n,Lt- 11 • 11"1 ro I PF" ro,.,~ro~ 

@~~~IM\ . ,., 

http:t-~1mB~LUn,tL~e...me
http:t-lA,n,B~Ib~n,n,mIl\,1mBIbBJl.1mhfl.Le


ABSTRACT 


The main purpose of this research was to study the effects of pretreatment and drying 

methods on physical, chemical properties and sensory evaluation of fruit snack by using 

jackfruit and mango as the model. Three different methods were carried out using a hot air 

dryer at 60 0(, hot-air dryer at multistage temperatures (90 0(, 70 O( and 60 O() and 

microwave vacuum dryer (at 960 watt). For preparing osmotically dehydrated jackfruit, 

jackfruit was soaked in a sugar solution at 50 °Brix for 24 hours. Then, the osmoticaLLy 

pretreated jackfruit were dried in a hot air dryer with 3 conditions; 60 70 and 90 o( for 

collecting data for drying kinetic. Thin-layer drying kinetics of osmotically jackfruits was best 

predicted by Page's model that it was fitted to the observed data which showed excellent 

fit for 3 drying conditions among the tested models. Effects of 3 drying methods; at 60 O( for 

420 min and at multistage temperatures (90 O( for 60 min, 70 O( for 150 min and 60 O( for 

210 min) and using the microwave vacuum dryer (at 960 watt for 23 min) were studied by 

assessing the quality of osmotically dried jackfruit. The results showed that the microwave 

vacuum osmotically dehydrated jackfruit had the lowest final moisture content and water 

activity. In terms of the total color difference (6E*) and the evaluation of fruit odour with E­

nose, the result showed that the quality of osmotically dehydrated microwave vacuum 

dried jackfruit was similar to fresh jackfruit when compared with other drying methods. 

Image analysis showed that texture structure of both osmotically dehydrated hot air dried 

jackfruit was packed and dense with less porosity. On the other hand, the texture structure 

of osmotically dehydrated microwave vacuum dried jackfruit was puffed with more porosity. 

According to the results of the sensory evaluation, the highest overall acceptability was 

osmotically dehydrated microwave vacuum dried jackfruit. For mango, the osmotic 

pretreatment was proven to preserve colour and texture of dried fruit after drying process. 

It also increased drying rate and reduced time of drying. However, total phenolic compound 

and antioxidant activity were decreased. Similarly to dried jackfruit, drying mango underwent 

microwave vacuum drying had texture characteristic comparable to fried product. 
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"" "" \J ,

hi'bb~l fJ..:J b'VIlJl~ bbrlfl1';i'l111tJ bb tJ';i';itlbtJ'U'1J'U'LleJ'UmeJ'U '1J'U'U~'U5db'l1mll'Ulbb~~:W'1J'U1Vlt:.J~1'VIru t:.J~eieJ'U"il~:W~ 
'U" "" Q.I 

L'\II~eJ..:JeieJ'U b~mbn"il~:W~b'VI~eJ..:J6'fVl"l1..:J~'1JeJ..:J'1J'!i'Um"illn P-cryptoxanthin biJ1J';i..:Jfll\9l~mVl~b'VI~eJ..:J fl1';i 

b"il~qJb~'Ul\9l'1JeJ..:J'1J'!i'U~'U~lJlbm~mtJ'Ubb'U'U double sigmoid CUNe ~eJ:Wfl1';ib"il~qJb~'Ul\9lbtJ'U 2 'l1l..:J lVlCJ 

'l1l..:Jbb';iflbtJ'U fl1';ib"il~qJbb~~~w.J'Ul~l'UblJ~Vl bb~~'l1l..:J~6'feJ..:JbtJ'Llfl1';ib"il~qJb~'Ul\9lbb~~~w.J'Ul~l'L!b'l1eJCJl..:J fllllJ 

'VI'Ul'1JeJ..:Jb'l1eJCJl..:J"il~rleJCJ 1b~lJ~'U"il'Ut:.Jm"il~qJb~'Ul\9lb~lJ~ (t:.J~:WeJ1~ 0-17 i.1tlmv;) ~~l~..:Jbtl~CJ'U"illn~b~CJl 
btJ'U~ b~CJl eJlJ b'VI~ eJ..:J'VI~..:J"ill fl fl1'UVllJ'l1eJVl eJ n b'Vol f1 b:W l'.1 bUVl eJeJ n b'l1eJ t:.J ~ b~lJ btl~CJ'U"ill fl~'1Jll btJ'U~ b'VI~eJ..:J b~eJt:.J~:W• 
eJ1CJ 11 i.1tlmv;bb~~:W~b.ulJ~'Ub~eJt:.J~:WeJ1mJ1n~'UeJ1CJ~b'VIlJl~6'flJ1'Ufl1';ibn'Ub~CJ1~m~eJt:.J~:WeJ1CJ 15-16 , " , " 
i.1tJVllV;'VI~..:J"illn'VI~..:J"illnfl1'U~:w'l1eJVleJm'Volf1b:WmtlVlVeJfl (fl1qJ"il'Ul b 'VI~eJ..:J~ll~CJ, 2551) 

b'l1eJ'1J'U'Ub tJ'Ut:.J~1~~1Vl'Vol~..:J..:Jl'U6'f..:J b'Vol';il~:Wfll11 'UhlU1';i\9l bb~~:wi \9l1iJ'Ubb ~51\9l~1..:J 6")'VI~lCJ'1lUVlb 'l1'U 
,,'U " I 

i\9l1iJ'U~, imiJ'WbeJ, 1 miJ'Wih , lmiJ'Wu6, ly.jbbVl6'fb~CJlJ, bblJnih~CJlJ, bbf1m~CJlJ btJ'U~'Ll bb~b~eJ..:J"illn 
i \9l1iJ'W<S6'f ru b~CJ~ lm~eJlVl'U bb6'f..:J bb~~l~~'UfllllJ~eJ'L! ~..:JJ'U fl1 ';i~'Utl ';i ~Vll'W'1J'W'W6'f Vl~..:J btJ'W1TI'U~1.fl fl~"il ~1~~'U 

'V'" • 

flf.1.lrllV11..:JeJl'V11';i6'f..:J6'fVl ~..:J~..:J:W A_cryptoxanthin 6'fl';i~ b'VI~eJ..:J~:WeJ~lJlfl1 'W'1J'W'W btJ'U6'fl';i~..:J~'W'1JeJ..:JimiJ'WbeJ 
" 'U \.I"JJ " 
, <. I 1 .. 1 .., <' ..<Ii d

6'fl'WeJ..:Jfl u';i~neJ'UeJ'W1 'U'1J'!i'UlJbb6'fVl..:J 'Um';il..:JVI 1 (Vll..:J"il'WVI';i bmCJ..:J~l';i';if.1.l, 2544) 

95 Kcal 

23.5 g 

1.72 g 

0.64 g 

omg 

1CJeJ1'V11';i~~eJCJ1~ 1.5 g 

(dietary fiber) 

13.7 mg 

110lU 

0.105 mg 

0.329 mg 

2 
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l'1lL~EJlJ 3 m~ 

lYlLL'Vlm;CJlJ 303 m~ 
cO 

LLflm'llCJlJ 34 m~ 
cO cO 

LLlJfl'UL'IlCJlJ 37 m~ 

'V'l vi;'-W €l'r61 21 mg 

col 
'VllJ1: USDA National Nutrient database (2012) 

lJ~1h\lLu'U(:.J(;llif b 'tJ~~'El'ULb(;l~~\l~'El'U~ijfll1lJ611r1fll ijflrur)l'Vll\ll.fl'1l'Ulfl1~61\l ~'El bU'U Lb 'Vlr;i\l~~'tJv\l.~ ~, 
i~l~'Ubv i~l~'UiJ im~'U; dietary fiber Lb(;l~~\lij611~'lh~flv'UYJ'U'El~mb(;l~bbflbV1'UvCJ~ ;\lij61lJu~1'Ufl1~ 
~l'Uv'Elfl6/ib~i'U (Talcott et 01., 2005; Telis U(;l~ Telis-Romero, 2007) 'UBfl"illfl,r'U~\ltJ(;lfll~vi'11,Jl'U

~ 

'lh~ b'Vll"l1'VlEJbbm;ijmllJ611r1qJ'Vll\l bl"l~'l'JJi n"il l~CJtJ~~ L'Vll"l1'VlEJ bu'U~th1'U fl1~(:.J~ ~ bb(;l ~?f\lBBfllJ~1h\ltJ~~ b'Vll"l 

'Vl~\l (USDA, 2012) lJ~lJJ\ll'1lfle:l'U'U~lbu'U~'U5~1~1''Ufll1lJ-nCJlJ b~'El\l"illflvvfl~vmb(;l~~~(:.J(;ll~~(;lv~~\ltJ, 
l~CJhj~v\l1-U611~ bflij L'Vl~CJlth (Titi prasert et 01., 2001) bijv~'U~lij~ b~CJle:lB'U b~V~fl~li1~ b'Vltlv\l Liivij 

~b'Vltlv\l bL'l1'U (;l~bBCJ~ ijfl~'Ufl~lCJlJ~lJl\l611lJtJ LtJtl'Elfl'Vl'Ul (i~~~ 1\l1'U, 2533) LLI9lL~'El\l"illfl(:.J(;l1ifvl\lflr;il1ij 
V1CJfl1~bil'U~'UtJ~~lJlru 4-8 l'U ~vru'Vl.fl~~'El\l LL(;l~ 2-3 i.1tJ~l~~vru'Vl.fl~bb-Ub~'U (13 DC) bL(;l~mllJ~'U 

.. " '" " CIJ 

i.1lJ~'Vl5 85-90% (Carrillo-Lopez, 2000) ~\l'Ell"il bLtJ~~tJ b~v-U1EJ~~V1CJfl1~bil'U ;\l1~CJvi'11tJ'VlltJbm~mj'fl
~ , 

bb tJ~~tJlJ~lJJ\l bU'U(:.J~~.nrusfi bb ~\l bLI9l fl1~'V11 Lb ~.:I~1 CJ(;llJ~v'Uvi'11tJl1'flVl1 1 w~(:.J~\Jl.nru.;)~ijb~vi.1lJ~61L'Vl'WCJl ij 
~ 

~bL(;l~fl~'U~611lJbu'U~CJvlJ1''U Bfl~\l~qJL~EJl"lrur)l'Vll.:11ml'Ulfl1~ (Durance, Wang and Meyer, 1999) 

If 

!l1';i'El'UU'Vl':) 

fl1~vh bb ~.:I~1 CJ(;llJ~v'U-Ul EJ(;l ~tJ~lJl ruJla61~~ ~'U ~\l fl1~L"il~ qJ'tJ v\l'l ~'U'Vl~ cJ LL(;l ~(;l ~tJ5 n~ EJ 1bflijffilJ 

~.:ItJ~~61\lA ~.:I-U1EJ~~V1EJ fl1~bil'U vll1W~(:.J~\Jl.nru.;)~ij~ fl~'U';j61Lb(;l~ b~vi.1lJ~61mlJ~v\lfl1';j Lb(;l~ EJ\l-U1EJ(;l~, 
tJ~lJl\Jl'HL(;l~Jl'Vl'l1fl ~\l(;l~~'U'Vl'U1'Ufl1';jbil'U1'fl'l'Jlbb(;l~'tJ'U?f\l (Mujumdar, 1997) bbl9lnmvllbL~\l~'Ul'UV1"il 
?f\l(:.J(;l1~(:.J ~~.nrusfi L~vlJ L~ EJI"l ru.fllYlvl\l flr;il1il.:1~'U ';jllJ~.:I 611 ';j 611r1qJ I9l 1.:1 'l b~v\l"illfltJ5 n~EJl vBfl6/iL~i'U~ 
Ln~;ff'U~~'V!'Jl\lm~'Ul'Ufl1~(:.J~\Jl (Zhan~, Li and Ding, 2003; 2005) 

fl1~v'ULL~\lLU'Ufl1~vll1~fll1lJ~'U'Vl~vijr)ln"il m~lJ'tJv\lJl(;l~(;l\l L~v~'U ~\lfl1~vll\ll'U'tJ'El\lLv'Ul'1llJ 

LL(;l~(;l~fl1~L"il~qJL~'U1\Jl'tJV\l'l~'U'Vl~cJ~vll1~V1'Vll~b'l11L~EJ l~EJijr)ln"ilm~lJ'tJv\lJl (ow) ~lfl'"h 0.65 

(Mossel, 1975) fl1~v'U bL ~.:IV1'Vll~~\l bU'Ufl1~~'U'EllJV1'Vll~'Vl~mLtJ~~tJ'Ell'Vll~B~l\l'Vl~\lL 
~ 

~B1~V1'Vll~ijV1CJ, 
fl1~ bn'U~ ~'UEJ1J;ff'U 61~~1 fll9lvfl1~'tJ'U?f \lLb(;l~L~lJmllJ'Vl(;ll fl'Vl(;llEJ'tJv\l(:.J~\Jl.nru.;)V1'Vll~1~n'U ~'U~1.fl fl fl1~ 

~ 

'El'Ubb~\lmj\lbU'U 2 -Ul\l AV 
1. -Ul\leJmlfl1~v'Ubb~\lfl\l~ (constant rate period) 1'U-Ul.:1bb~fl'tJv\lfl1~'El'UbL~\l fll1lJ~'U'vl~1'Vl,j'1 

~.J I 1 ~ d d.J' d~ 1I.d 1 ' ,%
V1'Vll~"il~~~ b'VlEJ'El'El fl1tJ bb(;l~'Ul'VlvCJfl1EJ 'U'1l'UV1'Vll~"il~ bfl(;lv'U'Vl'tJ'UlJl'Vl~Lb'Vl'U'Vlm'Vl'Ul 'Il\lfl1';j';j~L'VlEJ 'U'1l1\l'U 

"il~ bn~v~l\l~l~b11~lEJeJmlfl\l~ 
~ 

"ill fl,r'Ufl1~B'Ubb~\l"il~~lL-n'U~v1tJ"il'Ui:1.:1'l~tJ~lJlrufll1lJ~'Uiflt]\Jl (Critical 

moisture content) ;\lLU'U"il~~btJ~EJ'ULbtJ(;l\leJ\Jl~lfl1~'El'U bb ~\l"illflfl\l~ bU'U(;l~(;l\l, 
2. "1l1\leJ~~1fl1~v'Ubb~\l(;l~(;l.:l (falling rate period) bU'U"1l1\lfl1~v'Ubb~\l'Vl~\l"illfl~1'U'l~tJ~lJ1ru 

fll1lJ~'Ui flt]111 1'U"1l1\l.QeJ~ ~1fl1~'El'U bb ~\l"il ~(;l ~(;l\lL~ 'El\l"illflfl1~ bfl~v'U~'tJv\lJl1'U;ff'U V1'Vll~;ff'UlJl'Vl~Lb'Vl'U~ 
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•• 

~ll-j~lbn~l~-tll~-:J btJ'Ub~';jl~J1B~';j~ (free water) l~';j~bwJeJeJnhJbneJul-jlJ~ bl-j~eJJ1~1'U~~unu 
mfitJ';j~nmJ~'U1intJ1'UeJ1l-jl';jeJ~ (bound water) VI11~nl';j';j~bl-jtJeJeJn'lJeJ-:JJlbtJ'U1tJ1~tJ1n~'U e)(;l';jlnl';j 

eJUbb~-:J~-:J~~~-:J \l'U~-:J~~tJ~lJ1rumllJ~'U~lJ~~ (equilibrium moisture content) (Mujumdar, 2007) 

Consl:ml r.llc 
D ~ A 

CJ.., 
I'l 
"­aa 
c ~ I ,. t: Critical mOisfu re content
':;' ,.. : nlcrsllllC:l : 
tr.. 

~~:..-..--

/ . . ' •
Cl Bound: SurfOlc,: w~lcr : water : Frc 

rf------~:< 
: : 

[Moisture 'Content {Ik.g water I~ dry solid) 

d ••1'" '" 1'" "'" dJl1'W'VI 1 mlYleJ(;l';jlnl';jeJUbb l-j-:JintJ (;lJll1nl';jrueJ'll bbl-j-:Jfl-:J'VI 

~lJ1 : ~~bbtJ~-:J\lln Bennamoun (2011) 

t1\l~tJ~lje-J~~eJnl';jeJU bb~-:Je-J~(;l.nrusfie-J~ll1~~h'Unl';jeJB~llJ~~l~bLrl 'lJ'Ul~LL~~';jtJ~l-:J'lJB-:Je-J~111 ~'U~ 
'II 

lj'lJ'Ul~b~nnll\l~lj~'U~~b~BtJ~lJ1(;l';jlJ1nnll~'U~lj'lJ'Ul~1'VIq! 'Y111~BUbb~-:Jl~b ~l nll ~n~-:J~n'\'}ru~ 
lfl';j-:J~~1-:JmlJ5';j';jlJ"I11~'lJeJ-:Jb.Qm.J~111 e-J~1l1~ih~';j'UlJln\l~~llJl';jm~b'VItJJ11~b~l nl~Ie-J~l~~lj';j~';j'U~BtJ 

u " ~ " 

'VI~BljfllllJbb~-:J ehtJl ~';j'VIlJtJ';j~b'Vlfl, 2551) Bru'VIJliJ bb~~mllJ~'U~lJ~'Vl5'lJeJ-:JeJ1nlflvtt-tleJU bb~-:JeJ1'V11';jlj
, 'II 

e-J~~eJnl';j';j~b'VItJ'lJeJ-:JJl ~leJU bb~-:Jl~tJ1-tleJru'VIJliJ~-:J\l~'Y111~Jl bb~~eJeJn\llne-J~lm~~~'U e)\il';llnl';jeJU bb~-:J\l~ 
, 'II 'II 

~-:J~'U bb~ nl';leJU bb~-:Jl~tJ1-tleJru'VIJliJ~-:J bn'U1tJeJ1\l'Y111~~l'VI~l'lJeJ-:J~'Ue-J~l~lj~n'\'}ru~ bb~-:J bb~-:J bb~~-U~'lJll-:Jnl';l
'\J " '\J 'U 

';j~bl-jtJ'lJmJl~B~intJ1'U1~ bb~~ b~BtJ~lJ1rumllJ~'U~lJ~'Vlm 'U eJ1nlfl~l\l~'Y111~tJ';j~~'Vl5Jll~m';jeJUbL~-:J~ 
" 

~'U b~B-:J\llnlj~lJth~~'VlBm';lriltJleJ'UlJlm~l-jll-:Jnl';leJU~-:J~'U (Anese et o/., 1999)
'II 

nl';l'Yhu~~~~lli~1£Jn1';lvv~111~~ 
nl';lbb'Ii~lJbU'Unl';lv11bb~-:J~lCJ16€lB~llJ~~ (osmotic dehydration) ;-:J6'lllJ1';ltlnl~~J1Ul-:J;;11'U 

€lB n\l 1 ne-J~(;l.nrusfi l~mb'iii'll B~l-:J1'U6'll';j~~m CJ'lJB-:JJ1\ill~l-j~B bn~B ;-:J bu'Ul'lltln~~m CJ~ljm1lJ b-iflJ-if'U~-:J 
'II 'II 

'1'" , l;' 1"" d d ,.., 1 d d '" 1- I'l .., ,
nll 'U(;llBtJ1-:J 'Ul 'U(;llBCJ1-:J\l~bfl~B'U'VlBBn ~l'U(;llt:1n~~~lCJ 'U~l';j~~mCJ\l~bfl~B'U'VIb'lJl 'U 6'UmBCJ1-:J 

'II 

b~eJ-:J\llnmllJbb(;ln~l-:J'lJB-:Jbb';j-:J~'UBB~llJ~n (Raoult -Wack, 1994) nl';lv11bb~-:J~ltJ16.QbU'U16~'lilCJnl~~ 
J1Ul-:J;;11'U~Bru'VIJliJ~lnB'Uv11bb~-:J ~-:J'lil tJ~~blmv11 bb ~-:JbbG'l~v111~e-J~(;l.nrusfi6'lrub~EJ~m'l:::n~'U<,i6'l L~CJ-:J 

q 'U '\J v 

b~ n~BCJ b~B bVI tJu nu nl';lv11 bb ~-:J ~1 tJ G'llJ~B'Ub~ CJ-:JB~l-:Jb~CJ1 'UBn\l1 n'!'UtJ-:J'lilCJtJ-JUtJ ';l-:J b.QB~lJ er~ UB-:J n'U, 
m';j b tJ~ CJ'U~\ll nnl';l bn~~J1(;l1,,~bi1~\l1 n beJ'U1'1111 bbG'l~tJ~ n~CJ1BBn~b~i'U bb~ ~ tJ-:J'lil EJ ~~~~-:J-:Jl'U mllJ ~B'U 
vttiv11bb~-:Jb~B1~mllJ~'U'VI~eJtJ~lJ1ruJl~~VflCJ'lJB-:Je-J~\il.nrusn1~mlJbUl'V1lJ1CJ (Yadav and Singh, 2012) 

bb~b~B-:J\llnm';jbb'Ii~m~CJ-:JB~1-:Jb~CJlv111~e-J~(;l.nrusfi~l~tJ-:JljtJ~lJ1rumllJ~'UbbG'l~fh water activity (ow) 

~-:JB~ ~\l~lbU'UI'lB-:Jv11bb~\l~l EJ16~'U~llJ~1 tJ 
'II " 
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------

mwhbbVf\li:-J~1mVl ~ nl'H)€l6'11lJ686'1Vl~€lm'jbb'1i~lJ biJ'U15Vl~\l1'Um':ifl1:ijVl,hU1\1~1'U€l€lmn ni:-J~HI 
1Vl~€l1~CJm~·tn'UmJv€l6'11lJ686'1 vlI1Vlmb'1ii:-J~1m'U6'11J~~~I~~iifnllJb-rrlJi'U~\lnll (Hypertonic 

solution) bb~~iifhn':ilmJlJ'lJ€l\lJI (ow) ~lnll6'11J~~m~1'Ui:-J~1~ ':il~~\li:-J~1VfbnVlf111lJbb~n~I\1'lJ€l\lbbJ\I~'U 
m)6'11lJ~n (osmotic pressure) J~Vlll\16'11J~~m~ilI~1'Ub6(j~~'lJv\li:-J~1~ti\mIJ~~mCJJl1~'Uvn bnVlbU'UbbJ\I 

-rI'U (driving force) vl11VfbnVlmJci1~1v'Um~6'11JJ~Vlll\1il1Cl1'Ub6(j~~'lJ€l\Ii:-J~1~bb~~6'11J~~mClillCl'U€ln ':illn 

'U~blru~iifnllJbilJi'U6'1\111J ~\I'U~blru~iif111lJbilJi'U~1 1VlClii b6(j~~blJlJ b'UJ'U'lJ€l\li:-J~l~vlIVliJl~ bU'Ub~m~€ln 
\J 

~1'U (Ponting et 0/., 1966) 

mJcilCl1€l'UlJl~6'11J'lJ€l\lJlbb~~6'11J~~m~':il~bnVl1'UVi P16'11 'U'Vl 1\1 tl'U (Counter-counter flow) ~€l 
Jlil1Cl1'Ub6(j~~':il~ bb ~~mJn~6'11J~~mClillCl'U€ln 1'U'lJru~~(I)ltln~~mCl1'U6'11J~~m~':il~bb~~bil~b6(jm:i'lJv\l

\J \J \J 

i:-J~1~ bb~~~hbiJ'U~v11J':il'U5\16'1JlI1~6'1lJVl~ (rJ~JlmJciICl1€l'Um~'lJv\lJlbb~~(I)ltln~~mCliifi1f1\1~) ~\lvlI1Vf 
, \J 

1J~lJlruJlbb~~(I)ltln~~mCl1'U~'Ui:-J~l~bb~~1'U;;'IJ~~~1 (Jill ~'U€lniifilf1\1~ (Raoul t -Wack, 1994) 
\J 

Product soluble 

Product )J"~iII1l Ids SlJillrS miner I. salts.. l 

Sugar 

c: 
.2 .. 
..I'll L. 

c: 
Qj 
u 
c: 
o 
u 

Hypertonic solution 

sugar 

Water Content 

" --. 
........------... 


