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l'llftln~'ltl"''EI)..J . . ........ .......................... . ....... ''.... :~' : .... .. .. ......... . .. .. 

.,l"" 'i' .. d J" ., '.A ".1 
!l1"'1~ MRS i'I)..Jn\i ~Flfl ",~'EI)..JLU'Eln~'ltl",!l)..J~m~tI~m'l1LuU'EI-3fP)u1~n!lU 

'EI'Ipftl~~n!lU~1~L",t1L~UL'llftln~'ltl",'EI)..J .. .. ....... .. ..... ......... ....... . .. .... 

m)..J1ru~1~1~1-~'l'll1Ul'llftl~f'lLL~'1~L~r,;nnn11~'EltI~'lti Pectinex
el 

Ultra . 
SP-L VlfP)'l1)..JL~)..Jifu 0.75% (v/w) .. . .. ..... .. . .... . ... ... .. .. . ... . . . ... .. ... . . ... .. 

fl)..JmiYl1'l LFin ll~ ~n1 t11l1Vi 'lI!l'lL'llftl~ f'lll~'l~ n1~C;)Un 11c;)~~ufi~In~ 
'i'...., ~.. • ~ 

~fP)'ll~~'lm'ElUb'll)..J~1'lnU . ... . . .. .... .. . . ..... .. .. ..... . .. ..... .. ....... .. ...... . .. .. . 


fP)~LlUu~nl1ru~i'I1'11.h~fl1i'1~l-Jcrt'l'll!l'l1'llftl~f'lLl~'1~n1~c;)Un11c;)~~Ufi~ 

Ln~tfP):n~~'lm!lul'll,J~h'lnu . .. . . .. . . . . .... . . . .... . . .. . .. . . .. .. . . . . .. . . ..... .. .. ... .. 

~ .1 ~ ~ .d. I ':' 
FI~LLuu~nl1ru~i'I1'1u1~fl1i'1·Ci)..Jc.Jfl'll!l'lLtI~~~'1'lLL~'1 .. . ........ . .. ..... ..... .. ... 


• ., ~ ...d"'.r::: 1 11~·1~~'lI!l'ln1nJ'EltI~'lm!lU L'll)..Ji'I)..J {?I!lu1)..J1ru EJ'El1"'11 U "Il~u)..J:::f;J)..J.... .. ....... 

LmtlULVltlU91U'lU9~Ui'l1-tJ~l~)..J~U1l1t11U 24 i'll)..J'I L~!ll~t1'llU!l1"'11, 

L~t1'1L~'EI~nL~'EI)..J~f;J)..J~n~UUll~~FI'lU~)..Jn1'1Ln~~J1m~ l'llftl)..J~~)..J ",1!l 

nn\ilfP)flLiJU!l'lpfu1~n!lU .. .. .... ... . . . ..... . . .... . . . . . . . .. . . ........ ...... .. .. ....... 

c.J~'lI!l'ln11~'ElEJ~'lm'ilUl'll~~n~'EI'lli'lVi'll'El'lfl1d'1~l",EJ1Ul'llftl)..J:::{?I)..J .. .. ...... 
" 


~ d 1 'i' 1 ,.J"" tl
ftnl1ru:::L'ilVi1:::i'I1'lLfP))..Jn1EJfl1l'i'll'El'l ~ ~~1 ~Lfl{?ll-J:::)..J'l'li'l)..Jfl11 1:::n'ElU 

... 1 .~.
LymVlU U'1:::~Un11t1'E1t1fl~1t1{?11'll . ..... . .......... .. ... " " "" " '"' '''' '' ''''''' 


I'l:::LLuu~nl1ru~i'I1-l1.h:::fl1Vl~l-Jcrfl'll'El-llt:1t~11~Lfl~)..J:::l-i'l'l~nfl1nJ~~n'ElU 
... 1 .~.

LViFl{?lU U1:::~Un1~t1!ltlfl~1t1{?11'l1 . ... .. ......... .. .... .. . .. .... .. ................ . 


Fi1 consistency coefficient (K) LL~::: flow behavior index (n) 'lJ'EI'l . 
""" 4::>0 ...... .- ..... d '" 1/ I 

fl1~~~~1t1)..J'l'llL~9 LL~~~1~~:::mtlmm)..JVlfP),)1)..JL'lJl-J'lJWn1'll .. .. "' '''' '' ' '' 

t-nh 

16 

18 

20 

33 

36 

44 

45 

48 

49 

57 

58 

60 

70 

71 

82 

http:FI~LLuu~nl1ru~i'I1'1u1~fl1i'1�Ci)..Jc
http:VlfP)'l1)..JL
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6.2 f11 yield stress ('to)' consistency coefficient (K) lL'i'l::: flow behavior 
. _ .J ......... I 

Index (n) "Il'tl'l~1d'i'l:::'i'l1t1LL'iI'ULL'Vl'UmJ'VlFl'l1)JL"lI)J"lI'Um'll .... . .. . . . . . .. . . . .. .. . 82 
~ ~ 

6.3 tIhJ1rut111111'i'l1~i'li ill)J1rund"n1'l~)J~1UTU"lI'tI'lm'",:nl1lrn f11 pH LL~::: ... 
~ , 

.~ '" ~ "" ud)J1ru"lJ'tI'llL"lI'l'Vl'l~)J~'Vl'i'l:::'i'l1£J1"~ (TSS) . . . . ....... . ... . . . .. ........... . ... .. . . 90 

6.4 m)J1ru~1m'i'l1~i'l'Jl1'Un1n~'Vld1~1~'"I1nn1dtj'tl£J~'l£JL'tIu1'JllfFl'l1)JL;])J1fu. 
2.0% (v/w) . .. .. ..................... .. .. . .. .. .. .. . ... . ............................... . 93 

7.1 m)J1ru~1m'i'l1~'li~1~'"I1nn1du'tl£JMntILU~'tImLri'lar'lndlL~'l~'ltIL'tI'U1'l1lf 
Q ..,,, . IV!9.9 

l~Pll1IL'U~PI'l1)JL"lI)J"lI'Uj;J1,mUluULu'UL'l'i'l1 3 'Jl)J .. . .. .. . . ............... . ..... . .. . 108 

7.2 m)J1ru~11111'i'l1~'li~1~'"I1nn~dutl£J~'i'l1£JL~tlLLrhar'lndlL~'l~'l£Jltl'U1'Jllf 
L~Fl~L'U~ PI'l1)Jl;])J;]ur;i1'1n'ULUUl'l'i'l1 3 'Jl)J ... ... . ....... . ... .. .. . . ..... .. .. .. .. . . 109 

... 1'" . ® " ... .Jlfl'ltILtlU 'Il)JPectlnex Ultra SP-LFl'l1)JL"lI)J"lI'U 0-3%(v/w) m:::£J:::L'l'i'l1n1d 

utlmUU 0-6 i'lL)J,L............ . .. . . ... .. ... .................. ............... ... . .. . . . 119 

• 

" 

• 
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• 

~~(;lnru'Ylcrn~rl1a:r~'fl\l~'IJ~i1~1n~i11~L'UYi1~'lI'fl'l~1~Yi11uL'fl~n~ 

LLrl~LL'fl'IJ~'fl!ln:nLL(;l'IJv1 (Local Fruits and Vegetables Products 

with Functional Substance of Prebiotic and Antioxidants) 

,.,..... ~&.rtJ 0\.1 	 0 ~ 
~~tJVJ'IJ~,",\np,An1~'l'Ul ~:::"I1 ",., ...... ".2550......... "I1'IJ'l'IJ~-:j~ .....280,000.. .... ....... tJ1'V1 

Lv..... ~ ..... tI au ~0

6\~tJVJ'IJ~~'"~'lJn1~'l"ltl ~:::"I1 .............. 2551 ......... '"l1'IJ'l'IJ~-:j'IJ .....286,500............. tJ1'V1 


,v..- .... &.<u on 	 ..... 
61~tJVJ'IJ'el61'"~'lJn1~"Itl ~:::"I1 ..............2552......... '"l1'IJ'l'IJL'I'IJ ..... .413,500............. tJ1'V1 


o Q'" .mI .c:. 0 .Q,'"

~:::[J:::L'l"nn1~'VI1'l'Ul .............. .4 1:J............. L~~'VI1n1~'l'"ltl ....... Vlrl1f1l-J 2549...... ................. . 


Sol.... _..,:::'d • 	 q ci 

~[J'I1'IJfI'l1~n1'l'"1J1"l1'il-:jn1i1'"l[J flH'VI.1/2552 .. i:::~11'1 .1 Vlrl1f1l-J 2551 ... Cl'l.l-JU1f1l-J 2552 

'i1fJ1J1~f1 cu:::~~1'J 'nia~J~"nhl'J~11J~~~n';lU.t'l:::"'~1 m'w1l1'VIii'nl1 

1. 	 ~'fl'lPl1f1(;1n'"l1~U (;l~.tlnru tl1'IJltri'fl'l f11f1'l'll1LVlflL'lJLrlUVl1'1m"'1~ flru~'lVlmPl1~(;lf 

lVl~~Yiv1 02-2185515-6lm~1~ 02-2544314 

• 

"" 3. 'IJ . ~. ,)~1,) 	

u~(;l'\tl~n~(;l~mruru1~",1uru~(;l f11f1';)'ll1LVlfll'IJlrlUVl1'1'fl1'\tl1~" ~ ~ 

U~(;l'\tl~n~mmClJCl.J1~'\tl1Uru~(;l ~1'l11';)'ll1LVll"1l'IJlrlU;')mYl 

4. 'IJ.~. 'lll1mu 	 u~ (;l'\tl~n~(;l~mryCl.J1l-J'\tl1Uru-n(;l f11f1'l'll1LVl I"1l'IJlrlUV11'1'fl1'\tl1~ 

5. 'IJ.~. q1l-J~ 
... 

6. 'IJ.~. Ln'Jrl 
__ cf' 

7. 'IJ.~. unovn 1~~V1fi 

8. 'IJ.~. nTHumf t1!l'IJLtlfi1 

U~(;l'\tl~n~mmruru1~'\tl1uru-nL9l f111"11'll1LVll"1l'IJlrlUV11\1'fl1'\tl1~" ~ ~ 

9. 'IJ.~. thf(;lU L~'lJnrl1\1 U~(;l'\tl~n~mmCl.JCl.J1t1J1iDuru~L9l f11011'll1LVll"1l'IJlrlU'l11\1m'\tl1~ 

Lrl'ln'IJn1~, 

(t'l~~a) .............. ........ ................................... ,r1"'U11f1i~n1i 

(~'fl'lPl1~L9ln91Hr VlnJnru tl1'IJLtri'fl'l) 

... 14 . ./ ..Yi~'jjf11f1l-J .. ./..2552... 
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.. 1 . L~tl~~(;l~1~tltln~'V1i'Vn.:J~'JJlI~ 11JL(;ltl LL~:-;1t1m~I~~-.:J'"llnl1'V1~11'V1t1 ~'JlJ~-.:J1enhJ 
~:;(;llJ ~*-.:JLL(;I-.:J1'Vltl LLI")\J(;lI~1.l ~:-;2-b-.:J~I(;1tln1~ LLrhaJ-.:Jm ~1~f1JLil\JtlTI"lnnJI~ 

~ ~ 

L'U~I:;t(;ltlHi'Ltl\J1en,r 

2 . L~tl ~~ (;l~1 ern LL~:;~~1~~~tl~~~LL~:;~1 ern ~~ 1~ L-if~-if\J~)j~'J\J~~lJ"1ltl-.:J~1~~111Jttl ~ n 

LL~:;/~1tl~I~~I\Jtltl n~ L(;Ii\JLL~:;~I~1t\'~ n~\J ~~ L'U~I:;L(;ItIL'Vl I")UI") Ltl\J1en,r 

2. (;l1'i1-1 bm!JubVi!Ju'i~"dl-1 bbe.J'lJ-1I'U1i!l1Pl13.1~ b'6't'lJ'rlLtjJ.'lJ1Fl'i-1 nl'inU-11'lJ1i!J~L~ 
~lbU'lJ nl'iLtI bbi'l 

n"n'i'HJ/-D'UIP1'fl'Un1~ 

~1Lu'U·n'U 2 3 4 5 6 7 8 9 10 11 12 

~ "'" 1 \.n~m~tru:;L'U'Vil:;Y1lJltl-3n1j' 

~I\.1fu11Jl'l~U LLI?i~:;l.h:;UlY1 
.....................~ 

.................................................................... 

3 \.Ilm,):;n1j'~ni?1Li?1tJ~fi 

L'il'U\en,r 

~ ........... .. ................. 

~ ....... .................... .. ...... .................. .. .......................... ~........ 

5 i)Lrm:;,xLL'Cl:;~i?1lJlll-J 

~n~ru:;L'Um:;'ll'il-3t:J~IJl.nru'Vl 

~ ..................... ............................. . ..... .. .. .. .................. ~......... 

.. 

• 

~ ..............~ LLt:J'U-31'Ui)4'tJlJll)J~L~'Utll.n'ULrlNn1j' 

of • LLt.J'U-31'Ui)4'tJ~1~~ILU.'Un1j'LL~,) 

.. 




• • 
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• 

• 

• 

.. 


3. ·'U.l'tl::L~El(;l~'tl ..:nu1~£lv1161~hLil\Jn1~'ttlu';'l 

Lr1Nmi34'tJ~1\Je.l~{;]JlruoyfcrnLL~~e.l~Ll!Vl~'1~'W~il",i.h~lm'il~ ll1j'llFlNmHj~tJ~'tlmtl'W 

8 LFlNmT ;'1ilT~tJ~l,)fl1vi1lil'WmT14'tJl'WiJ 2549 - 2553 ~'1ntJfl~L~tJ!1llr1NmHLft:;LLr.J'WmT1-if 

'11Jl.h:::l.J1ruLL~!1l.."l1'W{;]1n'l~ 1 ~1"'f1JntJ.."l1'WmT14'tJ'inj1J~ 1/2552 dlv'1L~'W'!ltJflm114'tlU(lLn 

L~W.."ln1~rl'il£l~ 1 i1"'l4'tJ~ile.l~~tln11~n!1lLlfl~{;]1'1XtJ~1T'tl'tln~V1iV11'1;,)1l1ViLLfl:::n~'W'lJ'tl'l 

l1JL{;]tlltI'tll.J Pandanus amaryllifotius 

L~W.."ln1'1rl'ilElv\ 2 m:::1J'l'WmTV11'1ltl'WL'ilJS~,,,,f1J LLlJntJl'ilft.ln~')tlwal.J Musa 
" 

acuminate L. l~'tll,j\J'iI1"'lT"'U1~L'ilVi1::: 
LflHn1'1rl'ilElv1 3 e.l~'lJtl'lmT~n!1lv'l')mtl'Wl'illf~'tl~1~U1~l~Vi1:::1'W~f'llL!1l'l Psidium 

guajava L. 

Lfli.."ln1'1rl'ilElv\ 4 mTc.J~{;]~'ltll'tl'W'l'illflLft:;mTVl1~mjru~l'UVi1:;'lJ'tl'l'l'ilft.ll.J:;~l.J Aegte 

marmet (L.) 

LflHn1~rl'il£lv1 5 e.lfl'lltl'lmT1-ifl'tl'W'l'1llf~'!l L~ ~m1l1Yi'lJ'tl'l;S,rfl-n'W91 n lt1l!1lT lftL~V1'lJ'tl'l 

l-J:::).h'lJ'!1l'tlnlif Mangifera indica L 

Lfl'1.m1'1a'il£lv\ 6 mT~n!1l~')m'tl'W'l'1lJSLL~:;~l-J1J~L:n'l"'U1~'lJ'tl'l1tJ1l1lt11T91nViV1n, 

~'W1f~1l.JT~ Ziziphus mauritiana Lam. , 

Lfl~'1n1'1a'ilElv1 7 c.J~'Il'tl'lmTHfl'tl'W'l'1lJS~'tl~1T'tl'tl n~V1i~rUl1Vi91 n Lt.l~'tln LL~:::L~'tlLdh 

lJ'In~'W*~'tl~LL!1l.."l Hytocereus polyrhizus (Weber) Britton & Rose 

tfl~.."ln1'ia'il£lv1 8 mT~n!1l~1T",U1~L~Vi1~91mLFl'W{;]1flt.l Cucumis melD var. 
" 

cantalupensis ~'W~i'Wlft~~'lm'tl'W1onJS 
ilii'tl~ nJ'Il'tl'l n1r14'tJ~H'~I"'f1J1'Wn 11l{;]"1t1l.J1{;] [)~1J~ l"'l.J1~~l-J LL~ !1l'l1'UTI tI'I1'W~U1Jd, . 

4 . .:J1\J (;\1 l-JLflHn1i~'<t::Vi"lU'l1(;l~:::£l:::L1'tl191'illt1 

~'1LL~!1l-.l1'W{;]1n'l1'Wlh;rtl~ 2 

http:11l{;]"1t1l.J1
http:W1f~1l.JT
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'IUth:;J.J1NVll~r1J .. 
(1J1'Vl) 

, " 
n. \UJ1~fl1'11'1 

- I'h(;ltlULLYlUi"ICU:;CT'H'u 

-1'MlLI'li1 LtlUl'l!~ 

-1'III~~UYl1'1n11m1f~1 
.1 .. ..01 0­- fl lJnrCULI'I1tl.mn'l 

. - tlunrnr~hun.nu 

fl. l\JJ1@lfhl,j~'aEl 

- I'hhm..n.n 

85,500 

30,000 

25,000 

20,500 

10,000 

244,000 

150,000 

90,000 

4,000 

I'hl,j"hElVlLn(;l1iu1.U'1'a1J 6 

L~'aU 

(1J1'Vl) 

10,000 

244,000 

154,000 

90,000 

'I1J l.h:an N 

fI'ILl\~'iI 

75,500 

30,000 

25,000 

20,500 

, .. . ~ 'I. l\JJ1~fl1f1'1lltU'VI 

• 
338,000 75,500413,500 

• 

.. 

http:tlunrnr~hun.nu
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"lI~LfI~-:Jn1~14'lIrl'f)lIv11, 
OJ.,I"",. OJ - _I .,£ 9if~~lI~~~~~'f)n1~~n~~~=~~-:J!U~1~'f)'f)nq~fi~1-:J~1n1W 

u~=n~U"ll'f)-:Ji.t1L~lI"''f))J Pandanus amaryl/ifolius 

1(;ltl U1'1~11th'i'(;1\1 l:Jiumn'l Ufl:: 'ifl. 61 'i. t1'i1ru 'tl1Ul,R'il'l 

col 
~'f)U~ 4 

Flf'l'ill1Ylf'l~"llnlul(;lEJ"''ill-J~hm'il'Ul'l!,r Pectinex® Ultra SP-L l~'il1-ifdJ'Uf\lnll?i~~L;Jmlu'il1m1 

l(;1ml~Llc.J'Unl1Y1(;1f'l'il~LLUU Central Composite Design (CCO) Llf'l::;"'lnl'l::;~ml-Jl::;fll-JJl'lEJ~fi 

Response Surface Methodology (RSM) l(;1mL1.hmll-JL.;rl-J.jJ'Ul'il'Ul'l!,r~ 1-3% (v/w) L'lf'l11Unl1 
.. ... ... , 

fln(;1 90-270 'U1Vl LLf'l::;vhnl1f\n(;1~1 1-3 f\f~ fI'lUFll-J'iln.mni) 35°C 'I"IU11 nl'l::;VlL",m::;fll-J'ilci 

• 
,,'I \I " 

~n11H'l'ilul'l1,rfl')1l-JL.;rl-J.;r'U 2.3-2.5% (v/w) L'lf'nl'Unl1fln(;1 240-260 U1Vl llfl::;fln(;1.al 2 f\f~ 
Q I d cl 

l.JFllflL'llEJ'l (-10.36) 

ml.JlruFlf'l'ill1~f'l~ (17.82 nig/g fw) LLf'l::;rh antioxidant activity (612.89 flMTEAC/g fw) ~~~U 
LlJU 3.0, 17.3 LLf'l::; 1.9 LVh (;lll-J~lvlU Lij'illmEJuLVlEJununl')::;~hiL~l-JL'ilul'l!,r 

.. 
; 

http:llfl::;fln(;1.al
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2. 1J'V\1.h 

l"'tli')lun11~ n"'f1~'flt1~fl~'"llm~'fl L~tlVi'l!'"l:;1-ifr;l').yi1fl:;~1 tlfl'WvirtJ (organic solvent) 

l'li'W tl::::at(;1'W l]..JVl1'Wtlfl ltlVlfi1'W'flfll"'f1fl'flhilLVl'W LLfl:; Dioxane/water (Humphrey, 2004) LLviil 
.. 

1 "... J ~ 1" . 1J 1- 1 - " ~ •c.Jfl ~~Vl~n", "'Lufltl'W u'"llm",]..J (Smith and Pickels, 1941) LL~:::'fl1'"lYlUn11(i1nfl1'1'lJtl'lIWlVl1 

J:1 - oS ~_! J. 1!i"l
fl:::fl 1 tlVl Lu'WYl1:t '"l'l u.JL~]..J1:;Vl'"l:::'W1]..J1 'lI ~'Wtl(i1~1~mr]..J'fl1~11• 

l~C1t11Jl1Yl'lJ'fl'lNfl1(;1tJ'"llnn1rtl'fln;aL",i'W ~'1l111lXLnv\f1,)1]..JfI'Ir;l')'lJ'fl-.3~ (Fenema, 1985) n11 

U'tltl~fl1t1c.JU'IL'llfl;lltl'l~'lI (cell wall lysis) '"l:::1cifL'fl'Wl'l1]..J1'Wn~]..J hydrolytic enzyme t"'m~Yl1::: 

L'tl'Wl'lllfLYin~L'W~ LLfl:::L'llflfl Lfl~ L Yln:;c.JU'IL 'llfl~'lJiI'IVi"JIU1:::n'flU~i'"lmYifl~'W (pectin) LLfl:;L'll~~t~~ 
~ ~ 

(cellulose) LiI'W~'h'W1m\i (Choudhari and Ananthanarayan, 2007) L~'flch'Wn17U'tltlMI1t1~htl 

Ltl'W1'lllfl111lX L ~'fl L~'fl~'lIUflV\U~'tltlNfl1(i1 tJ~Q n(i11'1tl~'fl'fln]..J1 
ilntl'l1'W19t1~HLiI'W1'lI]..J1'Wn~]..J LVi n~ L'W~ LLfl:::l'lIflfl L~ ~1'Wn17~n "'1'1 1"l1iii (1 LL~:::~171'IXn~ 'W. .. . 

7~1'WVi'l! L'll'W n11~nmilfl191n vanilla bean (Walisazewski lLfl:;f1ru:;, 2007) n17~n"'~1'i' 

gingerol LLfl:; shogaols ~l'IXn~'W:n'l (ginger) (Schweiggert LL~:;f1ru:;, 2008) n1'i'~n"'LL'tl'W1Vlh 

tI1il'W91mU~'tlntl~'W (Munoz Llfl:;f1ru:::, 2004) n17~n",1~tflYi'W"nn]..J:;L;'flLVl~ (Choudhari and . 
Ananthanarayan, 2007) n11~n"'LLflhVi'W'fltlc;l91n . sweet potato (Cinar, 2005 a,b) Ll~:;n1'i'• 
~n'" lutin LL~:::f1~'tlt7~fl~'"llmnl'fll~~f'l LLvinnu'lJ'tl'lfl~'flh~fl;YllYh~1'i'~n",il~J1(;11flLd'tlL,)~1

't. 

" n17~n"''W1'W~'W (Sun LLfl:::f1ru:::, 2007) 

n1719tI Jl1'WL'tl'Wl'lllfL~'tl~lJl1,):::~ L~]..J l:::~]..J~U~U~ n'WaJn9:::~ n1:t1 r;l') LLU 7~ti'l Llfl::: 

f1,)U f1]..J ~') LLU 7~ L~ m;r'tl'l~'Wl'IX f1'1~ ;'19:::LtI'Wn17~lJl1,):::~ L~ ]..J1:::~]..J'J'fl'l r;l') lLU'i'L~m (single­• 
variable optimization) l111~aJ~1]..J1'i'(1'flfiU1t1 interaction effect 1:::~~1'1r;l,) uU11Jl (Rai LL~::: 

Flru:::, 2004) LL(;h~'fliln1n1'1LL~'Wn1'i'Vl"'~'fl'lLL1JU Response r;l,)LLU1vi1'111')]..Jn'l interaction 9::: 

~1]..J17n'tl filJ1t1f1,)1]..J~]..J~'WfitJl 'tl19n~1,)lJl11n 17H' RSM ltl'WLfl1'fl'ln'tl~ilu1:::~VlfiJl1Yll'Wn1 'i' 

~lJl1,):::~ L~]..J1:::~]..J lc;ltl RSM 9:::Hf~~nn17Vl1'1~Ci~1'Wn171lfln:::,xLLfl :::~r1'1~]..J n1'i'L~'fl"n 

f1,)1]..J~]..J~'Wfi~~1t1r;l,)LLU1 (solving multivariable equation) luYlril]..Jn'W (Roy LLfl:::f1ru:::, 2002) 

Ll~:::H' contour plot L~'fl~l~'W~~,)(;]'tl1J~'W'tl'l (response surface) LLfl::: Locate optimal 

parameter 9:::'ll'"ltlU7:::LiJ'W optimizing condition lJltlU1'1i"'L9'W vi'l,x'W RSM 9'1iltl]..Jll1mH'L~tl 
.. Vl1Jl1,):::~ L~]..J1:::~]..J'lJ'tl'l'l1'W19t1Vl1'1~,) Lflil1'l]..J~'1'11'WJl1'WL'tl'Wl'l1lf (Rai, 2004; Sin, 2006; 

Sun,2006; Schweiggerr LLfl:::f1ru:::, 2006; Landbo LLfl:::f1ru:::, 2007; Fan LLfl:::f1ru:::, 2007) 
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'" "I I 

~~t!'W~1'W~9U1l9~ ~ n1j'1111'J:;Vl blnJ1:;~~L'Wn1J'~ n ~!l'W~'Wfirl'Cl!ltJ'Yl'Cl;b~!l'IJ1~1HfbU'W, 

, 
'Vl~'Cl!l~bb'J1J CCD bb'Cl:;~1111'J:;Vlb~~1:;~~Jl'JU RSM 

0­

SP-L) 91m~!l Aspergillus aculeatus 91n1J1';'Vl Novozyme (Denmark) 
.., ov d' 

3.2 n1~-a~1.:J'el'lfVfUfi Metallochlorophyll complex 


91nmJ''Vl~'Cl!l'l1l1'J:;~ b~~1:;~~1'WmJ'~¥1'l!l'W~'WfoD'lf1rl'Cl'flhYl'Cl;~!l 11Jbl?1U~~ 500 nf~
, 

~'Wn1JJ11'W~l?1J'1~'J'W 1:4 t~u1oif Blender Uf1J~1 pH 5 t~u1.jfm~onl?11n Uf1Jm1~b.jf~.jf'W"1l'el~ 

on'lf1rl'Cl!lh~~ 400 ppm bb'Cl:;bbUJ'J':;~1J'~ru~.1:JiJmnn~u~m-U1~ 110 °c bU'Wb'J'Cl115 'W1Vl 

3.3 pjm~1.n11~.y1b'VI3J1~-a3J'..un1'il-an~-a1'il bioactive compound crl'lll.'UblPl~~ehun1'il 

metallochlorophyll complex 1~~1fi Response Surface Methodology (RSM) 
" , 

91 n mJ'~nm bU!l~ ~'WVi1J~1U99UVl~1~'1.JL'Wm J'~ n ~ Jl'JU b!l'W1"Ill! 1Jl bbn rl'J1~ b.jf~.jf'W'1l!l'l 

b!l'Whl! b'J'Cl1L'WmJ'.yh,J~m-m LL'Cl:;~1'W'J'WJ'!l1J"1l!l~ mJ'~ n~ ~~'J1~ bb~'WmJ''Vl ~'Cl!l~ LL1J1J CCDbb'Cl:; 

RSM 111'J:;~~nM1LL~~'l1'Wl?11J'1'l~ 1.1 
, 

3.4 n1'il-r~~1~ .r~Jl'Jmrl1!l'l Minolta colorimeter (Minolta Spectrophotometer 

CR300 LL'Cl:; CT310) 

3.5 n1'il-r~m3J1ru~~'el1'ilVJ~~ Jl'Ju~fi Vernon method (1960) 

3.6 n1'il-r~~1 antioxidant activity Jl'Ju~fi Trolox Equivalent Antioxidant Capacity 

(TEAC) l?11~~fi Thaipong LL'Cl:;rlru:; (2006) 

• 
. 


e 

• 
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.. 


Treatment 

No. 

Level 

Enzyme 

code, (%) 

Time 

code, (min) 

Extract 

code, (times) 

1 -1 (1) o (180) o (2) 

2 +1 (3) o (180) o (2) 

3 o (2) -1 (90) o (2) 

4 o (2) +1 (270) o (2) 

5 o (2) o (180) -1 (1) 

6 o (2) o (180) +1 (3) 

7 +1 (3) +1 (270) +1 (3) 

8 -1 (1) +1 (270) +1 (3) 

9 +1 (3) -1 (90) +1 (3) 

10 -1 (1) -1 (90) +1 (3) 

11 +1 (3) +1 (270) -1 (1) 

12 -1 (1) +1 (270) -1 (1) 

13 +1 (3) -1 (90) -1 (1) 

14 -1 (1) -1 (90) -1 (1) 

15 o (2) o (180) o (2) 

16 o (2) o (180) o (2) 

17 o (2) o (180) o (2) 

18 o (2) o (180) o (2) 

19 o (2) o (180) o (2) 

t:J~ n1:i'Yl (?t~'f.l'l~H1U'l~'l~h'l~~ n1:i' Quadratic ~~'f)~~'l'l rl'J'l~~~~'Wfi:i':;'wJ'l'l.;t'f)~~ L(?ttJ.. 
" 

L-n1'iJmnnJ SPSS version 1 0 ~~~:;~~'l'ln:i''l~Yi'WEJ'J~'l~n~ (response surface) ~~~:; contour 

plot L(?ttJ1-ifi:'iJmnnJ STATISTICA version 5 

~"'l'l:i'ru'l.n'l'J::;~~~~'l::;~~ (optimization) "'l'ln.n'l'J:;~l~ bioactive compound l~~~ri~'l:i' 
"'" 'i' ~I <r 1.- ..., .J .J 
~ rl~'f.l ~:i'-n~m~~::;~'l:i'(;1'l'W'f.l'W~~'f)~:i':; ~'W.nI'J:;Yl~~~'l:;~~Yl~(?t, .. , 
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4. e.J~ nl~'Vllp'~'el-1 

1) Lmtl'IJLVitl'IJe.J~nl~~IHi",n'IJ'lI~wltUn.l 

n~:;u,)'Wn1~~nJ;1~-.l1~1"11~L~m (Greenness; -2.38) rl~tl'i:J'Yh·~tJ (1.23 mg/gfw)LL~:; LLtl'W~tltlnon 

LL(?)'WsD (300.85 IlM TEAC) ~1~ln LL~:;1J;1rl,)'J~~~ 2 (~I'Wul)mtl1 zinc-chlorophyll complex 

LLl1lhIL~~Ltl'Wlonaf) "flU~11"11 Hue L'I'l1nU 105.67 ~tltlrJ1'W'i:'Vl'W~L~m LLl1lI"11~b~m (Greenness;
'lJ 

-3.46) rl~tl'i:J'Yl~tJ (mg/gfw)bb~:; LLtl'W~tltlnonbb(?)'WsD (314.88 flM TEAC)~~n(?)tltln~11~~1 

J':;C;)U~I~(?) (Treatment 14; 1 % Pectinex Ultra Sp®-L b,)~IYilul)mtl1 90 'W1V1 bb~:;~n(?) 1 J'tlU) 
, " , 

"flU~In1J'Hbtl'WlonafbVi~m~lrun1J'~n(?)rl~tlhYl~~1~ 5.84 bVl1 'Wtln'"llntl~·.nVi~m~lru Lbtl'W~ 
", , 

tltlnonLb(?)'WsD ~'W 1.91 bVl1 L~tlLVItlunu~ n(?)'i:(?)t11.jfLtl'Wl'llafvh:;c;)un~l-.l (Treatment 15-19; 2% 

Pectinex Ultra Sp®-L L,)~IYilul)mtll 180 'WIVl Lb~:;~n(?) 2 J'tlU) Y-lU~1 n1J'HLtl'Wl'llaf"ll')tIL~~ 
, ", 

m~lrun1J'~n(?)rl~tl'i:J'Yl~tJ 16.58 bVl1 u~:;bVi~m~lru LLtl'W~tltlnonLL(?)'WsD ~'W 1.95 bVl1 LiJtlLVItiU 

nu~n(?)'i:,,)tIHLtl'Wl'llaf~J':;c;)U~-.l (treatment 7; pectinex 3% L,)~IYilul)mtl1 270 'W1V1 LL~:;~n(?) 