EquilibriumWfAp.T Co~ 

Equ ilibr ium Sugar Content ___ 

~-.--.---
/~ Sugar Content 

/ ' 
,I 

nme 

JlTV4~ 2 mJb1J~Cl'Ubb1J~\l1J~lJlruJlbbm:1J~lJlruJlm~1'U~'Ui:-J~1~J~Vlll\1mJ€l€l6'11lJ686'1 
~lJl : ~Vlbb1J~\I':illn Lenart (1996) 
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'UeJn\)lnd~Wllml'IJmt:-J6'll~'1n'vhmtJ boU'U ~l'Unl'.i6'lln Al1lJ1eJ'U\)~vl11~b6IJ6'lrAt:-J6'll~DlJ6'l-:J nl'.i 
'U 

bb'Vd'IJB-:JJ1bb6'l~(I]1f1nmtJ\)~i:i-:J\)~?llJ~6'lb~1;'U (l~'U6'l~ 5'.i'.ilJ-rI'lU11~n , 2532)
""~ ~ 

Kowalska, Lenart bb6'l~ Leszczk (2008) ~n'to}1t:-J6'l'IJeJ-:Jnl'.ibl'l~(JlJ~nVlB-:JnB'Unl'.iBB?lllJ6Ii?l~Bnl'.i 

~lmVllJl6'l?ll'.i 1 'U'.i~'\IrJ1-:J nl'.iBB?lllJ6Ii?l l~(Jtt'Ubu'U~'U6'ln'Ull'!ntJ11~1'U6'l ~ 10 iJ6'l~ blJl'l'.i bb'l.h15nl'.ibl'l~(JlJ
'U 

~nVlB'HU'U 2 15 15bb'.in~€Jmn~'U~nVlB-:J~1(JJ11B'UBru'VI.nij 80 B-:JI'!WIl6'lb~tJ?l 'Ul'U 1 'U1Vl ml1bb'IJ1'UJ1 
, 'U 

b~'U~Bru'VI.niJ 10 B-:Jl'11b6IJm~tJ?l bU'Unm 5 1'U1Vl15~?lB-:J~mboU~'U~nVl€J-:J~Bru'VI.niJ -18 B-:JI'!WIl6'lb6litJ?l 
, '" , 'U 

b U'Ubdm 16 -B'11lJ-:J l~mtJ~(J'U bVl(J'Un'U~'U~nVlB-:J?l~~llJ~1'Unl'.ibl'l~(JlJ(I]1B~1-:J \)lmr'U11l~'UYlnVlB-:JlJlbboU 

1'U?l1'.i6'l~m(J6IJ1A'.i?lA1llJb.vlJ-tf'U 61.5% (w/v) bU'Ubdm 180 'U1Vl ~'U";h~'U~nVlB-:J~cJl'Unl'.imn\)~ije)m1
'U 

nl'.i?lru b~(JJ11'U'.i~'VI'Jl-:Jnl'.iBB?lllJ~?l?l-:Jn'h~'U'~nVlB-:J~~l'Unl'.ibboUbb~-:J bb6'l~~'U~nVlB-:J?l~ bi1B-:J\)l nnl'.i 
'U v 'U 

m n\)~vl11mA'.i-:J?l~l-:J'VI~B bdB b~B'lJB-:J~nVlB-:Je)B'UDlJ6'l-:J ;S-:J bn~nl'.i~lmVllJ16'l?l1'.i1~~ 

nTlBUbb~-:j~1EJ111bf'l';jb1vJ~ruruln1f'1, ...... 
nl'.ivllbb~-:J~ltJllJ1A'.ibTVJbb'U'U~qJqJlnll'! (microwave-vacuum drying) bU'U15vllbb~-:J~'.il~b~1 

tJ'.i~'VItl~b1m b~B-:J\)lnl:Wb6'l fl6'lJl1'UB1'V11'.i\)~~~;lJ~61-:J'l1'UbblJb'VI~n1'W~11~tJl'l'.i-:J \)lmr'UBb~ nl'l'.ieJ'U1'U 
'i" :; "" d d 

, 

.1 d • 1 
'U 

.... ,~ 1..1.':1 d ~I.... 6' ... 
~m6'ln6'l'tJl\)~ bA6'l B'UVl b'UB-:J\)l nfll'.i bu6'l (J'Ubb u6'l-:J~6'l-:J-:Jl'tJ bblJ b'VI6'l fl ym1Vl n6'll m u'U~6'l-:J'll'U \)6'l'U bb6'l ~ (J-:J, 
bA~ B'U~'IJ'U n'tJbB-:J\)'U~61-:J-:Jl'U'lJB-:JiJ'tJ btJ ~ CJ'U b u'tJ ~61-:J-:Jl'UA1llJ~B'tJ b~B-:J\)lnnl'.i b~ tJ~~ n'tJ vll1~Jl".i~ b'VItJ 

BBfl~fl1CJ'UBneJ~1-:J'.i1~b~1 ;S'loU1tJtlmn'tJnl'.i'VI~(I]l'IJB-:J1A'.i-:J?l~1'lbdm~Bm'VI1'.i ;-:JbU'U1JqJ'VI1~~'U1 'Unl'.i 

vllbb~-:J~1CJ6'llJ~B'U~11tJ (Bilbao-Sainz et ot 0, 2006) 'UBn\)lnd nl'.ivl1bb~'l1'U.n11~~qJqJ1nll'! vl11~J1 
'.i~ b'VICJ~Bru'VI.niJ~ln";h1'U.nl1~'U'.i'.itJlnll'!tJ fl&i t:-J6'l1~\)~f1flvl1bb~-:J1~CJllJi1lJ~?lnuBuJ'VI.niJ?l'l bb6'l~.nl1~~1lJ 

" '\J '\J" 'U '" 

ijmfIll'!tl-:JoUl tJ6'l ~tJ~ n~CJ1B€Jfl6li b~i'tJ ;S-:JtJ-rutJ~ -:J~ '.i6'1'1f1&i bb6'l ~ n~ 'U '.i?l 'lJB-:J t:-J ~ I'l Jlrusvi~vl1 bb ~-:J1~B~ l-:Jij 

tJ'.i~~Vl5fl1~ (Erle and Schubert, 2001) 

'.i~'U'UllJ1mb1'W~qJqJlnll'! bu'tJ'.i~'U'U~tJ'.i~ ~ n(lh~'VI'J1-:JfIl'.i~lmVlA1llJ~B'Ul~CJ1.ff'.i~u'UllJ1A'.ib1'W 

bb6'l~'.i~'U'U?lrurulnll'! ij61n'to}ru~b~'U~elBru'VI.niJm.ffBubb~-:J~lvl11m.ff'.i~CJ~b16'l11'Unl'.iB'U bb ~-:J,j'BCJ6'l-:J \)lfl 
, v Q.I " \J 

'VI61n nl '.i'IJ B-:J\) ~ b~ €J~\)~6'l ~ ~16'l-:J bdBB ~1 'tJ'.i ~'U 'U?l ru ru 1 fill'! A11lJ (i)'tJ~ ~ l6'l-:J bb6'l ~A ru?llJ u&i nl'.i~~ n~'tJ A~ 'U 
" 'U" QI " "\J 

llJ1A'.ib1'W'lJB-:JJ1~-:Jt:-J6'l1~J1~eJ~.nl(J1'Ut:-J~I'lJlrusvi'.i~ b'VICJ€J€JflltJ€J~1-:J'.i1~b~lf1l'.i1.ffA~'UllJ1A'.ib1'Wvll1~bn~ 
'U 

nl'.im~\)ltJA1llJ~€J'U\)lfl.nlCJ1'Ur.J~I'lJlru6fl1tJ~ fl1 tJ'UB nr.J~ I'lJlrusvi ~l tJ'VI61fl nl'.id15-:JoUl CJ-rn'to}l?lfl1~~-:J b~lJ 
'U 

'lJmll'lfl~'U bb6'l~llJijBBn6lib\)'tJb-tflvlltJfin~tJ1n'Ull'lfl~'U 5fl~-:J?l1lJ1'.iflA-:JAruI"11Vl1'l1.n'IJ'U1 nl'.i n~'tJbb6'l~'.i?l11 
" d.J.. " 

1~~ 'tJBn\)lndtl-:J~'tJ'.i~CJ~nm1'Um~'U1'tJnl'.i€JUbb~-:J1~b'VI~m-WtJ-:J 1 1'tJ 6 b'Vhbb6'l~b~lJe)I'l'.i1nl'.iB'Ubb~-:J1~ 
4-8 bvh bdmVlCJun'U f1'.i~'Ul'Unl'.iB'U bb ~-:J~1 CJ15~11tJ (~TUn'll'UflB-:JVl'U?lU'U?l'U'U-:Jl CJ1~CJ, 2554 : , , 
Gunasekaran, 1999 : Gokmen and Acar, 2000) 
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Lin bb~~l"lru~ (1998) 1~(Jn1'H'l.J~(JubVivu~~'U€I,ml';i€lubb~\l1~v1mlJ11"l';in~?IrurulnlP1bb~~nl';ie),\J, " " 
bb~\lbbUU Freeze drying 'U€I"bbl"l';i€l'Vl?ll~\1l 'V'lu'hnl';i€lUbb~\l1~vl:w11"l';ib1~~qJqJlnlP1iJfil alpha-carotene 

bb~~'l.J~~J1 ru1 ~liJ'U;am n nll bb~iJI"l11lJ"''Ulbb,j'U bb~ ~mllJtilJ-W€I (J nllnl';i€lU bb~\I bbUU freeze d ryi ng 

Bondaruk bb~~l"lru~ (2006) ~ n'to}ln1';ieJU bb ~\liJ'UeJ~\lVl';i\l~b"'~ VlJ~ nU1P1n1~v1mlJ11"l';in~
'\J 

~qJqJl nll"1 'V'lUll nl';i 1 mlJ11"l';i b1~~ qJqJl nlP1'ch V ~n'to}l~'UeJ-:JiJ'UeJ ~\I bb~~~ ~ nl';i~ qJb~Vbb U\I bb~~Jl~l~ b~eJ 
b'l.J~(JU bVi (J'lJ flU bl"l~eJ-:J eJ'lJ bb ~\I bb UU~lJ~eJ'Ubb~~ nl';ieJUbb~\I~1 Vbl"l~€I\1eJU bb ~\I bb UU~lJ~eJ'U~eJru"'JliJ?I\I"il~ 

, '\J '\J 

'Vl1mv1m\l ?I~l-:JJl1V1'U'UmiJ'UeJ~\lVl';i\l~b"'~VlJ~nU1P1n 
'\J 

"ill~'V'l\l;ai 11fl'Vlt bb~~ 'U';i16'l.J ?I~'U~l (2551) ~n'to}lnl';i~(V),J'Ulm~U1'Unl';ieJUbb~-:J~1VllJ11"l';in~-,", , 
?Iruruln1P1flU~~~~~bn'to}~';i 3 "1f'ij~l~bbn ~11vmeJmhlv~-:Jbbuu1~lJbblJVlbb~~1un~b 'V'l';ilbb ~\I 'V'lUll , " " 
~~~Jlru~vY\I 3 'l.J';i~ bJlVliJ"n'to}ru~~ bO'V'll~bb~ n ~l\1"illn~~~Jlru~~eJU bb ~\I~1V~lJ~eJ'U'l.Jn&i~11vmeJu~ 
eJUbb~\I~1(JllJ11"l';ibJ~?IrurulnlP1 iJ~n'to}ru~biJ'U~~n~lJ ~meJUb",m~~l"'~U'Vl1biJ'U'U'UlJ'UUb~m

'1 v v '\.I 

Therdthai (2009) ~n'to}lnl';ieJubb~-:J'V'l~mb~\I ~'Uq~'U~11~v1-tl'nl';ieJUbb~\lbbUUllJ1mb1~~qJqJlnlP1 

'V'l'lJll'V'l~mb~\liJ~bb~-:J~lJiJ"n'to}ru~'V'leJ-:Jbb"~I"l\l';i'l.Jhlij~I"lJlbb~~hib~mb",iJeJ'UflU'V'l~ mb~-:J~11'l.J~l~"illnnl';i
'\J 

eJUbb~-:J bbUU~lJ~eJ'U "n'to}ru~11"l';i\l?l~l\1'UeJ\I'V'l~neJubb~\I~l~iJ';i'V'l';i'U bb~~nl';ib'l.J~(JUbVivu nl';ieJU bb ~\l1~(J1-tl'
'\J , 

llJ11"l';ib1~~qJqJlnlP1bb~~nl';ieJUbb~\lbbUU~lJ~eJ'U (Hot air drying) 'UeJ\l1U?I~';i~bb",,j'V'lUll nl';ieJubb~\l1vW 

llJ1mbJ~~qJqJlnlP1"il~~~ b1mnl';i'Vl1 bb ~\ll~ 85-90% bb~~~n'to}l~'UeJ-:J1U?I~';i~ bb",,jl~~nllnl';ieJubb~\lbbuu 

Figiel (2010) ~n'to}1"il~P11?1~{nl';ieJUbb~\lbb~~flruJll'V'l'UeJ\lnl';i'Vl1bb~\lUVl~Vl ~hVl1bb~\I 2 15 ~eJnl';i 

eJU bb~\I bbUU'V'llmllJ~eJ'U (1-tl'bl"l~eJ\leJU bb~\lbbUU~lJ~eJ'U) bb~~ nl';ieJU bb ~\I bb UU ~?IlJ~eJeJu bb~" bb U'lJ'V'l1fl11lJ 

~eJ'UneJ'U bb~11mlJ11"l';ib1~~qJqJl nlP1'Vl1 bb~\I~eJ 'V'lUll b~eJ1mlJ11"l';i b1~~qJqJlnlP1~1lJ~1 v?i-:J~~1~nl';i"'~~1 
~~-weJ (J~-:J b~eJ b'l.J~vu b Vivu flU nl';ieJU bb ~-:JbbUU'V'l11"l11lJ~eJ'UbYiV\leJ ~1\1 b~m bb~~ b~eJ1-tl'r11"-:JllJ11"l';ib1~?I\1 ~'U 

'\J 

"il~?i\l~~1~mllJ?lllJl';itl1'Unl';i~~Jln~u'UeJ-:JuVl';iVliJfilmn~'U 1i1-:J,r'Ub~€lb~lJr11"-:JllJ1mb1~bb":!~~b1m~ 
'\J '\J 

1m'Unl';ieJ'L1 bb ~-:J bbUU'V'l11"l11lJ~eJ'U~\I"il~'lhv1~UVl';i'VleJUbb~-:Jijl"lruJll'V'l~~'U
'\J , 

nl';ivllbb~\lbbUUbb'llb~€Imb~-:J (freeze-drying) 'li1v~n'to}lflruJll'V'l'UeJ\I~~~Jlru~vY\I~1'U~'l.JVl';i-:J n~'U 
';i?l ~ bb~:!l~liJ'U bb~iJ-if€lb~ vf1eJiJnij~'UVl'U1'U nl';i~~ ~?I-:J nllnl';ivll bb~-:J bbUU~lJ~eJ'U",mm'Vh~1 (Clarke,

, '\J 

7 



2004) 'U eJn-<inn'!'U m:::'Ul'Uvl':Jn~11:rh~'U11-u:w~vh1m~t:-J~\?l~ru,]~:l'j~,\I'r~'U ~'1t:-J~1Vf?ll:lJ1~f:1V)V)Jlml'U
'IJ • 'IJ 

(rehydrate) l~eJ~l'1~lv)~~l'Vllnmn'Uml:::~:l'jflll:W~'U (Ochoa-Martinez et 0/.,2012)
'IJ 

n1~'W~'Vl~\?lb:W'Ul9l (Pretreatment) 

m~ Pretreatment ~u'Um~~\?l~CI:wl\?lf:1~'UrieJ'U~.ul~m:::'Ul'Um~eJeJ?lhJ6B?l~~~:::m:::'Ul'U m~vh~~Vf'l 
• 'IJ 

:l'j~'1m~1off?ll~~fl:l'j ~~~:::1offflll:W~eJ'U ~~eJ'lh mJeJ'I n'Un1~ ~nV)LJ5n~ m~Jl\?ll~ ET'U ~'1n1~ ~'<iJ~qj~&l'U1\?l'lJeJ'I 

~~eJ'<iJ~'UVl~~ ~~~:::'lh CI-rn'lo}lflrumy.j~l'U~treJ;;;':hI~?l ~~~~:::r;rn'lo}ru:::LJ~lnfl'lJeJ'It:-J~1m~•• :'.J 

m~1Vfflll:W~eJ'U '<iJ:::'lil CI ET'U ~'1 m~vll'11'U'lJeJ'I ~eJ'U16lfliy.jeJ~YJ'UeJ~ eJeJ n6B~V)?l (polyphenol oxidase; 

PPO) ~:l'jeJ~l'Ut:-J~1:iJ 1v)Clflll:W~eJ'U'<iJ:::vll1Vf~eJ'U16lfli~~CI?l[11y.jhJ?ll:Wl~m~'1LJ5n~Cll~Jl\?l1~1~ (McBean et 

a/., 1971) ~~~:::n1~1off?ll~~fl:l'jeJ1'<iJ1off~~mJeJ'In'Un1~~nV)LJ5 n~tJ1~Jlm~ ~'li'U ~m~eJf1.v)eJeJn16lfii mV) 

~~eJ?lfleJ1ufl mV)6B\?l~n 'Vl~eJ1off~~eJLJ-r'ULJ~'1~treJ;;;':W~?l ~'li'U ~~flm6iiCl:Wfl~eJbii ~~~?ll~~fl:l'j'Ul'1'lJUv) ~'li'U• 
~~ ~~eJf1.v)eJeJn16lfii iJt:-J~ ~~CI~eJ~l'1m CI ~'1"'ill~u'U~eJ'I1m'ULJ~:Wlruhj ~n'U~nru']:hl1m~1'U~n~'Vl:W1C1 rhVl'Uv) 

bbflm~mJfllilBhii (Calcium chloride) 

t:-J~1:iJ~~ 'li~:WeJ'U ~~ Vf-!l~ ~1'Um:::'Ul'U n1~eJeJ?l1:w6B?l:lJ1 ~U'U~l~ l'Ul'U ~ trmr:W~?l'<iJ:::.Q:w vl'l'!'U n1~1off 

?ll~LJ~::: neJ'U ~~fl~ ~6iiCl:W'<iJ:::'lil CI-rn'lo}lflll:Wfl'l~LJ'lJeJ'I ~treJt:-J~1mn~ ~~eJ'I'<iJlm~flm6iiCl:W1eJ eJeJ'U (Ca2+) 1LJvll 
'IJ 

LJ5 n~ Clln'U?ll~LJ ~:::neJ'U ~y.jfl&l'U'U~ bl ru middle lamella ~~~:::t:-J,r'l ~6lf~6"i''lJeJ'It:-J~1:iJ~nV)LJ5n~m ~~eJ:w.ul:W 
(crosslin k) ~:::'Vl'Jl'1'VllJfll1'UeJ n6B~'U'U?ll CI'lJeJ'I ~y.jfl&l'U~~~:::LJ ~:::'<iJ'lJeJ'I ~~fl~ ~6iiCl:W1eJeJeJ'U ~nV) ~U'U1fl~ '1?l~1'1~ 

'IJ • 

~~Clnl1 Egg-box model (~LJ~ 4) ~nv)~U'U?l1~LJ~:::neJ'U~~flm6iiCl:W~y.jfl~\?l\?l;'11lJ?l:::?l1C1Jl vll1Vf~treJt:-J~1:iJ:l'j 
~ Q.I ~ II 

flll:W~~'lJ'ImeJ'U~~~:::fl'l\?lleJCI bV)
'IJ 

/ '" 

9~ HOi+y

~0 0 / 0 

oo Ca~ \ 

o ° Q 

o 0 , 'o,c~RHO ° 
0",. / 

,fl1'W~ 4 1fl~'1?l~1'1 Egg-box model 

~:Wl : Leick et. 01. (2010) 
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Luna-Guzman, Cantwell bLfl::: Barrett (1999) ~fl~lr:.Jfl'll€J.:j01':ibL'liLbfl'lWnmJ'dUwwTI):w'U~l.flfl 
" \I 

1'U?f1':ifl:::mmbflm61ltJ:Wflfl€J1':i~~B~0~ru:::b'i1B"':wir?f'll€l\lbLfI'U(.nmJ V'I'U'"h01':i1 i?f1':ifl:::fl1 mbflfl b61ltJ:Wflfl€J1':i~ 
\I 

f111:WL-iJ:w-iJ'U 1-5% 'liltJU -rUU':i \l~fl~ru:::L'd'€J"':wir?f'll€J\lr:.J~ (91JlruSVl1 'IX~~'U LLfl::: L~€JfI11:WL-iJ:w-iJ'U'IlB\l Lbflfl L61ltJ:w 

f1fl€J1 ':i~ b~:W~'U U~:W1rubbflfl b61l~:Wflfl€J1':i~~61l:WL-iJ11ill'UbLfI'U(911flun~ri1 b~:W~'U ~\lr:.Jfl1'IX~ri1f111:Wbb~\lL~:W~'U 
\I 

Rastogi, Nguyen bbfl::: Balasubramaniam (2008) ~fl~1r:.Jfl'll€J\lfl1':iV'l~Vl~(91b:W'U~~~~€J~fl~ru::: 
b11'€I "':w ir?f'll€J\l Lbfld BVl'Vl~\l:U1fl ~1'Uf111:W~B'U LLfl::: ~1'Uf111:W ~€J'U~:W01 ':i1-11fI11:W~'U ~1:W(;)1 tJ V'I'U';h b~BV'I~Vl~(91 
L:W'U~LLfI':i€JVll~ltJ1ibLflflL61ltJ:Wflfl€Jb~ 1% LL~TUlhJ1'IXfI11:W~€J'U~Bru'Vl.fllJ 60 €J\l~WlmL61ltJ?f 1~tJ1ifl11:W 

, \I 

~'U (200 MPa) ~l:W(;)ltJ L.QmLfI':i€JVli1f111:Wbb~\lb~:W~'U bbfl:::lf1':i\l?f~l\l'll€JW@~t'lfl'Vhmmj'€JtJfl\l
\I 

Irfan, Vanjakshi, Prakash, Ravi, Kudachikar, (2013) ~fl~1r:.Jfl'll€J\lLLflflb61ltJ:Wflfl€Jb~~:W~B01':i 
OJ d, ~ ~ d, 1'" col 1 G 
':ifl~lf1 ru.fl1V'1'1l€J\l r:.J fl:W::: b~€ld :::'Vll1\l fl1':i bfl'U bbfl::: €l1 tJ O1':i Lfl'U'Il €J\lr:.Jfl:W:::b~ B V'I'Ul1 fl1':i 'd bbflfl b'lf tJ:Wflfl €I ':i~, , 
4% 'liltJ-rO~lf1ru.fl1V'1(;)l'U~, b.Q€J"':lJir?f, u~:lJ1ruimlJ'U61l LLfl:::'lil tJ'd:::fl€Jfl1':i?f 0 ~\l r:.Jfl1'IXr:.Jfl:lJ::: L~B~€l1tJ fl1':i, ,. 

d ~ ~ 
bfl'UVl tJ11'Ul'U'Il'U 

fl'.i~~\Jl~O (Citric acid) 

m~sa\Jl~fl~~ bU'U1(91~ b~€Ju'U1'U€l1'Vl1':i (Food additive) ~~ru?f:W'l1~ LU'U?f1':i~'U ~\l fl1':i bn~ulJ n~tJ1 
€J€Jflsab~o&'U 'lil tJU B\l tl'Ufl1':i bn~ulJn~tJ1~t11mfl b~€J\l:U1 flb€J'U1'lf"j m~sa(91~fl'Vh'Vl'lj'l~b~:lJfll1:WbU'U m~ ~\l 
-rfl~l':i:::~'U pH 1'IX~1011':i:::~'U~LB'U1'lf,jvl1\l1'U1(;)~ bbfl:::LU'U chelating agent ~'U1BBB'U'Il€J\lVlB\lbL~\l~B~ 
'U'U active side 'IlB\lL€J'U1'lf,j vl11'lXb€J'U1'lf:lJ1lJ?f1:lJ1':it'lvl1\l1'U1(;) 

Jiang, Pen bbfl::: Li (2004) ~fl~1fl1':i1im~sal?l~flb~Bfl1':i~~€l1~fl1':ibn'ULbfl:::fl1':i-rfl~1~ru.fllV'1'1l€l\l 
bm~~'dU~V'I~B:lJ'U~l.flfl V'I'U11 m':i 1 im~sal?l~0~f111:lJL-iJ:lJ-iJ'U ':i:::~'U~T~::: m:::I'l'U01':ivll\ll'U'IlB\lb€J'U 1'lf"j PPO, 
bL~tll1im~sal?l~0~':i:::~'UfI11:lJb-iJ:lJ-iJ'U 0.1 M ~'U1u :U:::~'U~\ln:um':i:lJ'IlB\lb€J'U1'lf"j PPO ~\l'liltJ~~€l1tJm':i• 
Ln'U ~'U~\101':ibu~tJ'U bbUfl\l~~~l'll€J\lLm~~ bLfl:::fl~m':i?fru b~tJimlJ'U61l1'Ubm~~1(;)BO(;)ltJ

\I ... 

1~b~tJ:lJb:lJ\Jll1u.ij6'lly.j~ (Sodium metabisulfite) 

?fl':iU':i:::fl€JU"llfl1vl~~~bU'U1\Jlm~Bu'U1 'UB1'Vl1':i (Food additive) utJ:lJ1m'U':iU'IlB\l "IImvl€Jf1.~ 
, \I 

BBfl1'lf~, 1'lfL~tJ:lJ"IIfl1vl~, 1V'I bbVl?f b61ltJ:lJ"IIfl1vl~, l'lfL~ tJ:lJ L:W1?l11'U"IIflhM bLfl:::1V'I LL Vl?f b61ltJ:w b:lJm 1 'U"IIfllvl~ L u'U 

1'l'U ?fl':iU':i:::flB'U"IIfl1vl~~U':i:::~Vl5.fl1V'11'U01':i~'U~\101'jbn~uijn~tJ1~t11mfl~\l~Ln~:UlflbB'U1'lf"j'Vl~€J~1:lJ1(;)~ 
LB'U1'lf,j:lJ1 L~ tJl-iJ€J\l ?fl,;}U,;}::: 0 B'Uifl1 'W~:u:::vi'lUij n~ tJ1 tlU?f l,;}U ';}::: fl€J'U f11 ~'U BUfl~ bn~~'U vll1'IX?fl:Wl';}t'l 

~'U ~\l':i\lfl11?l~~t11(911fl~:U::: Ln~~'U1(;):U10Uij n~tJ1~t111?l1fl~1lJ1(;)~LB'U1'lf"j:lJ1 LMtJl-iJ€J\l (Branen, 1989) 

'Uel 0:U1 od~\l:Wm':i1i L U'U1 (91 ~ tl'U L~ tJ ?f1':i'Wel 0 ~'Vl~€J?f1';}tlel\ltl'UO1':i bn~tllJ n~tJ1elelosa L~o&'UB0(;)1 tJ 

1~ tJv(11 U"IIfl L'WBf1.~€J€J01'lf~:U:::,;}::: L'VltJ1 U tl'U1€Jt11 f;1\l 90% ~1'Vl-r'UU~:lJ1ru~el~ ~11?l1 'lXmm'U 

r:.J~I?lJlru4i'l~vhtJfimj'€JtJfl11 20 lJfl~O-r:lJ~elil1flfl-r:lJ 'W~'Il€J\lti1'lf"llm'Welf1.~Belfl1'lf~U~:lJ1ru 8 ppm :U:::vl1 

1'IXbn~€J1fl1':i':i:::Fl1mfiB\l'll€J\l,;}:::'U'U'VlltJh U~:lJ1ru 20 ppm :U:::vl~11'IXbn~€l1fl1,;},;}:::f11mfi€J\l1?l1 tl1 

-r'UU';}:::Vl1'U1lJ:lJ1 0 ~1\l fl1 tJ?fl:lJ1':it'l-rr'U €I €I flVll\l':i:::'U'UD?f?f11:::1(;) LL~tl1-r'UU,;}:::Vll'U:Wlflbn'U1u:U:::~r:.Jfl1Ufl~ 

U,;}:::~Vl5 .fl1V'101';}HlU':i~'ULLfl:::1'Il11''U1'U~l\101mbfl:::vi'lfll tJil?lllJ'UU 1 tll:W"IImvl€Jf1.~elel01'lf~?f:::?f:lJ1'U 
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Ot 

tu d\rtI1I1LUl11.LNlU. 

• t-trt~rt~~11n.n.Il.ULl!.t~~1n.ll.rtn.Il.N!.Il.1r2,t:1rt~IA.L~~~i1 

~~11 M.LU'~LU ~lel' n.L,lPM.LU'm~B~t-~11UB~,p.'mm't-~'mB~LU~~'1 \rlLuLmm~~t1~lellrtt n.Bkrt~n.B~,Eot~LU 
n.1l.1~ t-LI.!lt-lII.'mB~LUn.Ul,~Wn.Urtt~ +uaw+eaJ:j.cud ~LU~I'3LgU\rlBM.'~Lrtlll.t-rtl!l~rtt-l!. n.~l!.tn.Lt- I I II ('b I p~ I 1O/I:7p:::.I'b~

, ~ 

(~IA.M.11~LU , 
}1.!l~L\rlL~IA.~rtW) n.l-/n.lel/rtlou~~~ LO n.~1rttl!ln.lII.L.\JU~l~l1:Ln.B~LU!ft-Bt-~ ~RstUBBl!lt}BtA m]st-Bil. 

(lOV : a>je+ul Al!eo alqe+daJV) n.lo,lPt~n.l-~~~'mtlelU'l~n.~LUL!.ll!ln.lII.L.\J~LU~t-£; l!l~n,BlII.n.r;1B~lII.ULrt~'1~ 

~n.tl.!l~~~11t-~l!.LB~~11 ~~l!lrtlll. n.~~1LB ~g~~n.~~1 t-t~t-B!t-t-B!t-l!lti1l!l~l!l~l!.t~LlII.~tLlA.l!.LB ~ULrt~LUt-L~ 

http:t-t~t-B!t-t-B!t-l!lti1l!l~l!l~l!.t~LlII.~tLlA.l!.LB
http:n.~l!.tn.Lt


3.1 1~H;l~tJ, 
'tI'4'\.,!'W'U~~1bfil~ (ArtocorpU5 heterophyllu5 Lamk.) ~jjfi1€l.:Jl"11'U~no&€l~1'U"lid.:J13-15 "il1fl 

d dlI 0 Q I d 

~m(;l,nJ:Wb:WeN €l.mfilnm "il .u'VllJ5TU , " , 

~::311.:1~'U51"11fl€l,j'U\Jl ~€l"il1 fllJ1(;11(;l~Vl1'U1fl m.:J b'Vl'W" 1'U"lid.:Jb~€l'Umflfl1fl~~.:Jn'Utl1t1'U 'W .l"1.• , d.J 

2556 1~tI~ti:w 2 1'U ~1V1'Um.J(;1'IJ1~mru 280-340 fl-rlJ 'IJ~mru'll€l.:Jbb~.:J~.:JVI:W~btJ'U 13.9 ± 0.5°Brix ~1.:J 
~dmJ1b'IJ~1 'IJ€lm'IJ~€ln b€l1blJ~~€l€ln n€l'Uvl1b-u'Um1'Vl~(;1€l~~'U~€l1 'IJ 

~::lh.:l~'U5J1~€lnl~ ~€l"il1fllJ1m(;l "il.'U'U'Vl'U~ 1'U"li1.:Jb~m.J:wm1fl:W~~b:W~1t1'U 'W .l"1. 2557 1~tI~ti:w. , 
2 1'U ~1V1L1mmth~:W1ru 350-400 fl-r:w 'IJ~lJ1ru'll€l.:Jbb~.:J~.:JVllJ~btJ'U 15.5 ± 0.5°Brix 'IJ€lm'IJ~€lfl b€l1b:W~(;l 
€l€ln bb~di'Ubd€llJ~lh.:JbtJ'U~'U'll'U1~ 3 X 3 x 0.5 b"/l'U~b:WlJ11 bb"li(9)1€l~1.:J1'U~11(;1~(;11t1~'lJ1~n€l'U~1t1m(;l;a 
lJ1~fl 0.5 % (w/v) bb(;1~"/llfl1~ 45.0 % (w/v) 61~~1'U(9)d€l~1.:J~€l~11~~(;11mtJ'U 1:4 ~€lruVl.fliJ~€l.:J

" , " 
('lJ1~:W1ru 30°C) 'U1'U 2 idl~.:J bb(;1~(9)1€l~1.:J~hJeJ1'Ufl11bb"li (control) b'IJ~tI'UbVitltJe.J(;1'll€l.:J15vl1bb~.:J 315 

1~bbn vl1bb~.:J~1t1(;1lJ~€l'U bbtJ'Ubb"lib~€lmb~.:J bb(;1~1~lfl1bT'tJbb'U'U~~~1ml"1 

3.2 ~1'Hflij bbfil::~'IJ nc,mlm.,jl'U fl1'avl1 bij'Un1'a1~~ 
~11bfljjmm'Um1vl1m~'U1'Um1e.J~lJ1 


bn~€l 

... 

\J1 lJ11(;1'Vl11 tI'll11 'U~';-'Vl iJlJ11e.J(;1 ~1n(;l 

Citric Acid Food Grade 

Calcium chloride Food Grade 

Sodium metabisulfite Food Grade 

~ 'IJ fl';iru 
~€l'U(;1:W~€l'U (Possess Model UM-Oven 250l-10, Thailand) 

" ... 

~€l'UVl1fl11lJ6fi'U (Memmert, model 600, Germany) 

" 

bfl~€l~1:wlfl1b1vJ~~~1ml"1 (March Cool, Thailand) 

~ V d . 

bfl1€l.:J1(;l~ (Chroma Meter CR-300, Mlnolta Co., Japan) 

bfl~ml~ water activity (AquaLab Series 3 TE, Pullman, USA) 

Texture Analyzer (Stable Micro System Model TA.XT2i, UK) 

bfl~€l.:Ji.:J'1lil(;l(;1~b~tI~ (Sartorius model BP310s, Germany) 

Hand refractometer (Atago model 2210-w06, Japan) 

bfl~m Image Analyzer (Nikon Corporation model ACT-1 version 2.63, Japan) 
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" 3.3 "!i''W\JlB'Wbb~~15~1bij'tH1'W1~fJ 

3.3.1 "u'W'WBUbb~~• 
... ~ "t! cO3.3.1.1 'Jbf'l'a1~'ViB'If'I 'a~nBU'VI1'1Lf'l1m~~n1fJ.n1'W'!JB~'!J'4'W~~ 