• 3 J'tlU) Y-lU~1 nlJ'1.jfLtl'Wl"llafb~~m~lrun1J'~n(?)rl~tl'i:J'Yl~~1~ 19.07 LVl1 'Wtln'"lln~~-.lL~~ 

'. 

ij,rtl~1 ~L1! (p~0.05) 'i:(?)t1.nI,):;~ L~~HLtl'Wl'llaf-rl')tIL~~UJ':;~'Vlfif11Y-l n1J'~ n(?)~IJ'~ rl~tlhYl~tJ 

LL~:;~IJ'LLtl'W~tltlnonLL(?)'WsD '"l1n"n(?)rl,)Url~LU'W 2.58 - 3.43 LVl1 5.82-19.00 Lvii U~:; 1.91-1.95 

Lvii (;l1~~IC;)U (J'1j~ 1.1)
'lJ 

http:1.91-1.95
http:5.82-19.00
http:i:(?)t1.nI
http:Wtln'"lln~~-.lL
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No Response variable 

Enzyme Time Re-extract L" value a"value b"value Ch<oma Hue AilhoJcidant 

(%1 (min) (round) (mglg Iw) 

160 23.05 J 0 .02·' -11.58 ± 0.08)-.1 33.01 to.03 h 35.04 , 0.03 " 109.23 10.06' 18.39' 0.22' 607.4' '3.53" 

180 21.66,0.01" -\1.56, 0.03" 31.59' O.oJ' 33.61 , 0.06 . 109.93 t 0.12 \I 15.11 to.02 · 615.6311.46­

90 31.20 t 0.0 1 " -11.45.1 0 .05 '" 36.41 10.02" 38.26 .1 0.05 to 107.37 ,0.06- 14.24 l 0.01' 606.04 1 7.83" 

270 28.9410.01 ' -11.5910.04'" 36.5910.03· 38.4310.01 I 107.43 :!: 0.06 100, 17.76 t 0.03'" 612.82 t: 3.17" 

180 34.3210.02- -11.21 ±0.01 " 35.74 to.Ol d 37.4910.02 III 107.40 ± 0.00 .... 11.08t:O. l1" 612.5911 .86'" 

180 18.1910.01' -11.65,tO.OS· 27.71 J.O.02~ 30.03 I 0.03 • 112.60 t 0.10" 18.40 t 0 .08- 613.99:10.70· 

270 16.68 1 0.01" -11 .36 t 0.05 I 25.79 10.0S· 28.23, 0.04· 113.7010.10' 19.58 I 0.20· 612.82 I 1.72" 

8 270 20.26' 0.01 ' ·11.75,0.03' 30.32 ,0.01' 32.531 0.09' 111 .07 10.06 c 16.36 t 0 .09 0'" 614.69 t 1.1.86­

9 90 21.031 0.02 ' ·11.17 I 0.09' 31.17 10.03' 33.39' 0.06 ' 110.53 t 0.15 " 16.26 10.03" 615.66 11.46' 

10 90 24.07 t 0.01' · 1' .57.t 0.05" 33.81 to.05 I 35.79.t 0.07' 106.87 .t 0.06 1 14.61 .t 0.121 608.61 t 7.88" 

\1 270 31.23 t: 0.01 ., ., 1.35 1 O.Od I 36.46 10.02" 38.24 1 0.02 iJ 107.40 .t 0.00'" 12.37 t 0.23- 613.05 t 5.84" 

12 270 32.38 t 0.01 r ·11.4 2:t 0,04 "I 36.12 to.03 ' 37.94 t 0,02 <. 10 7.53 t 0.06' 12.97 t 0.11' 609.181 2.5J .>O 

13 90 42. \110.0 ' " -10.43 ±O.O' ,I )4.7410.0) " 36.3710.02 ' 106.tiO to.OO~ 9.06!0.10" 613.99±0.1O· 

14 90 54.241 0.02 ' -8.95' 0.02 < 30.22 '0.08 ' 31.60 t 0.03" 106.37 t 0.06 u 6.00 ± 0.06 " 602.76;1 1.86 Q 

'". 
c

IS 180 23.53 1 0.01· -11.76.! 0.02' 33.53 10.04 1 35.51 ! 0.06 Q 109.17 ! 0.12 
1 

H.8tl0.ca 613.9910.18" 

16 180 21.581 a.DIlI ·11.68,0.04 I 31.63 ,O.oJ ' 33.76 i 0.05 110.' 7 ! 0.06 17.03 t O. TO' 613.5211.07' 

17 180 22.88 I 0.0 I " .11.8710.04 I 3J.04 10.06" 35.10 1 0.04 ,. 109.60 10.00' 16.6110.02' 611.4215.08-' 

lB 180 21.36 f 0.01 q ·1',8010,ro" 31.5110.01 1 33.73,0.05 . 110.40 10.10 ' 17.4710.12<1 613.1512.26­

19 180 24.3110.01 1 ·11 .4510.02 11 33.82 10.04' 35.75! 0.01' 10B.67 '0.06 ' 16.51 1 0.21 ~ 615.161 1.07 ~ 

ConIroI (no pretrealment ,no enzyme) 73.24 1 O.O,b ·2.38 I 0.02 • 20.3710.02 II 20.58 , 0.Q2 ' 96.57 .t 0.06 q 1.23 t 0.03 q 300.85 t 16.16' 

Control (no enzyme) 85.36 , 0.03 • -3.46 , 0.Q2" 12.12 t 0.04 q 12.7910.07<1 105.6710.12" I .OJ! 0.11 . 314 .88,9.86 ,. 

Note: ·Control1 : not zinc-chlorophyll formation and not added enzyme: 

"ControI2: not added enzyme. 

http:314.88,9.86
http:105.6710.12
http:20.3710.02
http:11.4510.02
http:613.1512.26
http:33.73,0.05
http:31.5110.01
http:611.4215.08
http:16.6110.02
http:613.5211.07
http:11.68,0.04
http:613.9910.18
http:H.8tl0.ca
http:613.99�0.1O
http:9.06!0.10
http:36.3710.02
http:0.23-613.05
http:16.2610.03
http:11.75,0.03
http:113.7010.10
http:0.08-613.99:10.70
http:11.65,tO.OS
http:18.1910.01
http:612.5911.86
http:11.08t:O.l1
http:37.4910.02
http:34.3210.02--11.21
http:38.4310.01
http:36.5910.03
http:11.5910.04
http:28.9410.01
http:0.06-14.24
http:615.6311.46
http:21.66,0.01
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14 
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"iii 

i- · 
i 6 

~ 
co 4 

high 

tevel of enzyme 

25 700 

600 

20 


l.'500 
.. 
~ 400 
c 

-! 
~ 

300 
.2 
E 
.. 200 

100 

control low medium high low medfum high 

level of enzyme level of enzyme 

control low medium high 

level of enzyme 

(C) 

116 

114 (8) 
112 

low me<liumcontrol 

(0) 

control 

tfhJlru~~'tlh~~~ (D) AI antioxidant activity 

... 
L'tl'!JL-nl-J Pectinex® Ultra SPL iJ Activity "lI'tl'lvl'l Pectinolytic LL~:; Cellulolytic enzyme HiLLn 

Polygalacturonase, Pectin lyase, Pectin esterase, f3-galactosidase, chitinase, LL~:; 

.o::S: I cv tr 

transgalactosidase (Abdullah LL~:;~ru:;, 2007) '"I'I~I~I:i'Cltl'tltl~~It1e.J'!J'IL"1I~~ (Cell wall 

degrading) "lI'tl'l ~~'tlt:i'~~~~'tl~JlIt1l'!J~~'tlt:i'~~,)~l1l (chloroplast) v'iI h\:i''1f11'J;1~~~ !?I'tl'tln~11rJ1 

(Essa, 2002; Cifiar,2005; Choudhari and Anathanarayan, 2007) LL~:;m~lruf1~'tlh~~~~ 
, ... ... 

LYi~~'!Jv'h1~~~~n1nu'!JLL'tl'!J~'tl'tln~U!?I'!Jvl ~'1~'!Jn~ll'!J1 ~Wl1J ~~ L~ n:;'tl~~'!Jfi"ll'tl'l ~~'tlh~~~ 

iJf'I'Vl~1'!Jn1:i'~~It1~'!Jn:;"lI'tl'l'tl'!J~~~~:i':; (chain-breaking antioxidants) L~:i'I:;~I~I:i'Cll~ "I • OJ 

.,. ~ ... cj " 
'tlL~~J;1:i''tl'!Jb~ (electron donors) (Endo LL~:;~ru:;, 1985 a, b) '!J'tln'"lln'!J Cahyana LL~:;~ru:; 

(1993) LL~:; Hoshina LL~:;~ru:;(1998) ntl'lI'!J~ltf1:i''1~h'l porphyrins l'!Jt~L~~~"lI'tl'l~~'tlt:i'~~~ 
... 

~1~I:i'Cl~1J~'1n1:i'~~I'1 lipid hydroperoxide (inhibition of lipid hydroperoxide formation) '"lIn 
... ... ,.~ ferric thiocyanate LL~:; ferric nitrolotriacetate lrJ1 ~'1tr'!J-n'!JJ;1'tl'!J Zinc-chlorophyll complex VI 

L1.J~t1'!J?:1.J f1~'tlt:i'Yl~ ~LU'!J zinc chlorophyll '!J'tl n'"ll WJ1 ':l til~~ "lI'tl'l f1~'tlhYl ~ ~~'1 ~':l L~:i'I:; 
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porphyrin iJf'Y.11l-J~"I?l'J LL~'J~"~~1~n~l-J~nlntl'W LL'e)'W~'e)'e)n:n LL~"!'vl ~'l n~1 r1~'elL~~~;~Yi'U'e)tl. 	 ~ ~ 

1'W~tJfi~~l-J"l11~Jhtl (Ferruzzi LL~:;r1ru:;, 2002)
'U 

2) Model fitting and response surface plotting 

~l-Jn1~1-Ln~~i'W (Regression' coefficient) "1I'el'l~I~ (L *,-a*, b*,chroma, i-f) ml-Jlru 

1.3 coefficient of 

determination (R2) ~'ln~1 0.9 (pSO.05) l'W'VJnl?l'JLLtJ~tlm.)'W LL'e)'W~'e)'e)n:nLL~'W'i LL~~'l~I~l-Jn1~~ 

~h'lLJ(nr1'JIl-J~'e)~r1~'e)" (model fit) n'Uii'el~~~LJ(r.nnn1~'Vl~~'e)" (experiment data) (Rastogi 

and Rashmi, 1999) 

"" "" 	 <r
LL~ :;~I~LL 'e)'W(;l'e)'e) n'1l LL~'W'Vl 

coefficient 	 L'value a'value b'value Chroma Hue Chlorophyll Antioxidant 

23.223" 	 -11.717" 33.170" 35.202" 109.398" 16.814" 612.855"Po 
P, 	 -2.128" -0.120" -0.378" -0,328' 0.510" 0.720" 2.807" 

-4.317"' -0.332" -0 .106 -0.026 0.740" 1.887" 1.591"P2 
-9.406" 	 -0.473" -2.447" -2.187" 2.147" 3.373" 1.380"P3 
1.305" 	 0.268" -0.759" -0.771" 0,075" -0.262 -2.135P, P2 
0.834' 	 0.200" -1,505" -1.447" 0.525" 0.300" -1.140"P,P3 
3.073" 	 0.454" -2.061" -2 .055" 0.425" -0.652" -0.380"P2P3 

W, 	 -1.479" 0.149' -1.425" -1.414" 0.438" -1.294" -0.427" 

6.238" 0.199" 2.750" 2.612" -1.745" -0.471" -2.531"P\ 
2.421" 	 0,293" -2.023" -1.979" 0.855" -1.731" 1.326"W3 

R2 0.959 	 0.924 0.907 0.906 0.933 0,963 0.509 

Note: Subscripts; Po =(Constant), III = enzyme concentration (Xl)' P= Incubation time (~) P re­2	 3 

extract (lS) , ; 'Significant at 0.05 level, "Significant at 0.01 level 

roll n(;lI:n'l~ 1.3 ~1l-JIH1VlI'WIt1~ L~m LLfl:;ml-J1 ru~~'e)h~fliL~'e) LLtJ~r1'Jll,JLiil-Jii'W"1I'e)'l 

L'e)'WL"lll-f(x,) L'J~lh!nl~tJl-J(~) LL~:;~I'W'J'W~'e)'Un1~~n~ (X:3) LJ((;lIl-J~l-Jn1J'~1 LL~:; 2 (;l1l-J~I~'U 

Equation 1: Greenness (-a* values) 

2 2 2
+0.454 ~*~+0.149 Xl +0.199 ~ +0.293x3 

(R
2
=0.924, p~O.Ol) .. 

Equation 2: Chlorophylls content = 16.814+0.720 xl+1.887~+3.373'S+0 . 3xl·'S -0.652 ~'X3-

2 2 2
1.294xl -0.471X -1.731x2 3 

(R
2
=0.963. p~O,O 1) 
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7tlUn1H'Hlvll~''l1ulY1'enj linear, quadratic Ll~:; interaction 

LtlUL'1llf 7:;tI:;l,)~1n1njJ.J lL~:;~1U,)U7'elUn1n-\nVl~::;Yi1L,x~ l;m ll~:;mJ.J1ru~~'elhYl~ft~\l~U 
" 

LlUU linear llvi Ld'elti'l~Vll-l;1'l Ll~,)~ ::;L~J.j~V1"N mmullutJ quadratic ~1J.J17Cl'elfitJ1t1L~11lri'ell~J.j. 	 " 
FI,)1J.JLifJ.jifU'1l'el'lL'elUL'1llfYi11,xm1J.J~1J.J·UCl1un1njtltJ (enzyme hydrolysis) ~'l~U LLvin171-if 

FI,)1J.JLifJ.jifu1uillJ.j1ru~'lLnuLui'jC-l~1,x!l(;Jnn17 hydrolysis LnVl~W[)ti1'l7,)VllT')~um~lnVl end­

product inhibition lnVl;UL~ (<;inar, 2005) Ldtll~J.jL,)~1lL~::;~1U,)U7tlUn1n'lnVl~:;Yi11,x~nVl 

FI ~'elhYl ~ fttl'el nJ.J1L~J.j1n~u~uti'l7:;~Ul-l;1'l~ I"l ~ tl L 7Yl ~ ftCJ n ~ n Vltltl nJ.j1l-lJ.j VlYi1L,xillJ.j1 ru 

l"I~tlL7Yl~ft~~nVlL~l-iL~J.j~u~n 

~1n~J.Jn1nL~Vl'lL~L~U111"l,)1J.J l irJ.JirULtlUL 'illf L,)~11un171jJ.j LL~:;91U,)U7tllJn1n'l nVli'j 

interaction ~'lnULl~:;nULL~Vl'l11 Lritliln11L~J.Jl-l1tJ~ (1lfl11(1lfl1l-lrt'l~:;~'l C-l~n7:;'VIuvitlnu Ll~::;ldtJ 

Vi'"l17ru1~hiJ.JU7::;~'VIi (coefficient) VlU11 n17L~J.J91U,)UFlf'l'lJtl'l~ n(1li'jC-l~ vitl n1n~J.J~U~17 

~ n(1l~ L; m LL~:;mJ.j1ruFi ~tlL7Yl~ftJ.j1 n~~•(1l 1?11 J.J ~')tl7:;tI:; l,)~11Un17UJ.J LL~ :;FI,)lJ.j L ifJ.jifU'lJtl'l 

.... 
,i~~ ,1~Z ,12.2 
,12-5 ,11.6 ,11.6 
11. .1 1. 0 .11. 0'1 1.0 
'10.5 .10.4 .10A 

;p '"\0-0 ;p .9.8 ;p 
..9-8 

, ..9.5 _9·~ .9J,9.0 

(A) 	 (8) (C) 

'itJ~ 1.2 Response surfaces LL~!1I'l1"l,)1J.JiJ.j~wh:;l-l11'l1"l,)1J.JL;rJ.J;rU'lJtl'lltlUL'illfLL~:;L')mLU.. 
, 

n17~nVlvitlfl1~l;mlijtl (A) ~n!1l 1 7tllJ (8) ~n!1l 2 7tlU LL~:; (C) ~n!1l 3 7tlU 

_.1 	 % ~,., ... ...UJt 'VI 1.2 U~!1I'lnnl1 response surface 'l]tJ'lm1J.j'C'jJ.jVlUfi7:;l.-l')1'lFl')1J.J L'lll-J'lIU'lItl'l 

L'fmL'illf (1-3%) nUl,)~luJ.J (90-270 U1Yi) vitl~17~l;tI')~~n!1lL~ VlU11 LritJ~n!1l 1 7'tltJ (A) 111,):; 

~L~~L;tI')~'l~(1l FitJHltlUL'1llfLVlFl~hu~ 3 % L,)~lYi1tJnrntl1 270 U1Yi ll~:;ldtlU1n17n1n 
1Ull?ltlJ.J1L~J.j L'elUL"lllf~l"l,)ll-J Lifl-J;rUl~l-J L~tl~ n!1l~llUUI"l f'l~ 2 111'):;~1~~ l;tI')~'l~!1I~tlHi' ltJUL 'Illf " . 

• • 	 LVlI"l~LU~ 2% L,)~11un17~n(1l~ 180-270 U1Yi l.-l1'el~1J.J1nl~!1Iml-J1ruLtlUL'illfl'V'iI"l~LU~L(1ltlHi'~ 
1% llviL~J.JL,)~11Un17Yi1tlnrnmLUU 270 U1Yi llvil-l1n~n!1l~llUU 3 I"lf'l (C) ~1J.j17m~tJnn17 

http:L7Yl~ftJ.j1
http:xillJ.j1
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, 
q dI Q ..... CIII <dI Co. c:oI _ 

180-250 'U1V1 ~r'Cl mflVlL'Ufl 2%L'1~1mm'" 90-200 'U1V1 ~r!l LV'lfllPIL'Ufl 3% V1L'1~nm1t'ln'" 90 

'U1Vi "l~~11w.c;1fl1r~L;jmfl~fl'"" . 

(A) (8) (C) 

'itJ~ 1.3 Response surfaces LLt'l"'~fl'11~~~~'Utfr~wh~fl'11l-1Lif~if'U'1J'Cl~ L'Cl'UL'JUrLL~~L'1fnl'U.. 
n1rt'ln"'~'Clm~1rufl~!lhyh'llfL~!l (A) fln", 1 r'Cltl (8) fln", 2 r'CllJ LL~~ (C) t'ln", 3 r'Cltl 

-. 

(A) (8) (C) 

'itJ~ 1.4 Response surfaces LLfl"'~fl'11~~~~'Utfr::wh~fl'11~L.jf~.jf'U''lJ!l~L'Cl'UL'll,rLL~::L'1~11'U.. 
..., I I 1: c::Iro ... .J..... .... ...... 

n1rfln"'(;l'Clfl1L'Cl'UVI'tl'tln'llLl1l'U'll L~tl (A) fln", 1 r'CllJ (8) flO'" 2 1'CllJ LL~~ (C) flnl1l 3 rtllJ 

"l1mtJ~ 1.3 'rlfiU1Ufl'11~~~~'Utfr~V1~1-lfl'11~L.jf~.jfmJ'tl-lLtl'UL'll,r (1-3%) nlJL'1fi1U~ 
" 

(90-270U1V1) ~'tlm~1rufl~'Cltr~~lf~flnl1lLc;1 V'l'J~1L~'tlfln"'LiJur.hu'1'U 1, 2 LL~~ 3 flf~ "l~Lc;1 
m~1rufl~'ClbYl~~1c;1dju 14.23, 19.54 LL~~ 20.12 mg/g fw V11mh~u tVltln1rfln"'l'lf'l~ 2 

m~1ruflfi'ClhYl~lfnI'l'11~LLVln~1'l91nflf~~ 1 !lri1'li"hrm~1~qjLLc;ihhLVln~1~nlJmrfln"'flf~~ 3 

LLt'l",~ 'hflnL1ll'lfi'CltrYl~~!l'Cln~1Lc;1 Ln'ClU~~"'LL~'11Uflf~~t'ltl'l ~~,r'U~'l~111Xmrt'ln"'flf'l~fl1~LlV11J.. 
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9::'hh~lJ~~n11~n~ LL~::ttl~ 1.4 LL~~'1 response surface ll'a'lfh antioxidant activity ~u/h~'1 

L~lJfI'lllJL;rlJ;r'U"lI'a'lL'a'U1'l!,ru~::L'l~11'Un11~n(;\~'1l'i11lXill'lJlru antioxidant activity ~'1~'U 

. . 
d 

3) 11'1::\'1 L ~lJ1::~lJ (Optimization) 

I I I I 
2.50 3.00 1.00 2.001.50 

Enzyme concentration (%w/w) 

ltJvt 1.5 Superimposed contour plots ~1'1-1fUI11'l::~L'I-IlJl::~lJ"lJ'a'l~L~m illlJlrufl~'aL1~~; 

~10 
--...... ---. ----. ------- ---.--.~...~-- -.­ - '----...::...-~-- -- _:....: ~n ~ ... _ 

Ln'tlUI Response surface plot 1l'a'ln11~n~~L~m illlJlrufl~'aL1rl~;LL~:: antioxidant 

activity ~'1~mn-l (central point) L~'tl~rl'1 superimpose contour plot tK'IXU~ 1.5 9::1~fll'l::~ 
L'I-IlJ1::~lJ~~~'ll'tl'lL'a'Ul'l1,r pectin ex Ultra SPL 1'Un11~n~'tl'l~'UtfflfHlh~~; ~'1LL~~'11'UI1iILL'I-Ill'l 
~'l'ln~lJ ~1J'h~1::tKUfl11lJL_nlJ;r'UL'el'Ulcn,r 2.3-2.5% L1~11'Un11'~n~ 240-260 UIl1 ~1'U'l'U1''tl1J 

- <QoJ 0 J.J ~ a 1" ~ Jl "c::!I • q q
n11~n~ 2 1'tlU fI'lUfllJ!lru'l-lfllJVl 35 C Vlfll'l::'V1L'I-IlJl::~lJ'U'V11 'I-I~lj~n~Vl ~lJfI1~L'lIm.. .. 

J 
(-1 0.36) ililJ1rufl~'tlb~~; (17.82 mg/g fw)LL~:: antioxidant activity (612.89 IlMTEAC) LlJ'tl 

LmtJULl1tJtJntJ1111::~hlL~lJL'el'Ulcn,r ~~ll'~n~ilrh~L~m (-3.46) illlJlrufl~'tlh~~; (1.03 

mg/g fw) LL~:: antioxidant activity (314.88 ~MTEAC) ~Urjl n11HL!l'Ul'l1,rvil1tXrilaL~m 

mlJ1rufl~!lLjYl~;LL~::~lj antioxidant ~'1nrjl~~~hl1~L~lJL!l'Ul'l1,rLij'U 3.00, 17.31 LL~:: 1.916 

Lvii mlJ~ltKu 
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'i' .... CV I d 
"lf~ 1.~'i~n1'i'l"UI~'f}~'V1 2• 

n'i~aJ'l'U n1'i'VI1~ ~'f}'U1"lf~~1~r'U ~~'lh'iUl"lfrU ni'l~~'f} a.J ... 
• • .col ~I d.." i-' d

Musa acummata AAA Group 'Gross Michel' W~'f}~1J'U'f}1V11'i'Vla.JVI'U1'V1~'U'W1~ 

L~~ 'U1Ut1'l~a.Jq~ 1'V1'W1t.1A"lf!J ~~~~ 'iflf.~'i. 'lh1ru 'fl1'U~~'f}~ 

....I 
IWfI'U'VI 4 

~u.nj~'VI1-3Lf'lil n1~Jl1'YWilVi1::"ll'fl-31'Il~U ni'.l~~'fl3-J 
• ....I ~I ....I ... IV....I ....I ... 1 IV

Musa acummata AAA Group 'Gross Michel' LVi'flLlJ'U'fl1~1'i'VI3-J~'U1'V1L'ilVi1::'V1t.J'ClVl ~ 

U'V1~~~'fl 

'l1'W~r.ttJ~ilr)I?l mJ ~:;~'l.-1L~'fl~ nM1~~tW1Yl1'l Li41il mtJfl1~ L'U~1:; "ll'fl'l16Jl ~u~ t.J ~ In1~'"l1 n, 
'" I I I 

Lil'fln~'JtJ~'fl~ Musa acuminata AAA Group 'Gross Michel' bYi'flbil'W1l1'V11~Ylil'VI-W1Ylb'U~1:; '"l1n 

I '11 '" r 

n1~Yl(?)'C'l'fl'l~tJ~116JlhJYlt.J~1n1~ilL~'W1tJ'fl1~1~i'l~~(?) 21.75 % t(?)tJtl1wwmL~'l il~Ylfin1~~h'W 
~ cv I ~ .c!iI 

'fl'fln6Jlb(?)"ll'WLYl1ntJ 48.49 ~g DPPH/~g fresh weight 'VI~'fl 421.42 mM Trolox equivalents/g 

Fresh weight ilLL'flnm~"ll'fl'l~1~~11tJt'fl~mh'VI~tJL~'fl Lactobacillus acidophilus LA5 LL'C'l:; 

Bifidobacterium lac tis 88-12 LU'W -0.12 LL'C'l:; 0.30 1n1~~1 ~tJ Lb'C'l:;1"llhJ~ (:,J~ 1n1~'"l1m.n'fl n~'JtJ 
I '" '" I 

'VI'fl~il~1~Yl~1~1J'm:;L'VItJ1~i'l~'W 21 "lllJ(?) Yl~1~1nllnJ''J'"l";)bi41n:;'VI1~~'JtJ GC-MS LYli41lJi41 

SPME ru fl1'J:;~v'i1n1J'~nM1 t(?)tJ~1J'~~1~1J'r;]J':;L'VItJ1~~bu'W~1J'~1~n~'WJ'~~Lil'WL'fln~nMo1 

"ll'fl'ln~'JtJ'VI'fl~ L-n'W Isoamyl, butyrate. Isoamyl, acetate~ Isobutyl, butyrate LL'C'l:; Isopentyl 

isopentanoate ~1l.J1J'r;]'YitJ1~'W1"ll~tln~'JtJ'VI'fll.J1'Wm~1ru~'l 

I I I I I 

If" i.I ..J Q Q .. I .c:!iI d.?1 ~.cl '" d 
L"ll'C'l'C'l"ll'fl'ln'C'l'JtJ'VI'fl~ 'fl'fln~1 L-n'W ~ n'C'l'WJ'~ LL'C'l:;~1J'LI~:;n'fltJ'fl'W1 LL'C'l:;L'Yi'flLLI'U'fl1'V11J''VI~'VI'W1Yl 

L'U'Yi1:; (Functional food) ~'J'Wv'h1~~t.J~(;l.nru-vl'lllJ(?)1'V14-iTnnn~')tJ~'fl~~ili41,)1~'VI'C'l1n'VI'C'l1tJ il 

• 


http:U1Ut1'l~a.Jq
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'fl1"'1~~n",i(1~bll'Vn~ m.J1tJO'l 'fl1"'1~~n'fl'lf'lth:;n'flU~1~fi~~~"ll1~ b'llhl b~hl1tJ'fl1"'1~ 

• 
~1~~1-1uL'fl~n 	 bb~~~1~rX1hl'flhl~~~~~~ ~'lm~1J'~n~i(1~bll~1~1~f1JI"l,)1~~hl1'"l1hln~~t1n';)9tJ.. .., . 