rl~b~Bn'tl'W'W~lJ~fl'\~ru~~~B\lm'.i 'l11~lm1'OJ1~eJ\lfitl'.i~neJ'U'Vll\1bfllJml~mfJ.nll'l vl\l~eJ1u.Q, 
fl,ru(;1~mi'Vll\1bfllJ 

-U~~lrufl11~~'W (A.OAC., 1995) '.il(J(;1~L5(J~bL(;1~\l1'U.fllflt:J'W1n n.l 

-tJ~mru'tleJ\lLb~\I~(;1~(;11fJhl~\I'V!~~ (Total soluble solids) 1~(J1i Hand 

refractometer (Atago model 2210-w06, Tokyo, Japan) '.ilfJ(;1~b5fJ~bb(;1~\I 

b-U.fl1flt:J'W1n fl .2 

- f'11 water activity 1~fJ1ibfl~eJ\I Water activity (AquaLab Series 3 TE, 

Pullman, WA, USA) '.ilfJ!;l~b5(J~bL(;1~\lb-U.nlflt:J'U1n n.3 

- f'11~ Ji'1mfl~eJ\ll~~ (Chroma Meter CR-300, Minolta CO.,Osaka, Japan) 

1'U'.i~'U'U ClE L*, o*,b* '.ilfJ!;l~b5fJ~bL(;1~\ll'U.nlflt:J'U1n n.4 

- f'11ml~bb~\I (hardness) Ji'1fJ Texture Analyzer (Stable Micro System 

Model TA.XT2i, Godalming, UK) '.ilfJ(;1~b5fJ~bb(;1~\ll'W.fl1flt:J'W1n n.5 

-ltiln~'WJi'1(J E - nose '.il(J!;l~b5(JtilLbG'1til\ll'U.nlflt:J'\.nn n.6 

- ~lfJ.fl1l'l1fl'.i\lG'1~l\1.nlfJl'UJi'1(J Image analyzer (Nikon Corporation model 

ACT-1 version 2.63, Japan) 

3.3.1.2 f'.1n~1,;)61f'l1~\Jli'!JB'I fl1'aBUbb~'1'!J'W'W Lb 'ti~1J, 
rltilb~eJn'tl'U'U~lJG'1~u&i'Vll':) bfllJ bb(;1 ~ fll fJ.nll'lln~b~ fJ.:) tl'Um b U'Ul\Jlt1~'U1til fJ b~eJ n'tl'U'U~lJtJ~~1ru,, , 

'tIeJ':)bb~.:)~.:)'V!~til 13-14 eJ':)~l'U~ni 'l11~1,r'W1mJi'~'W'tI'Ultil 3x4 \Jll'.ilWI1'U&ib~\Jl'.i -a-\l'tI'W'WtJ~mru 200 n-r~, 
bb~1'l11't1'U'Ubb"1l1'UG'11'.i!;l~mfJt:JG'1~~U'.i~ne:l'UJi'1fJfl'.itil~\Jl~n 1% (w/v) 1"l1b~fJ~b~\Jll1'Ui!;l1v.J~ 0.5% (w/v) 

bb!;l~bbflm~fJ~fl(;1e:l\'.iii 2.5% (w/v) ltil(JlJB\Jl'al~1'U'tIeJ':)b;1'eJ'tI'U'U~eJG'11'.i(;1~mmU'U 1:3 'Wl'UbU'Ubdm 10, 
'U1Vi 'l111tJ~~1(;11'UJlb~eJtilbU'Ubd(;11 10 'U1Vi 'V!~':)'OJln,r'U'Vhm'.ivvG'11~~G'11til(J'l11't1'W'W1tJbb"1l1'W(;11'.i!;l~m(Jt:J(;1~, 
'tIeJ.:)Jlm(;1 50 v.:)m'U~nibb!;l~bn~eJ 1 %(w/v) 'Wl'UbU'Ubdm 24 -a-11~.:) i'UJ1~1'Ubn'U~~1't1eJ.:)'tI'U'U~~1'U, 
m'.iveJG'11~~G'1 11,:) b~fJ':)'U'U\Jl~ bbfl'.i .:)~v ~'U'UmtileJ~!;llJbijfJ~ "ill n,r'W'l11bil~v'U!;l~~v'U~vru'V!.nlJ 60 eJ.:) m 

'U 'U \J" 'U 

b"l1!;lb'iifJG'1 70 eJ':)~lb"l1!;lb~fJG'1 bb(;1~ 90 v\l~lb"l1!;lb'iifJ(;1 lbfl'.i1~~tJ~mrufl11~~'UltilfJu'U'VinJl'V!oJn'tlv.:)'tI'U'W, 
\Jl!;l eJtilm'.i'Vltil(;1 eJ.:) "il'Ufl'.i~~\lt:J~\Jl.nru~Mrvh fJlJm 1~~'U1lJbn'W 18% (w. b.) 'l11iv~!;l~1Ji'mG'1~1':) fl'.ilv.J , " 
ml~~~~'Ulh~'V!ll':)bdmmoUl'Um'.iv'Ubb~':)bb!;l~tJ~mruml~~'W (Drying curve) bb!;l~'l11-rrm.J(;1f'11fl11~~'U 

d v v If Q.I .J' Q.I Q.J ~d ~ I CIt. € .d I CIt. ff 0 

G'1~~(;1'Vl(;1~l'l'U5 n'U fl1 1~"1l'UG'1~y.j'V15'Vl ~ruVLIJ~ \Jll':) 1 ~11 bfl'.il~'V! b l'l v'V!lflll'll'.il~b\Jle:l'.i'tle:l\lbb 'U'U'OJ1!;l v.:) 'Vl 1,:) 

flru\JlmG'1\11{ ~.:)m'.ifll'W1 ruVI1f'11'OJ!;l'Ul'l!;l~1G'11'l{f11'.ibu~ fJ'I.J bb U!;l.:)ml~~'U'tIV\l'tl'U'U G'11~1'.it1fll'U1 ru'V!11Ji''OJln, 

(Mt- Meg)
MR (Moisture ratio) 

(Mi-Meq) 
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"" .... " MR eJ\?1dlr;1TUfll1:W'1J'U 

tl~:Wlrufl11:w~'U~nm1~1 (l~mhv!'umb~-:J) 
tl~:lJ1rufl11:W~'Ub~:WIPl'U ([~mhl/',Jmb~-:J) 
tl~:Wlrufll1lJ~'U~r;1:W~~1~1 (l~mhvl,Jmb~-:J) 

3.3.1.3 ~m~l ~61'tle:Hlnl'H)'U bb~-!l61:u~e:l'I.m'U'U,1'U(;le:J'U b~tJ1bb61::Vl611tJ,1'UIJle:J'U bb61::n1'ae:J'U bb~-!I~1tJbfl~e:J-!I 
l:ubW;ib1v-larurulnlf1.., ., 

tJ ,~, 1.1 Q..I " q 

-n1~mJ bb'VWlJ'U'U bb'1JellJ bb'U'U~lJ~eJ'U'lJ'U(J) eJ'Ub~en, 
'l11'lJ'U'U~~1'Un1~e:JeJr;11lJ~r;1bU'Ub1~1 24 il1lJ-:J 11-:J~-:J'U'U(J)~bbnHI..J'Um~eJ~~ijdjtJ:w bb~lbeJwih, ~ 

1.1 tld.Q. .c::.I 0 Slid ~ Q 

(J)eJ'U~meJ'U'VleJru'VI.n:w 60 mP11b"1lm'MJr;1 'Vlln1~eJ'Ubb'VI-!llJlm'UeJ-!I'Ul'UbiJ'Ublm 420 'Ul'Vl 
~ ,~ 

. " 
-n1~m..J bb ~-:J'lJ'U'Ubb-dB:W bb'U'U~:W~eJ'U'VIm tJiJ'U (J) eJ'U, 

n1~eJ'Ubb~-:J-dl-:Jbb~n~eJru'VI.nij 90 eJ-:JP11b"1lm~tJr;1bU'Ub1~1 60 'U1Vl -dl-:J~r;1eJ-:J1ieJru'VI.nm'Un1~
., '\J ., 'U 

eJ'Ubb~-!I~ 70 mP11b"1lm~tJr;1btJ'Unm 150 'U1Vl bb~~-dl-:Jr;1~VlltJ1ieJru'VI.nm'Ufn~eJ'Ubb~-:J~ 60 eJ-:JP11b"1lm~tJr;1, ,~ 

'lJ'U'U~~1'Un1~eJeJr;11:W~r;1Cln'l11bil bfl~eJ-:Jhllf1~n~r;1 f) If) 11n1P11~tJ~-:Jl"hnl~-!l1(;l1l1 ~ 960 1(J)1I1 eJ'U .. '\I ,lI'tll't: 

'Ul'Ubu'Unm 20 'U1Vl oWn 1 'U1Vl bb~leJ'U~eJ~n 3 'U1Vl ~1:Wblm1'Un1~eJ'U 23 'U1Vl 

, " 
B:Ue:J'Ubb~-!I~-!I 3 15 

fI rur;1:w'U"i'Vl1-!l bflii, 
- tl~:W1rufl11:W~'U (AOAC., 1995) ~ltJ~~b~tJ~bbr;1~-:J1'U.n1fl~'Uln n.1 

- 1"11 water activity 1~tJ1ibfl~eJ-:J water activity (Aqua Lab Series 3 TE, 


Pullman, WA, USA) ~ltJ~~b~tJ~bbr;1~-:J1'Umflt:.J'Uln n.3 


- 1"11f111lJU.u-:J (hardness) ~1C1 Texture Analyzer (Stable Micro System 


Model TAXT2i, Godalmins, UK) ~ltJ~~bBtJ~bbr;1~-:J1'Umfl~'Uln n.5 


- 1"11~~lmfl~eJ-:J1~~ (Chroma Meter CR-300, Minolta Co., Osaka, Japan) 


1'U~~'U'U ClE L*, 0*, b* ~ltJ~~b~tJ~bbr;1~-:J1'Umflt:.J'Uln nA bb~~l"h'U1ru'VI11"11n1~ 


btl~tJ'Ubbtl~-!I~ (,0.E*ab) ~-!lr;1(J)~ ~eJltl~ 

~ 
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- ~1~.fll~lFi~~~~1~.fll~1'WJl"',w Image analyzer (Nikon Corporation model 

ACT-l version 2.63, Japan) 

m~tJ~~bij'Wvn~tJ~~~lVl~lJ~~ 

tJ~~bij'W~rum~Vl1~tJ~~~lVl~:IJ~~bb'\J'U Acceptance test l\?mtJ~~bij'Wmd 

m)lJt'UFirum~1'WJll'W~'lJme.J~~Ji'ru" n~'W~~ ~~'ll1~1\?l~~1lJ b-df)~:IJ~~ bb~~Fi11lJ'llf)'U1\?lfJ~1lJ, 
l\?lfJ1ierVl\?l~f)'UtJ~~ b.flVI1lJ!JmJ'W ~1'W1'W 30 Fi'W bb 'U'UVl\?l~f)'UVll~tJ~~~lVl~:IJ~~~..:J bb~\?l~1'W 

'II 

mFie.J'W1fl fl.l0 

11..:Jbbe.J'Wm~Vl\?l~f)~bb'U'U Completely randomized design (CRD) 611V1t'Um~ 

\9IdT'Il~f)'UFirum~Vll~ mfJm~bb~~Vll~ bFiij b~f)~~ln..:Jl'Wl~fJ-dij~1 bb tJ~~t9lf)~Pifl'\~l 3 ~1bbtJd ~f), 
•.e::: 11 i.I II d Q, CI I.e.: II tJ' 1.1 

'IJ'W'Wbb'llf)lJ f)'U bbVI~m fJ ~:IJ~f)'WVlf)ruVl.fllJ 60 f)~1"11b'll~ b'll fJ ~ 'IJ'W'Wbb'llf):lJf)'U bbVI~ \?l1 fJ~mf)'Wbb'U'UVlmfJ 
" .. 'V " 

~'W\9If)'W bb~~'IJ'4'Wf)'Ubb~~Jl1fJ1lJ1Fi~b1~~qJqJlmPl bb~~11..:Jbbe.J'Wbb'U'U Randomized complete 

block desion (RCBD) 611V1t'Um~tJ~~bij'WFiru.fll~Vll~tJ~~~lVl~:IJ~~ lbFi~l::~.rrf):IJ~Vll~~~~bb~:::, , 'II 

btJ~fJ'UbVifJ'UFi11:IJbb\9lfl~1~'lJf)..:JfllbU~fJl\?lfJ1i Duncan's new multiple range test 

3.3.2 :JJ:::lj1{jel'Ubb~{j 

3.3.2.1 fim~1t:-J6'l"lJel{jn1'Hb'ti~:JJ1'IJ6I1~6'l::6'lltJ~1{j 4'] ~elfl1~'Vi'lu~{j:JJ::~b{jbb'ti~:JJ 
:JJ::lJ1~vr'W1f['llFif)'I!'W~~mnfl\9l~1\?l:JJVll'W1Fi m..:JbVl~" 1'U'li1..:Jb~f)'W mfl1l1FilJ(1~ n'WfJlfJ'W ~.Pl. 2556 , , 6J 

~::fJ::tilJ 2 l'W J1V1'1!fle.J~tJd~:JJlru 280-340 fltlJ tJ"ilJlru'IJeJ..:Jbb~..:J~..:JVllJ\?lbtJ'W 13.9 ± 0.5 f)~I"11'U"ifl~ ~1~ 
Jl1~JlbtJ~1 tJf)flbtJaf)fl bmb:JJ~\?lf)elfl bb~1,*tJb-dellJ::lJ1~bU'W~'W'IJ'Wl\?l 1.5 x 1.0 x 0.5 b'll'W~b:JJ\9I~ bb'd 

~1mh~1'W~1~6'l::mfJ~tJ~~flf)'UJl1fJl'llb~m.lFi~elb~ 0.5 VI~el 1.0 % (w/v) bb~::'lllm~ 35.0 VI~el 45.0% 
'II 

(w/v) ~\?l?i1'W~1mh~~f)~1~fI::mmtJ'U 1:4 ~f)ruVl.flij~f)~ (tJ~::lJlru 30°C) 'Wl'W 2 i11lJ~ btJ~fJ'UbVifJ'U 
, 'II 

n'U~1f)~1~vhlJc.h'Wm~bb'li (control) (~1lJbtJ'W 5 m~Vl\?l~f)~) ~1fl'\1'Wvhbb~~~1f)~1~Jl1fJ tray dryer (Yeo 
I • .J Q, 0 ~ 

heng 1'W HALlOOS, Bangkok, Thailand) Vl~ruVl.IJlJ 80 C (Pott et at., 2005) Fi11lJb~1f1lJ 0.5 m/s 

'IJ'WVi nJ1V1'1!fl'IJf)~~1 f) ~1~\9I~ f)\?l m~vh bb~..:J bb~ ~~ ~1~ml~ fll ~vh bb ~~~ ::VI'J1~ eJ\9I ~1?i1'W Fi11lJ~'W (Moisture 

ratio, MR) n'Ub1~lm~'Vi'lbb~~ b~f)Vllb1m~~1f)~1~ijFi11:IJ~'W1lJbn'W 18% (wet basis, w.b.) (611'1!fl~1'W 
:JJ1m~l'Ue.J~\9IJi'ru"f)\9I~lV1m~:JJ, 2532) 1\?lfJfll'W1rufll MR 1Jl~lfl~:JJm~~ 1 'Vi'lm~Vl\?l~f)~ 2 ~1 

dol , 

MR= U ... ..... .. ..... (1 )

Mi 

"" .." MR = eJ\9I~1~1'WFi11:IJ'll'W 

M t = tJ"i:JJlruFi11:IJ~tJ~b1m1\?l1 (1\?lfJJ1V1'1!flbb~..:J) 
M; = tJ"i:JJ1ruFi11:IJ~'Wb~:JJt9l'W (i\?lfJJ1V1'1!flbb~..:J) 
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3.3.2.2 An~l~~'tJe:J.:)n1'moij~lJt'U~l'a~~~l£J~l':)d'j ~mllJU~'V11':)bflijn1£J.nl'W'tJe:J':)~~~.nru'; 
b~~~lJ~le:J~l':)~\I 5 '1I(1)m,;)'V1(1)1.1a\lb'li'Ub~~ln\Au~'U~l'€),U~ 3.3.2.1 ~~\I~lflt!'U'Vhbb~\I~la~l\1~, 

I I~ II .d ~ Q ~ I 

[:.Jl'Um,;)bb'1lalJ'VJfl~(1)m,;)'V1(1)1.1a\lm~ tray dryer 'VI~ru~.lJlJ 80 v\lP\lb"ll1.1b"llfJa FllllJb,;)l1.1:lJ 0.5 b:lJm\Jla 

i'U1Vi ~'Um~~\I~lv~l\1ijFldl:lJ~'UllJbn'U 18% v11m,;)'VI(1)1.1e:J\I 2 ~1 ibfl';)1~t-1a:lJU~'VI1\1bFlijm~.n1'Y'1'1Ja\l 
[:.J~\Jl.nru.n 1(1)~ibFl,;)1~t-1fl~'U';)abtJ~fJ'UbVitJ'un'U:lJ~lJl\la(1)1911fJ E-nose f1l Ow 1911mFl~e:J\ll(1) Ow (AquaLab 

i'U Series 3 TE, Pullman, Washin~ton, U.s.A) tJ~1J1ruFldl:lJ~'U (AOAC, 2006) f1l~ (L *, 0*, b*, hue 

an~le bb1.1~ chroma) 1911~ colorimeter (Chroma Meter CR-300, MinoLta Co., Osaka, Japan) bb1.1~f11 
" ~fl~ru~b-uvi1:lJera (hardness, cuttin~ work bb1.1~ adhesiveness) 1911fJ texture anaLyzer (StabLe Micro 

System Model TA.XT2i, Godalmin~, UK) bb1.1~ HDP/BSK blade cutter 1oULdm1'Um,;)v1lbb~\I f1lfl~'U 
';)a ~bb~~b-dvi1lJerabtJ'Ubflru6fl1'Um,;)b~aflal'~1.1~mt:JmoUbb'Ii~:lJ 

01111 II 
n1'a'V11bb'Vi.:)(1)"W~lJ'ae:J'U 

Vilbb~\I~la~l\1~~1'Ubb1.1~llJ~1'Um,;)bb'li~:lJ1911t:J tray dryer (Yeo hen~ i'U HALlOOS, Ban~kok, 
Thailand) ~aru~.nij 80°C (Pott et al., 2005) Fldl:lJb~l~:lJ 0.5 m/s 'Ul'U 2 -B'11:lJ\I 45 'U1Vi bb1.1~ 3 

, "U 

-B'11:lJ\I 30 'U1Vi m:lJiA'l~'U 

0" I 4 t:$ 

n1'a'V11bb'Vi':)bb'U'Ubb'tfbf.mflbb'tJ.:) 
d 

bb 'libb~\I~la ~l\1~cJl'Ubb1.1~llJeh'Um,;)bb'Ii~:lJ~vru~.flij -25°C bb~lVil bb ~\l1911 t:J freeze-dryer 'VI 
, "U 

e:Jru~.flij -46 °c Fldl:lJ~'U 0.05 mbar (5 Pa) 'Ul'U 10 bb~~ 12 -B'lllJ\I \Jll:lJiA'l~'U 
, "U 

n1'av11bb~':)~1£JllJlfl'ab1'W bb'U'U~ru~U1n1fl 
• OJ OJ 

v11bb~\I~1e:J~l\1~~1'Ubb1.1~llJ~1'Um,;)bb'li~:lJI91'W microwave-vacuum dryer (March Cool, 
..d .q 1I q .q 

Ban~kok, Thailand) 'VI 960 W 'Ul'U 20 'Ul'V1 (In:lJm~ 720 W 'Ul'U 6 'Ul'V1 bb1.1~ 960 W 'Ul'U 20 'Ul'V1 

m:lJ1911t:J 720 W 'Ul'U 7 'U1Vi \Jll:lJ"l~'U 1(1)t:Je:Jru~.nm'Ume:J'Ubb~\l1911~ microwave-vacuum dryer e:J~ 
, "U "U 

I 0 d v V If 

,;)~~11\1 35 - 40 C 'VIFlll:lJ(1)'Ua:lJ'U,;)ru 8 kPa 
"U 

ibFl,;)1~t-1a:lJu&i'VI1\1bFlijmt:Jm'Y'l'1Je:J\I[:.J~\Jl.nru.n 1(1)t:JibFl,;)1~t-1f11~ (L *, 0*, b*) 1911fJ colorimeter 

(Chroma Meter CR-300, Minolta Co., Osaka, Japan) f11~fl~ru~a-de:Ji1:lJera (hardness, cuttin~ work, 
" adhesiveness, ~l'Ul'U peak r1e:J'U~le:J~l\1bb\Jlfl bb1.1~~l'Ul'U peak ~.:j~lJ(1)) 191')£J texture analyzer 

(Stable Micro System Model TA.XT2i, Godalmin~, UK) bb1.1~ HDP/BSK blade cutter (.nlF1[:.J'Ulfl fl. 

5) m,;)'VI(1)~e:J':)1.1~ 8 :8'U :8'U~~ 1 FI~\I bb~~~fl~ru~1F1,;)\la~l\11911t:J ima~e analyser (Nikon Di~ital Camera 

DXM1200F for Microscope, Tokyo, Japan) nl~\I'1Jt:Jlt:J 0.8 b'Vh 

m';)ibFl,;)l~t-1a:lJU~m';)l1i'l'Ue:Je:Jfl68b(1)-rr'U Vil1(1)tJan(1)~1e:J~l\1~'U(1)bb~1 1.0 flf:lJ 1911m:lJ'VI1'Ua1.1Fldl:lJ 

boV:lJoV'U 80% (w/w) tJ~:lJl\Jl,;) 20 ij1.1~~\Jl,;) b'1J~11'U water-bath shaker ~e:Jru~.nij 32°C FldllJb~'),;)e:J'U 250 
• "U 

'ae:J'U~e:J'U1Vi 'Ul'U 1 -B'11:lJ\I ~'Ub~~tJ\I~ 10,000 x g 'Ul'U 1 'U1Vi bbtJflbn'UbO'Y'l1~?il'U1a an(1)ilBflav.:jFl~\I 
1911t:Jal,;)1.1~mtJ'1Iii(1)b~:lJ tJ~:lJlm 10 ij~~~\Jl,;) ,;)1:lJ?il'U1a~\lal:lJ?il'UboVlI911t:Jn'U (So~i et 01., 2013) 

ibfl';)l~t-1tJ~:lJlru total phenolics 1911tJ Folin-Ciocalteu assay (Waterhouse, 2005; mFle-.J'Ulfl 

fl.7) bb~~a:lJu&im';)l1i'l'Ue:Je:Jfl68b(1)-rr'U 1l91bbr1 total antioxidant capacity 1911tJ ferric reducin~ antioxidant 
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power (FRAP) assay lvlV~VlLLtJ~~':iJln Benzie LL~::: Strain (1996) (.nll"1t:J'l.nn n.S) LL~::: 2,2-diphenyl­

l-picrylhydrazyl (DPPH) assay lVltl~VlLLtJ~~':iJln Brand-Williams LL~:::l"1ru::: (1995) (mflt:J'ttm n.9) 

11~LLt:J'tJnl''.i'VlVl~mLLUU CRD 'VlVl~tl~ 2 ~11LI"1~1:::",t:J~'Vll~G'1~~ LL~:::LtJ~tlULVitiumllJLL(J)n~h~ 
~:::'VrJl~filLu~C11VlClH Duncan's new multiple range test ~~:::~umllJL;mr'U 95% 

16 
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V 

4.1 n1'aeJ'lJbb~.:j"ll'4'Wbb'!l~hJ 

4.1.1 ~fln1'a'VI1:ijfl'W'Wflr1161\flin1'aeJ'lJbb~.:j"ll'W'Wbb'!l~hJ• 
II' d I I~ i.I II d .r::::tt. q Cl.I 4 ~ 

8'Ubb'VI.:J'lJ'W'WVlm'Ufl1'abb'lJmW11mUJ':i8'UVl8ru'VI.fllJ 60 70 bbG'1~ 90 8.:Jmb~'Wlm?l 'U'UVlfl'U1V1'Ufl'lJ8.:J 
, , 'IJ 

e.J~\fInru';~.:JbblJib~lJ~'U8'Ubb,x.:J~'Um~~.:J1~e.J~(J)nru';M1Vl1~~iJm1lJ~'U (l~mh\'.jtJflbb,x.:J) 18% \111'i1, 
tJ~1J1rufllllJ~'U?llJ~G'1'lJ8.:JbblJiG'1~'lJ~fl1':iVl~G'18.:JhJf11'Ulru'VIleJ(J)':i1~1'UmllJ~'U (Moisture ratio, MR) mlJ, , 
?llJfll':i~ 2 ~lfl,f'U?l~1.:Jm1yjfl1':i8'UbbVf.:J (Drying Curve) ;.:Jbb?l~.:Jm1lJ61lJ-W'Uih~Vl11.:JeJ(J)':i1~1'UmllJ~'U 
bb~~blmm~b.Jfl1':i8'Ubb,x.:J ~.:Jbb?l~.:J1'U.fl1'W~ 5 

(Mt- M eq) d
MR (Moisture ratio) ----------------?llJfl1':iVl 2 

(Nj- N eq) 

., 
1~~~ MR eJ\fI':i1~1'Ufll1lJ;;;'U 

M tJ~lJ1rufll1lJ~'U~blm1~1 (1~mh'VItJmbVf.:J)t 

Mj tJ~1J1rufll1lJ~'Ub~lJ~'U (1~ml1'V1tJmbVf.:J) 


Meq tJ~1J1rufll1lJ~'W~?llJ~~1~'l (1~ml1V1tJmb,x.:J) 


1. 20 

1.00 

-­ll::- o. so 
6 

0 

':"; .... 0.00 ... 

'" 0. 40 
0 

".-, 

0.1D 

-+-60"C 

_ 10"C 

90"C 

0.00 

20020 40 so 100 120 140 160 180 

.fl1'W~ 5 fl1':ibtJ~ (J'Ubb tJ~.:J Moisture ratio ':i~'VI11.:Jfl1':i8'UbbVf.:J'lJ'U'Ubb-d~lJ~1~G'1lJ~8'U1~~1i8ruVl.flijfl.:J~~, , 'IJ 

60 70 bbG'1~90 8.:JPl1b~m~~?l 
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b~eJvhu1mUJ m"j"m"j"eJ'tJ bb ,x\l'1JeJ\lt:.J~~.nrusvlt:.J ~l~mJ bb ,x\l \Pl 1\1 1 :W bb tJtJ~h~ eJ\I'Vl1\1rl ru~~1?1~1vm1tJ 

bbtJtJ"ih~eJ\I~?l1:lJ1f1'thWTtb~~n~1oU1~ b-d'tJ Lb tJtJ')l~eJ\I'1JeJ\I Newton bbtJtJ')l~eJ\I'1JeJ\I Page Lb tJtJ')l~eJ\I 
'1JeJ\I Henderson & Pabis bbtJtJ')l~eJ\I'1JeJ\I Verma bU'tJ~'U 1'tJ\l1'tJ1~tJ-db~eJn?llJlJ~1,xm"j"eJtJbL,x\l:w~n~t:tJ~ 
m:WbbtJtJ';51~eJ\I 3 bbtJtJ')l~eJ\I ~eJ bbtJtJ')l~eJ\I'1JeJ\I Lewis bbtJtJ')l~eJ\I'1JeJ\I Henderson & Pabis bb~~ 

LbtJtJ')l~eJ\I'1JeJ\I Page ~\lLbMI\l1'tJ?I:wm"j"~ 3 ?I:wm"j"~ 4 bL~~?llJm"j"~ 5 m:wci'l~tJ rl(1lb~eJmbtJtJ ')1~eJ\I'Vl1\1 
rl ru~ ~1?1~ 1~:Wrl11:W b'VllJ1~?I:wntJm"j"'Vl(1l~ eJ\I L~eJ?l1:lJ1"j"fI'Lh1tJ1iLu'tJ Lb tJtJ ')1~eJ\l1 'tJ m"j"vl1'tJ1tJ~n~ru~1'tJ 

m"j"eJtJ bL,x\I'1JeJ\I t:.J~~.nt:tJsvl'1J'tJ'tJ bL -d~lJ\Pl eJ1tJ 1(11 tJ Ln t:tJ,j~1-tll 'tJ n1 "j"rl(11 L~ eJ n LL tJ tJ,) 1 ~ eJ\I ~'\11 "j" ru 1'\11 mil• 
Correlation coefficient (/) LL~~rh Root Mean Square Error (RMSE) "Ii\l~l RMSE ?l1:lJ1"j"flrl1'tJlt:tJ1~ 
'\11n?l:wmTYl 6 

d 
MR exp(-kt) 	 ----------------?l:wm''j"'Vl 3 

d 	 " 
b:WeJ 	 MR == eJml~1'tJrl11:w~'tJ 


t == 


k 


"3JnTHb'Uml1lilll.:l'UlI.:l Henderson & Pabis 

d 
MR a*exp(-kt) ----------------?l:wm"j"'Vl 4 

...d 
b:WeJ 	 MR eJ~"j"1~1'tJrl11:w~'tJ 


t b lmYi'l.ot 'tJm"j"eJtJ Lb,x\l(tl1Vl) 


k 

, ." 

a rl1rl\l'Vl 

"3Jnl"Hb'U'U~l~lI.:l'UlI.:l Page 

n 	 d 
MR exp(-kt ) ----------------?l:wm"j"'Vl 5 

d 	 " 
b:WeJ 	 MR eJ~ "j"1~1'tJrl11:W~'tJ== 

t b lmYi'l.ot 'tJ m"j"eJtJ Lb,x\l('tJ1Vl) 

k ~lrl'lVl'1JeJ\lm"j"eJtJ bL,x\l 

n ~lrl\lVl 

1 

i "\'N 	 2]2
RMSE == [•N LJi=l(MRpre,i - MRexp,d ---?llJn1"j"Vl 6 

RMSE == Root Mean Square Error 

b lmYi'l.ot tlm"j"eJtJ Lb,x\l('tJ1Vl) 

18 
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~ " "dMRexp,i MR 'Vl b~r'illntl1';i'VWIG'leJ.:J'lJeJ.:J'lJeJlJG'l"lWI'Vl i" , 
MRpre,i = MR m~"lmm\J~lG'leJ.:J'lJm-neJlJG'l'1l~~ i" , 
N 

1~tJt11f11 MR m~"lntl1';i'Vl~G'leJ.:JbtJ~tJ'UbVitJ'Un'U MR m~"lntl1';irllulru\~"lmb'U'U~lG'leJ.:J'lJeJ.:J 
Lewis Henderson & Pabis bbrl::: Page Yl'U11 MR ~1~"lmb'U'U~1G'leJ.:J~.:J611lJ~f111m;\fitJ.:Jn'U MR ''In 

n1';i'Vl~G'leJ.:J bbG'l:::b~eJ-W"1';i'tnf11 / bbG'l:::f11 RMSE 'lJeJ.:Jbb'U'U~1G'leJ.:Jnl'~· eJ'UbbVl.:Jbb'U'U~1.:J1~.:Jbb61~.:J1Um';il.:J~ 2 
d d, 0 d Q.J Q V' 4'~ 

(?Il';il.:J'Vl 3 bbG'l:::m';il.:J'Vl 4 Yl'U11bb'U'U"1G'leN'lJeJ.:J Page lJfl11lJb'VIlJl:::61lJn'Ue.JG'l(?l.flClJ"fI'Vl.:J611lJ"1l~n1':i'Vl~G'leJ.:J 

lJln~61~ b~eJ.:J"ln1V1f11 / 61.:Jn11 bbG'l:::f11 RMSE ~~lnl1bb'U'U~1G'leJ.:J'lJeJ.:J Lewis bbG'l::: Henderson & , " 
Pabis 1'UVJn~~tl1';i'Vl~G'leJ.:J ~.:J611lJl';iflt1161lJtl1':ibb'U'U Page 1tJ1mUtl1';ivllultJ~n~ru:::n1':ieJ'UbbVl.:J'lJeJ.:J 
e.J~(?I.tlru.;J'lJ'U'Ubb"1i~lJeJ'U bb VI.:Jl~~eJ1tJ, 

d 
1PI1':i1-1'V1 2 61lJtl1';ibb'U'U~lG'leJ.:J'lJeJ\I Lewis Henderson & Pabis bbG'l:::Page 1'Utl1':ivl1'U1tJtl1';ieJ'UbbVl-1 

CIt. Q..I If I~ lJ 1.1 d.Q q

'lJeJ-1 e.Jrl (?I.fl ClJ"fI'lJU'U bb '1leJlJ~l tJrllJ';ieJU'VleJru'VI.fllJ 60 eJ\I!i11 b~m~tJ61, , 
" 

0 

bb'U'U1il16'leJ-1 f11~:JJtJ'.i::~'V15 ~:JJtl1'.i RMSE 
2 

r 

Lewis k = 0.015343 MR = exp(-0.015343*t) 0.1155 0.9476 

Henderson & 

Pabis 

a = 0.812139 

k = 0.010715 

MR = 0.812139*exp( -0.01 0715*t) 0.0875 0.9239 

Page k = 0.103217 

n = 0.535675 

MR = exp(_0.103217*tO.535675) 0.0451 0.9794 

, , 

'lJeJ\I e.J ~ 1PI.tlru.;J'lJ'W'Ubb"1ialJ~l tJG'llJ~eJ'UVieJ ru'VI.fliJ 70 eJ\lf'1WI1" b6/itJ61, , ~" 

0 

fi1~:JJtJ'.i::~'V15 RMSE 
2 

mJ'U1il16'leJ-1 ~:JJtl1'.i r 

k = 0.02993 MR = exp( -0.02993*t) 0.1406 0.9290 
Lewis 

Henderson & 
a = 0.723199 MR = 0.723199*exp(-0.0167*t) 0.0993 0.8788 

Pabis 
k = 0.010715 

k = 0.26078 MR = exp(-0.26078*t0.386694) 0.0187 0.9957 

Page n = 0.386694 
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d 
~1'a1.:1'V1 4 6UJn1'aLL'U'U:6'1"'B\I"lJB\I Lewis Henderson & Pabis LL"'~ Page l'Ufn1''Vhu1~fn1'B'ULL~\I 

oQ IV ~ I~ I.J iI d oQ d 

"lJB\I~,mI;lf1rusn"lJ'U'ULL"llBlJVl1 ~"'lJ1'B'U'VlBru'VIfllJ 90 B\I~1 L~'" L~~~-. -,j 

0 

Lb'U'U~1~el.:l fi1~lJtI'a~f!l'Vl5 ~lJn1'a RMSE 
2 

r 

Lewis k = 0.029769 MR = exp( -0.0297 69*t) 0.1102 0.9523 

Henderson & 

Pabis 

a = 0.800255 

k = 0.020921 

MR = 0.800255*exp(-0.02092*t) 0.0778 0.9363 

Page 

k = 0.039136 

n = 0.918698 

MR = exp( -0.039136*t0918698) 0.0148 0.9601 

4.1.2 Am~t1n1'abtl~mmt1~.:Ib~.:Iflru.n1'W'lJ'4'UU'ti~lJel'Ubb\1.:1 

~fl~1fl1'jLtJ~tJ'ULLtl"'\lb:U\lfjrufl1l'11'U~1'U~1\11"lJB\I"lJ'4'ULL"li~lJB'Ubb~\I 1~LLn ~1tJ~lJ1rurn1lJ~'lJLL"'~ 
Ow ~1~ ~1f111lJ LL~\I LL"'~~1rn1lJmB'U ~1n~'U LL"'~~fl~ru~lf11'\I?l~1\1f11tJ1'U"lJB\I"lJ'U'ULb"li~lJB'UbLVI\I lVltJ• 
LtJ~tJ'UbVltJ'Ufn1'B'ULLVI\I 3 Lb'U'UfiB fn'jB'ULbVl\lLb'U'U"'lJ~B'U~BruVjfliJ 60 B\lmL~m'1itJ?l fn'jB'ULL~\lLL'U'U"'lJ" 

1fl fl11'~ fl~1 fn1' L tJ'ULb u"'\1 u 'jlJlrufl11lJ"ll'U"lJB\I"lJ'U'ULb "llBlJ 'U 1'::'VI11\1 fn 'jB'U Lb 'VI\I'VlB ru'VIfllJfI\I'Vl'Vl. " 

~B'U~vm1tJ~'U(;1B'U (Bru'VIfliJ"'lJ~B'U 90, , " 70 
, 

bL"'~ 60 B\I~1L~m'1itJ?l) LL"'~fn1'B'ULbVI\llVltJ1mlJlf11'b1W 

~qJqJ1fl1~ 
• Ji • 

4.1.2.1 ~"fl1fl11lJ"tf'W U~~fl1 Ow 

d tld
'" 

a 1 a I'" .r ,c: l' " d ... d d 
~ , 

60, 70 Lm~ 90 B\I~1L~m'1itJ?l ~'Um~vi'\I"lJ'U'ULL"li~lJB'UbLVI\lij~l Ow LL"'~~ltl~lJ1rufl11lJ~'U?lVlVi'ltJ~\I(Jll1'1\1, . 
~ 4.1 LijBVf~1'jrull'1'U'h~1 Ow ~1~:wdi'U 0.75 LL",~ijtJ~lJ1rufl11lJ~'U?lVlVi'1tJhJLn'U 18% lVlml1'V111n, 
(lJl(;1'jjIl'U~~(;1.nru"~(Jl?ll'v!m'jlJ, 61111fl\ll'U . 2550) L~B\I~ln~l Ow LU'U\j~~tJ611fi'qJl'Ufn'jfl1Vl f1::b'Um~ 
fn'j Ln'U m'VI1'j LL"'~ LU'U~1tJ\I~(1\1rnllJtJ'"BVl.ntJ"uB\lm'VI11'lVltJ'Vhv!'U1~rn'UfllJfn1'mhBVl fn'jb~~n 1 LL"'::." at: 

fn'j?l~l\1Vf~"lJB.:J~~'U'Vl~tJ1VlmUl'l1~'j11 'U fn'j~n~1 fn'j B'U bb VI\I~1 tJ"'lJ~B'U~1 tJ"'lJ~B'U LL 'U'U'VImtJ~'U(JlB'U• 
lVltJB'ULLVI\I~Bru'VIfliJ 90 B\lmL~m'1itJ?l LU'Unm 60 'U1Vi B'ULLVI\I~B~Bru'VIfliJ 70 B\I~W/j"'L'1itJ?l LU'Unm 

~ 'U " '\J 

150 'U1V1 LL"'~~VlBru'VIfliJ"\lL'VI~B 60 B\I~lL~~L'1itJ?l 'U1'ULU'Unm 210 'U1Vi 1'1lJloU'nml'Ufl11'B'ULLVI.:J. " " 
l1\1'VllJVl 420 'U1Vi 

d1 ml1~~(Jl.nru"lJ1Ltl~ tJ'U LVltJ'U n'U~~(;1.nru""lJ'U'UB'U LLVI\I~1 tJmJ~B'ULL'U'U~'U(;1B'U L~ tJ11oU'Bru'VlfliJ. , " 
60 B.:J~lL~m'1itJ?l B'U'Ul'ULU'UL1m 420 'U1V1 l'I'U';h~ltl~lJlrurnllJ~'U?lVlVi'ltJ"uB\I~~(Jl.nru" Lb~~~l Ow • 
"lJB.:J~~(;1.nru""u'U'UB'U LLVI\lJl1 tJ~lJ~B'U Lb'U'U'Vlm tJ~'U (Jl B'Uij~ltJ~lJl ru rnllJ~'U~1 fl',il LL~ ~ij~1 Ow ~1nl1~~ (Jl 

.nru""lJ'U'UB'U LL~\I~1 tJ"lJ~B'ULL'U'U~'U(;1B'U L~ tJ1 bL~ L~mtJ~~'U LVI tJ'U1'IJL~B\I"lJB\I m~'U1'U fn'jmm'U fn'jB'U• 
LL VI\I Jl1 tJ ~ lJ ~B'U LL~:: fll1' B'U LL VI\I ~1 tJ1lJ lf11' L 1 W ~ qJqJl fll ~ l'I'Ul1 ~~ (;1.nru""lJ'4'U B'U LL VI\I~l-utlJ lf11' L 1 W 

?In If)llfn~,r'U ij~ltJ~lJlrurnllJ;ff'U?lVlVi'l tJ LL"'~~l Ow ~1 nl1~~(Jl.nru""lJ'U'UB'U Lb VI\lmoU''''lJ~B'U ~\I LL?lVl\ll'U .. ata~ " .. 

m'jl\1~ 5 L~B\I~lflfn'jloU'LfI~B\l1lJlf11'L1w~ij1'~'U'U~qJqJlfn~~1lJJl1 tJ 'j::'U'U~qJqJlfn~'Vh1VlJl?lllJl1'() 
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, 
d 

~1';i1~'V1 5 

treatment OW %MC 

"IJ'4'Ufit~ 
a

0.992 ± 0.007 
a

77.32 ± 3.09 

"IJ'4'ULb'ti~~ 
II d 

fl'Ubb'Vi~'V1 60°C 

b
0.650 ± 0.005 

b
11.46 ±0.13 

"IJ'4'Ubb'ti~~fl'ULb~~ multistage 
d

0.533 ± 0.026 
b

9.74 ± 1.56 

"IJ'U'Ubb'ti~~fl'Ubb~~1~lfl';iL1y.j• 
fitruunn1~ 

• QI QI 

c
0.376 ± 0.015 

c
2.01 ± 0.13 
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4.1.2.2 f.J~fll~ 

b~B~~1'HlJ1fh~'1JB.:Je.J~\il.nru,]'1J'4'Ubb'1i~lIBUbb~.:Jvl1~i5n1'~~h.:J'l ~.:Jbb"W1.:J1'U\illd1.:J~ 6 'VlUTWn 

f11111,,';h.:J (L *) '1JB.:J'1J'U'Ubb'1i~lIBULL~.:Jvl1~111lfidL1l'l"ruru1mP1:Wf1161.:Jnll'1J'U'UbL'1i~lIBu Lb~.:J LL UU~lI~B'U~.:J 
'I 'I v 'II \J 'I 

2 i5 bb~~:Wf11L'rrl1nr;lf11f11111(,'111.:J'1JB.:J'1J'U'U61\il ~1'Uf11f11111b~~B.:J (b*) :WLL'U11tJlIL'1i'Ub~mn'U b~ml1f11, 
~1nmdlWlm'Ud~UU (IE L* 0* b* 1J1rll'U1ruf11 6E ~.:JbtJ'Uf11~bb61\il.:J~.:Jfl1111Lb\ilnl'il.:J'1JB.:Jf11~'1JB.:J'1J'U'UbL'1i, 
~lIBU bL~.:Jvl1~i5mdl'il.:J 'll\ilmtl~~uLVi~unu'1J'4'U"\il 'VlU11f11 6E '1JB.:J'1J'4'Ubb'1i~lIBUbb~.:Jvl1 ~111lf1dbdl'l 

~'1!qJ1mP1:Wf11mdbtl~~'Ubbtl~.:JtJB~11f11 6E '1JB.:J'1J'4'Ubb'1i~lIBUbb~.:JbbUU~lI~B'U~.:J 2 i5 ~bU'Ub'1i'Udm~ 
L'Vldl~nldBU bb ~.:Jvl1 ~111lf1db1l'l~'1!qJlnlP1 :wnld1id~uu~'1!'1!lnlP1~111vl1 ~1'UnldBubb~.:J Jl~.:J611111d~ 
d~b~~1vl~Bru~.f1lj~lnll 100 B.:JP11b61fm~~61 'Vh1~:WBru~.f1m'UmdBu~lnllmdBubb~.:JLbUU~1I~B'U~ 

" \J 'I. " ... 
Bru~.f1lj 60 B.:JP11b61fm~~61 bb~~mdBubb~.:JbbUU~lI~B'UVi~m~-rr'U\ilB'U (Bru~.f1lj~lI~B'U 90, 70 bb~~ 60 

'I \J .. '" 

B.:JP11b61fm~~61) mdbtl~~'Ubbtl~'lf11~~.:Jbn\il~'UtJB~nll 
d I Q 1.o::Jit. i.I 11.::...<::111 I 

\illdlo1l'Vl 6 fI161'1JB.:J'1J'U'U61\il bb"~'1J'U'Ubb'1JBlIBU bb~.:J\il1~15md\il1.:J '1, , 
Treatment Color 

0* 6EL* b* 
ca a 

'tI'U'U~\il 82.36 ± 2.70 -5.47 ± 1.99 56.12±4.16 0• 

a cc 
'tI'U\.!bb"Ii~hJ 46.78 ± 3.67 4.47 ± 1.95 28.31 ± 5.72 28.24• 

II d 
B'Ubb,\N'Vl 60°C 

d d"'" II'tI \.! \.! bb'l1 mm'U bbVH! 3.58
a 

± 0.97 25.42 ± 3.83 31.5144.76 ± 2.98 , 
multistage ..,. II bb b 

'tI'4\.!bb'I1BlIB'U bb'Vi.:j 70.84 ± 4.08 -0.24 ± 1.95 48.05 ± 3.91 3.26 

111lfldb'J'VJ~'l:!'l:!1n1f1 

4.1.2.3 f.J~fllbbd.:jmm\.!n1d~\il'tll\il'tl'4\.!bb~::fl1fl'J111ndB'U 
Ul'1J'4'l.JlL'1i~1I~~1'Und~U1'Un1dBU bb~.:Jvl1 ~i5mdBu bb ~.:Jl'il.:J 'l1l1i bfldl~~f1~1 bb d.:J1'Umd(l]\il'1Jl~1 bb"~ 

f11fldll1ndBU l\il~e.J"f11bbd.:J(I]\il'1Jl\ilbb,,~f11fldll1ndmJ bb61\il.:J1'U\il1dl.:J~ 7 

Treatment fI'Jll1bb~oIl (kgf) fl'Jll1ndB'U (kgf) 

'tI'U'U~\il• 7.70
a 

± 1.37 
a

0.06 ± 0.02 
IQ II d 

'tI\.!'Ubb'l1m../el'U bb'Vi.:j'Vl 60°C• 
b

29.84 ± 7.63 
b

1.36 ± 0.24 

'tI'4'Ubb'tl~lIel'Ubb~.:j multistage 
b

33.96 ± 2.41 
b

1.26 ± 0.17 

''''' II
'tI'4'Ubb'I1elllel'Ubb'Vi.:j 

1111f1'H'J'VJ~'l:!'l:!1n1f1 

a
6.28 ± 1.40 

c
5.02 ± 1.11 
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~lfWn~l'1~ 7 bbaV"l'lf11bb Hmotll:Un1~~V"l"tJ1~"tJ'U't.m"~ri1fld1:IJmB'tJ"tJB'I"tJ'U'Ubb"l1fuJB'tJ bb ~nr'l 3. , 
I .c.: II II ~ ~dodil t.I c:J ~ q i.I 

bb'tJ'tJ ~'tJ11"tJ'U'Ubb'1!B:lJB'tJbb~'Ibb'tJ'tJ":IJ~B'UVl'laB'I15flB B'tJbb~'IVlBru~.fl:IJ 60 B'IPl1b"llm"llCJa bb,,~B'tJbb~'Ibb 'tJ'tJ. , " 
~mCJ~'U~B'U :Uf11 bb~'I~~"tJ1~1lJbb~f1(J)1'1n'Ubb"~:Uf11a'lf1',hf11bb~'I~~"tJ1~"tJm"tJ'U'Ubb"I1~:lJB'tJbb~'I~1CJ1:IJ1fl'H1'W" , 
~qJqJ1n1PlB~1'1:u-umh-rqJ (p ~ 0.05) b~€l'l~1f1n1~€l'tJbb~'Ibb'tJ'tJ":IJ~B'U~'IaB'I1m.ub1"11'Un1~B'tJbb~'I'U1'U 