. . 
b~hl1tJm"'1~ (Dietary fiber) 

b~hl1tJ'fl1~1~ 	 ~~1tJO'l n~~"lJ'fl'l~'fl~bb"1lnI"l1h~~hj1'llbbiJ'lh\,~"ll bb~~~1~i1U1J1'l"llU~• 

~~1tJ'lb'Wu~~n'flU1J1'l~,)hl"lJ'fl'lb~hl1um"'1~1~ (Spiller, Ahipley bb~~ Blake, 1978; Baghurst 

bb~~ Record, 1996; Thebaudin bb~~l"lru~, 1997) 

1. b~hl1tJm~1m~~~')1u. 
~ 	 ~, 

~~~1mJ1HlbU'W 2 U~~IJ1'Vl ~'fl L~hl1tJm~1~~~~~1tJ\n1~ (soluble fiber) 1~LLfi L~nVlhl n~ bb~~ 

iJ')enb~'"l Lb~~ L~'W1um~1~~hJ~~~1U~1 (insoluble fiber) 1~bLri L"1l~~L~~ bb~~be1iJb"1l~~L~~., 	 ., 

2. b~hl1tJ'fl1"'1m~~~1-1uL'fl~n. 

~. 	

~hl ~'le.J~(?]'fln1~fmj-1~~(;J~"lJ'fl'l~~1J1JUL')""U"lJ'fl'l~~hl'Vl1-tJ~"lJJl1~ (pro biotic) 1hl'Vl1'lL~'Wm"'1~ 
1~bbri Lactobacillue acidophilus bL~~ Bifidobacterium lactis bUhlrX'W ~'lbUhl'"l~'W'Vl1-tJ~m~u• 

Q <IIdII 	 d. «V I «V 

'Vl1'lb(?)'Wm"'1~ 1"l'fl4 C1'l 5 m~~'fl,)'W (Van bb~~l"lru~, 1995) 

3. n1~1'(?)~1bb'flnm~"lJ'fl'l~1~~1-11JL'fl~n 

U~~"ll1n~'"l~hl'Vl1-tJ ~~~1n1n'"l1ru m~1ru-nU~b~~(?)~~(?)~'l ~1-'flm~1run~(?)1"lJl1hl~1ui'W~C1n. 	 .,~ 

~ , ., 
~~1'l~hl 'flth'lhnj;l1~~1~1bL'flnVl';)~"lJ'fl'l~1~Yl1-11JL'fl~n~1~'"l~~'WnU~1U~hl€"lJ'fl'l'"l~hl'Vl1-tJ~"lJJl1~ 

.. Bifidobacteria ~1tJ~hlf(?]1'l1 bb~~bb1JI"l~!sU"llU(?)~'W1'WJ'~1J1J'Vl1'lL~'Wm"'1~ b'llhl E. coli n1J~1~~ 
hl1~dJhl~1~~1-11JL'fl~n b"Ji'W n~LI"l~ ~1~~\:n~1'Vl(?)~'fl1J'"l~n~1Lb'flnm~"lJ'fl'l~1~Yl1-11JL'fl~n~'l ~1-'fl.. 	 ., 
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.~ 

• 

. . 

Campbell LL~~Flru~ (1997); Hogarth LL~~Flru~ (2000) ~mi14Jlil"'L~l.llEl'fl1V111mhJ, 
"'1 'i' ~ ~ 1 v ~ ., I I 1 j'., v v 1 ' 

Yl1 lh'El(;ln'VlYlU l.le.Jn LL~~e.J~ UJ(;I1~1 YlU'l1 l.lLl.l'Eln~'lU Yl~~ VI'El~VI'l VIC!! (onion) VI~UJLL"'~ 

(shallot) =DLFl"4 (chicory) LL~~tl1f~L4JlFl (artichoke) ih~lnL(;IL'El~LmL4JlFlFl1h~Li~I'W'El~f'lth~n'Elu 
Homme, Puigserver U~~ Biagini (2003) ~mi1e.J~'1J'El-3m~U'll.lm1Ulh'11.J'fl1V11'1vi'El 

" 
m'1L~tI~~~1UlItI~~mL(;IL'El~LmL4JlFlFl1h",1'We.J~ll! Ylu'h m~u'll.lnl'i'LL1.J111.J'fl1V11'1 L'lil.l m'11~. " 

(pasteurization) ~e.J~1~Lnvln1'1L~tI~~~1U'lJ'El~~lnL(;ILtI~LnLL'l!FlFl11'1",1'WL~tln~'lElVltl~ 
Cordenunsi , Shiga U~~ Lajolo (2007) ~m~nm~1ruL~l.llU'fl1V11'11l.lL~'Eln~'lEl 2 ~1El 

~l.lf(Musa acuminata L.: cvs Mysore LL~~ Nanicao) YlU~1 L~'an~'lEl Mysore ~m~1ruL~'Wlu 
J ~ '1 t.- cJ~ • ~ !: tV s.. 0 " .l

mVl1'1'Vl~~~1El'W1 L'" LL~~'Vl L~~~~1El'W1 3.68 LL~~ 5.78% L"'El'W1Vl'WmLVI~ (1J1~~1"'U LL~~Ll.ltl 
., ..... ~ ~ 1 J ~ ~ " J~ ,~

n~'lEJ Nanicao ~unJ1ruL'('ll.l UmVl1'1Vl~~~1EJ'W1 L'" LL~~Vl L~~~mEJl.l1 5.04 LL~::: 10.84% 
'i'
bt?lU 

>­o _ "" 0 ..... 

'W1V1l.lmLVI~ !i11~~1t?lU 

~. ~11~h'Wtlu~~:S~'1~ (Antiradicals)
• 'U 

~1'1~1'W'El~lj~flM~ ~tI ~1'1~~1~1'1mh1.J!JnhJ1nutI'4lj~:S~1~L"'Elm~ L~'Elrh9'" 
tI'4lj~l~VI~ t?l'I.1.J Vl1t1V1tJ",1.J!JnhJ1~nL~hi1~~1Lill.lvi'El L"'Elvi1V1U1~1~fld~n(;l'/tl'Wuri'El'4l;!~fl~'1~ 

Q CIII..... Q, .., Clt.Q 

tiM::: (Gordon, 2001 a; Gordon, 2001 b; 'W'l~PI'1 mmU::;fi'1'1~ LL~~ tlqJ'l!l.l1 L9'W'lCl~'lJ, 2545; 

LtlI111'l!'1::;Fl1.J111 LL~::;Flru::;, 2549)• 

l.l11'W~'W LL~::;~Vil.l (Drell, 1970; Kanazawa LL~~ Sakakibara, 2000) 
" 

http:tlqJ'l!l.l1
http:L~~~mEJl.l1
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'e)~~~:SM:; (Radical-scavenging methods) iJ~~'ItJ~fi1~bbri ~fi DPPH bb~:;~fi ABTS b1J'W~'W ~'1 
, , " ddJ'W~fiV1H'n 'I:i'n 'Ir.r~~ 'I :i''e)'W:W ~:s~ :i':;i'l bfl n :;~1'WL9l'.ly'h~:;~ 'ItJ:S'W'Vl~5V1 iJi'.l L:W'Vl'l'W'e)~ 'Vl." 

'qru'lHJ~oX'il'l ~'I:i''tl~~~:S~:i':;i'lbm'l:;~~ijmJl.jf 1~bbri 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) 

bb~:; 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) (Micheal, 2001) 
" , 

2.1 ~fi DPPH (DPPH assay) ~fi~'"l:;1-if'e)~~~ DPPH' ~'1iJ~lJ'.l'lbil'W~'I:i''tl~~~ 

:SM:; bb~'.l~~I?l'l:wm:i'n'lr.r~'e)'W:W~:SM:;'"l'lnl"hm:i'~~n~'WLL~'1~m'l:wm'.lfl~'W 515 'W'I L'WL:WI?l:i' ~ 
• 'II " 

, , , 
"" "" • I"'" .?I ""'1 ,""'''''''e)~~~'e)M:;'tl'W1 (R') (Brand-Williams, Cuvelier LL~:; Berset, 1995) LL~:;Lu~tJ'Wbu'W~'I:i''Vl :w:w~ 

tJ~m:i''Vl~~'e)u LL'tlnm~"ll'e)'1~'I:i'~'I'W'e)'e)n.h~i'W '"l:;:i''ItJ,n'Wl'W:i'u''ll'e)'11"h EC50 (50% effective 
'II 

2.2 ~fi ABTS (ABTS assay) ~fie'"l:;l.jf~'I:i'lh:;n'e)u ABTS Lil'W~'I:i''e)~~~:SM:; L~tJ 

'"l:;1-if Potassium persulphate l'Wmnu~tJ'W~'I:i'U:i':;n'tlU ABTS 1ULil'W'e)~~~ ABTS'+ ~iJ~L~m 

L-n:w (Re LL~:;flru:;, 1999) Ld'e)'e)~~~ ABTS' + y'huDmmnU~'I:i'I~h'W'e)~~~:S~:i':; '"l:;LU~tJ'WLil'W 

~'I:i'~1lJiJ~ m:i'~~I?l'l:wm:i'n'lr.r~'e)'W:W~:S~:i':;'"l:;t)~'"l'l nl"h m:i'~~n~'WLL~'1~ fl'.l'l:wm'.l fl~'W 734 'W'I 
." 'II 

-. 

LL~~'1L~tJI"h TEAC (Trolox equivalent antioxidant capacity) l'Wm,btJ mM Trolox® equivalents 

(TE)/g fresh weight (fw) 

, " 
~'I:i'loXn~'W:i'~t'WLi1'tln~'.ltJ~'e)lJ 

1. ~'I:i'loXn~'W:i'~n~'.ltJ~'e):W 

~'I:i'loXn~'W:i'~ n~'.ltJ~'e):W rl" n~~'I'I~'W1'W'll'.l'l:i':;~~'I'I n'I:i'~.n ~'1i:w~'Wfinumnu~tJ'WLLU~'1 
Climacteric rise 

Climacteric peak ~'1tJ~toXn~'W:i'~"ll'tl'l n~'dtJ~'e):W LU~tJ'WLLU~'11u (;l'l:W:i':;tJ:;n'I:i'~ n n~'W:i'~ n~'dtJ 
"" d 1". 1 "" 'i'. .?I~'e):WLn~r.nn~'I:i''Vl~'IlJ'I:i'm:;mtJ ~u:i':;:W'lru 250 "II'W~ (Nijssen LL'~:;flru:;, 1996) L~tJ'"l'lLL'I.mLu'W 

4 n~:w~~n1 ~'e) L'e)~L'Vl'ilf LL'il~n'e)e1'e)~ n:i'~ LL~:;fl'Ifu'e)ij'Cl ~'I:i'loXn~'W:i'~n~:WL'e)~L'Vl'e)fiJ 
I I I " 

m'l:W~'IAru:W'lnV1~ ~ L~tJ~'I:i'"IIij~V1~'IAru f)'e) Acetates Li1'e)'1'"l1niJm'l:WL-nlJ.jf'W~'1 ~1m~:w~'"l:;
AI' q 61 qJ q 

y'hloXLn~n~kl:i'~~Lil'IJL'e)n~n'Mru"ll'tl,.:m~'dtJ~'e)lJ L~m'U.Yn:; Isopentyl acetate LL~:; Isobutyl 

acetate ~'1ihE:W1ru 75 LL~:; 47 ppm (;l1:W~1~U 1'IJ"llru:;~i1'1mtJ:W~M5~'I:W'l:i'mi:wfu!'Vl'l'l 

http:L~m'U.Yn
http:I:i''tl~~~:S~:i':;i'lbm'l:;~~ijmJl.jf
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l.h::~IVlil-J~~l~~fI'lll-JL.jfl-J;rU 2 LL~:: 50 ppb ml-J~I~U ~11 Acetates ~~I~CY~U1 Mmi Ethyl 
.... acetate (200 ppm), 2-Pentyl acetate (10 ppm), Butyl acetate U~:: Hexyl acetate (4 ppm) 

~ , 
u'anr.nnih:r-.lii~11 Butanoates (Ethyl Ll~:: Isopentyl) ~-.lViUml-Jlru 5 ppm LL~:: Isopentyl 

isopentanoate ViUml-Jlru 3 ppm (Tressl LL~::flru::,1972) m11Lml::~~lrr::L~tIl~"'h~lu~'il-.l 
~ _"",..I .., ." .. ..I ~ tl..J tl'1tl iJ .. & 

'aIPitl'lfiVlml-JI::~l-J LL~::(;1'il-.1VlI(;l'lUfl'lIl-J11CilLr'l LU'il-.l91n'il19LnCilmrL ~EJU1 \ L U~Ir-nUCiltlU 
11 

.. .9 ~..J.. • 1!:"I ~ .. 1"': ..I
L'VlflUfl SPME/GC-MS LuULVlflUfl'VlUUl-JUIl-J1 'Jl bum11Lfln::~~11 ~n~u LU'il-.l~ln~::vl'ln 

YlCil~'il-.lluJ)I'l::L~tI'lnw 

.. .. ".1 ..I 'I"" .... ~ ~ ~ 
2. n11(;1119'llfln::~~ltl"l flu1::ntlUm::mu LCilmtll'VlFlUflLLn~ bfl1l-J1 bYlnnn 

LL~::Ul-J~~LUnL'VlrLl-J(;11 (GC-MS) 

1un1114' U L~tI'ln U n1r(;1 r'l91 Lfl n::~~ Itl"l rfu r::n'tlU ~ r::L~U1~~'l tilYl flilfl un~LflrmL'Vl n 

nw Ll~::LU-l~~LUnLYlrLl-J(;11 (GC-MS) LVlflUfl solid phase microextraction (SPME) l~ClnU.Il-J1 
11 

ur::un(;11;nUn1r~m~t1• 
GC-MS LiJULflitl'lj:jtl~l~fuLLun1Lfln::~~I'JlUCil LL~::ml-Jlru~lr1u~J)I'l::LLn~ LCilUH' 

~'l(;11191'Cil (Detector) LtlmLuULFlitl'l1Lfln::~l-J'l'Cl~lr (Mass Spectrometer) 4'CitLtlULflitl-.l~H' 

L'VlFlLUL~uiw~'1 iifl'lll-JC1n~!l'l LL~::fI'lll-JLllJuih1un111Lml::~~'1 ~lmnl1Lflrl::~~lr~'ltltll-.l 
11 .. .. 

1~l-J1nl-J1U~'Cl1U'JlWCil GC-MS tlr::n!lU~'lU 2 ~'lU fltl ~'lU'lJtl-.1Lpi~tl'l GC (Gas 

d .J ".JQ-. chromatography) LL~::~'lU'lJ!l-.1Lfl1tl-.l MS (Mass spectrometer) ~'lU'lJtl-.lLm!l-.1 GC VlI~U1Vllu 

n1mun!l"lrfur::n!lU'lJ!l"l'i;'\lr~'i;'\1l-J1rC11::mEJn~lt1lUultl (Volatile organic compounds) l~Lntl 

Qnfl'lIl-J1'aU n~ln~lflun1mun!l-.lr1ur::n!lul?il-.l1 lU'i;'\1r~'l!ltil'1tl1MU~~mj!l'lfl'l1l-J'JltlU~ 
LL(;1n~l-.lnU'/Jtl"ltl-.lrftlr::n'au1u~'ltlti1"l~iil?i'ilLvl'i;'\ 2 Lvl'i;'\ fltl Stationary phase U'Cl:: Mobile 

.J J .9 ..11 " ~"u ..I "'" '1 ~,~. ~ phase ~'lU'1Jtl'lLFlrtl"l MS LuU Detector Vl 'll(;1r'l9'lCil'a-.lfl r::n'aU'Vll-Jtl~ U'i;'\lr(;1'ltlEJ1-.l LCitEJtl1PiEJ 

It .. ~ ".1..1 ~ ,~J It It .. 
n~ m Fl'a bm~n'Cl'Jl!l"l'a'lFlur::n!lUVlC1mLUn'tltlnl-J191n~1r(;1'ltlEJ1'1 b(;1EJLflr'a'l GC 9::C1n Ltltltl LU'll 

• 11 .. 

LLa'l utl~c.J~!ltlnl-JILtlu~'a'lJtl'ltl-.lrftlr::ntlu,rU1 
SPME Li]ULVlflUI'I headspace lumr'i;'\nCil LL~::LnU'i;'\lr~'l'tlti1'1~1~fUI'I'lIl-JUUl-Jl-Jln1u 

~1ULflii1Ll'ln::~ Lti'tl'l91nLtlULVlFlUFl~vi1 l~~lu LL~::-d'ltJur::~tJCil~'lvil~::~lulumr~nCil'i;'\1r 

~nvY-ltJ':llUULVlflUfl~1-n~nu~11~'ltlti1-.1 ~iiflru~l-JllilLuu'i;'\11~r::mul~ (Volatile Compounds) • 
~'ati1urtl'/Jtl'lLLn'i;'\ 'lJtl'lLL;'1 LL~::'1J'a'lm~'l mi'nmrvil'11U'lJtl'l SPME fl'tl'i;'\lr polymer ~ coated 

11 11 

• "..I ~ ,J.9 1 .. ~ ,
UU silica fiber 9::'Vl1~U1Vl absorb 'i;'\lr(;1'l'tlEJ1'1VlLuU Volatile Compounds U'lJ'lCilLnlJ(;1'l'tlEJ1'1 

http:n~ln~lflun1mun!l-.lr1ur::n!lul?il-.l1
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U~'llh fiber ~ absorb t'l1rr;l'l'[JEh":)ll~'l)J1~~1u injector port "1l!l":) GC ~1'[J GC-MS ~1'[JUl~!lyh 
.w­

mr Desorb fl1rr;l'l!lEi1":) lL~::;u1)J1~LYln::;,rt.l~~'lEJ GC Vi1tl GC-MS 

Frank. S. and et. al. (2001) LL~::; Chunqing.S. and et. al. (2002) H'L'VlYlUYI SPME/GC­

MS 1umr~LYln::;,rfl1rllXn~u~tll-Y"l1n~'[JnhJ Marie. C.M. and et. al. (2002) 1il'VlYlUYI 

SPME/GC-MS mr~LYln::;,xfl1r ethyl phenollu'hu 

~fin1~V1~~'iI~ 


.r(;lCl~1J
--.- ­

1'l1fun~'lu~!ll-J~t.I~(;l1v'191n(;l!l'U~ 3 (U1Lil'[Jn~'lEJ~'[Jl-J1J(;lU1l;r1~m::;1J'l'UmmurlU 
" ~ ~ ®.~ ..J ~ 
(;l'lEJL!l'U L"JIl-J Pectinex Ultra SP-L url-J1ru 1.5% (v/w) 'Vl~ru~1Jl-J 32±2

0 

C pH 

4.64±0.11 U1'U 3 i'lLl-J~) 

~ r ~ ~ 

n1r'llYln::;~fll-J1J (;l'Vl1":) LYll-J mEJ1l1'V'l 

1. illl-J1rul~ulEJtl1~1nr":)~l-J111 (Total dietary fiber. TOF) 

H'mr~LYln::;,xml-J1ru TOF (;l1).J~fimr'IJ'[J..:) A.O.A.C. (1995) 

~d 

2.1 'lfi OPPH 

e. 

~d 

2.2. 'lfi ABTS 

~t'lr::; L(;lElH'fl1rur::;n'[J1J ABTS ~":)fl~1Elr;l'l1~!l~lJrHUtlf!l'[Jn~~":)Lth.Jfl1nl~lJ~~M::; ii.ff"U(;l!lU 

ml-J~fi'IJ!l":) Thaipong LL~::;Y1ru::; (2006) 

3. Fl1LL!lnm~'IJ!l..:)fl1r'V'l111JL!l~n (Prebiotic activity score) 

":)1U~4'Elll9 ::;t)(;lI'll LL '[J nYi~ ~'IJ!l":)fl11l1111JL!l~n L(;l El mmnEl1JLVlmJ Y1'l1l-J fl1)J1 nllu 

(probiotics) 

d d ... .J,
Lactobacillus acidophifus LA5 LL~::; Bifidobacterium factis BB-12 LL~::;U1JYI'V1LrEl'llUl11tlU LU 

1::;1J1J'V11":)L~'Utl1~1r l'liU Escherichia coli ATCC 29922 n1Jfl1r~'W1~dJufl1rl1111JL!l~n lit.! 

n~LYlfl (;l1l-J~fi"1l!l":) Huebener, Wehling LL~::; Hutkins (2007) 

.. 


http:4.64�0.11
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4. ~1~~:::l'VItl1~ (Volatile compounds) 

4.1 mnl?i'fmWl,)'elUl'lb(?)m'Vlrl'Wfl solid phase microextraction (SPME)
?. 

mnl?l1t1~~,)!lUl'lb(?)m'VlfliJfl solid phase microextraction (SPME) ~1'V1fiJHf 

~lfl~l:::tX"'VI1"lliJ(?)"lI'el'l~I~~:::l'VItl1~ Vlll?lI~~fi"ll'el'l Mahattanatawee et al. (2007) 

4.2 m~~lfl~l:::tX"'VI1"lliJ(?)"lI'el'l~I~~:::l'VItl1~ 

n.GC (Gas chromatography) l?l1~Jll,)::: Mahattanatawee et al. (2007) 

"lI. MS (Mass spectrometry 

n1~~lfln:::tX" ll~:::~lll'tm"lliJ(?)~I~~:::l'VIti Vllb(?)mVltlUl~t1'l Mass spectra. "lI'el'l 
, 

~1~Vl~ % quality match ~lnn~ll'Vhnu 85% i')~n'W~:::'VI~I'l Chemstation Wiley Spectral 

Library ll~::: National Institute of Standards and Technology (NIST) Library 

eJ~ n1'i'VIl?l~'fI~ 

m~lrul~'Wlt1'ell'V11~~'l'VI~(?) 

ld'el-Wl1"ll~:"Jn~')t1'V1'el~~eJ~l?l1~"'llnl?l'el'W~ 3 ~1~lfl~l:::tX"'VI1Jl~VuYn::: "'llnm~lrul~'Wlt1 
" m'VI1~vl'l'VI~(?) (Total dietary fiber, TDF) l?l1~~fim~"lI'el'l A.O.A.C. (1995) 'V'lU~lm~lrul~'Wlt1 

". " " " 'ell'V11~vl'l'VI~(?)~~ll'Vhnu 21.75 % -Wl'V1t1ml~'l ll~:::m~lrul~'Wlt1m'VI1~vl'l'VI~(?)hhn(?)m~ 

llJ~t1'WlllJ~'ll'W~:::'VI~I'l m:::u')'WmnllJnlJ16Jl flJ n~')t1'V1'el~ ~1~1~ll~ (?)'l1~ l~'W~116JlflJn~,)t1'V1'el~~.. 

I I I !I I I 

1'W~"ll"llU(?)~'W1 Vl~(?)'el~n~~Vl~l~'Wlt1m'VI1~~'l l-n'W ll'ellJltl~ l"ll'el1 ll'V'lf ll~:::lbfl~'el'Vl ~'l1~~m~ 

~1t1'lI'Wb(?)t1 Nawirska bb~::: KW3sniewska (2005) ~1~m~lrub~'Wlt1m'VI1~~'l'VI~(?)l'U~t1 98.74, 
" , 

91.37, 94 bb~::: 95% bl?ltl-Wl'V1t1mL~'ll?lI~~I~U "'l~'V'lu~116JlflJn~')t1'V1'el~VleJ~l?l1~~m~lruL~'Wlt1 

48.49 ~g.. 
.d d _~ .:;;:l 

DPPH/~g fresh weight 'VI~'el 421.42 mM Trolox equivalents/g Fresh Weight L~'elLu~t1Ub'VltlU 

~1~'ln'Cil')nu~')'W!?l1'l1~J'el'leJ~1~ ~n Lb~:::~~'W1'V'l~ ~~m~1 b(?)t1 Maisuthisakul bL~:::flru::: (2007) 
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yjU~I1-n~\jn~';l[n~~~~ 1!-J~(1]1~ il bb~nVl'J~~J~,ml~~I\l~'4~~~-:Jn~I~';l\l~1-:J1"lJ~-:J I!-J~1~ ern bb~:; 
'" ~~\l1yj~"'~IU"ll'WCit L"J!\l Ln~~nyj~U (1.72 IlQ DPPH/IlQ fw) L1.J~~mr-:J~Vl (0.92 IlQ DPPH/IlQ fw) 

L~iiVln~:;1i\l (0,14 IlQ DPPH/IlQ fw) ermJ~-:J (0.68 J..lQ DPPH/J..lQ fw) ~UL~I\l1 (1.22 IlQ 
. . 

DPPH/IlQ fw) ~:;LVll~\l (0.16IlQ DPPH/IlQ fw) ern"'\lI~ (0.13IlQ DPPH/IlQ fw) ernyjltJ (0.13 

J..lQ DPPH/IlQ fw) LL~:;~:;n~n (0.68 IlQ DPPH/IlQ fw) dj\l~\l b~~LmtJULYlUurhLb~nVl'J~"lJ~-:J 

n1~~I\l'f}~~~:S~~:;l\ll1.J"lJ'f}-:Jrh TEAC "lJ~-:J1-nf1.Jn~';ltJ"''f}~~I!-J~(1]l~ nurh TEAC "lJ~-:J1!-J~1~~\l1~ 

iln1n::u~ILU\lI!-J~l~~ilu'f}nm~"lJ~-:Jnl~~I\l'f}\l~~:S~~:;~-:J L"J!\l U~LU~~ ~-:J~m~nLVlU Prior 
q q " 'U cu 

1~ ilrh TEAC ~-:Jn~lrll TEAC "lJ~-:JU~Lu~~~ln ~-:Jt1\l~-:J~I'"lmh';ll~~1 l"llf1.Jn~';ltJ"''f}~~I!-J~(1] 
1~ ~VlLU\lI!-J~(;lJlru"t1m",,)~~n"ll'WVl"'~-:J~ilLL~nm~"lJ~-:Jn1~~I\l~\l~~:S~~:;~-:J

• q " cu 

"lJ~-:J1-nfun~';ltJ",~~ 

Sample 
TDF 

(% dry basis) 

Free radical-scavenging activity 

DPPH assay ABTS assay 

(1/ECso ' JIg DPPH//l9 FM) (mM TElg FM) 

.. Banana flesh 21 72 
ns 

±O.49 
b

2.95 ±O.O1 2569
b
±O.03 

Bananaflesh 

after blanching 
21.69

ns
±O.20 4789

a
±O.65 419.11 a±O.53 

Banana syrup 21 .75
ns

±O.80 48.49
a
±O.80 421.42

a
±075 

~ 1 ."I'.J.J.J,unml-lliJ: IIl'lLi'l'lJ U(;lln~Lu'W'11Llli'ltJ±'(l'lULUmL1J1.n.nlilr31U 

fll[1]'lLi'l'lJ1ULLU'lvY~~rilnuvi'lEJ[I]'l-amil'''h~nu~~'l1l,J\UnEJu!lln''h~nw'ilth~ 
~t!EJjh~'l!vn~~iiiii (p~O.05) 

ns l~m~'lll.JLL(;]n"h~nwvn~~ii~ (p>O.05) 

rllLL~nVl'J~"lJ'f}-:J~I~yj11uL~~n 

'"llnn1~"'lrl~ILL~nm~"ll~-:J~I~yj11uL~~n (Prebiotic activity score) '"llnn1~~-:JL~j~n1~ 

b'"lj'k!"ll'f}-:JLLUflYl~tJ~LU'W'1~'W'Vl1tJ~"lJJllyj 2 "ll'WVl ~'f} Lactobacillus acidophifus LA5 LL~:; 

Bifidobacterium factis BB-121~1!-J~~-:JLL~Vl-:JLVltJ(1]I~I-:J~ 2.2 LL~:;l1J~ 2.1 

.. 
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.­

Cell population [Iog ' o(cfu/ml)] 
Bacterial culture 

Glucose Banana flesh Banana syrup 

. Lactobacillus acidophl1us LA5 1.95 
e 
±O.07 2.51 c±O.07 2.5i±o.03 

Bifidobacterium fac us BB-12 
(j

2.10 ±0.O4 3.58 
3
±0.O7 3.61 

3 
±O.05 

Escherichia coli ATCC 29922 
.... • .: 

2.00 
e 
±O.03 

~. .J 

b
2.81 ±O.02 

b 
2.83 ±0.05 

\UnUL~j;j : ~'lLi\1I1\.u;l1nHi'lUI'I,)L'ili\U 3 'II,)±fbuLUtNLUU~,)6l1.3')u 
...... ..J......... ....... ....... . .... 
 I ....... ..... _ ... 


1'I1Vl'lLi\1Il'lnlnUVl'luj;\'l~nH1~1~nUlJfI'l11J~lJ1UUVlnVl1~nU~U1-llJUUt\11'1C\Jl'l1~flClVl (psO.05) 

" ~ .... 1 .... , .:. J' '·.1 ... J .... 'I J .... 
nfl'lUVl'fl~LuU'fl-1 1'1 u ~:;n'flU 9:;~1'I '1 LVi~'lJU~-1n'l '19'1U'lUu~:;'1I'1nrll'fl-1 L'lI flfl LLUI'IYl LrU LU'fl'1Vl1rY1~ 

n~tl'l~ LiJU'fl-3 f'1U~:;n'flU'flri1-1iJtimhrlqJ (p~0 .05) tV1umVl'1~~iJ1'llru n~'lUVl'fl~LtlU'fl-1rlU~:;n'flU 
9:;~-1L~1~m1L91ru'lltl-1 Bifidobacterium lactis 88-12 1~~~~V1. LdtlLmUUL~UUrhLL'flnVi1~lltN ~ 

~'1~Vi1_1uLtl~n1ul'llfun~'luVl!ll_l ;-1LL~V1-1tV1mu~ 2.1 nuFilLL'flnVi16i'IJ'fl-1~'1~Vi1_1uLtl~n'll'fl-1Ll1!l.. 
..,.J , q • .J <CIII a" .d ....

nfl'lUWfll_lVl~m:;u:; 7 9:;ViU'l1 l_Il'Il LUflUULLUfl-1 LViU-1 LflnU'flU LV1tJLl_I'fl1"l! Lactobacillus• 
acidophilus LA5 Lilu'1~h'\Vl1_U~"llflIVi LL'tlnVi16i'il'tl-1~'1n'j1_1uL!l~n9:;i1Filfl(Ml-l91n -0.11 1udJ'U 

'. -0.12 LL~Lri'fl1eif Bifidobacterium lactis 88-12 dJ'U9~'UVl1_u~"llfl'1Vi LL'flnm6i'lltl-l~I~Vi1_1uL!l~n 

0.40 ------..---..-..--·-·----------------·----- -·---­

0.30 

~ o 
~ 0.20 
:c:­
;;., 
g 0.10 
o ..." Lactobacillus acidophilus LAS 
o 
~ 0.00 +-----...,..,==.---,------...=:"'-""-.=....:~---i 
a.. Bijidobacteriurtl /actis BB-P 

-0.10 

\ 
! 

-0.20 

Bacterial culture 
(Type) 

.. "iUv1 2.1 LLtlnVi'l6i"ll!l~~I~Vi1_1,JL'fl~n'il'fl~1'l1fun~'lUVl'fll_l.. 
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~lii:::b'VI!Jl~ 


.. Li,!n1~~~m~mnunl~I'W'".l'"l~bfl~I~,r~ltl'l~l.h~ntlU~~~b~tJl~i,!l"llt'tJn~'".ltJ~tllJ 


b'VlflUflbbn'lllfl~lJll'Vln~'l~ bb'Cl~bblJ'll'llbtJnl'VlnlJI'I1 (GC-MS) b'VlflUfl solid phase microextraction 

(SPME) e.J'Cl~lJlbbMI'll!?ltJl'I'ln'l~ 2.3 

'"llnl'll~'l'l~ 2.3 '"l~ViU~'l il'll'l~~'ll'llJ'l~m~b~tJ1Jl~'l~ti 21 "llU!?I~'ll'llJ'lJ'(lI'l~'".l'"l~bfln~,r 
lJlJl'".lm'VlflUflbLn'lllmlJ'll'VlnJ''l~ Lb'Cl~bblJ'll'llLtJnl'VlJ'LlJI'I1 (GC-MS) b'VlflUfl solid phase 

microextraction (SPME) ru JlI'".l~~v'hn1~~m~t1 l!?ltJ'll'lJ'~'ll'llJ'l~m~b~tJ1Jl~Luti'll'lJ'~L~n~tiJ''ll 
.J .?I .... .,.... ...J 
'Vlbutibtln'Cln~ru"lltl'ln'Cl'".ltJVltllJ LOlli,! Isoamyl butyrate Isoamyl acetate Isobutyl butyrate bL'Cl~ 

Isopentyl isopentanoate 'llllJ'lnlViul~til"1!t'tJn~'".ltJVltllJLtimlJ'l ru~'l e.J'Cl~1~bb'll !?I'lL~'VlJ''lU~'l 

1 "llt'tJ n~'".l tJ~tllJ~ e.J~ I'Il~n ~ tiJ''ll n ~'".ltJ ~tllJ-n!?l b'"l ti 

n~lJtl1V1'lJ'~ilVl,J'l~ L'UVi'l~1~ btitl'l'"l'lniltl'l ~tJ~~ntlU I'1llJfi~~lJ"ll1 ~ vii'll ~ ~'ltin1~~ n~'l~~tJ Lb~,) 
, , 0­

ViU~'l bijtlUflnfltll~I~Viiltl'l ~tJ~~ntlu LVI ~'l,rtibb~'".l'"l~~'1 e.J'Cl ~ vitl:h'l n1tJlJtimJ l!?ltJ b 'UVi'l ~LtiJl'lti 
q 

bbtlnYi~~~,)lJltin1~I~htitl'4lqJ'Cl~M~b'Vhnu 48.49 ~g DPPH/~g fw ~1tlL'Vhnu 421 .42 mM TE/g 

fw il~lbbtlnYi~~J''".llJLtin1nUti'll'lJ'Vi11ultl~mvhnu -0.12 l!?ltJ Lactobacillus acidophilus LA5 

.::::51 lev .c:I d ltJ~:! ~ 
VlJ'tlb'VllmJ 0.30 l!?ltJ Bifidobacterium Lactis 88-12 bb'Cl~lJ'll'l~'Vl'll'llJl~m~bVltJ !?I'Vl'l'llti 21 "llti!?l 

~'ll'llJlJ'(lI'l~'".l'"l~bfln~~i.~~'".ltJ GC-MS L'VlflUfl SPME ru Jl'l'".l~~v'hn1J'~n~1 l!?ltJ'llIJ'~'llllJl~(l 

~~L~tJl~~LUti'llIJ'~L~n~ti~'ll~d:ltiLtln~n~ru"lltl'ln~'".ltJ~tllJ L-rlti Isoamyl, butyrate, Isoamyl 

acetate, Isobutyl butyrate LL'Cl~ Isopentyl isopentanoate 'll'llJ'lJ'(lViul~til"1!t'tJn~'".ltJ~tllJlti 

mlJlru'll'l 
'IJ 