~'IYh1~~1~,j'1"tJB'I"tJ'U'Ubb~'I~11'U"tJru~~f11~B'tJbb~'I1~CJH1:IJ1fl~b1'Waruru1n1Pl fl~'Uhl1mb1'Wyh1~J11 'U 

, , ClJ QJ 

e.J~I'lDruS;;(1f1m~~'Ubu'U1B1~b~1:rr'U ~'I1.ub1m1'Uf11~B'tJ bb~'I,j'BCJ f111n1~B'tJ bb~'I bb 'tJ'tJ":IJ~B'U~'Iam15 ~'I~'U" . 
"tJ'U'Ubb"I1~:lJB'tJ bb~'I~1 CJ1:IJ1fl~ b 1'Waru ru1f11Pl~'I:Uf11 bb ~'I~V"l"tJ1~,j'BCJ f111"tJ'U'Ubb"I1~:lJB'tJbb~'Ibb'tJ'tJ~:IJ~B'U~'IaB'I

, , QJ QJ , 

15B~1'1:u-um11~qJ (p ~ 0.05) 

b~m'\J~CJ'tJbViCJ'tJf11fl11:IJmB'tJ"tJB'Ie.J~I'lDruS;;"tJ'U'Ubb"l1~:lJB'tJbb~'I~'I 3 15 ~'tJl1"tJ'U'Ubb"I1~:lJB'tJ bb~'I~1CJ. , 
1:IJ1fl~n'W~qJqJ1f11Pl:Uf11fl11:IJmB'tJ~'I~~~B~1'1:utTm11~qJ (p ~ 0.05) 611'Ue.J~~DruS;;"tJ~'Ubb"l1~:lJB'tJbb~'I 

tI ~ ~q q , 11 I d Q..I Q.I If v I X d ..:::. cv If 

bb'tJ'tJ"mB'UVl'l 2 15 :lJfl1fld1:IJmB'tJ'UBCJf111 b'UB'I~1f1fl11:IJmB'tJa:IJ~'U5f1'tJmfld1:IJ'1!'U b:IJBe.J~\Jl.flru'rl 

m~1~:Uf11fld1:IJ~'Ua'l~~:Uf11fld1:IJmB'tJ~1 f11~B'tJ bb~'Ibb'tJU~:IJ~B'U~€lru~.fl:Wa'lbU'Ub1~1'U1'U 1'U"I11'1bb~f1JI 
\J ., \J \I 

611'U~bU'U free water ~~b~CJ€l€lf11'\Jn€l'U b~m1m1'Uf11~€lUbb~'I~1'Ul'\J free water 1lJa1:1J1~m~b~CJ1~ 
bb~1 Jl611'U~bU'U bound water ~'Il'\J~~b~CJBBf1:1J1bbVl'U bb(J)f11~bfl~B'U~"tJB'I bound water :IJ1~~11~lJ 
Vi''Un'tJf11~~~mCJ~~1~,j'1 Yh1~~1~,j'1"tJB'Ie.J~~DruS;;bb~'I~1 Jl611'U bound water ~'I~~b~CJBBf11'\J1~CJ1f1 
:rr'U ~'I:Ufld1:IJ~'U~"'Ib~~B B ~1 'Ue.J ~ I'lD ru,.]:lJ1 f1 f111 n1~B'tJ bb ~'I1~ CJ1 m:IJ1f1~ b1'W~'1!qJ1f11Pl Vl11~J11 'U 

e.J~\JlDruS;;~~ b~mU'U1B1~B~1'1~1~ b~1 ~'I1.ub1~11'Uf11~B'tJbb~'I,j'Bmb"~bnV"lf11~bb~'I~1~eh ~,j'I"tJB'I 
e.J~\JlDruS;;,j'BCJf111 J1~'I~~b~CJBB f11 '\Jl~~f111 e.J~~DruS;;~1~~'I:Ufldl:IJ~'U,j'BCJ ~'I~'U"tJ'U'Ubb"I1~:lJB'tJ bb~'I~1CJ, 
1:IJ1mb1'W~qJqJ1f11f'1~'I:uri1f1dl:IJmB'tJ:IJ1f1f111"tJ~'Ubb"I1~:lJB'tJ bb ~'I bb'tJ'tJ~:IJ~B'U~~ru'VI.IJ:W 60 B'If'l1 b"ll~ b~CJa 

... .... " 
bb"~B'tJ bb'VI 'I bb'tJ'tJ'VIm CJ"tJ'U~ B'U 

4.1.2.4 t:-J~f'iln~'U 
o I~ d I II" 1/ 4q 1/ ~ CIt.,Q CIt. ",'::::' tI d 

'U1"tJ'U'Ubb'1!B:lJVlm'Um~'tJ1'Un1~B'tJ bb 'VI'ImCJ15n1~B'tJ bb~'IVl'la1:IJ15 :IJ11 bfl~l~'VImf1"'Um CJ bfl~B'I, 
E-nose 1~m'\J~CJ'tJbViCJ'tJf1~'U"tJB'I"tJ'U'Ubb"I1~:lJB'tJ bb~'I~'Ia1:IJ15n'tJ"tJ'U'Ua ~ b~B~mnf11~b'\J~ CJ'Ubb'\J6'l'lf1~'U"tJB'I, . 
"tJ'U'U'VI~'Im~'tJ1'Uf11~B'tJbb~'I1~CJe.J6'lf11f1~'UbbaV"l'l1'Um~1'1~ 8• 

Treatment 

a
25.249 ± 0.001 

b
24.140 ± 0.001 

c
21.911 ± 0.001 
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~lnIP11';l1\l~ 8 LLM)\l~ln~'U'lJ8\l'lJ'4'ULL'Ii~~8ULL~\l~~f111~~I\l11I?lmtl~tJULVltJUn\J'U'4'U~1?l ~Ul1 
'lJ'4'ULL'Ii~~8U LL ~\l~l tJ 1~1mblvJ~ ,\!,\!1 mPlij~1b~tJ \l b U'U'lJ8\l n~'U'u8tJnl1~1'lJ8\l'lJ'4'U bL'Ii~~8ULL~\lLLuu~~ 
~8'U~\l~8\l15 LL~I?l\l11~1 n~'U'lJ 8\l'lJ'4~ LL 'Ii~~8u Lb ~\l~l tJ1~1mLlvJ~ f.1J,\!1 mPlij~rl1mrL~ tJ\l nu'lJ,,'4'U~ I?l 

I 1.<:::Iit. 1I II d.Q. q 1.1 1.1 v 

m n nll'lJ'U'UbL 'lJ8~8U bL 'Vl\l bL uu~m8'U'Vl8ru'Vlf1lJ 60 8\lPl1L"il~ L"iltl~ Lb~~8U bb'Vl\l~lJ';l8'ULbUU'Vl~1 tJ'lJ'U1P18'U , , " 
(8ru'Vlf1jja~~m.J 90, 70 bba~ 60 8\lPlIL"ilm6/1t1~) b~';l1~11m';l8ULb~\lbbUUa~~8'Uij8ru'Vlf1m'Um';l8Ubb~\l~\l" ~ ,,~ ~ 

nl1 ~\l~,\!b~t1~ln~'U'lJ8\l'lJ'4'U1tlmn nl1m';l8Ubb~\l~ltl1~1fl';lblvJ~f.1Jf.1JlmPl;\lij~ru'VlJJm'Um';l8U bb ~\l~1 
, 

nll 

4.1.2.5 ~~lJieJ~n~ru::'VI1\liru~I'U1'V1al"tJeJ"Il~'H~~I"1f11a1'U"tJeJ"I"tJ'4'Ubb.,j~~eJUbb~"I 
L~8"1~lnm~Ul'Um';l8Ubb~\l~~I\ln'U G1\le.Ja1~'lJ'4'Um~';l\l~~I\l'Vll\l~ru!I'Ul'V1t111'l\lLb~I?l\l1'Uf11~~ 6 

Pin~lm';lb'IJ~t1'ULL'lJa\l~bnl?l;'U'Vl~\l8U bb ~\l~1 nf11~cil t1\JlI?l'lJll\l1~';l\l~-rl\lf11t11'U'lJ8\l'lJ'4'U~~f111~~I\lI~ltl 
d Ie: II 1.1 d.o:::t, d Ie: 1/ 

b~';leJ\l Image analyzer 'lJ'4'Ubb'lJ8~eJU bL'Vl\lbbUU~lJ';leJ'U'Vl~ru'VlIJlJ 60 eJ.:jPllb"ilab"iltl~bba~'lJ'4'U bb 'lJeJ~eJU bb'Vl\l 

a~~eJ'UbbUU'Vlalt1~'Ut?leJ'U ~Ul11~';l\l~~I\lf11t11'Uij~n~ru~erl?l\Jlln'UbbLJ'U hj~eJ\l\Jll 1~ij';l~';l'Ubba~b~'Ue.J~n" , 
t111P11a~U~ b 1 ru'lJ8U'lJeJ\l~1'lJ'U'U1~eJ~1\lil?l b~'U 1'U'lJru~~'lJ'U'U bb 'Ii~~eJu bb ~\l~l t11lJ1f1';l blvJ~nlnilmPlij 

" " "I»~D~ 

1f1';l\l~~I\l~eJ\l\Jll ij~~1'UbiJ'U~I'Ul'Ummb~~ij'lJ'U11?l1'Vlq! b~eJ\l~I~lnfl~'U1~1mblvJ'IIlr 1 'Vl1~ ba fla'lJeJ\lt111'U 

e.J~IP1.nru4ii'U~~bVleJ'U btl~t1'U~ln~~\l\lI'U~mhiJ'U~~\l\lI'Uflll~~eJ'U 1mJI~bnl?l;'U1'Ue.J~IP1.nru4i'lllr1~flll~ 
1'l'Uf11t11'Ue.J~ t?I.nru4ib~~;'U ml~bblP1 n~I\l';l~'Vll1\lml~~'U1eJ.fl 1 £.11 'UflU.fllt1'UeJne.J~IP1.nru"G1\le.Ja1~t111 'U 

e.J~IP1.nru4ibfl~eJ'U~eJeJn1 tl.fllt1'U8n e.J~IP1.nru4i~\lbnl?lm';l~eJ\l\Jll b~';lI~ijm';l1i';l~uu~rurulmPl~1~~ltl ~I?l 
" v " , 

b~eJl?l'lJeJ\lt11~\lal?l~la\l t11~lm';l"nalmiJ'U1eJ1~~eJru'Vl.fljj~lnll 100 8\lPlW/jm6/1t1~ bnl?lm';lvllaltJ , " 
1m\l~-rI\l'lJeJ\l[:.J,r\lb"ila~,JeJtI vl1l~L"il~~f1\l';l'IJ~1\l111~ G11'U';l~';l'Ubnl?l;'Ub~eJ\l~ln m';lbnI?l1eJt11~ij'lJ'U11?l1 'Vl n ;

\J \J , D~ 

bba~bnl?lm"j"j~b'VltJeJeJn1tl8~1\l"jll?l b~l 
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.n1'W~ 6 m~~1~1Fl~~~~1~m~1t!"il1mFl~B~ Image analyzer "tJB~e.J~~.nru,.]"tJ'4t!~(>Ibb"'~"tJ'4t!bb'l1~:UB'Ubb~~ 
~"W15~1~1n1~~"tJm~ 5 bV], 

4.1.3 e.J fil n1 ~th::bih..m1'aVe! :u~'U'vn:n.h::!if1 'VI iil':u ~!if 

"tJ'4'lm'l1~:UB'Ubb~~bdB~1t!n1~1~m1:U~Bt!vh1~iJ~fl't~ru~1t!~1t!~1~1b'l1t! d1Brr:uer~ ~ n~t! bb"'~ 
~~'ll1&i b'lJ~ tlt!bb'lJ"''1ttl ~~,rt!~'1I1i'€l~:Wn1~'Vhn1~'lJ~~bnt! n1~~B:u-r'U'vn'l'lJ~~~1'V1rr:uer~ 1(>1 ~1i~ bn"'l(>1~~~U 
m1:U'llB'U 7 ~~~'U b~€llbFl~1~~n1~~B:u-r'Ue.J~~.nru"]~1~"il1nn1~B'Ubb~'11(>1~e.J"'n1~'lJ~~bnt!n1~V€l:u-ru 
'VI1'1'lJ~~~1'V1~:uera"tJB'I"tJ'4t!bb'l1~:UB'Ubb~'1~'"J tl15n1~~1'11 bba (>I '11t!m~1'1~ 9 
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, 

Treatment 
fl:m'U'Jn1'atleJ~~'UVl1.:1tJ'a::fil1V1~~~fil 

~ 
Q 

ml'U'afil 'afil"ll1~1~tI'a1~ 
A' ~ ~ 

b'UeJfil~~fil fl11~"IIeJ'U1~tI'a1~ 
.... 

'tI'U'Ubb"IIeJ~• 
" dv'Ubb'YI.:IVI 600 

( 

a 
4.27 ± 1.78 4.57 ± 1.33 4.63 ± 1.16 

a 
4.43 ± 1.65 4.73 

a 
± 1.20 

"" 'tI'U'Ubb'tlv~• 
" v'Ubb'YI.:l 

multistage 

a 
4.20 ± 1.50 4.60 ± 1.28 4.50 ± 1.46 

a 
4.37 ± 1.90 

a 
4.67 ± 1.49 

'tI'U'Ubb'liij~• 
" v'Ubb'YI.:l 

1~lfl'ab1'W 

filruru1n1A 
OJ .., 

b 
5.60 ± 1.16 5.23 ± 1.04 4.87 ± 1.59 

b 
6.03 ± 0.77 

b 
5.50 ± 0.94 

~lfwn'jl-:J~ 9 blh),~~1'j'\J11'U~1'U~ bb~~b.QeJ61~tJ~'V'4Ul1 ~V1~~eJU1~n1'jCJeJ~1'Ul91eJ~ bb~~ b.QeJ61:wtJ~
" 'lJeJ-:Je.J~~.nrueii'IJ'U'Ubb"Ii~~eJ'Ubb~-:JbbUU~~~eJ'U~muVl.niJ 60 eJ-:JI"1W1!m6/iCJ~ bb~~~VlmCJ~'U~eJ'UhJbb~ nI911-:Jn'U , , " 

1'U'lJru~~~Vl~~eJU b~'Ufl11:W bb~ nl911-:Jl'U~1'U~ bb~ ~ b.QeJ61~ tJ~'lJeJ,m~~.nrueii'IJ'U'U bb"Ii~:WeJu bb ~-:J~1 CJ1:w1fl'j b 1vJ " ,
~qjqjln1l"1eJ~l-:Ji1,rmh·l'l! (p ~ 0.05) l'U~1'Un~'U'j~bb~~'j~'lJl~1~tI'j1:W'V'4Ul1 'IJ'4'Ubb"li~~eJUbb~'l~-:J 3 

15nl'j i1fl~bb'U'Un1'jtleJ:W1'ul'U~1'Un~'U'j~bb~~'j~'lJl~1~CJ'j1:W1~bbl9lnI911-:Jn'UeJ~1'li1,rm:h·l'l! (p ~ 0.05) ~1'U 
fl~ bb'U'Un1'jtl eJ:W1'u11'1CJ 'j1:W'IJeJ-:Je.J~ 19l.nrueii 'WU11'IJ'U'U bb"li~:w eJU bb ~'l ~1 CJ 1:w1mb1vJ~ rurul n11"1i1 fl~ bb'U 'Un1 'j , , v v 

tleJ:w-ru1~m1:W:w1n~~1'I b~eJ'l~ln bU'U~.nl1~n1'jeJU bb~-:J~i1~n'l'Jru~tJ'jl n{]1'U~1'U~ bb~~ b-dmr:wtJ~~~ Bn~-:J 
i1 n~'U 'j~ bb~~'j61'IJ1~1~m1:W bu'U~ CJ eJ:w-rU'lJeJ'l~U~1.nfl 

" 

o II I .4
4.2 n1'aVl1bb'YI.:I~~~1.:1bb"IIeJ~ 

4.2.1 ~~'tIeJ.:In1'abb'li~:w1'Ufil1'a~::mtlI9i1.:1 ~ 19ieJn1'aYl1bb~.:I~~~1.:1bb'li~~ 
fl11:W b-if:w-if'Uvrt-b1'U nl'jeJeJ~1:w~~i1 e.J~ 191eJ nl'jrilCJ1eJ'U:W1~'j~Vll1'ln1'j eJ eJ ~1:w~~ bdm~~fl11:W b-if:w-if'U 

'lJeJ-:J611'j~~m tI fl11:Wbbl9l nI911-:J'lJeJ'lbb 'j'l~'UeJeJ611:w~m~vdl-:J.nlCJl'U b -dm~eJe.J~llJbb~~611'j~~m tI eJeJ611:w~n~~ 
b~:W;'U Vll1~d1~n1'jril CJ1eJ'U:W1~611'j1~~nl1 nl'jl-rr~l'j~ ~~lCJeJeJ611:w ~ n~i1ml:W b-if:w-if'U~1 nl1 (Raoult­

Wack, 1994) 
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1,20 

::l
'lI'i=! 
~ 
\" 
C" 
~ 
;1 
C" 
\" 
-~ 
\" 
(p 

d~ 

1,00 

0,80 

0,60 

0.40 

0,20 

.. 
ii. 
II... 

iIj.. 
iii • 

A • 
ii • 

Ii ... • , 
~ 

• Control 

• Trt 1 

• Trt2 

• Trt 3 

Trt4 

0,00 
• ~ t • • 1 ~ •. 

0 100 200 300 

~';I~nlun1'i"h"","~ (U1'Vi) 

.nl'W~ 7 mlvJm';i'Vhm~'l:W~l,h~~~l'Um';ibb"lll'U(;'Il';i{;l~{;lI~\lh'l61 ~eJru'V!.flij 80°C 
I • " 

(Control: 1lJbb"li(;'lI';i{;l~m~, Trt 1: 35.0% 	'1fbfl)(;'Ibb{;l~ 0.5% m~6/1(1)~fl, Trt 2: 35.0% '1f1rl';i(;'lbb{;l~ 1.0% 
" " 

m~6/1\1'1~fl, Trt 3: 40.0% '1fbfl';imb{;l~ 0.5% m~6/1(1)~fl, Trt 4: 35.0% '1fbfl';i(;'lLb{;l~ 1.0% m~6/1\1'1~fl)
" " 

(:.J{;l"tJeJ'l m';ivll bb'IX'l:w~lJ1'l bb"Ii~:WLL(;'I~'lvl'l.fll'W~ 7 'W'Ir;h m';iLbU';i';iUeJl'V!I';iJl1V15eJeJ(;'Ib:w6/1(;'1r1eJ'Uvll
" 

bL'IX'l'lh ~1 'lXB(I))lm';ivllbb 'IX'l(;'l 'l~'UbrieJbu~~'ULVi~'U n'U~1eJ~I'l~hj~I'Um';ieJeJ(;'Ib:W 6/1 (;'I ~'l Lfl\1'11Jl\l1 fl mlvJ m';i
" 

vllLL'IX'l~i1fl11:w-tl'UL~:W~'U bb{;l~ml:W bi:wi'U"tJeJ'l(;'lI';i{;l~m ~eJeJ(;'Ib:w&i fl~(;'I'l~'U~'l(:.J{;l1 'IX b 1 {;l 11 'Um';ivll Lb 'IX'l{;l~{;l'l
" 

(\I'I1';il'l~ 10) b~~~1eJ~I'l Trt 4 1in{;llvllbL'IX'l~'U~(;'I~ m\leJ6'Ul~1Jl"h~1eJ~I'l~~I'Ufl1';ibb"li~:w1'U• 
(;'Il';i{;l ~m ~~i1 fl1 1:W L i:wi'U (;'I 'l fl11 \l ~i1u~:IJ1ruml:U~'U{;l ~{;l'l:Wl fl fl11 B'U Lt1'U(:.J{;l:W 1\11 fl m';i cil ~1eJ'U:IJd{;l"tJeJ'l

" 
J 1 eJeJ fl\l1 fl~1eJ ~1'l~ b~:W~'U LL(;'I~.:J1'IXb~'U~'lfl11:W(;'lI:1J1';it;1"tJeJ'l m ';i bb"Ii~:w~"li1 ~ {;l ~U~:Wl ruJl'U 1'l~1'U r1eJ'Uvll 

bL 'IX.:JLL{;l~nmmivllbb'IX'l1Jl Falade, Igbeka LL{;l~ Ayanwuyi (2007) Pifl~I(:.J{;l"tJeJ'lml:W bi:wi'U"tJeJ.:J 

(;'II ';i{;l ~ {;l1 ~ eJ eJ (;'I b:W &i fl ~ eJ fll ';i ci 1 ~ b'Vl:W1 {;l (;'I 1';i"tJ eJ 'l bb\l'l 'lb:W 'W'U 11 fl1 ';i b~ :Wrl1 l:U L i:wi'U"tJ eJ'l (;'II ';i{;l ~mVvll1 'IX 

~1eJ~I.:Ji1m';icil VleJ'U:IJd{;lJlbL{;l~"tJeJ'lLb~'l~'l~'U (ps 0.05) L~eJ.:J\l1 fl m';iL~:wmll.Jbi:wi'U"tJeJ'l(;'lI';i{;l~mV 
eJeJ(;'Ib:w&iflvll1'lXrl11:Wbb\l'lfl~I'l"tJeJ'lLb ';i.:Jvl'UeJeJ(;'Ib:w&i fl)~'V!11'l~'U(:.J{;lhj'n'U(;'Il';i{;l~{;lI~ b~:W~'U 'UeJfl\11fl,!'U Allali, 

Marchal bL{;l~ Vorobiev (2010) 'W'U';i1 m';i1ifl)~6/1\1'1~fl~fl11:Wb-rr:wi'U 0.5-2.0% i1(:.J{;l"li1m~'lfl1';icilm'Vl 
:W1{;l(;'lI';i';i~'V!11.:Jm';ieJeJ(;'Ib:W 6/1 (;'I LbflU btJ{;l b~eJ'l\11flfl)~6/1(1)~flvll1 'lXb'W fl~'U~bt1'UeJ.:Jf1U';i~fleJ'U"tJeJ.:J(:.Ju'lb'1f{;l~bil~ 
m';ibU~V'UbbU{;l'l 1~vbrl';i.:J(;'I~I'l"tJeJ.:Jb'V'lfl~'Um\lij"litl.:Jl1..:J:Wlfl~'U ~'l(:.J{;l1 'lXm';ibb'V'I~~I'U"tJeJ'l(;'lI';i';i~'V!11..:Jm';i 
eJeJ(;'It:u6/1(;'1bn~1Jl~I~~'U 
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Control Trt 1 Trt 2 Trt 3 Trt 4 

210 220 220 165 160 

(Control: 1lJLL'lir;111~:::~1~, Trt 1: 35.0% &V1Fl1r;1LL~::: 0.5% mVl68(91~f), Trt 2: 35.0% &V1Fl1r;1Lb~::: 1.0% 
~ ~ 

mVl~(91~f), Trt 3: 40.0% &V1Fl1r;1LL~::: 0.5% mVl68(91~f), Trt 4: 35.0% &V1Fl1r;1LL~::: 1.0% mVl~(91~f)
~ ~ 

4.2.2 ~j;l"lJe:J."nnwd~:lJ1'W6l1'Hl::j;lW~1'" II') ~e:J6l:lJU~'VI1'" bFlijn1f.1fl1'W"lJe:J"'~~~.nru'; 
f111bb'lh1UeJTVl11vl1 ~15eJeJr;11lJ~r;1nm.!'vhLb~'1~'1e.J~1~~~(91Jlru,;ijU~lJ1ruFl11lJ~'W~V1~'1 bb~:::vh1~ 

~ 

1vle.J~(l)JlrusrJ1Vl:w~:n~f)'I;ru::: LtlVn::: 1V1~~1(1 f)~:::~1~1'Wr;111~:::m ~ eJeJr;11lJ~ f)sfi'll'W~d1vlLbn Jlm~ bb~::: mVl~ 
~ 

(91~ f) "il:::bFl~eJ'W~ b-rr11tJ1'We.J~(91Jlru';1:::Vl'il'1f111eJeJr;11lJ~r;1 bb~ ::::n~1'W'li1 ~1'U f111t1 eJ'I fl'W f111r;1 ru L~~'lJeJ'I1'1fl-
~ '" 

1(91 (1 LL~ :::(;1111::: L'Ill ~1~ 'U e:JTVI11 11lJ ~'1'Vh1mm'lr;1~l'1'lJeJ'I L d eJ L~eJ:nm1lJfl'l1UlJ1f)~'W Li1e:J LU~m..JLVlfJ'U fl'U, ~ 

e.J~1:W~~1'Uf111vl1LL~'1vl1~~lJ~m.JL~~'1e:J~1'1L~fJ1 (Raoult -Wack, 1994) ~m f1111 LFl11:::l-1(;1lJU~'Vll'1LFl:n 
f11fJ.fll'V'l'lJe:J'IlJ::::W1'1bb'Ii~1J"illf)r;111~:::~1~Jl(911~ bL~:::mVl~(91~f)1'U1:::~'UFl111Jb-rr1J-rr'U(P)1'11 LLr;1V1'11 'U(91111'1~ 
11-13 
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m'a1,:j~ 11 ~(;\"tJB..:Jnl'm-d~1Jlu?!1';i(;\~mtJ(;h-l1~Bfl111JbblJln~i1..:J"tJB..:Jn~'U';i?!"tJB-l~~IJl.nru"'bViEJ'tJn'tJ~(;\?!\?l 