.. 
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we 

No CAS Number Identification % Peak Area 

1 000075-07-0 Acetaldehyde 0.07 

2 000075-18-3 Methane 0.07 

3 000078-84-2 Propanol 0.03 

4 000079-20-9 Methyl ester 0.08 

5 000141-78-6 Ethyl acetate 1.08 

7 000064-17 -5 Ethanol 1.50 

8 000097 -62-1 Propanoic acid 0.03 

9 000105-54-4 Ethyl ester 0.46 

10 000108-64-5 Butanoic acid 0.07 

11 000066-25-1 Hexanal 0.08 

12 000123-92-2 Isoamyl acetate 3.37 

13 000071-36-3 1-Butanol 0.06 

14 000539-90-2 Isobutyl butyrate 4.50 

15 000106-27-4 Isoamyl butyrate 26.98 

16 000142-92-7 Hexyl ester 0.10 

17 027625-35-0 Isoamyl 2-methylbutyrate 1.32 

18 000659-70-1 Isopentyl isopentanoate 21 .26 

19 000105-79-3 Isobutyl hexanoate 0.08 

20 002639-63-6 Hexyl butyrate 0.76 

21 002035-99-6 Isoamyl octanoate 0.26 

Total 62.16 

.. 
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... 4 

L'amI1'i'a1~'a~ 

U'JI:H'lr fm:i1t1:;fittl-J LL~::: tiru"llUl L"lU';)ti~'ll . 2545. LL'flu:tl'fl'fln:.BLI?1Uvl ~ltGhul-J:::Lr.:jlucrn-
~ .·" 

~'flJll1'"lIt:;~tl(;], Ut"lll '4t1:1~~, 9UYlU1 '4tUtI:::fI?1U U~:; l-J1~fm; 'tl1?1~UVl'fl~ . 2549. ~lt(;'hU 
_ _ ~::'.J .Q ~ .. 

tl~lJfl'flM::: Radical Scavenging Agent. ~l-J~flNYl 1. nl~LYlmJ~lUflt: ~. L'fl~. VitUYl. 
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.- ~ .Q. IV. .cI 
"lI61LfI'i~n-l'i'l~tltI'eltlVl 3• 

~~"lI'el,:m1'i?ln6lvl'lm'el1Jl"ll,J~'el?l1'i\1lr1~~~vn~1.1J~~~U61~ Psidium guajava L.... 
EFFECTS OF ENZYMATIC EXTRACTION ON FUNCTIONAL COMPOUNDS 

IN RED GUAVA Psidium guajava L. 

t6ltl 1J1~?l1'l'l""11 cl'ltlVl'el~ U~~ 'if'!.6l'i. t1'i1ru 'ti11JU.R'el~ 

UVI fi'6l ti'el 

-11U~4'EJ~'lUdi1t)(;1 mh:;~-11"f ~~tl fi1 m~nin~ru:;L~l'I1:;'1ltl-ll'llftlcJ f-1 LL~-1~1~"1nmnjtlEJ. 
~'lEJ LtlUlon~ L~ tl L1Iuiitl~ ~~uuu111'll ftlcJf-1 Ll~~~1~~1~1TOri'W-JU1LtlU~1TtI!-1 LL(;\~~ n~u:r~ 

" I, , or",
Ll~:;in~ru:;liltl~~cr~lutll'\.nTY1i1"nJ1Y1L'Ul'I1:; in~ru:;l~Yn:;Y1fi1n~1 l&lLlri ~'VlfjUl1U 

t)tln~L~-nU m~1ru~1rmi~~utl~n~-1~~~ m~1ruYl~11'lUtlEJc;l m~1rul~lFlYiu m~1ru• 

Lif~ifuLtlul'llJ.J1u'll'l-1 0.25-1 % (v/w) LLtln'l~1mTtJt)EJ 0-480 't-A1Y1l'1U11 mTliLtlul'llJ.JLifJ.Jifu 

0.75% (v/w) L'l~1n1rtJmj 0, 30, 90, 240 LL~:; 300 U1Y1 ~1J.J1rmLti-1r:;!ilUn1T~~~ufj:;ln~ 

tfl~~'lItl~l'Itl~LJ.JtlflULiltl~ f-1LL~-l ~'lEJLtlU1'l!J.J~t1T:;LiJU"1n rh'lltl-l~1(;11 ~1~'l'l!1&lL11 U 5 'll'l~ 
1~EJtlr:;~1ru~tl 41, 53, 62, 77 LL~:; 86 mg glucosel 9 fw "1nn1r~n1:l'1im~ru:;L~Yn:;'lJtl~ 

1'llftl~f-lLl~~'li'l~!il-1mhn~urj1 1'llftlcJf-lLlc;J~~lil'l~11umrEl1lEJ 240 LL~:; 300 u1Vi;ult1 i1 

m~1ru~1Tt)tl n ~'Vli'Vl1-1:n'l1l1l'1~-l n111l1'J:;~UtlEll"i1l!EJ~1rl'1! (p~O .05) ~'lU~L'l~ln1rEltlEJ 
240 u1Vi 1'llftl~f~llc;J-1.,:;i1'l1Ul~tltt1l1FlL~~EJL~n~~c;J~tl 14.67 IJm ~1~fuc.J~n1rtl1:;LiJu 

Flru1l1l'1'Vll~t11:;~1'Vl~~cr~l'IU11 l'ilftl~f-1LL~-1~liL'l~11un1rtJt)EJ 240 ulY1~ult1 ~:;i1~LLc;J-l• 
r;J1J.Jfjn~'ll1 ~'1Itl-1 cJ f-1LL~-1~ c;J i1 n~U~t)~~'llULL~:;i11~~'J1U'lI tl~ cJf-1 LLUl-1-nUl L"UU~:;i1Ldtl~J.Jcrfl 

~ L1EJU LilEJU~lnwh1'l!fu~f-1 LLUl-1~1l1'l :;~UtltJl-1i1l!EJ~1Fl'1! (p~0.05) LL~:;" lnn1n'lUl~t)-1H' 

't'llfucJf-1LLUl-1l1lU~'lUc.J~ J.J1UlEJ~~ l'IU11 lEJ~~~i1~'lue.J~~'IJ'il-11'llfucJf-1 LL~-1~HL 'l ~11umrtJtlEJ 

240 U1Y1;U't1J i1fl:;llUU~1U~ n~Ur~~f-1LL~-1 in~ru:;Ldtl-KJ.Jcr~ ll~:;n1rEJ'il~fulUlm'lJ.J~~n11 
, 

1l1'J:;~U'tlth"i1l!EJ~1Fl'1! (p~0.05) 
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o 
1.J'Vl'U1 

." , ~ ~ 

ne.J~l11'el~'1nml?lvl'lr1'W il?lr) LL~~~"l! ~1:i''Vi'Jntihi1~{!?I'elti1'WmhJ~I:i''el1V11:i' b-n'W ~1:i'~h'W'fl'W:W~ 
III 'I q 'U 

~M~ -n'Jt!~!?Im:Wlrur1'elb~~b'Vl'el:i''el~1'WL~'el!?l u'el'ln'Wn1nn!?lb:i'r1il'J'W b:i'r1L1J1V1'Jl'W 1?l~'el!?l"'l'Wne.J~ 
, , ~ 

(;]'el n1n~:WJ'~1J1JJlij Fi':w n'W1~n1Jil'1 nit! Ltlwif'W ~'1~IJ'-U'W"'l ~~'el'lhJne.J~'Vll'1~1J l11'elil'1 n1t! Vl1'el
OJ • 

, ~ 

n e.J~.jf1'1 L~t!'1,J'elt!:Wl n L'Vi J'1 ~ Li1'fl~1 J'-U'Wrl nu1:W 1 mJ J'J't11~LtI'W~'J'WtI J'~n'el1J"lI'el'l 'ellV11 J'tl 'el:W hJ 
OJ OJ 

" , >­

~'fl'ln1:i'1~ne.J~n1Jil'1n1U um~'W L~'elL:i'r1 Vl1'elL6Jj~'Cl:W~L~'1ViLJ'I~'el'ln1J'"lI{!?IL'Vh-u'W (Kinsella LL~~ 

, .. >­

~1J'~I'W'el'el n:n L!?I-n'WLtI'Wn~:W~IJ'~'1n ~'VlfitJ1JtJ'I n1J'Ln !?Itlljmm'el'eln:n Lwn'W 

U'el'ln'WL6Jj~'Cl"'llnn1J'rlnvll~IUl~ ~1J'n~:w~vll'11'WL!?IUn1n'el1~'Jb'el'lL.jfl¥1J'el'W:W~~M~ vll1~ 
'U q q \J 

'el'4~~~~J'~VI:W!?l ~'VltbL~~,Jljmm~ nL-nVltJ !?I~'1 "lI ru~L~m n'W~IJ'~I'W'el'eln:n L!?I-n'WL'el'I n~ nvll~lt! 
lt1~'JtJ ~1J'~I'W'el'eln:nL!?I-n'W ~'1iJ~'J'W-n'JUU'el'l n'WVl1'el~ !?Inlnn!?lbJ'r11111'11 (Temple, 2000) n1J' 

",..'>I 

'Jfi Ferric 

reducing antioxidant power (FRAP) LL~~ Trolox equivalent antioxidant capacity (TEAC) 

~'1~'1 2 l)ihtl'Wn~In1'Wn1J'~'1eJl'W~L~ nl?lJ''el'WhJHi'J"lf~IJ'~'W L!?ItJl)fl FRAP LtI'Wn1J'~!?I 
r1'Jl:W~1:W1J'm'J:w1'Wn1J'1~'J"lf~IJ't1J'~n'el1JL~'1sjf'el'W'lJ'el'l LVI~n Fe3+ - TPTZ (Ferric tripyridyl 

triazine) ~'J'Wl)fl TEAC LtI'Wn1:i'~!?Ir1'Jl:W~1:W1J'rl1'Wn1J'"lI{!?I'el'W:W~ ABTS·+ ~iJ~b~mU'W~IL~'W 
• OJ 

(L'elJll ~"l!J'~I"JUr;l LL~~r1ru~, 2549) ~'J'Wl)fl Oxygen radical absorbance capacity (ORAC) 

LL~~ Total radical-trapping antioxidant parameter (TRAP) I)br1J'I~lf"'llnn1J'~'1eJl'W'el~I?l'fl:W 

le1L!?In"'l'W (hydrogen atom transfer, HAT) Lb~:;l)fl 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 

'ellfl1'U"'lln~'1~'fl'lVl~nnlJ'l'Wn1J'l)br1J'1~lf (Prior, Wu bL~~ Schaich, 2005) ~1J'~iJ~'Vlt~I'W 
'el'W:W~~~J'~~1 r1ru~'Vi1J1'W~*'1bL!?I'I l~bbri ~1:i't1:i'~n'el1J~'W'el~ n 1~Lr1Vi'Wbb~~I)(;llij'W~

.OJ ~ 

'6'11 ~tJ~::M11.J VJ 'U 'e1 ~n 

~1J't1J'~n'el1J~'W'el~ n btl'Wn~:w ~1J''el'el n ~'Vlt'Vll'1~'JJll'Vi~1 r1'1!~'Vi1J1 'WeTn e.J~1~ 
LL~~firy~"l!"l!i'l!?l1111'11 ~1:W1J'mLtl'lLtI'W 3 n~:WVl~n l~LLri nJ'!?I~'W'el~n yJ~lt'J'W'eltJl1f LL~~LL'Vl'Wi'l'W 

(Dykes LL~~ Rooney, 2007) n~lnl'Wn1:i'~I'W'el'4~~~M~"lI'el'l~1J'1'W~IJ'uJ'~n'el1J~'W'el~ n 3 

n~ln (Rice-Evan, 1999; L'elJll ~"l!J'~r11M LL~~r1ru~ , 2549) fl'el• 
n . LtI'W~IJ'~L~(;l (chelating agent) vllV1,Jl~{1Jn1Jt~VI~VI-Un~~'1L~1-:w1~ 

Ln!?ltlljmm\jnL-n"ll'el'l'el~~~~M~ L-n'W 'Vl'el'lLL!?I'I bL~~LVI~n LtI'W~'W.. 
"lI. LtI'W~IJ'~I'W'el'eln:n LI?l-n'WL!?IUVI!!J !?Itlljmm\j nL-n L!?ItJvllV1,JI~1~L~n 1?l:i''el'W 

Vl1'elle1Ll?ln"'l'WLLri'el'W:W~~~J'~ l~'el'W:W~'lJ'el'l~IJ't1J'~n'el1J~'W'el~~n r1'Jl:W L~ClUJ' 
q cu q 'U 
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0' 

Mahattanatawee bb'tl:;rH1J:; (2006) ntJ-.:l1'W~1 bi1'f)eH~''l~'Cl1:i'th:;n'f)uYJ'W'f)'tl 

lJhnru 2316-1589 Ilg GN g puree bb'tl:;~'Cl1:i'tJ:i':;n'f)uYJ'W'f)'tl'llUI?I~~n1 Hlbbn vJ'tl1L'J'W'f)tJC?1 

bb'tl:;bbVl'WU'W (Seshadri bb'tl:; Vasishta, 1964; Misra bb'tl:; Seshadri, 1968) 

l~bfl~'U 

L'tl LrlYi'WbU'W'Cl1:i''f)'U~'Wfi1'Wmhmrlt:r~'W'f)tJ C?1n~~ b~m rlW1U bU ~h-rl1t:r~'W ~ 
q q l1li l1li 

Lrl:i''l'Clh'lVl1'lbrl~LLUU unsaturated hydrocarbon th:;n'f)u~'JtJ ~'Wfi:;riLbUU conjugated 11 ri 
~ ~ 

LL'tl:; unconjugated 2 ri ~'lLU'W'Cl1:i'1~~b~~'f)'l ~~LL'tl:;bLI?I'l1'Wt-J'tlL~ b"ll'W ~*'lbbl?l'l LnnJvJ~(?] bb'f)y.i~
~ . 

rl'f)Vl ~~ bb(?]'lL~ ~:;'tl:;n'f) bb'tl:;~'J'W1~'1!y.j'J1'W~:;b~'f)LVlI'I\ dJ'W~'W (Ishida LL'tl:; Chapman, 2004 ) 

'Cl1:i'L'tl LrlYi'W mrl:i''l'Cl~1'lVl1'l brl~~~~'Ufi:;~a.J1 nVI11~~1tJ t;l'f) n1nn l?Iulj n~m rlU 

'Cl1:i''f)\P.J'tl~M:;~LU'W'Cl1:i''f)'4~'Wfi~bnl?l''nntJljrnm'f)'f)n~bl?li'W ~bu'W'Cl1mj;j"lJ'f)'ln1nnl?lt:rrl~:;L~'l 
t;l1'l1 L"ll'W ~:;L~'lVl:i''J'l'f)n ~:;L~'lU'f)1?I ~:;L~'lt;l'f)~~nm,J1n 'tll?lif'1!~1n1:i'fJl?lrii''W~J'f)'lL~'WL~'f)I?ILLI?I'l 

L ti'f)'l"l1 n L'tl LrlYi'WLtJ"ll'J tJL~~m~1 ru LDL cholesterol 1 'Wn:r:;Lb'Cl L~'f) I?I Ll?ltJL u'tll?luljmtJ1 

'f)'f) n~ Ll?li'W LL'tl:;~'l (1 
~ 
m11~1 ~ m~n1 'Wn1nu'WtJ rl~'Wt;l'f)~I'WL'J~'Cl HIV LL'tl:;L'J~'Cl rii'ur5nL'ClU'llUI?IU 

~'JtJ "l1 nn1:i'~m~n1'W'll1tJ~1'W'J'W 48,000 rl'U y.jU~1~UU:i':;Vll'W'll'f)'Cl).J:;b~'f) LVlI'I\'f)tl1'l-W'f)tJ~tJI?I1~ 

'tl!:: 2 rlf'l (m).J1 ru'l'tl LrlYi'W 19 mg/day) ~1l1'J:;L~tJ'lt;l'f) n1:i'dJ'W).J:;L~'l t;l'f)~~ n~~1 n-w'f)tJ n~1 rl'W 
, " , 

un~ 16 % (Clinton, 1988) 1'Wn1:i'Vl1'Wm~1nYi'f)1m~'Cl1:i'L'tlLrlYi'WU'W ~1bU'W~'f)'l~I~~'lbbl?l'l~1 

~1'Wn:r:;U'J'Wn1:i'1~rl'J1~ ~'f)'W b ti'f)'l"l1 n 1'Wfi:i':i').J'll1 ~LrJN 'Cl ~1'l"lJ'f)'l 'Cll :i'~'l n~I'J"l !::4'urii''J rlU'Cll:i' 

LU:i'~'W bb'tl!::'Cll~1:i'mbtJnrii''J'f)'f)nL~~'JtJrl'J1~~'f)'W (Clinton, 1988; Ishida Lb'tl:; Chapman, 2004) 

1~l1ij'U:a 

1(?]1~'U~ VI1~-Wl~LU'W'Cl1 :i'~1'W'f)'f) n~ bl?li'W Ll?ltJ"l:;dltJLVl 'le1LI?I'Wb"l'W'f):;(?]'f)).J"l1 n 

L).JL'tl~'tl"lJ'f)'llJ'W1~rlU'f)'f) n~ b"l'W ';h1~'f)'f)n~ L"l'Whl'Cll).J1:i't'1 bn I?I,Jljrnmt;l'f)LUL~ 1'W~*'l~';j 1?l1~'W~ 

~lnn~It-J'tlL~~'W1 ~'l).Jlnn~I~~ 4-10 bVl1 Ll?ltJ Lim, Lim LL'tl!:: Tee (2007) ntJ-.:ll'W~1 ~*'l~ 
" ,

';jl?l1il'W~ m~lru 144-132 mg/100 g ';j(?]I~'W~"ll'JtJL'Cl~a.J'Cl~1'lLL'tl:;~m~n'Cl1l1y.j'lJ~'lL\l'f)L~'f) 

rl'f)'tl 'tll L"l'W vii1~~'J 'Cla.JU:i'ruu~'l bbN L~~).J n1:i'Vi1'l1'W"lf'f)'l:i'!::uUll~ ~~. rl'W LL'tl!::'tl1?l rl'J 1~ L~ tJ'l"l1 n 
~ ~ 

n1nU'W).J:;L!-'l (Delia LL~:; Padula, 1986) 

1fl nl'i'VIIPI~'el..:j 


tJ(?](1~U
.. • 

, , 
.q I ~q .t:::Io. 0 

0.75% (v/w) VlL'J'tl1n1:i'tJ'f)tJ 0, 30, 90, 240 LL'tl:; 300 'W1Vl VlfJru~1J).J 32±2 C) 

http:brl~~~~'Ufi:;~a.J1
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..
.' 	 1. ~Yl'Mhut)tln'RLl'liu (Antioxidant activities) 

m Hj;i1t1l-J~ lj~ nVl"llnl'i1ftl~f-ll~tl1LPln::;i~Yl't~IU'tl'tln'Rll'liu ~I'l LlU~-l"l1n1fi'lJ'tl-l 

Maisuthisakul LL~::;Plru::; (2007) ll~::;':lLPln::;i~YliUflU'tlt)n'RLl'liuJfrJtI':lfi DPPH ~l'llLU~-l"lln 

':lfi"lltJ-l Masuda LL~::;Plru::; (1999); Maisuthisakul LL~::;Plru::; (2007) LL~::;':lfi FRAP ~c;lLLu~~':lfi 

'lJ'tl-l Benzie LL~::; Strain (1996) 

2. 	 ml-JlruYlull~n 

':lLPln::;iml-Jlru~lm~l-JYlUtJ~n~-l"'l-JI'lJl'ltl':lfi Folin-Ciocalteau colorimetry "I')n~lj 
~ .J.... ~!:4I " ~ ....

flnI'lYlL(;ljtll-J WI LU'lJtl 3.3.2.2 (;l')l-J'lfi'lJt)-l Marinova LL~::;l'lru::; (2005) 

3. ml-Jlruvhn'hulltlt?1 

1Ll'ln::;iml-Jlru~~nt'lUlltlt?1Jl'ltl':lfi Aluminum chloride colorimetry r.:nn~ljflnl'l~ 

L(;l1t1l-J1Jl1u-if1l 3.3.2.2 (;l1l-J1fi"ll'fl-l Zhishen LL~::;l'lru::; (1999) 

4. ml-J')rul~tI'lViu 

':lLPln::;iml-Jlrul~tPlV;W~''lti HPLC (;l1l-J':lfi'lJ'fl-l Shi lL~::;l'lru::; (2008) 

5. ml-J')ru':lmiju=n 

':lLrI1')::;iml-J')ru':lmiju=nJl'ltl':lfi spectrophotometry (;I,)l-J':lfi'll'fl-l Pearson (1976) 

6. 'llUll'l'fl'W11P1, 

tJl'lJl'ltILfl1tl-l Laser particle size analyzer ~l'lllU~~nl'l::;~1i'lltl~ Worrasinchai LL~::; 

Plru::; (2006) 

" YlI'l~lI~ 3 oBI '"l1~ LL~'t,m')jYlI'l~tl~llUU CRD LL~::;Uj::;LijUPlruJl,)ViYll~Uj::;~IYl~l-Jtrfl'lJll~. 

n~Uj~ L;1'fl~l-Jtr~ Ll~::;n1jtllIl-JfUj'"ll-J Yll'l~tl~ 2 ~1 'l1~LL~Um1YlI'l~tJ-.1LLUU RCBD 

VlI'l~t)-l1;n'ilftl~f-lLLI'l-.11U~~(;lJlru.ntll"'lj Ll'ltl1iLtlU~'lU~fll-J1uLtI~~ml-Jlru 10% 

tl'ltl~I",,rn~'lU~~l-J~~"'l-J I'l LlYlt..!nlj1in~t..!1~tJ~hJi~ Ll'ln::;",1t..!fl(;lj~t..!LlUU LL~::;Uj::;LijU.. 
PI run ,)ViYll~tl'1::;fllYl~l-J tr~'!Ill~ ~ ~ (;IJlru.n~lJl Jl'"ltl':lfi QDA t~tIH~Yl~~'flu~~')t..!mj1J n~t..!, 	 .. 
~lti'lt..! 10 Pit..! tl'1::;djt..!imiru::;JlIt..!~ n~U'1fl Lntl~l-Jerfl LL~::;nl'1t1lll-JfUj'"ll-J Yl~~ll-.1 2 ~1 'l1~ 
LL~t..!mrn~~tJ-lLlUU RCBD 

':lLPln::;';-ift)l-J~tc;ltI1-nttlHLml-J1'l1ll-JVi'lLVlt)f~ lL~"I'1U SPSS LmtiULYitlUf\'lIl-JLL(;1mh~.. 	 .. 
, 	 .J 'i' ,......... . • ~ ~ r 


'lJ'tl-ll'l1l'tl~tI Ll'lti L'iI'lfi Duncan's New MultIple Range test LL~::; T-test flIlUUm'1'lLPln::;", 

. ' 
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~ .. 
'-J~ LL~::'l~1'iCU'-J~ n1'iVl6l~'il~ 

.- r,nnn1~~~t1I1l-Jn1nh-lll.!'iJ'El-.1l'fll.!1'll,r L~tJ'Vi"1nu1"lm.fil-J1ru~lt111~1~h'lf~Ln~"ln 

n11c;l~~l.!fi:;1nflLFI:n~"ll'El~Yl'El~ Ll-J'El fll.!Lil'El rJf~ LL~~ll.!t1I'Ell.!~ 3 Lri'El1 Lfln :;"Hi'Ell-JflVll-.1t'li1~'lJtl~ ph
" 

tfhnru~lt111fl1~'l'l!1l.!1'1!ftlrJf-llL~-.1 Yllyh n111-DL'Ell.!1'1!,r~FI'nl-JL-nl-J-nl.! 0.75% (v/w) L'lfl1n11 

EltltJl.!ll.! 0-480 l.!lVl LthUl1'l:;~1'llftlrJf-.1LL~-.1iJml-J1ru~lt111~1~'l'lfl11'Elih:;~Un1~c;l~~l.!fi::ln~ 

LPl;nfl fl1tlUfl~l-J"l1n-Ji'l-l ~11tl~-l ml-J1 ru~lt111fl1~'l,r~1~iJphhiLL(;l n~ 1-.1 nUfl1'l::~1-ifLtlUl 'l!,r . ... 

L-nl-J-nl.! 1 % (v/w) tlEl1-.1iJUtJ~lrlCU (p>0.05) L~uiJ€(;lnn11EltlU~~1UFl-.1~ ~-.1LL~ 300 U1Vl;Ultl 

LLfl:;Lri'El1LPln:;lf-n'Ell.J~Vl1-.1~i1~YlU~1 ml-J1ru~lt111~1~'l'll1l.!1'llftlcJf-.1LL6l-.1~1~"llnn11EltltJ~'ltl 
Ltll.!l'll,rL-nl-J-nU 0.75% (v/w) ~L,)~1n11UtlU 0, 30, 90, 240 LL~:: 300 l.!lVi ~1l-J17mLu~LtJl.! 5 

-Ji'l-.1 L~tltl1::l-J1ru ~'El 41, 53, 62, 77 LL~:: 86 mg glucosel g fresh weight (fw) U~Vl-31u(;lln-3 

~ 3.1 "'-3t!l.!9-3L~tln1.j{ltll.!1'l!,r~Pl,)1l-JL-nl-J-iiu 0.75% (v/w) l'l~1n11UtlU 0, 30, 90, 240 LL~:; 
300 l.!lVl LUUc;l'l UVlUL~'El ~n1fl ~fl'!ltl~ 1:;~Um7c;l~~Ufi::1n~LFI=D ~'iJ tl~Yltl~Ll-JtlfluLi1f1rJf-3 LL~~ 
~'lU L 'Ell.!1'll,r~ iJ I1i tl ~n1:tru:; L 'ilYll:;'lJ 'El-ll'll ftlrJf-l LL~~1l.!~1l.!~VIt"v11l.!tltln:n L~-nU ~1nh:;ntluYll.!tl 

~n ~~lhUtltl~1t111ilu~ ml-J1ru1~LFlYiu 'iJU1~tlUJllF1 LL~:;FlruJllYlVll~lh:;~lV1~l-Jcr~ 

, 

ViFl'lll-JL-iil-J-nl.! 0.75% (v/w) 


Hydrolysis time (min) Reducing sugars (mg glucose/g fw*) 

o 
30 

90 

240 

300 

41.58
e 
±1.56 

53.29
d
±3.51 ­

62. 72
c 
±3.16 

77.36
b 
±3.93 

86. 343 ±3.49 

-, ~.J.JJ
WlLflll \tJ~111~LUUfl1lllfl[J±n'lULU[J~lUUlJ1Iilr.31u 

fi1(;\'lLfl1JltJLlu'li~~ri1nuJ\'l[J(;\'ltlnl:mh~ntJi'Jfl'l1.t\.un[Jlllilnvi1-lnutl!.h~i'JU[Jt11~ty (p~O.05) 

. tw Rtl fresh weight basis 

http:53.29d�3.51
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~nHru::L~Yi1::"lI'il~1'lfrtltlr~u.~Hm6i~1nm'lthuJ~1tlL'ilUl'1f21 
.­

j;'I1'l1'1v1 3.2 ~l-lu"iY11-.1 Ll'ln ll'Cl::;n1t1111Vi'll'fl'lL'IIftltJf-.1 LLVl-.1~nr::;t11Un1j'v]Vl~'Ufi::;Ln'Clll'l:n'Cl ~')m'fl'UL'II,r(;)1~ n'U 

Physicochemical Hydrolysis time (min) 

properties 0 30 90 240 300 

DPPH assay 
lB.31"±0.17 17.60 

b
±0.34 15.34< ±0.33 14.15"±0.36 13.66" ±0.22 

. (EC50, IJg fw·/lJg DPPH) 

FRAP assay 
90.32" ±O.OB 95.03< ±0.16 100.01 

b
±0.12 107.71'±0.16 107.66'±0.30 

(IJM TE"/ 9 fw) 

Total phenolics 
162.27 

d 
±0.17 17B.51 <±0.15 lB9.05

b
±0.16 196.52'±0.14 196.75' ±0.17 

(mg GA~/g fw) 

Total flavonoids 
34.51 "±0.14 . 39.49" ±0.13 43.B6<±0.05 57 .56

b 
±0.11 65.49' ±0.13 

(mg CEd/g fw) 

Ascorbic acid 
90.56'±0.05 82.30·±0.28 80.91 <±0.12 80.74 c±0.14 BO.69 c ±0.12 

(mg/g fw) 

Lycopene 
921 .67" ±1.12 1496.B9

c
±1.B2 1670.24

b 
±1 . 72 1778.30'±2.13 1773.0B' ±1 .12 

(lJg/g fw) 

c
Particle size (IJm) 206.67'± 1.05 19.56

b 
±0.91 16.52 ±1.0B 14.67" ±0.97 13.62" ±0.43 

uT,)Lfl'll'tU~ln~LuurilLil~EJ±~,)ULriEJ~LUU~1~131U 
riluT,)Lfl'IJ'tULLU')Uf)U~rilnU;r'lEJuT'ltlm:mil~nuilrl'lll.1\1~lEJLLliinvil~nUf)Ul~ilUEJ~lFTC1! (p:s.0.05) 

. fw fit! fresh weight basis, .. TE fif) trolox equivalent 

Ldm'hL'IIf1..l~f-.1LLVl~~L~r.nnn11~~t1~')m'fl'UL'IIl-l1'U(;l1n'l~ 3.1 l-l1~m=n~m=tru::;L'Uri1::; 

l'U~1'U(;)1~11,)l-l~'1YlVl'Cl~-.11.nt'II f1..ltJ f-.1 LLVl-.11'UCJ~v111ru"!l1~11 L~~ d~I'Uii~l;l'Cl£i'Uu'U'hL'IIftltJf'l 

UVl-3~1~~1l-l11(l~[ij,J'U1Lil'U~111..1NLL(;)-3~ n~'U1~ Ll'Cl::;~mtru::;Li1'il~l-.ICr~1'U~1'1I11j'~n~ih~. 
L'UVi 1::;1~ 91 n ~ 'Cl n11~mt1~n,;-ru::;L 'Uri 1::;"ll~-31'II f1..ltJ f'l LLVl'l ~n1::;t11Un11v]Vl~'U1l::;In'Clll'l:n'Cl ~')t1 

L~Ul'11,r~1-3 nulu~1 u~ 1 j'~ ~ n ~Yl tYl1-.1;,) 111 Vi 1~uri ~Ylt ~1U~~ n:n LVliu 

~111..11::;n~uYlU'il~n ~'Cl1L'lU~EJ(;)~vl1~'U;i 1'ClLI'lr1U ~1U'JJU1Vl~Ull1Fl LL'Cl::;~1Ul'lruIl1ViYl1-.1 

1..11::;~ 1Yl~l-l cr~ V't1J'h 1'IIf1..l tJ f'l LLVl'l9::;;j ~n';-CW::;L'UVi1::;~ LLI'I n c;i.1-.1 nU1'l1l-l 1::;t11Um1v] Vl~'Ufi::;In'Cl 

LI'l:n'Cl'lJ~'1Vi'il~Ll-l~fluLn~~f'lLLVl'l LVltlL'ilul'11,r~1-if;juYlu1Yl~1RqJ(;)~~l-l~~1U(;)1'111l~-31'11f1..l 

. ' 


http:l'U~1'U(;)1~11,)l-l~'1YlVl'Cl~-.11.nt
http:p:s.0.05
http:16.52�1.0B
http:196.52'�0.14
http:lB9.05b�0.16
http:107.66'�0.30
http:107.71'�0.16
http:14.15"�0.36
http:lB.31"�0.17


46 

1. '6'f 1 ~'fI 'fI nerVIif'V11.:J:n ';1ll1'Y~ 
~ I '" I 

.- ~1:i'rMl n~'Vlfi'Vl1"~,)fl1~Vlil '".l ru~l-JU~ dJ'W~1 :i'~h'W'fl'fl n:n b~-n'W1 'Wbll'fl ~f" bb~" lrJi'bbn 

~1:i'tJ:i'::;n'fluYJ'W'fl~n Yl~nL,)'W'fltJvl1~Lrl.w'Wbb~::;~"l1iJ'W~ (Mercadante, Steck bb~::; Pfander, 
I tr' tI I 

1999) b~'fl~bf'ln::;tf~'Vlfi~1'W'fl'fln:nb~-n'W"lJ'fl"bil'fl~f"bb~"v1'JtJ~fi DPPH bb~::; FRAP ~U~1L-nfiJ 
I I 1.1 tr I I 

~f'l bb~'lVlHb'J~11'Wm:i'u'fltJ 240 'W1Vl~'WltJ ~::;il ~'Vlfi~1'W'fl'fl n:n b~-n'W~'l n~1Vlfl1,)::;~'W'flU1'lil 
, , 

,rtJ~1~ry (p.:::.0.05) ((;]1n'lVl 3.2) ~1n'l1'W~~tJ"lJ'fl'l Hartmann bL~::;f'lru::; (2008) Vl~1tJ'l1'W~1 

n1:i'C-J~ (;]~1~ (;]:i''fl b U'fl rl-~~'fll-J ~l-JL~tJH L'fl'Wl"lilfb~ nYi b'W~ -n'JtJ L~l-Jml-J1 ru~1:i'~1'W'fl'fl n:n L~-n'WlJl 

(i'l 77% l-J1nn~1!?l,)'flu1'l~1~1-nL'fl'W1"1I~,,1v156% bti'fl'l~1nL'fl'W1"l1lf~::;U'fltJ'fl'l~iJ:i'::;n'fluI'i1'l1 

U1'L,) ruC-J,r'l L"li~ ~Y1"1i~~ ~~U~1 :i''fl'fl n ~Ylt'VlI'l~,)fll~~il '".l ru~mmLt1'W~1 :i'~1'W'fl'fl n:n L~-n'WH Yl1 

1,x~1:i''fl'fln ~'Vlt'Vl'N~'Jfl1~ ~niJ~'fltJ'fl'fl nl-J1 (Dominguez, Navez LL~::; Lama, 1994) ~'leJ~1,x 

1"l1ftJ~*" LL~,,~il:i'::;~u n1:i'~~~'Wfi::;ln~Lrl:n~~'lil ~'Vlt~1'W'fl'fl n:n L~-n'Wl-J1 n~'W L~tJ rh ~'Vlt~1'W 
'fl'fln:nL~-n'W~1v1~1nnl:i'~bf'l~I::;tfJl,)tJ~fi DPPH LL~::; FRAP ~::;1,xeJ~ltJ1'W'Vl1'lL~mn'W 

~1:i'tJ~::;n'fluYJ'W'fl~ n~1 ~ry~~u1'W~*'l LL~'l~')'W1VI qJ lv1bbn Yl~1L,)'W'fltJ vlLL~ ::;LL'Vl'WU'W 

(Seshadri LL~::; Vasishta, 1964; Misra LL~::; Seshadri, 1968) ~lnm~'Vl~~'fl'l~U~11"l1ftJ~*'l 
I II tI I I 

LLWlVlHL,)~11'Wm~u'fltJ 240 'W1Vl~'WliJ ~::;il~1m~l-JYJ'W'fl~ n~'lVll-J ~~'l n~1Vlfl1'J::;~'W'flU1'lil. ~ 

, , , 

,rtJ~1~ry (p.:::.0.05) ((;]1:i'1'lVl 3 .2) ~'l~'fl~f'l~'fl'lnU'l1'W~~tJ"lJ'fl'l Landbo Lb~::; Meyer (2001) Vl 

ntJ'l1'WtJ1 n1:i'~ n ~~1:i'tJ:i'::;n'fluYJ'W'fl~ n~1 n~1LLU~ f'lLf'l'fl L:i''W'Vl1~tJH L'fl'W1"1IlfL~ nYi L'W~'Vl1'l m:i'~h 
~UtJ1 n1:i'Hb'fl'Wl"1ilf~::;-n')m~mEl-J1ru~1~tJ:i'::;n'fluYJ'W'fl~nlv140% L~'flLVltJunU!?l,)'flu1'l~hIH 

L'fl'WL-nlf 

, , " 
Mohamed, 2001) ~1nn1:i''Vl~~'fl'l ~U~1 L~tJl"liftJ~f'lbb~'lVl1-ifL,)~11'Wnl:i'U'fltJ 300 'W1Vl~'WltJ 

~::;ilml-J1ruYl~1L,)'W'fltJvl~'ln~1~fl1,)::;~'W'flU1'lilutJ~1~ry (p.:::.0.05) ~'fl~f'l~'fl'lnU'l1'W~~tJ"lJ'fl'l 

Mandalari Lb~::;f'lru::; (2006) ~U~1 m:i'1-nL'fl'Wl"1ilfL~f'l~b'W~LL~::;L"li~~b~~1'Wm~~n~Yl~1L,)
~ 

.Q oQ Q I .J • ~ .l' 0 '" 

ml-J1 ru,)(;]Il-J'W"li ~1nm:i''Vl ~~'fl'l ~U'J1 Ll-J'fl:i'::;tJ::;L,)~11'Wm:i'tJ'flm~l-Jl-J1 n"lJ'W~::;'Vl11VI 

ml-J1ru~(;]1iJ'W~~~~'l'flU1"ilutJ~1~ry (p.:::.0.05) ~'fl~f'l~'fl"nU"1'W~~tJ"lJ'fl'l Yusof Lb~::; Ibrahim 

(1994) ~U~1 n1:i'HL'fl'Wl"lilfL~""~b'W~1'Wm:i'~n~~ (;]1iJ'W6J1~1 n'Vl•L~tJ'WL'VlPl hJ~1l-J1:i'm~l-Jml-J1ru 

LL~::;'fl1n1P1 (Marks, 1993) 

http:p.:::.0.05
http:p.:::.0.05
http:p.:::.0.05
http:p.:::.0.05
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~ 1 ~'1!~Yl 11 'tXl'lf fu tJ f'l LLC;)'1il ~ LLC;) 'I ~ l-J LL~:; L", ~ 'il'l LL~:;il 'Cl l-J u~ L lllJ'Cl 1 ~LL'illJ ~'il 'il n ~ LLC;) lJl1 

(Gerster, 1997) "'l1nl:-J~n1~'VlC;)~'il'l~U~11'lffutJf'lLLC;)'1~HfL'J~11lJn1~tl'ilU 240 lJ1Vl~lJhJ il 

ml-J1rul~Lf)YllJ~'1n~1~il1'J:;~lJ'iltl1'1il,ru~1~'1! (p~0.05) (m~1'1~ 3.2) ~'1'Cl'ilc;)f)~'il'lnu 

'11lJ':S4'U"ll'il'l Choudhari LL~:; Ananthanarayan (2007) ~~1m1lJ~1 n1~'Cl nc;)l~Lf)WlJ"'l1n:W:;L~'il 

L'VlP1Lc;)uH'L'illJ1'lf~L~nYlLlJ'ClLL~:;L'lf~~L~'ClL.jfl-J"nlJ 0 - 5% (v/w) Yl11Jl)mm 0 -180 lJ1Vl ~ 

'fJruVl.1Jil60 LL~:; 55°C (;11l-J~1~U 'V'4U~1 n1~1.jjL'illJ1'lf~"'l:;·jhm~l-Jml-J1rul~Lf)YllJl~ 712 LL~:; 

424 fJg/g (;11l-J~1~U ~'1l-J1nn~1!?l'J'iltl1'1~hJH'b'illJl'lf~ bti'il'l"'l1m'illJl'l!~"'l:;-rl'JU'Cl~1UI:-J,r'lL'lf~; 

Yi'lf LL~ :;u~'ilUl~Lf)YllJ~'iltl1lJf)~'ilL~'V'4~1'Cl I'l bL~:;'iltl1lJ"ll'il'l b"'~'Jil1U1lJL'lf~;'il'il nl-J1vl 11'tX~1U ~'il" ... 
, 0­

n1~'Cl n c;) (Santamaria Lb~:;f)ru:;, 2000) 1lJn1J''Vl1lJ'fl1'''1HYi'il1 ,n~'Cl1~1~Lf)WlJ,rlJ ~1btllJ~'il'l 
" , 

lJ1c4n",1'ilt-J~ 1~,rlJl-J1thlJm:;u'JlJn1J'1'tXf)'J1l-J~'illJ LU'il'l"'l1 n 1lJfi~J'l-J"n1 ~Lf)N'Cl~1'1"lJ'il'l~1J' 

~'1 n ~ 1'J"'l :;4'U!?l'J nU'Cl1 J'L1J ~~lJLL~ :;'Cl1l-J 1Hl LLU n !?l'J'il'il nl~~'JU f)'J1l-J~'illJ ~'1J-lJ'il1V11~~ cJ1lJ 

f)'J1l-J~'illJ"'l:;ilml-J1nJl~L~YllJl-J1nn~1 (Bowen LL~:;f)ru:;, 2002) 

2. 'lI'U1~'fl'U.rnl"l. 
1'lffu tJf'l LLC;)'1~ cJ1lJn1~tl'ilU ~'JU L'illJl'lf ~"'l :;il"lllJ1 C;)'il'4111 ~ L'U~U L~ n~'1'iltl1'1 ~'il 

Lti'il'l Lc;)ul'lffutJf'l LLC;)'1~1.jj L'J~11lJm~tl'ilu 240 lJ1Vl "'l:;il"lllJ1 c;)'il lJil1 f) L'U~m~ n~'Cl c;)'iltl1'lil 
, , 

cv 0 cv ~ .c:::I.cS:!/ cv ..:::to.cv 

lJU'Cl1~'1! (p~0.05) r-l'il 14.67 fJm ((;11~1'1'Vl 3.2) 'If'l'Cl'ilc;)f)~'il'lnU'I1lJ'J'''lU"ll'il'l De Carvalho 

Lb~:;f)ru:; (2006) ~~1U'I1lJ~1 m~H'L'illJl'lf~L~nYlLlJ'Clb.jfl-J.jflJ 0.3% (v/w) vl1ul)mm 40 lJ1Vl 
... I I ...... 

'Cl1l-J1J'bl~ c;)"lllJ1 C;)'il'4il1 ~lJ1l-J:;lJ1'Jl~~Vl ~ c;) ~'1 'Cl1l-J1J'bl~ C;)"lJ'U1 c;) l~-w'ilU n~1 200 fJm . 'Vl'l-W 

bti'il'l"'l1m'illJl'lf~"'l:;tl'ilU'Cl1~u~:;n'il'LJ~1'11'LJ1-L'J nJl:-J,r'l b'lf~;Yi'lf l~Lbri L'V'4 nYllJ L'lf~~L~'Cl LL~:;be1il 
," , 

L'lf~~L~~vl11,n~~'il~ bl-J'ilf"ll'il'l'Cl1~u~:;n'il'LJ~'1n~1'JVl~lJ~'1 ~'1t-J~1'tX"lllJ1 C;)'illJil1f)Vll~il"lllJ1 c;)... . 
L~n~'1 (Jayani, Saxena LL~:; Gupta, 2005) 

3. I"l r;\UnVi'VI1~tJ~::~1'V1lmr~• 

, 
"'l1nn1J'uJ':;LillJf)ruil1~'Vl1'1UJ':;'Cl1'Vl~l-Jc4'Cl ~'Ju':Sfi QDA 1lJ~1lJ~ n~lJ~'Cl• 

in~ru:;L~'il~l-J c4'Cl LL~:;n1~U'ill-J f'LJ~'Jl-J"ll 'il'll'If fu tJf'l LLC;)'1~il~:;~'LJmJ'!?l c;)l1lJfi:; In~Lf):.D ~ ~'JU 

L'illJ1'lf~~1'1nlJ Lc;)uH'~'VlC;)'Cl'il'LJ~e.hlJn1~'tlntJlJ~1lJ'JlJ 1 0 ~lJ 1'tXI:-J~n1~'VlC;)~'il'l~'1(;11~1'1~ 3.3 
'IJ 

I I iI I 

f,)'il 1"l!futJf'lLLC;)'1Vl1.jjL'J~11lJn1~tl'ilU 240 lJ1Vl~lJlu "'l:;il~LLC;)'1(;11l-Jfi~~l-J'll1~"ll'il'ltJf'lLLC;)'1'Clc;) il 

n~lJVI'ill-J"''J1lJLL~:;il~'Cl''''J1lJ'lJ'il'l tJ f'l LLC;)'1-nc;) L"'llJn~1~il1'J:;~lJ'iltl1'1il,ru~1 ~'1! (p~0 . 05) I:-J~~ 

, , " 
l'lffUVll~ilrh ~'J1l-J'Cl~1'1 (L*) ~c;)~'1 LL~ rh~ LLC;)'1 (+a*) LL~:;rh~ L"'~'il'l (+b*) L~l-J~'U LL~:; 

http:LLC;)'1~1.jj
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, 
~'tltnrt~'tl-lnu-:nl.i14'£.l~'tl-l Thongsombat, Sirichote llfl~ Chanthachum (2007) Vin£.l-l1l..l'l1 

.w 

0111-ifltlU1'lIl1LVinvhu~'ll')EJUfUUN• rt•ruJlTVi~1 ~ f-lVi1'tll-J ~l-J ~~.yhllX~1 cJ f-l~lJril~n1:tru~ 
unn!JJrlu~ n~u 1~lLfl~~n1:tru~Ltnm'll-J~;u fhuluJrlun~u1~lluflmJfl'tll-J qYltn~'tlu"i~~~n 
ii-ln~U1~ llUfl nUfltll-JlJru1-l L~nutlU ltlu~n~ru~n~uv1l-J~nlul'lIfucJf-lLltn-l~Yln l ,)flln l1rj flU. . 
u'tln'"lln~'t'llru~f-.1lLtn-l~HL,)f111u011rj'tl£.l 240 u1Vi;'WLu~~il~n~ru~ln'tl~l-Jcr~~L1UUllhrw 
llf1~n11U'tll-Jfu1,)l-Jl-J1nn11L'llru~lJrr,;nnJll'l:;~Utlrjl-l ilu£.l~11'l'1! (PSO.05) ~-l ~'tltnrt~'tl-.1 nu 

, J ~ " 'I ':'\ ~. ,.Jl ".... .J .. 
CJf1~'tl-.1~Ultn'tlUJllrt ViU,)lLl-J'tlLVil-J1~U~l'l~101ltltlU~~Yll ~VI ~'lI1uYl tn'-J'lJ'\.ntntlUJllrtl'U~mf1n. . 
~-.1 

~1'i1~v1 3.3 rt~Uuu~n1:tru:;Yll-lU1:;~lYl~l-J cr~'IJ'tl-.11'lIfucJf-.1 LLtn-.1~ il1~c;lU n111P1tn~Ufi~ln~-

Lrt:n~Jr'l£JLtlU't'll11~1-lnU 

Hydrolysis time (min) 
Sensory attributes 

0 30 90 240 300 

Color 6.2S
d
±O.26 7.10

c
±046 7.6S

b
±O.34 8.6S'±O.67 8.9S'±O.72 

Flavor 

red guava flavor 6.3S
d
±O.24 7.1O

c
±O.46 7.80

b
±O.2S 8.SS'±O.5S 8.1S

ab
±0.67 

off-flavor" 6.8S
c
±0.41 7.0S

c
±O.44 7.70

b
±0.26 8.40'±O.61 8.0S

ab
±0.SO 

Texture 

smoothness 6.25
d
± 0.S4 7.00c± 0.41 7.S5

b
±0.37 8.30

a
±O.63 7.8S'

b
±O.67 

Overall acceptability 6.60
d
± 0.46 7.10

c
±0.46 7.60

b
±O.32 8.40'±O.61 8.00' ±O.60 

j;j"nfl1l1u(;nn~IiJwhl~~(J;tri'lu,cl(J~'UUIJ1~131U 
fhiil'llfl1l1uu.u'lu~u~ri1ri\JA''l(J6i'ltinm{;h~ri'uiifl'l1lJ\U11(J1I(;1n{;h~numh~iil1mhA'ClJ (p~0 .05) 

ri1uWll,:(t\m:tru::'Vl1~t17::ft1Y1~lJ~ftA'1U(;h~111~~\'IIftlt.lf~u.(;1~iifl::u.uu~~~6\ 10 fI::U.UU 

·n~U7ftu.t1flmJfltllJ (off-navor): iin~U1ftu.t1flmJi\tllJi"I~U (0 fI::U.UU) -'Wiln~U1ftu.tli\ntli\tllJ'i\U (10 fI::U.UU) 

~lnn1rYltnf1'tl-lHil'llfu cJf-l LLtn-l~ilr:;~Un111P1tn~Ufi~ln~Lfl:n ~ Jr'lm'tlU'1'll11~1-l riu 

d]U?l1m~-ln~ur~luCJ~(;1Jlru,rmVll1 L~'tlYltnUYlUn111.jf~lrUl-.1ll~-ln~U~-.1Lfln:::lf l~l-l?ll-lilli 

l:n-.1V1Ul~lL~:::rtrurilYll-lLmIUln1rl~ri1JCJ~j;]Jlru"r LVliJHLtlufI'luCJ?ll-lluLuf1~mmru 10%• 

.. n11't1ncJU91U'lU 10 flU u1~Li1u~n~ru~JrlU~ n~U1~ ~miru~Ld'tl-Kl-Jcr~ LL~:;n1rEJ'tll-lfm(nJ 

CJ~~lJrLLM1-llu(;11r1-l~ 3.4 Vi1J11 L~'tlHj'1"DfucJf-lLLtn-l~ilr~~1Jn111P1Vl~ufi~ln~Lfl;n~(;]l-.1 nUL1JW 

http:fI::U.UU
http:fI::U.UU
http:fI::U.UU
http:cr~'IJ'tl-.11
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~'lutJfI~lUL£Jfl~IOj~~-:JtJflltXL£Jfl~iJ~ n~mfl lLfl~~n'liCU~ln'Cl~~crfl~l-:JnU ~-:JtJfl~l~iJllu'lLU~ 
.' LtJ1U'VI1-:J L~mnu n1nh~l~UFI CUI11~'VI1-:Jtl ~~fl1'V1 ~~ crfI 'lJ 'Cl-:J1'II ftl eJ f-:J llVl-:J LVl £J Ltl fl ~~iJ~'l'UtJfI~• 

iVllIOjUn'h~111')~~'Umh-:JihrLl~1~CY (PsO.05) ~,)u~lun~u1~lLtlflntlfl'Cl~~U11l£Jfl~~iJ 
~'lUtJ ~ ~'!I 'fl-:J '1'II ftl eJ f-:J LLfn-:J'VI n111'l ~hivh1tX Lii Vl n ~U1f1 LLtl fl n tlfl'fl ~1m~v1u~ t!'VIVl fI 'fl U~1~11Cl. .. 

mnitl£J 240 'U1Vi~'U'1tllOj~iJLn'Cl~~cr~~1'UFI'l1~l1£JULil£JUlthJLn'Cll~mn'UhJLL£Jniumnn'h 

1'i!ftleJf-:JlLfn-l~111'l~~'Umh-:JiJu£J~lr\CY (PSO.OS) ~l'UFI'll~UVl"'~'U'lJ'Cl-:JLntlL£Jfl~ ~Ur)l l£Jfl~~ 
iJ ~'lUtJfI~'lltl-:J '1'IIftl eJ f-:J Llfn-:J~H'l 'l fl11 'Um ni tl tI 90 'U1Vi;'Uhh ~iJ FI'll ~Ufn",ti'U~1n n11 L£Jfl~~• 
111'l~~'Utlti1-:J;jU£J~1~CY (PSO.OS) Liltl-:J1Oj1nl'Cl'U'1'11,rIOj~titlEJ~11tl1~n'Clul~nVi'U~hl~~~1£JJ1 
ltX'Cl~1'U,tl~ll~fn-:J",~'1t1fn1tln;~~1n~'U ~-:JtJ~ltXl~nVi'Uih.fi~1CU"'~~'i!'CluJ1~1n~'U ~-:J~~fl1t1 
J11~~~'U Lnfn LijUVitl~ L~tlf~~1~11Cl1'l~ (;]'In'Ud]'ULFI N~ r1-:J 11-3 tL",~iJJ1'fltil'U'litl-:Jr)1-:J1~"'r)1-:J.. 

~'l'U~'D'tluJ1~1nLn'U'1tl~-:J tJflltX Ltlfl~iJ~m~cu~l~~J1 LL~~ L'lfl1 360 'U1Vi LtI~~IOj~iJFI'l1~ 
UVl"'ti'UL~~;'U~ n tlllOjLil'tl-:J1Oj1 n~'l'U~'ll'tluJ11Oj~lnfn m n'l~ {;]'In'UL'tl-:J~ nFlf-:J vi11tXLEJ~~ iJFI,)1~. 

d. I .od _ 0 _ 

111'l~tl'Utlm-:J~'U£J~1F1CY (PSO.05) 

cI" _.J ~ 
(;Il'il-3'V1 3.4 FI:;UU'Ufln'liCU:;'VI1~tl1~fl1Vli~ tJfI'lltl-:J LtI~fl eJ N LLVl~ 

Hydrolysis time (min) 
Sensory attributes 

0 30 90 240 

Color 6.25
d
.:t.0.26 7.15

c
.:t.053 7.60

b
.:t.0.39 8.7S".:t.0.63 8.SS".:t.0 .60 

Flavor 

red guava flavor 6.30
d
.:t.0.26 7.10

c
.:t.0.46 7. 70

b
.:t.0. 35 8.80".:t.0.54 8.40".:t.O.77 

off-flavor" 6.75
c
.:t.0.49 7.05

c
.:t.O.52 7.65

b
.:t.O.34 8.65".:t.0.67 8.20'.:t.0.71 

Texture 

smoothness 6.20
d 
.:t. 0.54 7.00

c
.:t.O.41 7 .55

bc
.:t.0.28 8.S0·.:t.O.68 7.75

b
.:t.1 .04 

springiness 6.65
c 
.:t. 0.53 7.05

b
.:t.0.87 7.50

8

.:t.0.47 4.95
d
.:t.O.69 6.82

c
.:t.O.57 

Overall acceptability 6.60
d 
.:t. 0.46 7.05

c 
.:t. 0.64 7.65

b
.:t.0.41 8.80".:t.O.63 7.90

b
.:t.0.32 

300 
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UmhRC1j (p~0.05) nl\lu"'liian1:lcu~YI1~t1T::~lV1"lJtT~'lhurih~1'11tl~1'!1ftlcJf~u",~jjfl~IIUU~~I'!'" 10 fI::UUlJ ·n~U1~u.t1flntlfltllJ (o ff­.' 
Havor): jjn~U1i\utlflntlfltllJill\l"iU (0 fI~UUU) -uHln~u1~utlflntlfltllJlflEJ (10 fI~UUU) 

(a) (b) (c) 

(d) 

~t1vi 3.1 im~HU~'ll'ih1LUf'l~ (a) LnmJf-lLLVl-l (b) 1'llfucJf-lLLVl-l~HL'J~'nlWn11thlU 30 lnVl 

(c) 90 U1Vl (d) 240 U1V1llf'l~ (e) 300 'I..I1Vl 

62, 77 Uf'l~ 86 mg glucosel 9 fresh weight Lri'ilVi"l1rn.l1imjru~lllYi1:;'lJ'Cl-ll'llfucJf-lUVl-l 


lu"li'J-l r;l-l n~1'l V'lU11 L'llfu cJf-lLLVl-l~iJ1~r;lUn1r(;]Vl~Ufi~Lnf'lLR;n f'l ~1-l rlU"l~iJ~m:tru~L'ilV'l1:;~ 


~1-lrlU LVltIL'ilUL'lllJ Pectinexfi) Ultra SP-L iJUl'lU11'1~1rrClJ~'il~m:tru~L'ilV'l1:;'lJ'Cl-lL'llfucJf-lLLVl-l 


r;i-l~ L'llftlcJf-lLLVl-l~1-DL'Jf'l11Un11U'iltl 240 U1Vl;UL,J "l~iJ~l'lif~1Utltln:nLVliuLl'hrlU 14.15 iJg 


. fwl iJg DPPH t-lr'ilLvilnu 107.71 iJM TEl 9 fw ~1rUr~n'iluYlutl~n Lvi1rlU 196.52 mg 


GAE/g fw Lf'lLRYiu Lvi1rlU 1778.30 iJg/g fw LLf'l~iJ"lIU1Vl'il~1l1RL'il~m~n~~Vl~'il 14.67 iJm 


1'llfucJf-lLLVl-l~1-ifL'lf'l11um1u'ilu 300 U1V1;ULtJ iJm~1ru~rnL'lUtlUc;) Ll'hrlu 65.49 mg 


.' CE/g fw lL~"l~iJml-Jlru~mnU~f'lVlf'l-llri'ilr:;t1:;L'l~11um1U'ilm~l-J~1n~U 
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.­

.' 

(PSO.05) 

LLtl~ntl~tl)J ~'VlVl~tllJ~:;r~nn~n~'!1~Lltl~ntl~tl)Jl~u1~l~m!tltJ u'flm1ni11'l1ftlcJf~lWl~~1i' 
11 .. 

l,)~11un1njtl tJ 240 u1V1;ultl"l:;i1~m~ru:;l~tl~)J cr~~LrtJlJli1tJUll~ ::n1HJtl)J flJ1'))J)J1nn~1 
't'llftJ~1~"I1nJl1,)::~utlEh~i1utJ~ll'lry (pSO.05) ~'lun1r1il'i1ftltJf-3lLVl~d]u~'lU~~)J1UltJ~~ 

.., 1" ~ ..JcJ ... .1 ~ ~.I.I~ d1" l' ...'VilJ')1 C;!'Vl(;)~tllJ ~n1rtJtl)J1lJltJ~~'Vl)J~,)U~~WlJtl~ ~'lI1uwNllVl"'Vl 'lIl')~1 Un11mm 240 U1'Vl 

;ultl)J1nn~1~Jl1'l::~U~"'V11"Ji1u~ n~U1~ LL~::ftn1iru::lt1tl~)Jcr~ ~,,~u9"tl19mh'l1~t)1 
L'IIftltJf"LL(;)"i1LLu')tu)J1Un111'luu~11tlNlLt;j,,~ n~U1~ Ll~::~m~ru::l~'fl~)Jcr~lUtl1~11~i1• 

L'iln?t1'i/fh~ii" 

tlnru fl1Ultrl-'tl'" 2547. ltlU1'i1,r'Vl1~tl1t-111 . Ylmfflh~ 4. nNl'Vl'Vi)Jt-I1Ufl1: t1~Yl)Jvrll~"• 

ttl1l1 t)'ll1:;fltl~. 1f1'll1lJru"l~, ~U'VlU1lJrutJ:;f",,r LLfl::)J1~fn'; fl",~~U'Vl'tl~. 2549. ~1r~hu , ... " . 
~ ~ __ ~.J .q 

tl~l;lfl'tl'M:: Radical Scavenging Agent. rm'YiflN'Vl 1. n!"l'Vl'Yi)J~1Uflr: 'Vi. ltlt'!. 
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measure of "Antioxidant Power" the FRAP assay. Analytical Biochemistry 239: 

70-76. 
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'i1~1i:F1~.:Jn1~~4'£lti'il£l~ 4• 
.c:a. IV 'I d" cv.' n1~~~ 1?l1?l1£IL'ilU L'1I~m~~n1~Vl1~ m:HU~L'i).'Vn~ 

'1I'il.:Jl'11~iJ3J~Vl3J Aegle marmelos (L.) Correa 
" 

Enzymatic Production and Characterization of Bael Fruit 

Aegle marmelos (L.) Correa Syrup 

tl?l£l U1.:J~11~~JJ~ L~~ru~'V1ff LL~~ ~flI.I?l~. U~'ltll .a'lUL,R'il.:J. .... 

...a 
Ul'ilUVI 4 


m"iLtJ; tlUUtJ'a.:JtWlJ1 N?tl"i'il'il n ClVl fi'Vll.:JlI 'l1l1Wf1 ~lflty 


lU"i~~~1.:Jn"i~U'lUn1"i~~Ult~~tJlJ~UllJ
.. 

UViAUlri'il 

-llu~4'tJfuj1'l'I'lUr:;f'l"'flL~tl~milnlrLU~tJUllU~..,tIh.Jlru~lr'tl'tlnqYliYll-l 
;'lll1Vl~~ lrlq)lur:;'wh-ln r:;U1Un1n.J~ l'IL'ilful.J:;r;,]l.J Ll'IEJVlVl ~'tl'l LlU rxu1'i1 ful.J :;r;,]l.Ju11 tJ l tlU1'illf 

, 
~ . ® .q '" t;' • 

LVlnYlLUf'l (Pectmex Ultra SP-L , 10292 PGU/ml) Ylfl11l.JL'lll.J'll'U 2.5% (v/w) d:;tJ:;L1~lnldtJ'tlEJ 

6 {1Ll.J.., VlU11hli1n1nu~tJULLU~"'illl.Jlrulm.l1~1~"'Vll.JVllud:;wh-lm:;lJ1'Un1dC.J~l'I1'i1fu 
" 1" '1- c'<I .J ~c:.x cJl.J:;l'Il.JmtlL'tl'U 'ill.J LLl'I 'ilrlJl.J:;l'Il.J~:;l.Jilil.JlrultJ'tl1tndVl~:;~ltJU1LVll.J'lJ'ULm:;illwlrulml1V11dYl.. ~ ~ 

hj~:;~ltJ~l~Vl~N ~1Un1dLU~mJLLU~\lrilLL!ln~~~'ll!l\l~1rVl'i1uLtl~nVlU11 n1dC.J~l'Il'i1ful.J:;l'Il.J
" 

UVlt!1 

iJ~9UUc!U1U1fl't~~fl11l.Jf'lUhtJ~(;JJlru-n91n Dddl.J'iI 1~ L~l.Jf'l\l~U tVltlL 'llVll:;tJ ~ l'IJl ru-n . " " 

~, .J ... .x ... .Y ..... ..:. 11"" t "" 
~n~ru:;LVl'U'Jtl-ll.J:;(1ll.Jf'lnVll.JLUtlf'l~l.Jtll.Jm~!l-l l.Jn~'Urf'lVl'e)lJwnu r:;n!lUVl1EJ~ldLl.JtJn VlEJl.J 

'II • 

"oJ e!'.caI .Jo_ CIt. 

~1ru'U1YlL'llVl1:;Ll~:;~1dtltlnqYlfiYll-l'il1JllVlYlf'llFlq)~~1tJ'i!UVl (Morton, 1987; Roy and 

Khurdiya, 1995) ":;L~UtjllJ:;l'IlJ{VldJuVi'i!~i1i'1ntJJllVl1unlm~(;lLUUf'lldf'lnVl L~'tl~00.J'U1Ltl'U 
~ 

. ' 
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.-
~'J1l1~ t~tJHlm~l'll,rLY'lnViluMj'EltJ~~ntJl~nViu~'El~luiucHr.~l'll~;~'ll 9~·lhm~~1..h~~V1fi1l1~ 
1un15'~n~'lJ'El..'lLl-l~'J~1..'l1 nl-J~..'l~15'1~~ n~u r~ U~~~15''El'Eln~V1iVl1..'l~'J1l1~ (tJnru. 2547; 

Pilnik and Voragen. 1993; Mutlu et aI., 1999) t~tJhl~tl..'lc,hunr~u'Jun1rnr'El..'llLtJnn1nl-l1tllti 

'El1l-l1rtl'El n vh1,x~1r~ n~~1~6..'l f\..'l'El..'l r1tJr~ntlUl~l-JH Llft~ l~ l-J'El..'l r1tJr~n'El1J1'LuJ~1~91nn1rEl'Elti 

~ft1tJ~'JtJLtlul'llJf vl..'lt!U.,'J1U19tJe9.,'J;j1I'lCltJr~~..'lr1L~'El~mnn1ntJ~tJulltJ~..'lml-J1ru~1rtltln~V1i 
.. .J. v 'I' ... 'I v., .J...!. 1" 

V11..'l"ll'J1l1Y'1V1~11'l'1J Lur~w.n..'lm~u'JUn1n.J~1'l L'llrul-J~~l-J LW!lLWl-J~ftI'l1Uft~lLU'JVI1..'ln15' "ll 

tJr~LtI"Il,r'lJ'El.,'Jl-J~~l-J 

cJ1Un15'1J~ft~'IJU1~lLft~l'l'l1JI'll-Jn11Ln~tJnmtJ1~J11'l1ft t~tJL~l-Jm~lltl~l'ltlfunL,jl-J;rU 0.3% 

(w/w) i'Jl-Jn1Jn15'1,xfl'J1l-Jr'ilu~'Jtllitl~19u'1~~~nft1-3'll'El"Ll1'ill-J~~l-J;j~rut-l1Ji3 85"C U1U 3 U1Vl 

(Homogenized and anti browning controlled bael fruit pulp; HABP) 

l'llft.ll-J~I1Il-J~chun1rEltltJ~'Jmtlul'llJ.flY'lnVilu~ (Pectinex Ultra SP-L®, 10292 PGU/ml) 
v 

~fI'J1l-JL;rl-J-ifu 2.5% (v/w) r~tJ~L'J~1n1HjtltJ 6 -B-'J Ll-J..'l ;.,'J LUU1l1'J~~1'llftJl-J~(;Jl-J;jr~vl1Jn1rv1~
v 

~ufi~ln~tf\:nft~'JtIL'Elul'llJ.f~.,'J~~lu-d'J.,'J~~m1191n(;J'ElU~ 2 (Enzyme treated bael fruit syrup; 

EBS) 

2. ~nH1n1~Lt1~tlULLt1~Hml-J1 CU~1~'tl'tl n Cl'VIiVl1-3;J'11l1Vif1ri1A 'Y'lJ't).,'J1'1Ii't1l-J~I!!l-J 

2.1 'lLl'ln:::l-Il.nl-J1rulml1t-l1r 11I1l-J1fl'lltl..'l A.O.A.C. (1995) 

2.2 1Lfln:::i~1ll'elnVi1~'1Jtl~~15'Y'l111Jttl~n t~tlLmtJulYltlUI'l'J1l-J~1l-J11Cllun1rfl.,'J l~1l-J 

n1n91nl'1ltl"LlUflYlL1tJ~LUU9~UVl16~'lJ1l1~l-11'ilt~rluttl~n l~lLfi L. acidophilus La5 LL~~ B . . ..~ 

lactis Bb12 Llft~UUflYlL1t1'llil~~ulu't~UUVl1.,'JL~U'El1l-11r l~LLri E. coli ATCC 29922 n1J~15'~ 
hi1~LuU~111Jt'il~n ~tl nft..tfl~ vl~LLtJft.,'J1fl'tl!l.,'J Huebner lLft:::flru::: (2007) 

'l1l·W1:::~;rtll-J~L~tll.jfltJnLml-JfI!ll-JYi'JL(;J'Elf~1l~9rtJ Statistic Package for the Social 
~ v 

Science (SPSS Version 12.0, USA) LmtJUlVltlUI'l'J1mL(;Jn~h.,'J'lJ'El.,'Jri1l'tl~tlt~tllflfl Duncan's.­ . . . . ci _ .dI_ 

multiple range test m~~UI'l'J1m'll!ll-JU 95% 
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... ~ 

'-l ~ LL~:::1~I'itU'-l~n1 'i'VI (;l~'fl'l 

.' lritl~ Vl1'l1)J n1ntl~ EJUlLtI~'lill)Jl ru lEJtl1l-11j' ri 1LLtl n~1 ~'iJtl'l~1j'yil11JL tl ~n 

j':;Ll-IEJ lul'l1ftll-J:;~l-J~lil'l~11umnjtlEJ 6 i'lLU-1 ;'lLthUll'l::~l'l1ftl)J:;~)J;h::c;iumj'(;]Vl~ufi:;.. 
lm~LFlcn ftv1'lEJL'em1'll,r~'1~Vllwrl'l'l~Pimn LmEJU LVlEJU rlU Lntl)J:;(;l)J ~n~UULL~ :;Fl'lUFl)J mnn Vl ~ " .. " , , 
~'I'lI~llX~~n1j'VlVl~tl'lc;i'll1 
tfhnCULEI'fll\n'i 

~~n1ntl~EJuLL1J~'1ill)JlrulEJtl1l-11j'lul'llftl)J:;I'l)J LmEJULVlEJ1JrlUL~tl)J:;I'l)J~n~tluLL~:;v ~ , 

Fl'lU'1)Jn1nnVl~~,m~ u~Vl'llumn'l~ 4.1 ViU~, l'llftll-J::~)Ji1ill)JlrulEJtl1l-11j'vY'll-ll-JVl (TDF) 

R'I~ LLvii1ill)JlrulEJtl1,"'j'~~::~IEJ~' (SDF) L~l-J~U U~:;ill)J1rulEJtl1,"I~hJf'l:;f'lIEJ~' (lDF) 

fiVlfi'l mh'li1UEJ~I~'Y (p.:::0.05) vY'll1Lrltl'l~,mtlul'l1,r9:;u'ClEJ~,rtlr:;ntl1JLVin~u~llJft:;mEJ~' 
l,xtl~lu!t1~lL~Vl'll-l~l~Vlrtln=n~)Jln;u ri'lc.J~1,xLVin~u~:;~IEJ~,1v1)Jln;u (Sakamoto et aI., 

2006) 

Sample TDF (g/100g fw) SDF (g/100g fw) IDF (g/100g fw) 

HABP 

EBS 

~'l1~1I1UV11rNltlurill~~U±lhulclU~IUUlJlI>11.'llU 
ril~'l1~1I1ullu1tK~~ri1nu~1u~1tTn1f1vil~nuilfl11l.JlnnUlll/ln';1~nufltil~ilUUrtl,rcy (p'::;O.05) 

'" mJ1u1i~ rill~~u'Wlll1lnl1h~riufltil~iluukl,r'1! (p>O.05) 

HASP ~fl Homogenized and anti browning controlled bael fruit pulp 

EBS Rfl Enzyme treated bael fruit syrup 

R1U'fln~~~~'l~1'in~1Jt'fl~n 

91nmrVlVlf'ltl'l L ~tl,"lril LL tl nm~'iJtl'l~lrVi'11Ultl~nlu1'll fUl-J:;f;J)J LmEJU LVlUUrlU L~'Cl 
d .a. a ~ .J I ~..t .J.d'1 _

)J:;VJ)J~nI'lUULL~:;Fl'lUfll-JmnnVl~Ul(;llf'l LL~Vl'l~~lU(;l1rl 'IVI 4.2 ViU'l1 tl1l-11n~UWiltlVl)J L'llrU 

)J:;~)JrlUl~tll-J:;~)J~n~UULL~:;fl'lUfl)JnlnnVl~~'I'l'~lUU'Cl'lrltlr:;n'ClU 
,...l~)J;Wl1EJ1U 24 i'll)J'I 1lJLLl'lnvil'lrlUtlUl'li1UEJ~I~C1! (p>0.05) LVIU L. acidophilus La5 VI 

L~U'llutl1l-11r~m'llftl)J:;VJ)Jl-Irtlldtll-J:;f;J)J~n~UULLf'l::Fl'llJfl)Jn1rlnVl~~1(;l1f'lLUU'a'lrltlr:;n'alJ i1 

91U'lUL~l-J;Ull1EJ1U 24 i'lL)J'l llJLL(;lnvil'l91nIl1'l:;~L~tJ'llu'fl1,"1r~i1n~LmUUU'Cl'lrltlr:;ntllJ 

.. " 
tlEh'li1utJ~1~C\! (p>0.05) lwllru:;~ B. lac tis Bb12 LLfi:; E. coli ~L~U'llU'fl1l-11j~m'llftll-J:;~)J 

'" .li .... , ... 9 1;' .A ".1 c/ • ..:. J' 1
l-Ir'ClLU'Cl)J:;(;l)J~n(;luULLfi::;Fl'lUFl)Jn1jLncn~Ul(;llfiLu'Wtl'lFluj:;n'ClU l-J91'W'l'WLVil-J'iJ'WIl1tJ 'W 24 

~ . . 

http:p'::;O.05
http:p.:::0.05
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L9l1lJih",u Lri'flthl'il'~Ul'i1U~L~a.J~wnEJ1u 24 -a-')LlJ~ 1tlr)lU')ruL~'fll,nl'irILl'tmVi1~'lJ'fl~~11Vi'1 

1UL'fl~n (ltl~ 4.1) ~U~l I'ilu'flnVi1~'jj'fl~~11Vi11uL'fl~n1u1'jjftllJ:;~a.JrlUd1!llJ:;~lJ~n~UULL~:; 