'" ... 

'Il11Jl16'1'V1'a1fJ 35% 'Il11Jl16'1'V1~1fJ 45% 
Treatment Control 

m~~~~n 0.5% m~~~~n 1.0% m~~~~n 0.5% m~~~~n 1.0% 

Flavor 39.87 ± 14.93 14.04 ± 5.82 13.27 ± 6.36 15.39 ± 3.04 48.51 ± 5.61 

~1~1.::1~ 12 t'-J(;\"tJB-ln1';ibb-d~1J1'U?!1';i(;\~mtJ~1..:J1~Bfi1~"tJm~~IJl.nru'".. ... 
'Il1~16'1'V1~1fJ 35% 'Il1~16'1'V1'a1fJ 45% 

Treatment Control 
n'a~~~~n 0.5% n~~~~~n 1.0% n~~~~~n 0.5% n~~~~~n 1.0% 

L* 71.88 ± 1.27 69.90 ± 0.44 71.97 ± 3.69 75.32 ± 1.46 70.71 ± 1.74 

0* -1.33 ± 0.21 -1.14 ± 0.17 -1.23 ± 0.87 -1.93 ± 0.19 -1.82 ± 0.21 

b* 55.88 ± 0.70 56.59 ± 0.81 55.18 ± 0.84 56.40 ± 1.64 55.56 ± 0.61 
0

Hue angle ( ) -88.63 ± 0.25 -88.31 ± 0.91 -87.91 ± 0.37 -87.63 ± 0.41 -87.62 ± 0.47 

Chroma 55.89 ± 0.69 56.60 ± 0.80 55.19 ± 0.86 56.45 ± 1.63 55.59 ± 0.61 
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d .r::,..-=I 0 i.I I I Q.J .¥ Q.J Q.J .r::,.. V ~ 
~1~1{j'VI 13 (:.Ja"lJm1li'VI1bb'VI{j(;l€lfllan~ru:m..l€l~lJ(:.J~"lJel-:J(:.Ja(;l.flru"f1 

" " 
thma'Vl'nEJ 35% t11ma'Vl11EJ 45% 

Treatment ControL 
m~6B(;l~n 0.5% m~6B(;l~n 1.0% m~6B(;l~n 0.5% m~6B(;l~n 1.0% 

Hardness (N) 253.13 ± 38.69 184.92 ± 27.48 157.45 ± 24.50 136.03 ± 26.20 137.58 ± 27.31 

Cutting work 257.21 ± 56.05 246.30 ± 42.38 213.92 ± 28.49 179.97 ± 24.69 162.14 ± 22.69 

(N.sec) 

Adhesiveness -0.06 ± 0.03 -6.12 ± 2.00 -4.02 ± 0.58 -4.52 1.08 -2.68 ± 0.50 

(N.sec) 

fi1b\l~EJ~i1~1eJfl~1nln'U~h:lfl'U1'Ubbn1'U€l'Ub&imn'U bb(;ln~1-:Jn'U€l~1-:Ji1'11mh~'qJ (p s: 0.05) 

ns -um;ja1lJi1fl11lJbb(;ln~1-:Jn'U€l~1-:Ji1'11mh~'qJ (p > 0.05) 
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"illn\il1'n~~ 11 ¥lUll ~lB~1 ,nJ~lJl.:lbb'li~1Ji1fhml1Jbb\i1n~l.:1~llJn~lJ1?1nU~lB~l.:1?1~UeWn11 
bdB btJ~tJu bVitJu nU~lB ~l.:1~1lJ~llJ m~UllJ011~.:Im-ll1 bb~ bdB b~1Jml1J b~1J~lJ'1JB.:I"11~~mmh\i11~ bb~~ 
m~68\i11n "il~i1ml1Jbb\i1n~l.:J'1JB.:Jfh'!lJlnn;lJ (:.J~~1~?leJ~fl~eJ.:Jnu Torres bb{;1~flru~ (2007) ;.:J~Ul1n11 
bb'li~1J~.:I(:.J{;11~\n~011btJ~tJlJbbtJ{;1.:1'1JB.:J?ll11~b 'VItJ11iTIlJ1J~lJl.:l bb{;1~?ll1{;1~{;11ml1\i11{;1~i1ml1JboU1J~lJ?I.:J;lJ

\J 

~.:J(:.J {;11 ~~l eJ~1.:J:IJ~lJ1.:1?1rub~tJ?ll11~ b'VItJ1~tJ1Jln;lJ b~tJ1~b 'VI\i1 (:.J{;111eJ1\lbUlJ b ~11~ bdmb'Ii~l eJ ~1.:J1lJ 
\J " , 

?ll1{;1 ~{;11 tJ~i1 f1l11J b ~1J~lJ?I.:J nl1 ?ll11~ b'VItJ11iTIlJ~1 eJ~ 1.:J "il ~ bb ¥l~~?ll1{;1 ~{;11 tJ1 tJ1Jl f1 nl1 bb{;1~ V.:JB1"il 
\J \J 

bn~tJli n1tJ1 n11?1~1.:J bb{;1 ~?lmtJ~1'1JeJ.:J?ll11lJbdm~eJ'1JeJ.:J(:.J{;11~ 

(:.J{;1'1JeJ.:Jn11bb'Ii~1J1lJ?ll1~~mtJ~1.:J 1~eJfh~'1JeJ.:J(:.J~\i1li'rueiibb?l~.:I~.:J\i1111.:1~ 12 ¥lUll 'V!f1~1eJ ~l.:Ji1fh 
0*, b*, chroma bb{;1~ hue angle 1n~b~tJ.:JnlJ eJ~1.:Jhti\i111Jn11bb'li~1Jvh1~~1eJ~1.:Ji1fhml1J?ll1.:J (fh L*) 

?I.:J f111 ~1 B ~ 1.:J~1lJ ~ llJ 011 bb 'Ii ~ 1J bb{;1~i1 bb lJlbU1J b~:IJ;lJ bdBfl11:IJ b oU1JoUlJ'1J eJ.:J ?I 11 {;1 ~ (;11 tJ ?I.:I;lJ B 1 "il 
\J \J 

b~B.:I1Jl"il1nfl111Jb~1J~lJ'1JB.:J?l11~~mtJBeJ?lb1J~n~?I.:J;lJ~.:J(:.J{;11~b1m1lJ011Vhbb~.:I{;1~{;1.:J Park bb{;1~ Lee 
\J 

(1975) ?l1tJl1 b1mvll bb ~.:J~lJllJ~.:I(:.J{;11~~1mh.:J¥l1n'VItJ1ni1ml1J?l11.:J~~{;1.:J Arslan bb{;1~ Ozcan (2011) 

¥lU11rll L'* '1JeJ.:I~leJ~l.:1~1n'VImn~{;1~{;1.:jbUlJ(:.J{;11J1"illnn11?1~1.:j?l11tJ1~neJu~Jl\i11{;11~'VI11.:1n1~U1lJn11 
vll bb~.:I lJeJn"il1n,!lJn111~m~68\i11ni1(:.J{;1Vu~.:j n11vll.:JllJ'1JB.:J bBlJl'1l~¥leJ~YJlJB{;1 eJeJ f168b~?I;.:Ivl11~(:.J~\i1li'ru.n 

bn~~Jl\i11~ b~B.:I"il1nm~68\i11n'li1tJ{;1~rl1 pH '1JeJ.:I~1eJ~1.:jvl11~bn~.fl11~~hib'VI1J1~?l1J~Bn11vl1.:11lJ'1JeJ.:I 
beJlJ1'1l~ bb{;1~i1?11J'tJ~ bUlJ~1~Ub{;1'V1~ (chelating agent) 'li1tJ~unUfleJtJ btJeJf1.eJeJBlJ;.:j~lbUlJ~Bn11vll.:j1lJ 
'1JeJ\lbeJlJ1'1l~~U1b1rud\l'1JB.:JbeJlJ1SZ!~ (Eskin, Henderson andTownsend, 1971) 

(:.J{;1'1JeJ\1011bb'li~:IJ1lJ?ll1~~mtJ~l\11 ~ eJrll~n't'}ru~ b d m11J~?I'1JeJ\I(:.J~\i1li'ruon bb?l~\I~\I\i1111\1~ 13 

~Ul1 ~1B~l\1~~llJn11bb'li~1Ji1rll hardness, cutting work bb{;1~ adhesiveness ~1f111~1eJ~l\1~1lJ~llJ 
m~UllJ011~\In~11 bb{;1~i1rll~~~.:J bdm~1Jml1J b.u1JoUlJJ1\i11{;1'V1~eJ m~68\i11n B1"il b~eJ\l1Jl"ill f1bfl1\1 ?I~l\1 
b'1l{;1~bb{;1~eJ\lAtJ1~neJU'1JeJ\lb~n~lJbtJ~tJlJbbtJ{;1\11tJ (Ilker and Szczesniak, 1990) Torreggiani bb{;1~ 
Bertolo (2001) B5UltJ11011bb'li~1J~\I(:.J{;11~?I\i11mUeJ1~i1rl1m11Jbbt1lJbdeJ (firmness) ~~{;1\1b~eJ\I"illni1 
oxalate soluble bb{;1~ residual pectin (protopectin) fractions {;1~{;1\1 

"illn(:.J{;1~\ln~11~\lb~eJn?l.fl1J~011bb'li~1J~bb'1J1lJ?ll1{;1~mml1\i11~ 35% bb{;1~m~68\i11n 1% 1J11mlJ 

O11'Vl~{;1eJ\I~lJ~B1 tJ l~mbtJ115011BUbb~\I 1~tJ1~~Bu~:IJ~eJlJ O11BUbb~\lbbuUbb'lib~eJmb~\I bb{;1~0111~
\J 

11JbmbT\..J~qJqJlf11f'1 b~B~ n't'}l(:.J{;1'1JeJ\I O11eJU bb ~\I~ eJ?l1J'tJ~'Vll\1 bfli1 01 tJJll¥l'1JB\l1J~lJ1\1BU bb~\I b~tJ(:.J~011 

'Vl~{;1eJ\lbb?l~\l1lJ.fl1¥l~ 8-11 
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.n1'W~ 8 I"il~'U&UJ~WlJ)ru,;j~~1nVl~I'\Ll.J'Uli1~h.:J1 n'U (Ctr: hlLL"Ii~l'H'l~mtJ, 00: osmotic 

dehydration, HAD: Hot air drying, FO: Freeze drying, MVNO: Microwave vacuum 

drying) 
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.n1'W~ 9 ~n'\.'}ru~Liltl~lJ~!;1"IJeJ':1l:.J~()1.nru.n~~1n'V1~()1blJ'U~~h-:l1 (Ctr: 1:Wbb"li!;1l'H'1~~1E.J, 00: osmotic 

dehydration, HAD: Hot air drying, FO: Freeze drying, MVWO: Microwave vacuum drying) 
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.nlW~ 10 6'flJu&inl'~~l'Ue:l'4~(lB6'f';i~'1Je:l':II:J~~.nru.n~"illn'V1~~blJ'U~~h'l'1 n'U(Ctr: hibb'll6'fl';i(l~(ll(J, 00: 

osmotic dehydration, HAD : Hot air drying, FD: Freeze drying, MVWD: Microwave vacuum 

drying) 
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HAD - Ctr HAD - 00 

FO - Ctr FO - 00 

MWVO Ctr MWVO 00 

1l1'W~ 11 mV'4~ltJLfl1-:J?l~1-:J(;)W1"ull-:J"utl-:J?llJU~ nT)l'llUtl'WlJf1B?l1~"Utl'Il:.J~(P1.nru~~\lln'Vl~(J1 blJ'W~ , " 
~1-:J'l nu (Ctr: 1lJbb'li?l11f1:::mtJ, 00: osmotic dehydration, HAD : Hot air drying, FD: 

Freeze drying, MVNO: Microwave vacuum drying) 
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~~'lJB-:J15vllbb,x-:J~Bfil~'lJB-:J~~(JlJ1ru"bb6'l~-:Jl~\~'Ull 15vllbb,x-:Jil~~~Bfil L* bb~~ 0* 'lJB-:J~';mch-:J 

B~I-:Jihr~~lflqj (p ~ 0.05) LL~hiil~~~Bfil b* 1~~~1B~I-:J~vllbb,x-:JbbUU FD ilfilf'l11~6'll1-:J (L *) 6'I-:J~6'I~" , 
".iB-:J~-:Jm~B~1B~I-:J~vllbb,x-:J~1~ MVND bb~~ HAD m~!;h~u bb~~1~~Yi'1hhJ~:W1-:J~vllbb,x-:JbbUU HAD 1iJ~ 
ilfil 0* bb~~ b* 6'I-:Jfr'h~vllbb,x-:J~1~15~'U B~I-:Jhnm~'WUllfl1".ibb"li~~l:Wil~~~Bfil~ ~flbl'U~1B~I-:J~bb"li 

" ~~ml1vllbb,x-:JbbUU MVND ~ilfil 0* ~-:Jnl1 control (p ~ 0.05) 

fl1".ibb"li~~bb~ ~15vll bb,x-:Jil~Vl6'W~ ~ Bfil~nl'Jru~ b-d'm1~~6'1 1~ ~'WUll fl1".i bb "li~~ bb~1vll bb,x-:J bb UU FD 

Lb~~ MVND ~-:J~~1,x~1B~I-:Jilfil hardness bb~~ cuttin~ work ~-:Jnl1 bb~ilfil adhesiveness ~lnl1 
control B~I-:Jil,r~~lflqJ (p s: 0.05) l'U'lJru~~ HAD il~~1'UVll-:Jn'Un~U~B~~(JlJ1ru"liJ~ti~Lb~:mlfiicJ1 
'UBnliJln~'U MVND ~-:J~~1,x~1B~I-:Jilbi!mr1J~6'lmBU ~-:Jbb6'l~-:JbU'Ufil~I'U1'U peak nB'U~1B~I-:Jbb(Jln bb~~ 
~1'U1'U peak ~-:JVl~~liJlnml'W~l~liJln texture analyser 1~~~1B~I-:Jbb"li~~IiJ~ilfil~-:Jn"116'1-:Jnll 

" 
control IiJlnfll'Wt;il~1m-:J6'I~1-:J~~'lJ11-:J (fll'W~ 12) liJ~b~'Ul~i~bliJ'Ul1~1B~I-:JliJlnfl1".iBUbb,x-:J~1~ 
l~1f1".i b1'W6'lrurulfl1~IiJ~ilf'l11~bU'U".i'W".i'U6'I ~-:J~~~Bf'l11~mBU~1Jln 1'U'lJru~~~1B~I-:J1iJ lnf11".iBUbb,x-:J~1~ 

" QJ ~ \J 1 '\J 

Ii1BU~~~B'U~'UIiJ~ bb'l1'Ubb~~l:Wil".i'W".i'U~il'lJ'Ul~1Vlfl ;~~-:J~~~Bfl1".i'WB-:J~1'lJB-:J~~(JlJ1ru"
'U \J " o~ 

fl1".ilbfl".il~~6'I~,:r~fl1".i1i11'UBBn68b~i'UliJlnfil TPC, FRAP bb~~ DPPH 'Wu11m~U1'Ufl1".ibb"li~~ 

bb~~15vllbb,x-:J~~I-:Jn'U ~-:J~~1,x~1B~I-:JilfilbVl"I~'Ubb(Jln~l-:Jn'U (P5{O.OS) ~1B~I-:J~vllbb,x-:JbbUU FD liJ~ilfil 
TPC bb~~ flVlifl1".i~I'UB'U~~~6'I".i~~6'I-:J

1 \J 
nl1~1B~I-:J~vll bb,x-:J~1~l~1f1".ib1'W6'I 

, 
ruflllfl1~Ii1Bu~~~B'U 

QJ at:: 'U 
(P5{O. OS)°1 'U 

m~U1'Ufl1".ibb"li~~~-:J~~1,xbn~fl1".i~qJb~~ TPC bb~~~Vlifl1".i1i11'UB'4~~~6'I".i~ilfil~~~-:J 
m~U1'Ufl1".ivllbb,x-:J1J~:W1-:J~1~l1J1f1';jb1'W~qJqjlfl1P1 BIIiJIiJ~~-:J~~ b~~1'Umru~vll1,xLn~"liB-:Jl1-:J~ 

biJ'U".i'W".i'J~ln1'U~1~~(JlJ1ru,yj ~-:Jvll1,xBB n68bliJ'U;g~eJl'UbillLJ1'U~~(Jl.tlrusn1~41~~-:J~.:J~~~Bf'l11~b6'l~m'lJB.:J" , 
6'll".i1i11'UB'J~~ ~6'I".i~b~mn~tJ fi n~~IBBn68b~i'U ~1'U fl1".ivll bb,x-:J1~~Ii1Bu~~~B'U~'U1 iBruVl.fliJ5-:J 80 B.:J~1
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b"/lm;~6'1 bU'Ub1m 2 -ti'11~-:J~-:Jvll1,xtJ~~lru TPC bb~~t)Vlif11".i1i11'U~~~.:J 
m~U1'U f11".iBU bb ,x.:J~1 ~1~1mb1'W~ qjqjl f11~6'llm".if:lvll1,x~~ (Jl.tlru,yj~~:W1-:JBU bb ,x-:Jil~nl'Jru~'WB-:J 

bb~~ilf'l11~mBULVlilB'Unu~~(JlJ1ru,yjVlB~ Vl~B BumBu~~ruVlJJiJ~-:J 1'U'lJru~m~1f1".i b1'W~qjqJl f11P11 ib1~1 
1'Uf11".itJfi~~'U,rB~nll 30 'U1Yi 1-UBruVlfliJ1:Wbn'U 45 B-:JP11b"/l~b;~6'I 6'llm".if:lvll1,x~~(JlJ1ru,yj~~l~BuLb,x-:J 

~ . " 
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5.1 'tJ'U'UB'Ubbl1.:J• 
\I1nnl1~n~lbb61~ b'lJ1fJ'UbVifJ'U(:.J61'1Ja.:Jnl1a'Ubb'IX.:J'1J1i'Ul~fJl-tl~'lJ bb'U'U nl1a'U bb'IX.:J bb'U'Ul9l1.:J 'l1~bbn nl1 

v " 

a'U bb 'IX.:J~"WmJ~a'Ubb'U'U-u'U(9la'U b~fJ1 (aruVlJlijmJ~a'U 60 ml"llb"/l61b~fJ61) nl1a'Ubb'IX.:J6111~a'UVlmfJiJ'U(9la'U, " 
('QruVlJJij61l1~a'U 90, 70 bb61~ 60 a.:Jl"llb"/lm~fJ61) bb61~nl1a'Ubb'IX.:J~1fJ11111"l1bd~~qJqJlnll"ll9la61l1tmVn.:Jbl"lij 

bb61~nlfJm~'1Ja.:J'1J1i'Ubb'1iBl1a'Ubb'IX.:J ~'U11bb'U'U"il161a.:JVll.:J\l61'U~611"1161(9li'1Ja.:J Page 6111l1111vll'UlfJ~n~ru~ 

1 'Unl1a'U bb'IX.:J'1J'U'Ubb'1i~11~1fJ6111~a'U~aruVlJlijl9l1.:J 'l1~bVl111~61111l1n~61~ b~a.:J\llnijl"h / 61.:J61~ bb61~ijfll
.. .. \J .. 'U .. 

.; .J 
RMSE (9l1Vl61~•

.d 0 Q. ~ ~ o<:::iI I~ 11 ~ Qd I • ..,;, 

bl1aV11nl11 bI"l11~Vll"lru6111'U(9lVll.:J bl"ll1 bb61~ nlfJm~'1Ja.:J'1J'U'Ubb"tlal1a'U bbVI.:JVl.:J 3 15~'U11 '1J'U'Ubb"tlal1. . , 
a'Ubb'IX.:J~1fJ11111"l1bd~61rurulnll"l~fh~.:J 960 l(9ltJl biJ'Ubdm 23 'U1Vi ijfllI"l1111~'Ubb61~flln\lm111'1Ja.:J,Jl 
~161~ bb61~1'IX~n~ru~~da~l1~61 ~ n~'U ~n~.:J6111l11111"l.:J1'lJ~1.:J1~niKb~fJ.:Jn'U'1J'U'U61~111n~61~ b~avhnl1 

.. 'U.. .. 

'lJ1~ bij'Unl1fJa111'UVll.:J'lJ1~611Vl~11~61 '1J1i'Ubb'1i~l1a'U bb'IX.:J~1fJ11111"l1bd~~qjqJlnll"lijl"l~bb'U'Unl1fJal1 1'U 

1~fJ1111~.:Jn11'1J1i'Ubb'1i~l1B'U bb'IX.:Jbb'U'U6111~8'U~.:J 2 15 b~a.:J111\11nnl'~a'Ubb'IX.:J~1 fJ11111"l1 bd~~qJqJlnll"l 1"l~'U 
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~a'U~aruVlJlij 60 a.:Jl"I1b"/lm~fJ61 bb61~nl18'U bb'IX.:J6111~8'UVlmfJ.rr'U(9la'U ~.:J~.:J(:.J611'IX~n~ru~V11.:JnlfJm~ijnl1. " .J ... 
b'lJmJ'Ubb'lJ61.:J'U8fJ61.:J 
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~l1~61'1Ja.:Je.J~ (9lJlru,; bb61~ b~ml1e.J~ (9lJlru';~~l'Um~'Ul 'Unl1aa 61111 '8611'lJ a'U bb'IX\l~'U11ij~n~ru~ b\1a~l1~61~ 
~n11~la~1.:J1"l1'U1"l11 bbl9l'lJ~111ru6111'lJ1~n8'UYJ'Ua~nbb61~f'IVlBnl1~1'U8'U1161B611~\I~61~61.:J .. DI .. 'U 

nl18'U bb'IX.:J bb'U'U bb'1i b~8n bb~.:J6111111111n~1'lJ~111ru6111'lJ1~n8uYJ'Ua~ n bb61~ f'IVl Bm1~1'Ua'U1161B61 ~ ~ 
"I • " 
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.n1f1~\.nn n 

m~1 bfl~1 ::~v,:jf'hh::nm.J'VI1,:j bflii-mV.fl1'W 
OJ Jt

n.1 m~1~fl1111"1:1'U"Uv,:j"U~'U (AOAC, 1995) 
~iCf Q. rf 

1l5m~1bfl~1::VI 

1. 	 bl'l~mJt9l1v~1\11I?lfJt9lI?lt9l1eJ~1\1'U'U'UGWI 'U'U'Uvle.h'Um'jeJeJ~1lJ~~ bb~~e.J~I'l.nru,j'U'U'Ubb"li~lJ~tJl'U, , 	 , 

m~'tn'Um'jeJ'Ubb~\1~l\1M111~ 1~bu'U~'U~~b5 fJl?l 

2. 	 ~\lt9l1eJ~l\11~'Vl'jl'UlhVl1.rrI'Vlbbti'Uv'U'l.h~lJ1ru 2-5 n1lJ ('Vl~iJfJlJ 3 ~lbb'\llti.:t) 1~1'Uil1"1l'U~ 

eJ~~ikWfJlJ ~\leJ'Ubb~~'Vl'jl'UJ1'\1l-Un~bbti'UeJ'UbbGll1I?lfJvht9l1eJ~1.:t~~ 3 offl 
'U 

3. 	 l..ht9l1eJ~1.:tb'rrleJ'U1'U~eJ'U1I?lfJfll'UfllJeJruVl.f):U 105 eJ.:t~1b'1f~~fJ~ bU'Unm 5 ~11lJ.:t 
\J "" \J 

... 	 , 

5. 	 i.:t111Vl-un bb~~vh"lll~'Um~V(.:tt11Vl-unfl.:tVl 