FI,)uFllJn11Ln~~~lm~i'lfOilhjLLL9ln~l~rlU i-l~'fl1'"lLrttl~a.Jl'"llnn111-DL'flU1'jja.J1u'li1~~Am~lhJ 

, .... I , ~ oJ'9 "'1 'i' .. 1......., a oJ., '\. 'i' .. 
~llJl1(lEJ'flEJ'fl~Flu1:;ntlU LULU!la.J:;~lJ~nVlLuUVi1 u Ltl~n ~a.J La.JL~~~L~nWInVi!lVl LVi1 _U Ltl~n~l 

lJl1(1H't~lJln~U 9-llhllXl'ilLL!lnVi1~'lJ!l~~11Vi'11uLtl~n~1~iJfOil1~~1~rlU L£;lEJ B. lactis Bb12 

'"l::iJfilLLtlnm~'lJ'fl~~lrn11uLtl~n~~n~1 L. acidophilus La5 LL~£;l~~1 ~11Vi1'\.uLtl~ntu1'l1ftl 
" 

J' ciA' -. d ~ ,J.Qo.Q, 

a.J:;~lJLL~:;LUtllJ::~lJ~n~uULL~:;YI1U'"la.Jn11LnVl~Ulm~~llJl1(lri~L~1lJn1rL'"l1'kl'll!l-l B. lactis 

Bb12 1Jl~n~1 L. acidophilus La5 LL~1~ri-lL~1lJn11L'"l1C\:J'lJtl~LLUFlV1L1EJ"lIUVl~ulu1:;uUVll-lL~U 
'fl1Y111 

Cell population [lo9,o(cfu/ml)] 
Bacterial culture 

HABP EBS Glucose 

ns ns
L. acidophilus La5 1.70ns ±O.O3 1.74 ±O.16 1.84 ±O.14 

B. lac tis Bb12 2.12
a
±O.06 2.14

a
±O.04 1.87

b 
±O.02 

a
E. coli ATCC 29922 1.73

b 
±O.O3 1.76

b
±O.O5 1.88 ±O.08 

~, ."I. J .J J 
fI'ILfI"Il L"uVl1n-3LUw\1L~fltJ±n'l"uLUIHLU"Ul.J1V11:l1"u 

';1~'ILfl1I'"UU."u'I"Ut)u~n1n1J~'ItJ~'Itlmmh"nujjfl'l1l.Jlnntlu.V1nvi1-3n"Umh-3jjut1~1rYcY (p:s.O.05) 

n, 1Il.J1tJii-l ';1l~~tJ'Wu.r;mfi1-ln"Utlt.l1-ljjuUfhRcy (p>O.05) 

HASP fit) Homogenized and antibrowning controlled bael fruit pulp 


EBS fit) Enzyme treated bael fruit syrup 


.' 

http:p:s.O.05
http:1.88�O.08
http:2.14a�O.04
http:2.12a�O.06
http:1.84�O.14
http:1.74�O.16
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L. acidophilus La5 B. lac tis Bb 12 

Bacterial culture 


-HABP -EBS 


HABP ;;t! Homogenized and antibrowning controlled bael fruit pulp 

EBS ;;t! Enzyme treated bael fruit syrup 

~l'i'i::L lUI 

eJ~mmJ~tlULLtl~-3'l1U~'lI!l-3~1~~:;L'\I!tllU1'JlhJ~:;(;J~LmtlUL~tlUnUL~!l~:;lY1~~n~UULL~:;" " , 
fl')ul"l~mnn!1l~~lm~ ~Ll"ln:;'\X~'JtI~fi SPME/GC/MS YlUrjl 1'Jlftl~:;lY1~ii~1~~:;mtIL~~;w

• 'II 

vT-3'\1!~!1l 24 'lIU!1l LL~!1l-31u(;Jln-3~ 4.3 L!1ltl'llij!1l'll!l-3~1~~:;LVltI~L~~;U1Ul'l1fu~:;lY1~"'hulmu'-l:;" ... 

LiJU~lm~~ terpenes L"IlU linalool oxide, linalool, p-elemene LL~!: germacrene-D ~-3lUW~l~~ 
l~n~u~~lueJ~ll!VI~lt1'l1u~ (Maarse, 1991) vT-3~'llU!1l'll!l"~l~~!:L'\I!tI~LW~~uLil~'-lln 
~11u1!:nmlLYl n~uLUL~!l eJ ~ll!~'JULVI C\l'-l!:Lm!:nu L~ULtl L 'lI~ ~L~~ LL~ !:Lfli3L'11 ~ ~ L~ ~~U1L') ru~t1" 
L'i!~~'lI!l'lLd!lL~!leJ~1~ vhl~Lil!1ln1~nnLnu~l~L~n~uHlntJLuL~'elL~'el ~'1tl'Wn11LojfL'tlu1'llaJU'eltl 

LU~tlULLU~'11u LYl n~w~:;~ltJ~11~~ln;uLL~:;~!1l4'unueJt1"L6Jl~~1~tI ~'elu'elth'l""~'J~1 vii1~ 
L~'el L~!l~~1~ii fl')l~'tl'elU~'Jmn;w Li1!1l n11U~ ~U~!ltl~111~n~u"lI'el'l eJ~1~!l!ln~11~~lnnrhn1~ 
lmfiuUtr~'V11'1n1t1JllYl (1Jnru, 2547; Baumann, 1981 ; Mutlu et a\., 1999) 

.' 
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611'i1-1v1 4.3 tJfi'tl'El,m1d£h.lEJ~,)EH!lUl'l1,r~j'j~'il'llilL'l'tl!l-.l~1n::;L~tl1ul'1lftllJ::;(;1lJ
" 

% Peak Area 
Compound name Rls·,. HASP ESS 

Isoamyl acetate 1147 1.86 

Umonene 1202 36.48 9.46 
~Phellandrene 1217 5.16 
~cis-Ocimene 1245 0.69 
3-Methyl-2-butenyl acetate 1266 0.95 

p-Cymene 1279 29.96 

a-Terpinolene 1297 0.90 

4-Methylpentan-1-01 1301 0.96 

cis-Rose-oxide 1338 0.29 
Oehydro-p-cymene 1414 1.99 

Unalool oxide 1425 5.09 
a-Cubebene 1463 0.42 
a-Copaene 1536 1.46 0.35 

~Cubebene 1558 1.32 
Unalool 1565 7.62 
/3-Elemene 1570 2.37 

!3-Caryophyllene 1594 1.93 21.56 

Citronellyl acetate 1607 0.27 

Aromadendrene 1650 0.71 

Pulegone 1665 1.71 

a-Humulene 1680 1.11 7.00 

a-Amorphene 1691 0.37 

Verbenone 1729 1.16 

Sicyclogermacrene 1738 1.28 

trans-Pyranoid linalool oxide 1747 1.13 

Carvone 1751 0.87 

trans-Carvyl acetate 1759 0.89 

Germacrene-O 1772 7.44 

Methyllaurate 1813 0.49 

Oihydro-!3-ionone 1825 3.63 6.31 

Geranyl acetone 1840 2.27 1.08 

/3-lonone 1947 3.31 12.11 

Tridecanol 1952 0.35 

Oihydro-!3-lonol 1991 0.70 

Caryophyllene oxide 1999 3.10 

cis-Nerolidol 2010 0.43 

Pentadecanol 2035 0.29 

Methyl cinnamate 2056 0.82 

Elemol 2069 0.37 

Methyl palmitate 2170 0.43 

Methyl palmitoleate 2237 0.72 

2,4-Di-tert-butylphenof 2243 5.79 

Hexadecanoic acid 2860 0.81 
'Rls iill Retention Indices 

HABP iill Homogenized and antibrowning controlled bael fruit pulp; EBS iill Enzyme treated baet fruit syrup 
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~'itJe.I~m'iVlI11~·ihl• .. 


.' . 

Ltl1.J.l'1!,r Pectinex® Ultra SP-L i1U'l'1Ul'1'1~lrTC1Jf1itl~n'lfru::;L1l'rll::;"tl'll'1!ftl3-J::;~3-J~'In 
,j'UJ L ~3-Jm3-Jlrult1'tl1~11~~:;~1t1~1 LL~::;-nU~fll1j'::;L"'t1 lL~::;I"l'l rh LL tlnYi1~" 'tl'l fll1'rl11u Ltl ~n 

~"~::;L~1.J.l~'hl'1!ftl3-J::;~3-Ji1LL1.J.'lLu3-Jl1.J.n11HLth'!fll1tlt'luui'l~ n~1.J.1fl LL~::;~m~ru::;L~'il~3-Jcrfll1.J. 
.J... ".J 

tn~lj''I'13-J'''1.J.l'1'1L'1lVn::: 

... .,. 
L'rln~l'i'Cll'1'Cl'l 

...,.J ~ .. .. ..::'.J ~ '" .. ,
1.1 nru tll1.J.LUr'il'l. 2547. LtllH'I!3-J'I'11"'tl1"'lt. 'rl3-JYiflN'I'1 4. nt"L'I'1Yi3-J"'l1.J.l"lt: ~NYi3-J'rlLm" 

~~1~"nnU3-J"'11'1'1tJ1~t1 .• 
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~~"JI't)-:l nl"i'1"11L'aU'en 31' ~'aL~iitl"i1l1Vi"JI'a.:J:air~i'u 


~1n'l£ii:(;l"i'l~L~(;l"JI'a·nJ~~h,:nr1~'anhr Mangifera indica L. 


EFFECT OF ENZYMES ON EMULSION STABILIZING PROPERTIES OF 


NHAM OOK MAl MANGO Mangifera indica l. FRUIT HYOROL YSATE 


t61~ U1-l~1,)Ln1i flHU1~-r~~ Uf!:: 'i1'l.61'i. U'i1tU -a1ULtN'El-l
. 

.,j 

GI'fIUVI 4 

\nin~CU~L~Yi';~V11-3Lflij m ~111Yi"ll'fl-3LnL61'i L ~L~GI JJ~,j'l-3v1 ij 

~1'iU'i~n'flULYin~u1u'i~~Un1'irl'fl~~~1~~1-3' 

'111..119EJ~iHWI tl1.h~~'1 flL~ 'tl vt11111 ~ n 1 dc.J ~ WlLe:Jt~ dLfl L~ WI a.J !;l-i'l'l ~'l ElL flul 'l! ~ Ufl ~vt1 
ftmHu~L'UYi1::;v\1'1LFli1n1EJ111Vi"llfl'lLe:Jtml~L~Wll-l~l-i1'1~i1~1n.Jd::;nfluLVinViu1Ud::;~un1dtiflEJ~fl1EJ 
~1'11 LmEJULViEJunule:Jt~dlfl L~ Wla.J~lJ1'1~1l-i LMa.J L'tlul'ilJ-J c.Jfln1dv\~fl'tl-lViurh le:Jt~dLfl L~Wla.J::;lJ1'1~ 

HLiJU~'JLLV\u1un1d~mi1ftn~ru::;L'UVi1~ ~'tlle:Jt~dLflL~Wla.J::;lJ1-l~ClmjflEJ~'Jm'tluL'l!J-J Pectinex® 
" 

Ultra SP-L 2.0% (v/w) L'lfl1n1ni'tlEJU1U 0, 0.5, 1.5 LLfl~ 4 .ff'Jtl-l'l ~'1~111'J::;V)'1n~11i1d~~Un1d 

tiflEJ~~1EJ~1nh~n'flULVinViu vt1fl1.fil-l1ruJ1m~1~'l'l!L~mh~l-l1ru ~fl 45.78, 59.84, 79.83 LL~~ 

94.80 mg glucose/ 9 fresh weight (fw) Wl1l-lih~u ~1UftmHU~L'UVi1~v\1'1LFli1n1EJ111Yi'JI'fl'l 

Le:Jt~rl~L~Wll-l~l-i1'1YiU~1 'le:Jt~d'l~H~Wll-l~l-i'J'I~r~~un1dEl'flEJ~f'l1EJ~1nh~nflUlYinViu 79.83 lL~:; 

94.80 mg glucose/ 9 fw mEJ'tl1vt1d~fl~~1uJ1LL~!;~V\t~1U'tl'fln:nL~iu~'1n'h111'J:;~UflEl1'1i1 
l!EJ~1I"1qJ (p.:s.0.05) LL[;ji11u'tl1vt1r~1l-ifl:;~nuJ1UflEJn~1 Ll~!;'llU1~fl~111F1Lann~1111'J:;~UflEl1'1i1 

l!EJ~11"1qJ (p.:s.O.05) Ll~:;'le:Jt~rLfl L~Wll-l:;l-i'J'I~d~~un1rEl'tlEJ ~f'l1EJ~111.h~nflmVi nViu 59.84 mg 

glucose/ 9 fw ;ul,J i1ml-l1ruLu~1LlFlhViu~'1n~1111,)!;~U'tlEh'li1l!EJ~1I"1qJ (p.:s.0.05) ~1vtfun1r 
1.h~Lfjufl ru111Yi1'l1-ll.Jr~~ 11'1~a.J cr~YiU~1 le:Jt~ rLfl LMll-l!;l-i'J'I~ r!;v)u n1rEl'flU~ fl1t1~1rl.Jr:;nflU 

LYinViu 79.83 mg glucose/ 9 fw ;ull.J "l~i1~m~'fl'lfll-lVl'fl'l i1n~ur~l-l!;l-h'l-n~L"lU LL~dh~'fl~a.Jcr~ 
,d""" f .::t I d_ 0 _ 

ldtiUlUEJUl-l1nn'l1111,)!;'tlU'tltl1·:U.j UU~1F1qJ (p.:s.O.05) 

http:p.:s.O.05
http:ru111Yi1'l1-ll.Jr
http:p.:s.0.05
http:p.:s.O.05
http:p.:s.0.05
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2. 1.JVlth 

.' 	 ~:;lJ'l-.l~1V1tln1iiLiI'Wt.I~1~~'fltii'l~riu100-1'Wfin~m1u1Lnfl'il'fl-.lh1tm1lL~Lunru ~m:l'ru:;V11-.l
" 

mtlll1l'i~~1I"lry P1'fli1~m~tJ-.ll'l'fl-.l i1n~'W1~lil'WL'fln~m:l'nr ll~:;i11~~'l1'W U1:::n'flUcJl'ltl~11'fl'fln~'Vli 
... ..I. ~.. ''i'..... " .., d. , ..I 'I 

'Vll-.l'll'l111l'i'Vl~lfl'1J fl'fl~lm~~LLfl b1'Vl'W'fltlVl lL~:::~11!1l1'W'fl~~~'fl~1:::(;11-.l1 fi'l'W btl'fl1~11'Vll'iU b'W 

, , .!"I .. dO 'I ..I ~ 'I'" • I .. '1 ..1'1 ' 
~:::WNllU-.l'fltlmu'W 2 'II'WVI fltl Ltltll~11'Vlfl:;fllt1'Wl L!Pllln ~11u1:::ntlUll'in'Vl'W llfl::: btltl1~11'Vl L~ 

fl:::intl~l ~n~-.l~:::lJ'l-.l~lVltlnl~u-.lU1:::n'flUcJl'ltl1!1l1i3'W l'll'W 1!1l1i3'Wl'fl LLfl:::1!1l1i3'W~ (Gil. Aguayo 

lLfl::: Kader, 2006; Gonzalez-Aguilar LLft:::Flru:::, 2008) 'W'flnt;nnil~miru:::m1u1Lllfl~:::lJ'l-.l 

~lV1tln1~U-.lll!1lnuil-.l91n).J:::lJ'l-.l~1t1~'W1f~'W1 P1tlUtI~u1LnFli'l).J riU-nl'l L~utl'lLlft :::~1n:::Vi \.Irtllh1u 

LLU1lUi'l~riU~1'W).Jlu'Wl~'!J'W).J~il~miru:;d~h'\Fl1).Jif'W;-.lLd'flf1JU1:::'Vl1Ui'l).In'W9:::i1n~u1~~:::,J'l-l 
...." 	 .... I 

LLft:::i1LUtl~).J ~fl L UtlULUUL Utll~tI'l n'Wfl ~lt1 nunl1u1Lll fl~-l"lJ tI1 LLft :::ill~ ~VI; -.l LU'Wtl1 \.11 n:::uu 

fil1fl-DU LLuit.l~!1lnru"tl1\.1111:::UU~l1ft-nU91n).J:::,J'l-ll,JlrJi'fu fl'll).JUtI).I L l'h~ fl'l n rt'fl-.l).J19 ln~ l1ft-nu 

~l~i1L~ [1 tl1111l'i P1'flLri'fl ~-.l~-.lHLU'WL'lft1'W1U 'il'fl-l L ~ft'l111t11U~l1fl-DU9:::l'i tI1t11~1'l).l (;]'l ri'Wfl-.l t.I fl .. 
l~l1ft-D'WLnVlmnLtln-nu 

urul-n vl-.l n ~1'lLnVl91nfll1U 1:::n'fl U L l'i nViu 1 ULlltl L~tl~n LL~:::&.I ft 1~fl'l'W1\.1 ru i1 ~1t1L~ Lfl n fl tll'l 
w 	 w • 

LLft:::i1i'l-w'fltl vh1if~11u1:::ntlULl'i nViu1lJ ~ 1).1 l1C1vi1\.1i.h~ dJ'W~11 fil1ft=Dlvl L tl'flft'W1:::UU 

fi,j'ft-DU ;-.lUrul-llvl-.l n~ 1'lfl1~ 11[1 U.rn"lJlrJi'LVltI n111ifL tl'WL-nlfL l'i nVi L U ~ titltl~ fl1t1 h.J Lfl n fl"lltl-.l 
w 	 • 

~Vlfl'lu~~~~ft1:::l-l~1-.ll-l~~hJ'iI'flU~1 (hydrophobic) LLft:::\.I~~'Il'flU~l (hydrophilic) vil1if~,j'ft-nu 
i1L~elmll1l'i l~).J~'W 'W'fln91nl1L'flul"ll,rL l'i nVilUMT-.lvil1if~11U1:::n'flU L l'i nVi'WU!Pl~1JnUt.I,r-.ll"llfl; 

L!Plm'flU'flUl-.l~ft'l~ fl-.lt.lfl1if~mlft:::&.Ift1~ihll'fl~).I~~~tl'fl'Wft-.llnVln11Ufl !PlUfl'fltl~11uil-.l1 l'llU Nfl 

t)!1l~ ~111ifn~'W1~ lLft:::fl1r'fltln~'VliVll-l;'l111l'ill1t11ULll'fl L~'fl~'II'fl'flmnlrJi').I1 nn~lmr1flfiUUtl!1l 

Vll-l nltlll1l'i vil1lXC.J~(;1nruml1ft-nU91 n).J:::,J'l-.l~lp)U-.lfl-.l!l-.lf'1Ur:::n'CluL~).J'll'Cl-.l).J:::lJ'l-l1-) LLft:::L~~ 
.... I "1 Id'1" ," '1"',J A..... - .d., .::l d c:: .x d""1.1 	 d 

~h1Flu1:::n'flU L~).JVl L!Pl91nm1t1'Cltl!Pl'ltIL'fl'W L"ll~ LOll'W !l).Jft'llUVl L!1l9:::mflC1mll1l'iLl'i~"llU ~~L~ft'Cl-.l91n 

Lu~hLLfltrYi'W l.h:::n'flurJi''lti 1t1'fl1l-l1r LLft:::~lr1lXn~'W1flfir1).J'II1~~LU'WL'fln~n1:l'nr"lJ'fl-.l~:::,J'l-.l 

91 n~nfll'lln;h-l ~U~-l &.Ifl1ifrnr.rtl~'W19f1n1:l'1&.1ft"ll'fl-.l n 111 ifL'fl'W1'l!,rui'fl L~elm111l'i"ll 'fl-.l~ l1fl-nU 
" 

.. 	 ltlL!1lrlflL~(il).J:::,J'l-.lp)'ltIL'fl'W1'i1,rLl'inYiL'W~'Vl1.m11~h (Pectinex® Ultra SP-L) LLft:::~1~n1:l'ru:::L~l'il::: 

Vll-l Lfli1 nlEJll1l'i"lJ'fl-.lltlL!Pl11ft L~ (il ~ :::lJ'l-l~ i1 fll1U1:::n'flU L l'i nVi'W1'W 1::: vlUnl1U'fltlfl ft1EJ ~1-l1 

LmEJUlYitlunultlL!Pl11ftlfl(il~:::lJ'l-.l~1lJ L~~ Ltl'W1'l!,r 

.. 

http:lrJi').I1
http:PlUfl'fltl~11uil-.l1
http:lL~:::~11!1l1'W'fl~~~'fl~1:::(;11-.l1
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.. 


.. 


3.1 	 AnH1111'l::n1'S"tJ~~LnLIij~L~~~(;\~::~'l-3~'UJL'elUL"ll~ 

u1lt1f1~:;l-h-lJ1V1'anl~~uu~l(;\1tJ~LV1m~~mV1ll'a~flflmn 0.5% (wfw) r'mnUn1rfl'ln 

~'lL!1f1J1ltlur:;L!:;l'lfl1 3 U1Y1l~l-Jfl-JltJ()-lu5nmrLlUUn'ltJ~ru"'1Ji3 35°C L~l-JL'aul'l1lILYmvhtJ~ 
, 

0.5-2.5% (v/w) Llfl:;UU1L'lfl1n1rUflL! 0-6 i'lLl-J-l mtJc.J~l-J(;\fl'aV1L'lfl1 LLfl:;I'l'lU rPJ Fl'l1l-J L~'ln1rn'ltJ 

..J ,... U....... 1 ... " .....J ~ .c::l 

c.J~l-J'VI 100 1'aU(;\'atJ1'V1 "'fJV1 !)nn.J1'lJ'a-lL'atJ 'lI~V1'lL!Fl'l1l-J1f1tJVl~ru"'1Jl-J 100±5°C tJ1U 5U1'V1 

Llfl :;yhllXLfitJMflU1-lr'l V1l~'l U11l1LV111fl LM,~l~l-J11V11:; ~u n 11UfI L!~ fl1L! ~11ur:;n'aul Vi nViu 

'I • ~ ~ ... ~.. 	 .." ~ ..J
(Degree of hydrolysis; DH) ~tJLVlfll-J'lJfI-Jurl-J1ruu1mfl1V1'l'll (Nelson, 1944) lVi'alflt1nfl1'l:;Vl 

1l1L~11fl L~I1Il-J:;l-h'lij 1:;~U01 rU'aL!~ fl1tJ ~11U1:;nflU lVi nVitJFl1f1U flfll-J,,1 n'li'l-l ~11u~'l L UUt;J'l U'VIU, ~ 

3.2 	 AnH1~m:ttu:::L~ vn::vl1-3 ~fl ij n1t1111W"lI'el-3L lft(;\~1~ L~ (;ll-J::~'l'lv1ij ~1~1.h::n'el1.l 

Lwn~u1.u~~61l.ln1~ti'Eltl~~1t1~1-3 '1 

u11!1LV1rlm~(;\~RV1 L~f1n1~"1nif'a 3.1 Llfl :;lelLV1r lfll~ 11Il-J:;l-l'l'l~hh;jl-J L'aul'nrl-J1~m:t1 

, 
3.2.1 1V'1rh~lu1:;uu CIE LAB ~'lmri1'a-J Chroma meter (L*=0 (Dark); L *=100 

(Light), a*(-a*=Green; +a*=Red). b*(-b*=Blue; +b*= Yellow)) HfLmfi'lri1lQV'lLl~'l 0 65 
, 

_ I t.I d 

3.2.2 'lV'lFl1 pH V1'lmmfl'l pH meter 

3.2.3 ~lfln:;tfml-J1rulu'a1"nr 

~lFln:;lfml-J1rulu'a1"'11~'l"'~V'I (Total dietary fiber; TDF) illl-J1rultJ'a1"'1r~ 
fl:::fl1UJ1 (Soluble dietary fiber; SOF) lL'Cl:::ml-J1rulu'a1"'1r~hj'Cl:::fl1E.JJ1 (Insoluble dietary 

fiber; IOF) [1I1l-J~fi'llfl'l A.O.A.C. (2006) 

3.2.4 ~LFln:::lfilll-J1CULut1f1LLfIhY1Uv1V'1LlU'Cl'l1fi'lJfI'l Ranganna (1978) 

3.2.5 1Lfln:::,x~VliUl11..!f1f1n:nL[1Ii1..! (Antioxidant activities) 

L[1IrU~~11~nV'l"1m~mJ:::l-h'l LV1Uv1V1LLUfl'l1fi'IJ'tl-l Masuda LLfl:::flCU::: (1999) 

~ ,. c[ " CIt..... " CIo,Q oQ.c:.I0 	 • 

LLfl:::'lLFln:::"'~VlfimtJ'a'an'llLV1'l1UV'I'lU'lfi OPPH Vl11111~'lfi'/J'a'l Malsuthisakul, Suttajit Llfl:; 

Pongsawatmanit (2007) LL'Cl:::1fi FRAP ~V1LLU'Cl"1fi'/J'a'l Benzie Llfl::: Strain (1996) 
...J 

3.2.6 1V'1'111..!1V'1f11.¥11Fl~'lmfl1'a" Laser light-scattering analyzer 

"'" tJ1'V1 
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.. 

4.1 1l1'l~m'i~Sj;1'tntj;1'i't~L'tfj;1~:a.h~v\'lm'ilu\'li~ 

n1n;1-.llU'Il'E)-,:ml'Wl'lll-H~"l11rul"llnr:::c;lUnl1U'tlEJ~fllEJ~11U1:::n'tlULYm~U (DH) LU 

lt1L~11f1L~(;1l-!:::lJ'l-.l;~U1:::L~U"llnml-!lru~1(;11fiHhiViU~1 Ld'tlL~l-!FI'l1l-!L;;l-!-ifwll'tl-.lL'tlUl'lllfLLfI::: 

L'lfl1 nl1ti'a ml-.l t.J flllX1:::c;lUnl1u'a EJ~ fl1EJt'\ 1nh:::n'aU LVi n~ul-I1'tl1.Hl-!1 ru~ 1(;11 fl1~'l'll1U 

lt1L~11f1Lt'\(;1l-!:::lJ'l-.lL~l-!~U'aUl-.li1UEJ~1r1CY (p~0.05) L~EJi1Fi1'a~lu'li')~ 45-95 mg glucose! 9 

fresh weight (fw) (,U~ 5.1) 1:::c;lUn11rl'aEJt'\fllEJt'\11U1:::n'aULVinliu~L~l-!~ULn~"lm'aul'lllf 
LYln~Lut'\ L'llflflLflt'\ LLfI:::Ltli1L'llflflLflt'\;,ntlu'a-.lflu1:::n'aU'Il'a-.lL'aul'l1lf Pectinex® Ultra SP-L "l:::U'tlEJ 

" " 
t'\fllt1~ufi:::lnflLrl:nfl'll'a-.lt'\l11.h:::n'aULYln~U L"lIfI~Lflt'\ LLfI::;Ltli1L'llfl~Lflt'\ (;11l-!~1c;lU ~ulL'lrut.J,r-.l 

.. .tJ.,. U """ oJ
L'llflfl'llMLU'tllEJ'aWlI ( 11ru mULtl1tl-.l , 2547; Fanta LLfI:::flru:::, 1992) 

Ld'tl1LFl11:::,r-if'al-!flVll-.lt'\(1~Vi1.yh n111-ifL'aul"l1lfL-ifl-!-ifu 2.0% (v!w) L'lfl1n11U'ClEJU1U 0-6 
" 

i'lLl-!-.l Ltlulll'l:::~1t1L~11f1Lt'\ (;]l-! ::;lJ'l~ih:::c;lUn11U'tlEJt'\ fl1EJ ~1nh:::n'Clu LVi nViu l-I1mITl-!1ru~11i11f1 

1~'lifI1'aUFlfI ~"l1n'li,)-.l~1hJ~-.l;-.l1:::c;lu n11U'tlEJt'\fl1t1t'\11u1:::n'tllJ L Yl nliu~l~i1 rhllJ LL(;] nvi1-.l rlU. .. 
111')::;~HLtlul'll~LojJl-!;rU 2.5% (v!w) 'aUl~i1UtI~lr1C\! (p>0.05) c;l-.ltiu~-.lL~tlnr::;c;llJn11U'aEJt'\fl1EJ 

fl1nh:::n'tlULYln~ulult1Lmlmt'\(;]l-!:::lJ'l-.l~'lm'aul'lllfL;rl-!;ru 2.0% (v!w) L~mLU-.lLtlu 4 1:::c;llJ ~'Cl 

45.78, 59.84, 79.83 LLfI::: 94.80 mg glucose! 9 fw ;-.l1-nL,)flln1Ei'tltl 0, 0.5, 1.5 LLfI::: 4.0 i'lLl-!-.l 

ov.!9V oJ,:,! v, U ~1.t ,1/

(;11l-!fl1~U LuU(;J') LL VlULWfl1"1 n'tn t.JfI'Il'a-.l1::;~un11t1'tlEJt'\fllt1f111 1::;n'aU L Yl nVlU ULU'tll-!:::l-!,)-.lVl'lEJ 

L'aul"lIlf~~ vi'tl~mtru::;VuYl1 :::Vl1-.l Lfli1 mtl1l1Yl'll'a-.lLti LVl1LfI LMll-!::;lJ'l-.l LLfi ::;LmtiU L Y1t1lJ~n~ru::; 

L'ilYl1:::~1~rlult1LVl1LfI Lt'\Ull-!::;~b-.l~LlJ L~l-!L'ClUL'lllf L~EJn1l-1U~1~t'\~'l'tlEi1-.l L~'tl~::;(1)') n1um1-a1-.l~-.l 

(;1f1'ClVl-.llU19EJ c;l-.l~ LtlL~1LflLt'\(;]l-!::;lJ'l-.lLil-!~u~llJL~l-!L'tlul'll~ LLfI::;i1ml-!1ruJ1Ul1f11~'li 45.59 mg 

glucose/ 9 fw 1lXnr~~'l'ClEil-.lLtlu DP 46 lt1t(1)11f1l~(;]l-!:::lJ'l-.l~L~l-!L'tlul'll~ ru ,vlLil-!~U'lJtl-.l 

n11U'tltlt'\fl1EJt'\11U1::;n'aULVinliu;~i11Rl-!1ruJlmfl1~,)'lkvhrllJnr~~'l'aEi1-.l DP 46 llX1~t'\ 
~'ltlf.h~LtlU DP 46E i'hult1L(1) rlf1 Lfl (;]l-!::;lJ'l-.l~i11::;c;lUn11ti'a t1~ fllt1f111u1:::n'tlU LVi n~'W(;'l'Jm'Clu1'll~ 

"luihEl-!1ruJ11i11f11~')i 59.84, 79.83 LLfI::; 94.80 mg glucose! 9 fw llX1~~~')'tlr.h~Ltlu DP 60, 

DP 80 LLfI::; DP 95 1i11l-!~lc;llJ 

http:Ld'tl1LFl11:::,r-if'al-!flVll-.lt'\(1~Vi1.yh
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0 	 0.5 1.5 2 3 4 5 6 (% (v/w» 

Hydrolysis time (hour) 

• 0.50% P • 1.0% P 1.5% P • 2.0% P • 2.5% P 

all~ 5.1 ~::~Un1nj~tJ~fi1tJ~1nh::n~ULVmVi'W (DH) 1'WLutVl1L~l~Ul~::;"h--1~L~~1nn1~ti't)w~htJ 
l'tl'WL'lIlS Pectinex~ Ultra SP-L (P) ~r1'l1~Lif~if'WLL~::;L'lfi1n1~ti~tJc;i1--11 

v 	 .,. 'I ~ .. • .,I.,. _I ..,. 'I 
4.2 ~ m=HU~L'il'Wl~V11-3LfllJ nlt1111'W'lJ'tl-3 ~n~~'H~ L?t ~lJ~lJ'HVllJ?t1'i1J'i~n'ilUL 'W nVitA L'W 

'i~~Un1'ia'tla?t~1a~1-31 

Lrlm11Lutm'l~ L~!nlJ::;,.b~~ L~l-J L't)'W1'l!lS~'Wiid::;~'Jn 1 dti~tJ~ ~1tJ~11tld::; n~ULVi nViu 1 u'li'l--1 

45-95 mg glucose/ g fw (DP 46E-DP 95) ~1n-if't) 4.1 Ll~::;LutVl11~l~!nl-J::;aJ'l-3~hh~l-JLtJul'l!lS 

(DP 46) l-J1~mf1~m:tru::;L'ilVi1::;V11-3U·)iin1tJ1l1Vi LL~::;tld::;Lij'Wr1ru1l1ViV11--1tl1::;~1V1~l-Jcr~ViU~1• 

.-., .J -~ 
~1~tl~::;n~ULVinV1U (1)-l!n1r1-3V1 5.1 (1)--1'W 

4.2.1 fh~ 

Lrl~L~tJ1:;~Un1nj't)tJ~~1tJ~11tl1::;n~uLVinvh.!~-lC./~1~ut(1)rl~L~!nl-J::;l-i'l--1iirl1 

fl'l1tJ~11-l (L*) LLfi::;rl1~L\-1~'t)~ (+b*) ~(1)~-l~ti1~ii,rtJ~1,",ClJ (p~O.05) LLc;i1'i1~ L~tJ'l (-a*) rl~)'W-if1~ 

fl-l~ (p>O.05) mdfi(1)~~'1I~-lrl1r1'l1l-J~11-l (L*) LL~:;rl1~Ll-1~~-3 (+b*) ~1~Ln(1)~1n~'1J'tl~lutm'L~L~Vl 
tJ::;l-i'l\l Ltl~tJU!n1l-J~'IItJ-3L 'tlU 1'illSLVi nVi L'W~~-lil~J1 (;11~ Lifl-J 

4.2.2 fh pH 

.. rl1 pH '1I~-llutVlrl~L~I1ll-J::;l-i'l\l~L~l-JL~ul'i1lS (DP 46E, DP 60, DP 80 LL~::; 
~ , 

DP 95) ilrl11aJLLl1lnLJi1\lrlU (p>0.05) LVi11::;LutVldlf1LMll-1~ 4 d::;~U ~nti't)tJ~'ltJLtJul'i!lSLYinViL'W~Vi 
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~,)'l~b-ii~.jJU 2.0% (v/w) ul?ifOi'l pH "lI'Cl'llflL~l'l~b~I?l~~~,)-l~L~~L'ClUl"ll~iJfOi'l,J!lUn~'l~'l pH "JJ!l'l 

1flL~wl~;H~I?l~~~,)-l~1~b~~b!lU1"l!~ (DP 46) Lti'Cl'l"l'lm!lu1"ll~ Pectinex® Ultra SP-L iJ~Jl'l,)~LUU 

_~ ad., ",.t, 
4 .2.3 "U'a~1r;u1l'f)..:jbbll.:l'VI~~·in~ b~'VI..:j'\nJ ~ 

n'ln~~l'~~'Jn'll'tJ'CltlMl'ltl~'ll'1h~n!liJLVmViu~'lLLI?i DP 46 ~'l DP 95 ~'leJ~l~ 
m~'l ru'll~'l Lb;'l~~~~'ltll~~'lVl~ ~iJrhL~~~U'CltJ'l'liJUtl~'l ~'1J (p.::;.0 .05) 

4.2.4 m~'lr;u"L~'f)1,"1'a 

n'lniJ~tluut.l~'lm~'lrult1'Cl'lVl'll'1'W1e1L~l'L~ L~ 1?l~~~,)'l~iJ~'ll't.ll'~n!liJ L~ nViulU 

~~~iJn'l~tJ!ltJ~~'ltJl?i'l'l1 Lb~ (11'l ~'ll?l'ln'l~ 5.1 "l'ln mn'l~iJ~'l LflL(11l'L~ L~ 1?l~~~,)'l"l~iJm~'l ru 
'iI I' 	 I ~ I '" 

lt1'Cl'lVl'l~;1'lVl~(11 (TDF) ~'l~ lu"JJru~~m~'lrult1'Cl'lVl'll'~~~~'ltl'lJ.'l (SDF) "l~LYl~;U LL~~tl'hJ1ru 

lt1'Cl'lVl 'll'~L~~:;~ 'ltl~'l (I DF) "l:;~ (11 ~'l'Clth'l iJUtJ ~ 'l ~'1J (p.:s0.05) b~'Cl L~ ~l':;~iJ n'll'tJ!l tI ~ ~ 'l tI 

~'l~t.l~~n'CliJL~nVi'W Lti'Cl'l"l'lm!l'WL"l!~b~nViuL'Cl~bVl!lfL~~ (PE) Lb~~~'Cl~n'lLL~nVlLnU~ (PG) ~'lLU'W... 

!l'l,",iJl'~n!liJ"JJ'Cl'lb'Cl'WL"ll~ Pectinex® Ultra SP-L "l~tJ'Cltl~'ll't.ll'~n'tliJL~nViulu1e1L(11~1m~1?l L(11t1 

L!l'W1 "l!~L~ nVi'WL'Cl ~ LVl'tl f b l'~ (PE) "l ~ ~'l VI ~ L~ Vi ~!l!l n"l 'l n ~ 'll't.ll'~ n'CliJ L~ nVi U ~') U L'Cl'W1"l! ~ ... 

~!l~ n'l LL~ nVl bnu~ (PG) "l~lflb(11l'1~ivr'Wfi~ln~t~on~ l'~VI~'l'l m(11n'l LL~ nVl bl'Un"ll'Cl'l~'l~t.l~~n'tliJ 
'\J 	 .. 

'iI I II 	 I it I 

L~ nVi'Wvi'l1,ne1b(11~l~L~ l?liJi,)LYi~~'l n~'W LL~~~'l~t.l~~n'tliJ L~ nVi'W~l~ ~ ~~'ltl'l~n"l~Lt.l~tl'Wlt.l!ltJl'W~t.l... ... 
I 'iI I 	 I 'iI 'iI I 

'lI!l'l~'l~t.l~~n'tliJ L~ nVi'W~~~~'ltlil'l1~ ~'l~'l~iJ~~n'CliJ L~ nVi'W~~~~'ltlil'll~uLu'Wif"l4'tl~'l ~'1J~~'1 C.J~ 
I..:;::{ .ct. G.' .... 

I?l'ClL~flmJl'l~~J!l'l!l~~"llU (Akhtar LL~~~ru~, 2002) 

C.J~ n'l~Vl (11~'tl-l~iJ~'l 1e1b(11~1~ L~ I?l~~~,)'l~ ~~~iJ n 'l ~tJ!ltl~~ 'ltl~ 'l~t.l~::;n!liJ L~ nVi'W 
~ 	 ,~ 

79.83 	mg glucose/ g fw (DP 80) ~uliJ iJm~'lrult1'tl'lVl1~Vi~~~1t1il11~~'1~(11!lU'l'liJum~1~'1J 
, ~ 

(p.:s0.05) LL~~iJm~1rult1'tl1V11~Vi1~~~~1tJil1,J'Cltl~ (11!ltJ'l'liJUtl~1 ~'1J (p.:s0.05) 

4.2 .5 m~1r;ub'U~1bbflL'aVi'W 

LiJ~1LL~hVi'WLU'W~'1~rjl?lt1~1 rlrul'W~::;~')'l 4'(11 !l tJl'Wn~~LL~b:i'~'W'CltJ ~1~~ LVI~!l'l 
q... qJ q 

~~ LL~::;iJ~~u~hu'W~1m'tlU~'Cl'ClnonLL(11Uvl (Godoy LL~~ Rodriguez-Amaya, 1989) C.J~n'l~Vl(11~!l'l 
, " , 

~iJ~1 lflb(11~L~ L~ 1?l~:;~,)'1"l::;iJm~1 ruLiJ~1 LL~t~Vi'WLYi ~~'W'tltJ'l'liJUti ~1rl'1J (p.:s0.05) LiJ'Cl~:;~iJ 

n1~tJ'Cltl~~1tJ~'l~t.l~:;n'tliJ L~ nVi'WL~l-.I~'W L(11t1Lflb(11l'L~ L~ I?l~ ::;~,)'1~l'~~iJ n'l~tJ!ltJ~~1t1~1~t.ll'::;n'CliJ 
'" .J' ~.I cI.F-: IV 'i' cI , cI ......... 

L~nVl'W 59.84 mg glucose/ g fw (DP 60) "lI'W ~u "l::;~u~~'lruLiJI?l1LL~ ~l'Vl'W~'1~(11!ltl1'l~'WtI~1~'1J 

(p.:s0.05) C.J~~1~~'Cl(11~~'Cl'lniJ'I1'W14'tI'lI'Cl'l Cinar (2005) ~~1t1'11'W~1 L'Cl'W1"l!~L~nViLU~ b"ll~~L~\;'l 

LL~::;Le1i1 L"l!~~ L~\;'l"l:;tJ!ltl eJU'l L"l!~~Yl"l! Vl11~LL~hVi'W!ltl ~~'1 LU'W~'l ~rjI?l t1~!ltJlU~~!lL~~~ 1\;'l (?] VI~'Cl 
.,. 'lI 	 .. '1.1 

http:p.:s0.05
http:p.:s0.05
http:p.:s0.05
http:p.:s0.05
http:p.:s0.05
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1'Wt'J~'"l~~'JmJ'e)~n'Wn'WLn~nJljmm'e)'e)n~L~-n'W 
J" !:) cv

4.2.6 tj'Vifi[;l1'W'el'eln'ob[;l"i!'W 

~')~'e)'e) n ~YlfYl,)~~'JJl1'W~~ ~Ylf~1'W'e)'e) n:] L~-n'W~'W1J1m-J~l-h~ lJluri ~ ')m~ l-J 

LLrlhVl'W'e)tI£11 ~1m~l-J~(;l13:j'W LL~~~1~U~~n'e)1JVi'W'e)~n e-J~m~Yl~~'e)~'W1J~,) Ld'e)L~l-J~~~1Jm~u'e)tI• .. , " 
~ ~1t1~,)~U~~ n'e)1JL'W n~'W'"l~vi11melt~~l~ L~ [;ll-J~'.b~~ ~Ylfi~1'W'e)'e) n:] L~-n'WL~ l-J;'W'e)th-.1 ~'I!tI ~1~'1.J 

(pSO.05) LL~~1e1t~~1~L~(;ll-J~'.h-.1~~~~1Jm~tl'e)tI~~1t1~1~u~~n'e)1JL'Wn~'W 79.83 mg glucose/ g 

fw (DP 80) ~'Wlu ~~Ylf~1'W'e)'e)n~L~-n'W~-.1~~'e)tl1-.1~'I!tI~1~'lJ (PsO.05) t~tI rh~V1f~1'W'e)'e)n:]L~-n'W 
~lJl'"l1nm~~Lrln~iJl'JtI~fi DPPH LL~~ FRAP 1,xe-J~lu1'WYl1-.1L~mn'W Lti'e)-.1'"l1nL'e)'Wh~L'Wn~L'W~'"l~ 

tl'e)[1'e)-.1 rlu~~n'e)1Jl1h~11J1L'J rue-J,'I!-.1 L"]j~~Yl"]j~~ ~91J~1~'e)'e)n ~YlfYl1-.1~'JJl1'W~~ '1 ru~l-Jllil LU'W~,)~LL'e)'W 

~'e)'e)n~LL~'W"" vh1,x~1~'e)'e)n~YlfYl1-.1~'JJl1'W~nU~'e)tJ'e)'e)nl-J,) (Puupponen-Pimia LL~~rlru~, 2008) 

, 
'W1J~1 n1~L~l-J~~~1Jn1~tl'e)tI~~1t1 ~1~u~~n'e)1JL'W n~'W1 'W 

4.2.7 "lJU161'ellUnl"l• 

",
le:!t~~lm~(;ll-J~,j'J-.1Vl~~~1Jm~u'e)tI~~1t1~1~u~~n'e)1JL'Wn~'W 79.83 mg glucose/ g fw (DP 80) ;'W 

I i.t " I 

lu ~"lJ'W1~'e)~Jl1 rl L~nVl~ ~'e)U1-.1~'I!tI~,) ~'1J (Ps O.05) ~-.1;:hi1'e)-.1'"l1 m'e)'Wl"]j~'"l~tl'e)tI~1~u~~n'e)1J 

l'l,)-.111J1L'JruC.J'I!~L"1!~~Yl"]j lJlLLri ~1~u~~n'e)1JL'Wn~'W L"]j~~t~~ LL~~Le:!3:jL"]j~~t~~ viI1mJl'W'e)~Ll-J'e)f
" " 

"lJ'e)-.1~1~u~~n'e)1J~-.1n~1'Ji'W~-.1 ~-.1C.J~1,x'e)'WJl1rl~'lJ'W1~L~n~-.1 (Zhang, Himmel LL~~ Mielenz,• 
2006) 'W'e)n'"l1n~~-.1'W1J~lle1t~~1~L~(;ll-J~,j'J-.1~L~l-JLtl'W1"]j~ ru '"l~d-l-JrJl'W (DP 46E) ~"lJ'W1~'e)'WJl1rl 
L~nn~1le:!t~~1~ L~(;ll-J~,j'J-.1~1,j L~l-J L'e)'Wl"1!~ (DP 46) 'e)1'"l Lti'e)-.1l-J1'"l1nL'fl'W1"]j,r.]-.1u'Wtu~~'W'"l~"1l'JtI~ ~ 

m~~'Jl-J~'J"lJ'fl~1"l1,:r'W1'W1e:!t~~1m~(;ll-J~,j'J-.1 (Youssef LL~~ Barbut, 2009) 

leit~~1~ L~ (;l~1JlLU'WU'"l9tI ~1 ~'1J~ ~-.1 e-J ~ l'l'fl L~~tI ~Jl1'W"lJ'fl-.1~,:r~-n'W 
4.2.8 1"1 'J1)..J \I\'U 61 

C.J~ n1~V1~~'fl-.1'W1J~,) Ld'flL~l-J~~~1Jn1~tl'fltl~~1t1~1 ~U~~n'fl1JL'W n~'W'"l~vi11,x 

. " " 
"~1~U~~n'fl1J L'Wn~'W~-.1 e-J~1,xrl'J1l-J~1l-J'1n11'Wm~~l-J-W1"lJ'fl-.1~1~U~~n'fl1JL'Wn~'W~~~~ -W1~M~~-.1 eln 

U~~u~'fltl'fl'flnl-J1 vi11,xri1rl'J1l-JVli1~"lJ'fl-.1le1t~~1~L~(;l~~~-.1 (Sreenath, Krishna LL~~ Santhanam, 
" , 

1995) 'Wtl n '"l ') n~~-.1 'W 1J ~ 1 rl 'J 1l-J VI~~"lI 'e)-.11e1t~ ~1~ L~ (;l'"l ~ Lu~ tI 'WLL U ~ -.1 (;l1l-J"lJ 'W ') ~ 'e)~Jl1 rl"lJ'e)-.1 

1e:Jt~~1~L~(;1 ~~~'fl~rl~'fl-.1n1J~1'W~9t1"lJ'fl-.1 Ana LL~~ Cunha (2009) ~ntl-.11'W~1 m1l-JVli1~"lJ'fl-.1 

jaboticaba pulp '"l~~ ~~-.1ml-J"lJ'W1~'fl~Jl1rl m1l-JVli1~~1JlLU'WU'"l9t1~,) ~'lJ~~-.1e-J~ l'l'fl L~~mJl1'W 

"lJ'fl-.1~,:r~-n'W'"l1 n1e1t~n~ L~ (;1 
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..,j ~ ... ~ 'i' '1 ,..1.... 1 .. '1 ." ,
1P11"i1~Yl 5.1 ~n~ru:;L1lYl1:;y\1~Lf'l6JmU1'11Vi"!ltl~ ~[I L~1 ~ftL~I11).J:;).JI')-.ly\).J~11u1::ntl1.JLVinYl'l.J t..I1:::~1.Jm1UtlU~ft1UI111~1 

Sample codes 
Physicochemical properties 

DP46 DP 46E DP 60 DP 80 DP 9S 

Degree of hydrolysis 4S .S9±0.37 4S .78±0.78 S9.84±0.37 79.83±1.16 94.80±O.44 

48.3S
8
±O.73 47.69

ab
±0.41 46.73

bC
±O.20 4S.7S

c
±O.78 4S.78

c
±0.63 

1.77
ns

±0.32 1.79
ns

±0.13 1.94"S±0.04 2.03
ns

±0.27 2.06
ns

±0.27 

32.S1 
a
±.0.48 30.32

b
±O.18 30.43

b
±0.48 29.88

b
±0.10 29.01 c±0.02 

4.49
a
±0.01 3.83

b
±0.02 3.81 

b
±0.OS 3.80

b
±O.OS 3.78

b
±0.OS 

Total soluble solid (oBrix) 18.S3
c
±0.31 18.60

bC
±O.OO 18. 73"bC±0.50 19.13

ab
.±.O.12 19.20

B
.±.0.00 

Total dietary fiber (TDF) (gl 1009 dw) 10.37
ns

±O.17 10.43
05

±O.07 10.32
ns

±0.04 10.34
ns

.±.0.07 10.36
ns

±0.07 

Soluble dietary fiber (SDF) 2.40
c
±O.08 2.46

c
±0.04 3.80

b
±0.04 4.38"±0.03 4.44

a
±0.04 

Insoluble dietary fiber (lDF) 7 .96
B
±0.10 7.97"±0.04 6.49

b
±0.03 5.96

c
±0.04 S.94

c
±0.03 

r.,-Carotene (J,JgI 9 dw) 40. 72
b
±0.52 40.90

b
±0.47 48.59

a
±0.68 48.92"±0.37 48.97

a
±0.24 

Antioxidant activities 

DPPH assay (EC50, J,Jg dwl J,J9 DPPH) 15.93
a
±0.12 15.94" ±0.42 11.45

b
±0.26 10.27

c
±0.19 9.83

c
±0.24 

FRAP assay (J,JM TEl 9 dw) 16.99
c
±0.89 16.86

c
±0.49 25.22

b
±0.82 27.40"±0.94 28.22" ±1 .24 

Particle site (J,Jm) 32.69"±1 .86 13.41 
b
±2.93 11.52

bC
±2.52 9.09

cd
±1 .S3 6.68

d
±0.74 

Viscosity (mPa.s) 317.97"±5.34 289.90
b
±5.43 155.10

c
±2.89 112.60

d
±10.08 96.11 "±4.68 

Color L­

-a" 

+b" 

pH 

,--- .J 
',UJ1tJL"'[;j: v11L'I'l'lJ1\J(Jl111-ldj\Jl'hL~~U±~'l\JL1JU-lL1JU).J1(Jl"~1U 

rhv1'lL~'lJl\JLL\J'lU'1l\J~rh11J~'ltJv1'l'1lm~1Iih~n\Jnl'\'l'l~.m).J"ltJLL(Jlnvh~n\J'1lth-ln'L!tJ~'lp)'1!Y11-l~ii~ (p~0.05), ns hJn~'l'l).JLLl1ln~'l-lnuYl'l-l~ii~ (p~O . OS) 

dw ~'iJ dry weight basis, TE ~~ trolox equivalent 
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n1nh~LiJuflru111YlVll'1t11~~lV1ilJcr~cil("lEJ1fi QoA lucillu~ n~u nl LLfl~. 
Fl'l1l-H1EJtl LilEJ'U'JJtl'lLutVl1Lfl L~ (;Jl-J ~l-i'l'l~;Jfll1t11~n '8tl L Yl nVi U1U1~ ~tl n11U 'ElEJfl fll EJ ~1'11 LVlEJ1i 
" .J , .0;'1 .1 'I ,,~.J , ~ 'i' ~ ,.J ~ 
~V1(;lMltlYltJ1Un11wnwU 10 flU ~VltJ'C'lVl'll?lln..:JYl 5.2 r.nnI?l1n'lYlU'l1 ~lhVl1L'C'lL~(;Jl-J:;l-J'l..:Jm:;VlU 

n11UtlElflfllEJfllUh:::ntltlLYlnViu 79.83 mg glucose/ 9 fw (OP 80) ;ULtI '"l:::i:i~LVlfttl'l LL'C'l~n~U 

l-J:::l-i'l'liVl L"lUn~1111'l:::~UtlUl'1i:i,rEJ~1 i"lry (p~0.05) tJ'C'l~Lcilfltl VlFl~tl..:J ntl Sreenath, Krishna 

LLfl:; Santhanam (1995) ~nEJ'Ilwh L'ElUL'il~LYlnViLUfl"l~'li'lEJtlftltlNflru111Yl"JJtl'lJll-J:;l-i'l'l ~1, , 

l'IXJll-J:::l.h'l;Jam~ru:;t1nnf)cillU~ n~u 1fl~~U t'hulucillun~U1fl LLUflnUfl'Ell-J cJYl Vlfl'Eltl"l:::1~n 
~ " " 

n'l n~u1fl LLU fl mJ fltll-JlcilUl'11uLuLVI t Lfl Lfll?lVl,m::: ~tl n1 tU'El EJ fl fl lEJ fll1t11:::ntltl LYl nViu LLfl::: 

LuLVltLflLfll?ll-J:::l-i'l'l~t:::~tln1tti'ElEJ~'C'llEJfll1U1:::ntltlLYlnViu 79.83 mg glucose/ 9 fw (DP 80) 

;ulu ;JLdtlil-Jcr~L1EJtlLilEJun~11utVl11flLfl(;J~111'l:::~UU1..:Ji:i,rEJihi"ln.! (p~O.05) ;'1fltl"'Fl~'El'lntl 
t.Jf'\'Jltl'l '1lU1VltlU111Fl Uf'\:::l'hfl'lll-JVlilVl~Yltl~l L~tl L~l-J 1:::~tl n11UtlEJ fl fllEJ~ l1t11:::ntlU LVi nViu"l:::• 
• 'I" 'I t 'I'" ....... ... 