.Q.c:III Q d 

1l5m~1bfl~1::VI 

t11t9l1eJ ~1.:t'U'U'U~1?lhJ~'U~~ b5 fJl?l f1'jeJ.:t~l fJ ~1'Ul1'Ul.:t t11Jl'U'U'U~1JlhJ1'l?lril't.l~lJlru'UeJ.:tbb~.:t~, , 
~~mfJl~~lfJ Hand refractometer (Atago model 2210-w06, Tokyo, Japan) 

n.3 m'j1~ri1n1ilm'j1l"Uv,:n11 (Water activity) 
QQ Q rf 

1l5m'j1 bfl'j1::'Vi 

1. 	 btJl?lbfl~eJ.:t1'l?lril Water activity v1.:tl1\J'j~lJlru 30 'U1Vl neJ'Um'j1-U.:tl'U 

2. 	 1~\9l~'U~i1Jlni'Ub-Ul1u b~mJ\'lm'j calibrate 

3. 	 1~t9l1eJ~1.:t~t9ll?lbu'U~'U~.:t1'U\9l~'UG11Vl1'U1'l?lriln~m'jlJ'UmJl1~b~lJ~lVltil 'j~~'Ufl11lJ~.:tU'j~lJlru
'U 

n.4 m'j1~m'U~::'U'U ClE L* Q* b* 
Qd Q rf 

1l5m~1 bfl~1::'Vi 

111t9l1eJ~1.:tlJl1'l?lril L*, 0* bb~~ b* ~lmfl~eJ.:t colorimeter (Chroma Meter CR-300, Minolta 

Co., Osaka, Japan) bbVl~.:tnlbiJl?lbb~.:t D65 ~lJm'jlJeJ.:t 10 v.:tm 
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"I II d
nTH't1t~~ij.:j 

1. b~e),U~l'Vl'l1 POWER ON 'V'l~mjnun~tJ:w ALL DATA CLEAR• 

20 n~tJ:w index set • 

AE* I(L* L*)2 ('" *)') (Ob* b*)2L..l °ab = V 2 - 1 + a 2 - ([1 0 ~ + . 2 - 1 

L~ 
2 

aO 
; 
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v 

fi eJ 	 fllf'l1l:w'tllL~'U-L'Vl~eJ'l'lJeJ'l'lJ'U'U~W1, 


bl< 

2 

OJ 	 • "n.5 n1':i1~'U'11f'l11:WLL·tHI (Hardness) 

15n1':i1~bf'l~eJ~ Texture Analyzer (Stable Micro System Model TA.XT2i, Godalming, UK) 

1. b\1l~CJ:W~1eJ~1'l'lJ'U'U~'OJ~'tl1:1J11LfI';jl~~ 1~CJfj'~H~eJn~1eJ~1'l~'U'lJ'U'U'lJ'Ul~ 3x4 \1ll';jlWij'U~L:wm, 	 . 
2. 	 L-rrl~1tbLLm:w Exponential lite express 

3. 	 L~eJn TA -> Calibrate -> Calibrate force -> next -> 1l'l~:wJl'Vl'Wn'lJ'U1~ 1000 n-r:w ~'lhJ n~• 
1I 	 do . d C:;:..:::II II 

complete LL~1LfI';jeJ'l'OJ~'VIln1';j callbrateL:wm~';j'OJL';jCJ'U';jeJCJn~ next 

4. 	 Y1ln1';j calibrate probe 1~CJ~~1l'lLfI~eJ'lijeJmm 'Un1';jlLfI';j1~~ e)'UI?l'ULL';jn~~~~\~l'U LLr;i'11~1'Uij~ 
(l'Un1';j~'hfl';j1~~fllLb';j'lmm'Un1';j~~ 'OJ~1m'Uij~V(l~~) 1~n~~'l:Wl~eJ~n'U~eJ'l'lJeJ'l\il'U bbr;i'1~'l ~eJn 

'" 

5. 	 b~eJm:w~ TA -> Calibrate -> Calibrate high ~'lfll~~eJ'ln1';j1-b' 
1. 	 '1IeJ'lbb';jn 20 mm 

2. 	 '1IeJ'l~eJ'l 10 mm 

3. '1IeJ'l~l:W 10 mm 

'tllb'Vl~mb~'UL~CJ'U:Wl';jeJ'l1~\il'U~~~~'l11 L-rleJfll'Vl'U~';j~I?l'U1'Un1';jn~'lJeJ'l1'Uij~ bbr;i'1n~ Calibrate... 
6. 	 b~eJm:w~ TA -> TA setting - > b~eJnl'Vl:W~ Library -> b~eJn return to start b-rleJ1m'Uij~n61'U:Wl~ 

b~:W'Vl61'ln~~leJ~l'lb~~'OJ 'Vl61'l'OJlmT'Ub~eJn1'Vl:W~ Comp 


Test mode compression 


Pretest speed 1 mm/s 


Test speed 2 mm/s 


Target mode distance 


Distance 30 mm 


Trigger type Auto (Force) 


Trigger force 5 g 


Advance option Off 


7. L~eJm:w'U TA -> Run a test -> Probe -> b~eJn probe mm'Un1';j~~ (1'Un1';jlbfl';j1~~b~eJn1-b'
'U 

HDP/BSK: Blade set with knife) ->b~eJn auto save b-rleJ1~ save ml'V'J m~ -> Apply bfl~eJ'l 

'OJ~Y1ln1';j~~~leJ~l'l bb~~bb~~'lflleJeJn:W1dJ'UmlyJ 

8. 	 b~eJn peak ~~'l~~1'UmlyJ,r'U b-rlmtJ'Ufllbb';j'lmm'Un1';j~~
'U , 
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Q. dU J u U I 

n1"i1Lf1I"i1::'VI~n't!tr;u::L'lJBf;UJ~a'tlB~3J::3J1~ 
IV V odI v v V I .cr... IV 6'tJ " 
1\?lfjn~ru~L'l.j'e)6'llJ~6'I"lJB\l('nm.I1\l~(;W\.nr;u,.wnf.l texture analyzer LLfj~ HDP/BSK blade cutter 

1~whvnJ\?lfl1\Jl1 LLtJ';j~1\l1 ~\ld 
Pre-test speed: 2.0 ijfj~LlJ(?\';j!i'l.nV1 . 

Test-speed: 2.0 ijfj~LlJ(?\';j!i'l.nV1 

Post-test speed: 10 ijfj~LlJ(?\';j!i'l.nV1 

Distance: 15 ijfj~LlJm 

'VI1fl1 hardness ~1n peak force "lJB\lf1';i1'W rl1'lnrufl1 cutting work ~1n~'lJ'vn~f1';il'rJ Area 1 LLfj~fl1 
adhesiveness ~1n~'Uvtt~m1Yhhu~LtJ'Ufj'U (.n1V'j~ n.l) 

Force (N) Hardness 

Area 1 Adhesiveness 

Time(sec .) 

.n1'W~ n.t \Jl1€l~1\l~n~ru~ml'V~~1ml"l~€l,:j texture analyser ;,:jl\?l~bmhr\?l HDP/BSK blade cutter 

Q.dQ. d 

151Lf'l"i1::'VI 

1. L(?\~mJ~1€l~1,:jl\?lf.lf11';j~\?l"IJ'U'U1~fj~LBf.I\?l1~fj,:j1'U"lJ1\?lLLfbvttil\?ln~'U 'VhJ1\Jl1€l~1,:jfj~ 10 ~1 
1 

LL~fj~~1~,hwuntJ';j~lJ1ru 7.000 ± 0.005 n-rlJ 

2. HltJ';jLLf1';ilJ ENose.exe 1'Uf11';jiLI"l';j1~";fl1 

3. 'l.h~fjvtl~lJ1btJ~f.I'UbV1v'Un'Ufl1n~'U"lJB,:j"IJ'Ut.!6'I\?l
1 

n.7 	n1"i1Lf1I"i1::\,hJ~3J1r;u total phenolics ~1t.l1G Folin-Ciocalteu bL'UU microscale 

(Waterhouse, 2005) 
~ d d 

~tJ mJlJbbfj~bl"l'nm,m 

spectrophotometer (Thermo Spectronic, it.! GENESYS 10 UV) 
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gallic acid (Fluka, Spain) 

sodium carbonate (A.R. grade, Ajax Finechem, Australia) 

Folin-Ciocalteu reagent (Carlo Erba, France) 

ethanol 95% (A.R. grade, QReC, New Zealand) 

15b~~£J:IJ"1'Hl::6\1£J sodium carbonate B:IJ~1 

G'l~G'lltJ sodium carbonate 200 n1':w 1'UJl 800 ml t.hhJ~:W~'Ub~eJ~ bb~1~-:J1~b~'U ,nn'!'Ub~:W 
~~mm-:J sodium carbonate G'l-:JhJb~mj'eJtJ ~-:JH~mu'VI.fllj~eJ-:J (30 ± 1°C) bU'ULJm 24 -B'11:W-:J 'lln,!'U 

, '\J 

meJ-:J611'jG'l~G'l1tJ~1~~1'Um~m~meJ-:J Whatman b'UeJ11 'I11611'jG'l~G'lltJm~:lJltJ1''U't.J~m~'j1~bU'U 1 ~m .. 	 , 
., 	 0 v 

mtJ'UlnG'l'U 

15b~~£J:IJ"1~6\::6\1£J:lJ1~~~1'U gaLlic acid bb6\::m~"~1.:jm1W:IJ1~~!1'U 

1. 	 G'l~"ltJ gallic acid 0.500 g 1'U ethanol 10 ml bb~JtJ1''UtJ~:Wl~'j1~bU'U 100 ml ~JtJJlni'U 'l~ 
1~611'jG'l~G'lltJ"1JeJ-:J gallic acid ~:uml:lJb-V:lJ-V'U 5 gil 

2. 	 tJbtJ~611'jG'l~mtJ"1Jm gallic acid ~b~~tJ:lJHG'l-:J1'U"1Jl~tJ1''U't.J~:lJ1m"1J'Ul~ 50 ml1'UtJ~:Wlru~1-:J1 

~-:J~ 0, 0.5, 1.0, 1.5, 2.5 bbG'l~ 5.0 ml ~ln'!'UtJ1''UtJ~:lJlm1~()-:J~~'UeJntJ~:Wl~'j~ltJJlni'U ~~1~ 
..JC'III II' 1.1 	 0 v 

611'jG'l~mtJ gallic acid 'Vl:lJml:Wb"1J:lJ"1J'U 0, 50, 100, 150, 250, 500 bbG'l~ 750 mg/l m:lJm~'U 

3. 	 tJbtJ~611'jG'l~mtJ:lJlm~1'U~f111:lJb-V:lJ-V'U~1-:J1 tJ~:lJ1m 100 ~l1611'U"1Jl~tJ1''UtJ~:lJl~'j 10 ml b~:lJ 

Jlni'U 7 ml bbG'l~ Folic-Ciocalteu reagent 500 ~l ~-:JH 1-8 'U1Yi 

4. 	 b~:lJ611'jG'l~mtJ sodium carbonate 1.5 ml bbG'l~tJ1''UtJ~mm1~()-:J~~~ltJJlni'U 
5. 	 b"1J~rl~61:lJ611'jG'l~mtJ~-:J'VI:lJ~ ti:lJ~-:JH 2 -B'11:lJ-:J 

Q.I 	 I d d d
6. 	 l~fI1fl1'j~~n(;'l'Ubb"'-:J'VlflJl:wmlfl(;'l'U 765 nm 

'\J 

7. 61~1-:Jn'j1'vl:lJl~'j~1'U'j~'VI11-:Jml:Wb-V:lJ-V'U"1JeJ-:J611'j(;'l~mtJ:W1~'j1i1'U gallic acid (bbn'U x) tl'Ufl1fl1'j 

~~n~'Ubb"'-:J (bbn'U y) 
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Concentration of standard gallic acid solution (mg/L• 

.Q.c::tQ rt 

15'HfI'51:::\1 

1. t1btl~?l1~?ln~tl~mm 100 iJl "-:J1'U'V1~tl~'Utl~m(91~'V'U1~ 10 ml 


2, b~:wJ1ni'U 7 ml bb"~ Folin-Ciocalteu reagent 500 iJl v1Ar 1-8 'U1Vl 


3 . t1btl\Jl?l1~"~mtl sodium carbonate tl~:W1\Jl~ 1.5 ml 

4. b~:wJ1ni'U';u'U5-:J~~'Utlntl~mm b'V~hbb~';nJ:wv1-:Jl1 2 .a-11:W-:J 

5. 1~fhn1~~~n~'Ubb?l-:J~i'l11:WCJ11f1~'U 765 nm bVlCJ'Un'U~1~-:Jmh1'Vtl-:Jn~1yJ:W1m:01'U'Vtl-:J?l1~
~ ~ 

gallic acid bb~1fl1'U1rutl~mru total phenolics ~1tJ-:J1'UbtJ'U S sallic acid/100S db 

n.B n1'51bfl'51::\.hUJu~n1'5~1'Wvvn~h~-u\I~hv15 ferric reducing antioxidant power (FRAP) 

(~~bbtliil.:jl\l1n Benzie UiiI:: Strain, 1996) 
.1 ~ .... 

~umrubb"~bmtl-:J3Jtl 

spectrophotometer (Thermo Spectronic, i'U GENESYS 10 UV) 

Trolox (Fluka, Denmark) 


sodium acetate trihydrate (AR. grade, QRec, New Zealand) 


tripyridyltriazine (TPTZ) (Fluka, Switzerland) 


ferric chloride (QReC, New Zealand) 


glacial acetic acid (AR. grade, QReC, New Zealand) 


HCl 0.1 M (AR. grade, J.T. Baker, Neutrasorb, USA) 


methanol 99.9% (AR. grade, Fisher Scientific, UK) 
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15L~'itl:U~1'H'I::~1t1 FRAP 


1. 	 L~~CI:U(;11'j6'l~mCl acetate buffer pH 3.6 1(1)f..1t-J(;1:U sodium acetate trihydrate 0.3 g LL6'I~ 

glacial acetic acid 'lJ~mm 1.6 ml LL"d'lJ1\J'lJ~:I.n~wU'U 100 ml ~hmJlni'Ul'U'Ud(1)'lJ~'U 
'lJ~mm'U'Ul(1) 100 ml 

2. 	 L~~CI:U(;11'j6'l~mV ferric chloride 1(1)CJ6'I~mCl ferric chloride 270 mg 1'UJlniwJ~m~'j 50 ml 

1'U'Ud(1)'lJ~'U'lJ~:Ul~'j'U'Ul(1) 50 ml 

3. 	 L~~CI:U(;11'j6'l~mCl TPTZ 1(1)CI-B'-!lJl'Vlirn 31.2 mg 6'I~mCl1'U HCl 0.04 M LVl6'l-!l1'U'Ud(1)'lJ~'UtJ~m~'j 
'U'Ul(1) 10 ml LL6'I~L~:U HCl 0.04 M \I'U~-!I~(1)'Uvn'lJ~:Ulm 

4. 	 b~~CI:U(;11'j6'l~mCl FRAP 1(1)Clt-J(;1:U acetate buffer 25 ml, ferric chloride 2.5 ml bb6'l~ TPTZ 2.5 

ml ~1:uci'1~'U 

15b~'itl:U~1'j~::~1t1:U1~~.!1'U Trolox 
..::::.I 	 d t.t 1.1 

bm£J:U(;11'j6'l~mV:UllJ)'j\il'U Trolox VlFnl:Ub'U:U'U'U 0, 0.050, 0.075, 0.100, 0.125, 0.150 bb6'l~... 
0.1751JM 
,QqQ d 

151Lfl~1::VI 

1. 'l11(;11'j6'l~m£J FRAP :Ul1~Fnl:U~v'U~ 37°C 1'U water bath 'Ul'U 30 'U1Vi ;-!I\I~1~(;11'j6'l~mCl~
., 
o 0­

'Ul~16'1v:U(;1:U 

2. tJL'lJ~(;11'j6'l~mVmm\il'U'Vl~vl?i'dvVl-!1(;11'j(;1n(1) 400 IJl t-J(;1:un'U(;11'jft~m£J FRAP 4 ml1'U'Vlftv(1)... 
Vl(1)6'lv-!l1~Fnl:U~v'U~ 37°C 1'U water bath 'Ul'U 30 'U1Vi 

3. 1(1)fhm'j(1)(1)n~'Ubb(;1-!1~f)d1:umdf)~'U 593 nm 1(1)£J1iJlni'U1'Um'j'lJ~'Ufhm'j(1)(1)n~'Ubb(;1-!1bU'U 0 
~ 	 ~ 

(set blank) ;-!I~'Uv-!ll?i'dmh-!l\l~b'lJ~£J'U\lln~Jlm6'lv:U?i':u1'lJbtJ'U~:~h-!l 

4. 	 'l11fhm'j~(1)n~'ULL(;1-!1~1~\l1nl?i'dv~1-!1 (Afinal) m~nft'Un'Ufhm'j~(1)n~'Ubb(;1-!1'Uv-!l(;11'j6'l~m£J FRAP 

(Ainitial) \I~1~btJ'Ut-Jft~l-!1'Uv-!lfhm'j(1)(1)n~'Ubb(;1-!1 (~iff)
~ 

= Afinal - Ainitial 
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0.4
i:., 
t 0.3 
I; 
'C 	 y = 4.71 69 x0 .2« 
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Concentration of standard trolox solution (f,lM) 

n.9 n1-a1~~-alZ\·hnJu~n1-a~1'1.meJn~~~<ij\J~1tJ 2,2-diphenyl-l-picrylhydrazyl (DPPH) assay 

~~HbtJ~{/~ln Brand-Williams ~L~Zflruz (1995) 

spectrophotometer (Thermo Spectronic, tw GENESYS 10 UV) 

6-hydroxy-2,5,7,8-tetramethyLchroman-2-carboxyLic acid (TroLox) (Fluka, Denmark) 


2,2-diphenyL -1-picryLhydrazyL (DPPH) (FLuka, USA) 


methanoL 99.9% (AR. grade, Fisher Scientific, UK) 


15L~~mJ~1-a~z~ltJ DPPH 

1. 	 b~~tJ:w stock soLution l~tJi.:j DPPH :w1 0.24 g c;'l~mtJhJ methanoL b'Vlc;'l.:j1'W"lJ1~tJ~\J'1I~:Wl\P\1 
"lJ'Wl~ 100 mL bbc;'l~'\J-r'U'\J~:w1\P\1~htJ methanol 

2. 	 e.J61:W stock soLution 1 ~1'W n'U b:W'Vll'Wtlc;'l~11:Wb-rr:w-rr'W 80% 33 ~1'W 'Vl~c;'ltl~1~i'ilm1~~f)~'Wbb61.:j
" 

~ml:wtJl1fl~'W 515 nm (Ainitial) ~'WiJi'il 1.1 ± 0.02 '\..nf)i'ilm-a~~f)~'Wbb61.:j:Wlf)VI~mJtltJf)':h 1~ 
" 

'\J-r'Ui'il~1tJ methanol 80% VI~tl stock soLution 

15n1-a~~~mJ~1-a~z~ltJ:lJl~-a!1'W Trolox 

b~~tJ:W6111c;'l~mtJ:Wl~1\il'W T roLox 1~iJml:lJb-rr:lJ-rr'W (;).:j.Q... 
~11:1Jb-rr:w-rr'W"lJtl.:j611-ac;'l~mtJ i'ilm1~~f)~'WbL61.:j~ml:wcn1fl~'W 515'1.n1'Wb:wm 

" 
Trolox (l:wl~11:wm{) 

control 0.563 

82 0.051 

123 0.068 
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" ..,
~11~b~~~~~a~~11~~~1V 

Trolox (t~1~11~m1) 

185 

278 

417 

625 

1250 

0.095 

0.139 

0.204 

0.304 

0.531 

1. 	 tJb'IJ(9l~11~~mV Trolox 'V!~al'i'1a~1~~11~n~ 0.6 ml ~~~n'U~11~~mV DPPH 3.0 ml1'U'V!~a~ 

Vl~~a~ b'lJ£hbb~~~An'U~i1~ ~mU'V!flij~a~bU~b1m 20 ~1Vi 
, 	 \J 

2. 	 1~rhm1~~f1~~bb"~~m1~m1~~~ 515 nm 1~v1off methanol 80% 1~m1'IJ1''Urhf111~~f1~~ 
\J 	 \J 

bb~~bVhn'U 0 (set blank) ;~~~a~l'i'1a~1~IiJ~b'IJ~vU~1f1~1.J1~bU~~b'V!~a~ 

3. 	 t11ri1f111~~f1~~bb~~~a~~11~~mv DPPH (Ainitial) mV(f1~'Uaaf1~1vri1f111~Vlf1~'ULb~~m~1iJ1f1
\J 	 \J 

l'i'1a~1~1~LU~~~(J)1~~a~ri1f111~~f1~~bb~~ (Adiff)\J 

= Ainitial - A final 

0.6 

• 
0.4 


3 
.,. 
., . 	 y ::; 0.0004x 
;; 	 • 

R ::; 0 .9861 
""" -'f. 	

•0.2 

o 
o 200 400 600 800 1000 1200 1400 

y	 y (11" ~ ,nUII'\IlI'U1ttluJ Trolox :Uilitlldli) 
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"j"vrr;1n1"j"'Vl~r;1€l'U 

'11iJ~\Jl1€l~1'1 

O'Hl.!1'UB Ofl111J'WBl\J~B~o't;ru::~h~ Sl'UB.:I ~~ lPI.nru';'U'U'Ubb'ti~1JB'U bb~.:I• I, 
cO .. .,.

1. r;1'Vlt:-J1 

o o 
'11€l'U'lhUflm'l 

l:JJ'11€l'U1Jlfl 

o o 

'11 €l'U1Jl 0 '11€l'UU1'Ufl~1'1 

Ul'Ufl~l'1 l:JJ'11€l'U1Jlfl 

3 . "j"r;1'111~1~tJ"j"11J 

o 

'11€l'U1J1fl 

Ul'Ufl~l'1 
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