.. 
" ,,~ ...


Yll ~VI Lu VlI Lmfll?ll-J'1JU1Vlfl~111I'1L'C'lnfl'l LLfl:::l-Jfl')ll-JVlUVlflVl~..:J U'Elm1nU~V1Vlfl'ElU"l:::lrln[l'l 

n~Ulfll-J:::l-i'l'l~(;J n ~1'11cilulun'C'l1'11ULuLVl1LflL~ I?ll-J :::l-i'l'lYl,m:::~tl nl .U'ElEJ fl fl1EJ fll1UI:::nflU 

lUI:::~tlnl1U'ElEJflfllEJ~1'11 


Sensory Sample codes 

attributes DP46 oP46E DP60 DP 80 DP 95 

b b b a a
Color 6.31 ±1.15 6.37 ±1.03 6.95 ±0.86 8.53 ±0.86 8.56 ±0.73 

Flavor 

c c b a a
Mango flavor 6.46 ±O.42 6.43 ±1.01 7.14 ±0.41 7.90 ±O.72 8.41 ±O.56 

a b b b b
Off- flavor 7.81 ±O.26 6.38 ±O.46 6.52 ±0.31 6.41 ±0.23 6.63 ±O.28 

c c b a 3

Smoothness 2.85 ±O.62 2.98 ±O.34 4.49 ±O.48 7.21 ±O.68 7.74 ±O.74 

a ab 3bC bc c
Aftertaste 6.42 ±1.17 6.24 ±1 .16 5.94 ±O.50 5.55 ±O.53 5.30 ±0.55 

v 1 tl,:J~ OJ
\UJ1m~(;l: V]'Hft'tl UV1111'1l Ufl1lllfttJ+ 'lUlutJ'IlUUmV11f41U. - .. 

Pi1vi'llt'l1l1ULlu'lutlU~(i1t)u~/)tJvi'l'ilnttl'~1'1nuiJfI'l1l-Jll(;1n~1'1nuvmt'l[i~ (p:SO.05) 

http:5.30�0.55
http:5.55�O.53
http:5.94�O.50
http:6.42�1.17
http:7.74�O.74
http:2.98�O.34
http:2.85�O.62
http:6.52�0.31
http:7.90�O.72
http:7.14�0.41
http:6.43�1.01
http:6.46�O.42
http:8.56�0.73
http:8.53�0.86
http:6.95�0.86
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n')')~n')n.I~J;J111LJ;J'11~L~J;Jl-l~l.h-l~')tllt}'u1'll,r~1-ifLth.l~,)LLvl'u1um'1~mn~m~ru~L'UVil~'lI'El-ol 

111LVl'11fll~J;Jl-l~l-h-ol~'ElleJLVl'1L~l~J;Jl-l~li,)-ol~tJmj'Eltl~')m'Elul'll,r Pectinex® Ultra SP-L 2.0% (v/w) 
, ~ .1 .J _. d _ • 

l,)fllnl'1t1'ElEJU1U 0, 0.5, 1.5 ll~~ 4 'll,)Ll-l-ol 'll-ol'Vlnl,)~Vl-oln~l,)l-l'1:::J;JUm'1EJ'Eltl~~lEJ~lnh~nmJ 

l'YmViu Yt1'Elilll-l')ru~'J;JI~~~h'lllVlEJ1h:;l-llru fi'El 45.78, 59.84, 79.83 ll~::: 94.80 mg glucose/ 

g fresh weight (fw) J;J1l-lih~u lrl'ElYi~,)'1rulim~ru~l'ilVil~'lI'El-olleJLVl'11m~J;Jl-l~J,h-3~nl,)::~-3nril,) 

lmtiUlViEJUnULeJLJ;J'1L~l~J;Jl-l::li,)-3~lliL~l-ll'Elul'llll'Viu11 mn~]'J'1:::~um1Ej'ElEJ~~IEJ~lnh::n'Elu 

LVi nViuJ1'JtI L'ElUL'llll'~::'Ii ,)EJ l~ l-lml-l ') rulmlIYtI'1~ fl::~ 'EJ~' 'l'Vl f ~IU'Eltl n~ lVl-nULLfl ::ml-l1 ru 

... 'i'''' • • r;:, ../1 . ~ ... '1 'i' '1
LUJ;J1LLf'1 ~'1'VlU LLJ;J~::flVlu'1l-llru ~tI'El1~I'1'Vl l-l~::~IEJUI 'lJU,)Vl'ElUnlf'1LLfl:;f'1')ll-lYtUVl'lltl~ Lli ~Vl'1 Lfl• 
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Ziziphus mauritiana Lam. 

ENZYMATIC EXTRACTION AND FUNCTIONAL PROPERTIES OF DIETARY 

FIBER FROM JUJUBE Ziziphus mauritiana Lam. 

1~tI U1-3?111'li,TtI\'i'l LL'l-3mn-3 LL~~ 'lfl{.~'l. tI'l1ru 'ii1ULtR'iI-3 

d 
(;\'iIUVI 4 


An1:J1YHl &i n'l'l2Jn1'll.\U~"1l 'iI-3ih:n L ~r,UN LL~~P1 n1:tlIl1'l~vIL'" 2Jl~?l2J 


1.Unl'i?ln~1.tI'il1"'1'l~lnn1nYiVl'l1
• 

LlU.J1:;~l-J1kln1J~n VllEJ'fl1~1J~1nn1 n'1"Vl n~~1k1n1 J~ n Vlii'l:n l~~ LL~'l ~1 n n1J~ n1j1Vi ~~nnl-J 

n1Jl~~"ll'fl-3ii'l:nl~'"lc.J'l Viu11ii'l:nL~9iJVi~~nnl-Jn1JlmHLuu pseudoplastic ~'l14~1EJnU n'lf 

nl-JLl~:;ViU11ln'fl~1J~:;~1EJii'l:n l~9iJm1l-J l-iiwifkl~'l~klLVi'l:;1"i1 pH ~'l~kI ~'l c.J~1,.xy)114'l1l-J~ilVl
~ ~ 

l-J1 n;klll~iLn'fll~l-J ~rn~1Jii~'ltl~1,.x1"i1m1l-J~ilVl"ll'fl'l ~1J~:;~1EJii'l:n l~'"l~ Vl"N ~1~fun1J~n1j1 

111'l:;n1JHltlkll'l1~LVinvhkl~1k1n1J~nVllEJ'fl1~1J91nn1nVi"Vln 1'W~'l'W'lftl'ln1:l"~1-ln1nVi'Vln 

ViUrl11l1'l:;~L~m:;~l-Jl'Wn1J~1'ln1nVim1~tl~1'ln1nVim1cJhEJJ11U~(;]J1~'lUn1nVi'Vln(;\'flJ1 

1:2 91U'lU 3 14¥'l ~1mrU~mil1l1'l:;n1J~n(1JlEJ'fl1~1J91nn1nVi"Vln ViU111l1'ln1nU~n(1J1t1• 
tl1~lJ~L~l-J1:;~l-J~'fl n1J~n(1J~'lmt:l'Wl'l1~14'l1~Lif~-iikl 2.0% (v/w) L(1JEJ~1l-Jl'j"ILLU'lJ:;"'Un1J"'(;l 
oKUfi:;lnfltl4:n~'lIt:l'lVitl~ L~ tlflkln1 nVi"Vl11 ~'lEJL'flul'l!~~tlJ:;LiiU'"lln I"il"lltl'lJ1(;]1fl1~'l'll1~LtlkI 5• 
J:;"'U~tl 1.01, 17.79, 19.29, 22.61 Ll~:; 23.98 mg glucose! g fresh weight t(1Jtl1-ifL'l~11'Wn1J 

utltILvhnu 0, 0.5,1, 2 LL~~ 4 'lIl-J. (;]1l-J~1"'U LL~:;ViU11J:;tI:;L'l~1n1JUtlEJ 4 .ft''ltl-J'l ~'ltJfllm~ 
tIhnrn1t1tl1~1r~:;fl1t1~1l-J1 nnrl1J:;",u~'WtlU1'liJl!EJ ~1~'1! (psO. OS) r.nmr'Wl~l-J LtlU1'lI~~'l1tl 

rn 9Vl~tlmBmn1Jutltl~~1UL~l-J~EJ(1JU'l ViUrllilll-JlrnJlm~1~'liilI"i1~'l~'WUfl~~l-JR-l~~• ';,J. ... 

J:;U~L'l~1n1:l"Utltl~~1t1 6 'lIl-J. '"l1nmJ"VlVlfl 'fl'l9:; 1~t1'fl1~lJc.J'l~ilJ:;"'un1'j''''VloK'Wfi:;ln~tR:nfl 

~ r ~ ~ ~ 
L'fll.H'lIl-J1'l'l1l-JL"lll-J"llkl 2 .0 % (v!w) LU'WJ:;t1:;L'l~l 0,4 LLfl:; 6 "Ill-J . 

• 
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tJVlUl 

L'V1nViLu~dJuLtlU1'i1lfYl~n~1-Dlu'el[iJ~1YlnlnJmlmJrnJcrnLL~::c.J~1l'i ;~L'elu1'i1lfL'V1nViLu~. .. 
lTnHi')~ntJL'flu1'i1lfL'iI~~L~~ll~::Lel~L'iI~~L~~ L~'Cl-rhmJfuuNUr:::~YlfiIl1~1un1r~n~LL~::L~~

" " . 
c.J~c.J~[iJ L~'flUfUUl~'1tuIl1'V1c.J~[iJJituei Ylr'ClL~'Cl~~~')Un1n~~ t~m'Clul'i1lf'"l:::f!hEJEj'flEJYl'fl~LL'iln 

f'l1f11~1ut5'(;lCl~UYl1'tlt5'~~~lillumlLLulrucrnLL~::c.J~1l! (LnEJ~~" ~~~~1~~, 2551; A1korta LL~::: 
1 "tI " 

Rtu::, 1998) ~1YlftJnl'lHfL'flul'l1lfL~nViLU~lunl::U'lUmrc.J~(;lJ1c.J~WJU'"l::-n'lEJL~~m~ltuJ1 

c.J~1,j~ ~n ~1~ 1')~vT-3~1rn ~ur~ L n'fl-3"1 nnlr~ n~J1c.J ~ll!t~ m~'')lu~1.jff)fin11UU~~Vll-l 
mEJ1l1'V1 "::L~~~u~')tlm'1vi11~Ln'tl L~'tlluc.Ju~ L'lI~ft1in"1~LL~::vi11~Lftn~-l c.J~e.J~ m ::~U'tltin1J.. 
LLNti~LL~::~mitu:::Ln'fle.J~ll! f'l'"l1~'ti'flULLri R'l1~~~ t~m)1L~'Cl~~tr~LL;]-l c.J~1l!'ti'ClU '"l:::~n~~'ltl 

I "., " 

LLNn~'t~~lt1 LL~n1e.J~hiil~~n-3'fl~ nl1utJti~,,:::1~lhUfltl ~-3,rUn11H'L'flu't'lllf,,:::-n'ltl1~~1l1. . 
· ~1n~ut~tlL'flU1'11lf'"l:::vi1\-1U1~vi1~lmn'flL~'flL'lI~fte.J~'tl! vi11mf'lN~~1~l'il~ft'ti'tlU[;]') Ln~ml 
U~~Ufi'tltl'll'fl-lLYl~,)LLfl:::ufi'fltl'fl-3rlUl:::n'fl1J~1A'ru L-nU Nf'l1(;lml~:::~111~n~Ul~ U'fln'"l1mrU 

w • 

L'flu't'lllfl'V1n~LuMl-ljJuVlU1Yl~'flf'l,)1~1~'TI'fl-3J1m~'t,j~'ltl Ln'el-l'"l1nm:::U,)U01'1c.J~(;lc.J~'tm~ jJ 

,TU[iJ'flUn1 1LLtI n t1l::: n'flULL'lI,)U~'fl EJ'lI'fl~ m n ~U L'lI~~ t~ ~ 'fl'fl n 1u t~ til'll ~ ftLL'lJ'lUfHltl"ll'fl-l 
" 

R1fLu'tel Lm(;l;~ d1u1~~~LYl nYiuLLfl:::L'II~ ~t~ t1l 'fl1'"l 1'l~[;]'lnUtU'1~U"::: LLEJ n,;)') tI~fim rn'1'fl-31';)m n .. 
111-3 t1um1HIL'flu't'illfLYlnVi LU~Ju,,:::'tu'li'ltlti'tltl~~1t1~1'1L~ n~'W1~Ltl Wfl'tl n L~'Cllm~ L~ n~. tUl~'W 

'. 

LYl~tJ-lLLEJnt1l:::n'tlU'fl'eln vi11~J1m~'t,j~'t~jJf"l'l1~1~~1n~u (U'11ru 'ti1ULtri'el-l, 2547) il-l1U~4'tJ~ 

~n1i1n11H'L'V1 nVi LU~1um'1LLU1"1U crmL~:::c.J~'tl!l11-ln.. 
Sreenath, Sudarshanakrishna U~::: Santhanam (1994) ~n1i1m'1c.J~[iJJ1~UU:::1~t~tJ 

liL'flul'l1lfL'l!~~l~~u~:::mn~iLut1l t~tlHL'tlul'i1lff'l,)1~L;r~;ru 0.025% '1:::tJ:::L,)~1m1ti'tlEJ~~1tJ 30 
" 

U1Vl ~'flruYlll~ 27~30°C 'V1U'11ill~1tuc.J~c.J~(;l~1~Yl~-l'"l1nn11H1L'flu't'l!lf~-ln-lr'fltl~::: 81-86;-3. " " 
~1nn'hJ1~utl:;r[iJ~'t~HL'flul'l1~~1~ill~1tuc.J~c.J~(;lr'fltJ~::: 72% 

Brasil, Maia LLfl::: Figueiredo (1995) ~mi1n1'1c.J~(;l~1~#-3t~tlH'L'flul'l!lfL~nViLU~ YlU~1 

Lrl'fl L~~ '1:::tI:::L')~ 11un1'1ti'fltl~~1EJ'"l:::cl-.1 c.J~1~ill~1tuc.J~ c.J ~ [iJ LL~:::ill~l tu'lJ'fl-.1 LL ;J-.1~~:::~ 1EJ1~ 
... I'" • 
vl-3\-1~~LVi~~u cl,)U~1f'l')1~YlU[iJLL~:::Fh pH ":::~~~-.1 t[iJtlll')'):::VlLYl~1:::~~lun1'1c.J~[iJ ~'flHl 

L'flU't'll~Fl'l1~L;rmJ'W 600 ppm ~tltuYlJJ~ 45°C LiJ'WL,)~1 120 U1Vl ~-.1 c.J~1~~ill~1tuc.J~c.J~[iJ'lI'fl-.1 
Jl~f~~l~~~t1~~'flEJ~::: 84.70 

" 
Alvarez LL~:::f'ltu::: (1998) ~mi1111'l:::~LYl~1:::~~1'W01'1c.J~t1lJ1LL'flULtl~t~tJH'L'tlul'i1lf 

L'V1nYiLU~Fl'l1l-Jlif~if'W 0-400 ppm '1:::tJ:::L'l~1n11ti'tlEJ~~1t1'W1'W 2 -i'lt~.,] ~tltu\-l1J~ 55°C 'V1U'11 

http:L~'tlluc.Ju
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LUmmrtl-lth''lU 

Bhattacharya LLft:; Rastogi (1998) ~m:tl~ft'll'tl-lc.Jft'lltl'lf1'lllJL-lll-J-llU'll'Cl'lL'ilUL'l!l!" LvmYi 

LU~ r::U::L'lftl1Un1HjtlU~ftIU llft:;tlru\Uli1 t;j'Clrh~m:tru:;mrLYlft'll'Cl'lli1'Cll-J:;l.h'l YitJ'h f1'lIl-J. .. 
Liil-J;JU'lltl-1 L tlUL 'l!l!" ~ruYl1Ji1lLft:;r:;U:;L'lftl~lflumni1tJ!lmm ilc.Jft t;jtlYi ~~mrl-J n1rLYl ft 

X ,~ .J": " " ~ ... l ' .J 'I"'lltl'llWell-J :::lJ'l'l LI1l ULl-J tl L Yi l-J f1'lllJL 'lll-J'll U'lltl-l L 'ilU L 'l!lJ LLft :::r:;U:;l'lftl Un1rUtl U~ ft lU r1-1 c.Jft LYl 

~m:tru:;mrLYlftLlUU Pseudoplastic ftl1lft'l Llft:;iI~m:tru:;n1rL"'ftln~lfiu'lnu Newtonian l-Jln 

X 
'lJU 

Rastogi LLft::: Rashmi (1999) Pin1:tlc.Jft'll'il'lf1'lIl-JL;Jl-J;JU'lJtl'lLtlu't'l!l!"LYini;;LU~LLft:;r:::u::: 

L'lftl1umrutlu~ftlUt;jtl~n1:tru:;'lltl-1Jll-J:;,j'l'l YiU~If11'l:::~L"'l-Jl:;~l-J1Un1 rc.J~ I1IJll-J:::,j'l'l ~'il 
n11H'LtlUL'l!~LYini;;LU~Pt'lllJL;JlJ;JU 0.14% (vlw) r:::U:::L'lftl1un1njm.J~ftIU 46.67 U1V1 ~ 

~ru"'1Ji142°C ~-lc.Jft'li'lm~lJtJr:;l-Jlruc.Jftc.J~I1I'lJ'il'lJllJ:::,j'l-llJlnn~l~tlUft::: 64 LI1lUJll-J:::,j'l-l~Lth' 
ilrt'lllJl~L~lJ~Ul-Jlnn'h1tlUft:; 71 ml-JlruLLtlftntlil'ili~hjft:::ftluJlftl1lft'lii'ilun'hTtlUft:; 2 LLft::: 

" dOl ..,. 

rt'lllJYlUI1l'll'il'lUll-J:::l-J'l'lftl1lft-lU'ilUnrll 1850 cP 

Landbo LLft:; Meyer (2001) Pin1:tlnl1H'n~l.J'll'il'lLtlUL'IllJ1un11~nl1l~lrtJr:::ntlUW 

U'il~nr.nnn1nLLiif1Lf1tlLruvr~LYl~'il91 n n1rc.J~11ILUUJlc.JftL~ YiU~11uYl nlL'ilUL'l!~Ju~ll-J1rI.lUtltl 
fl:::ftltlc.J,xWllftiYi"llLth' llft:::YiU~In111iL'elUL'i!~Grindamyl pectinase 9:::~-1c.Jft1,n~llil-Jlru 

~11tJ1:::ntluYlU'il~n\1'l~~11l 
AI-Hooti LLft:::Plru::: (2002) ~n1:t1f11'l:::~ml-Jl:;~l-J1'Wn1rc.J~(;lL'l!rtJr.nne.Jft~UYlc.J~l-J Ll1ltlL-n 

LtlUL'Ill!"LYini;;LU~LLft:::L'liflfjLftfl 0.5 1.0 LLft::: 2.0% (vlw) U'ilU~fllUU1U 24 i'lLl-J'l ~~ruWJi1 40°C 

, 1 .... I-J~., 1" ~ ....... ~ .1 L" ~ ... ~ ,
a <t
YiU'l1 'li1uYl LVl91nn11 "lIL'ilU L'lllJlJu1lJlru'll'il'l Ll'll'lYlfl:::~'l1U I1lYl'l"'l-JI1l~'lI.l'lr'ilUft::: 68 'Ii'll-JlnWn 

" .... 1.1" '1" ~ ....1 .... ~ a .1 If " ~" ~ 1 " '1 ... '" L'lIruVlLlJ 'IlLtl1.JL'lIlJYllJurl-Jlru'tltl'llL'll'lYlfl:::ftIU LI1lYl'lYll-Jl1lrtlUft::: 35 U'Cln91nUUm1 "lILtlU L'IllJtI-1 

'll'lUPI-1fim:tru:::~LLfl:::n~urflfinlJ'i!I~'lltl'l~UYltJfilJL1tth' 

Barros, Mendes LLft::: Peres (2004) Pim~nn11liltlUL'lIl.J1unal-JLV'lni;;LU~lun1rc.J~I1IJI• 
,J:: • .J -.!:.d ~ d " 

L 'lItlrnLft:::U 1 ~utJ :::111l YiU'lIf11'l:::Yll'" l-J 'I::: '(1Il-J 1umrc.J ft (;lUI L 'tItl nLLft:::u1~utJ::: rl1l PI'il n111'll 

LtlU't'll~rl'l'llJL.jfl-J.jf'W 20 mg/L 1:;U:::L'lftln'lrUtlU'(1Iftlt1U1U 60 U1V1 ~~ruWJi1 40°C ~-1c.Jft1~~1 
L'lltl f1LLft:::~1~utJ :::rl1l iJ PI'l 1 l-JYl UI1l PI 'l1l-J'Il U LLft :::tJ1lJ 1 ru '(111 H V'l n ~U ft I1l ft -1 LLfl:::'ll 'l til~ lJ• 

~ .1 ., .,. ~.Y "L '1"'-
Rai Llft:::Plru::: (2004) f'ln1:tlJll'l:::Ylml-Jl:::fll-J LUn1H·Jftl1ll.n~l-JL'l!'l I1lmmJL'lIJ..JLYinYlLU~ 

YiU~1 L~tl L~l-JPl'l1 J..J L-nJ..J;JU't1tl'l L tlUL 'lil-i"LLfl:::'Cl nnlf1i1 ~'l c.J ft1~~I?lJ..J Li'liJ Pl'l1l-JYlUI1lLLft:::mJ..Jl ru. " 
Ci .J'1 ' ~:: " COlI ..;, ~ .J 

'lltl'l LL'll'lYl LlJft:::ftlU1ULLflftntliltlftftl1lft'l LLft:::Ul?llJL'tI'lJ..J Pl'l1J..J1~LYil-J'llU LI1l tlfll'l:::Yl LYlJ..Jl:::~J..Jlu 
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... ..1 ~ 
MnEJ 99.27 l.ITVll'l~ru\-l1Jl,J 41.89 °C 

<;inar (2005) ~m~1~~'lI'fl..:l1'l,)1l,Jl;Jl,J;JWlI'fl':) L'flul'l1lfL '11 ~~LfH'l LL~::L'flul'lllfmnvhl.I~ r,)l,Ji.:) 

r::tI::l,)~1n1r~n~LLI'ItrYlU'atl~"l1mtl~'fln~l,J lJUll'l PI LL~ ::LLI'I1'fl1'l ~tJ'i1Ld'flL~l,Jf'l11l,JL;Jl,J;Jl.I'lI'fl':) 

L'flul'l!,r"l::'1htl~~r:;tI:;L,)~11l.1mr~ rl~ LLf'ltrYlU'fltl~4l1mtl~'fln~l,J lJ"U.Ll'If'I LL~:; LLf'lr'fll'llc1l ;.:) 

m1L~l,Jr::tI:;l1~11un11~n~LLf'lt1YlU'fltl~"l1mLf'l1'fl1'l,rU4l::~':)~~1,rtc1lml,J1ru LLf'lbYlU'fltlc;) 

mnn~1m1L~m.fi-l,J1ruf'l,)1l,JL;Jl,J-nU'lI'fl':)L'fll.lL'l!lf 

Lee Ll~::;l'Iru:; (2006) ~m:t1C.J~'lI'fl':)1'I11l,JL;Jl,J;Jl.I'lI'fl':)L'flUL'lllfL~nl1LU~ r:;tI::;L'HnLl.Im1 
" , , 

ti'tltl~~1t1 LL~::;~ru~1Ji3 j;)'flim~ru::\hn~')tI ~tJrl1L;j'tlL~l,J1'I11l,JL;Jl,J;rl.l'll'fl':)L'flUL'IllfLl~:;r::tI:;L1~1 

Lumnj'fltl~~1t1 ri':)C.J~1,xJ1n~')tI~lc1l~1mnlm'fl.:)lc1l~1t1;u LL~::;iJl'I,)1l,J1~l,J1n~l.I t~tI~f'l,)1l,J 

~ll!1lLL~:;'liu'll'fl':)~1n~1u4l::;iifi1~~~':) ~':)1l11::~L~l-J1:;~l,Jll.1n11~~(;lJ1n~')u fi'tlmrHLflul'l!lf, 

L~nViLl.I~1'I11l,JL;rl,J;rU 0.084% (v/w) 1:;tI:;L,)~11umrtimJ~~1U 80 U1Yl ~mU~1li143.2°C , " 
Sun U~:;l'Iru:; (2006) ~m~11l1')::mrH'l'iluL'l!lfL~n~hu~lun11C.J~(;lJ1LLI'I1tll'l 't'ItJ~1 

1l1')::;~ml,J1::i'll,J1l.1n1r~~(;lJ1um1'flYlfi'fl n11H'L'flul'lllfL~nl1Lu~I'I,)1m-nl,J;rU 100 milt dJl.I 

1:;tI:;L,)~1mrEjfluMnEJU1l.1 80 U1Yl ~flru\-llliJ 45°C pH 4.8 ~..:lC.J~11X1c1lml,J1ruC.J~C.J~~'lI'fl..:l J1 , " 
LLl'lr'tll'll-l1n nr)1rflU~:: 63.5 ihJhnCULtJ(;l1Ufl LrYlUl-l1nnrl1rfltl~:; 63.4 79 LL~::iJI'I11l-l\-lil~iifltl 

nrl1 2.128 cP 

Sakamoto LL~::flru:: (2006) ~m~nm1H'l'fll.ll'lllf 18 'l!il!1l ~n!1l1um~114l1n burdock 

roots LL~:; bamboo shoots VitJ'i1L'flul'l!lf Cellulosin ME Yhltnu'fl1l-11r~lc1lihn'fl~l,Jcr~tl'flU~l-l 
;Ul-nn~~!11 ml,Jc11,)tI Pectinase tt'ltlHI'I11l,Jvifl,J;JWlI'fl':)L'fll.lL'll~ Cellulosin ME lu'll1':)1'I,)1l,J 

L;Jl,J;JU 0.02-1.0% r::tI::L1fnmrvhtlnmm 20 U1Yl ~tJr)1f1')1l,JLL;':)'II'fl..:llEJml-l1r4l1n burdock 

roots LL~:; bamboo shoots ~!1I~':)'flti1..:lr'lt'lLr'l LL~::;4l1nn1rHL'flUL'Dlf Cellulosin ME ll.1m1i'lrlt'l 

luml-l1r burdock roots VitJr)1i')m~l,Jlufl1l-11r~::~1'CJL~"l1nr'tl'CJ'Ci:: 0.9 d]u r'tl'CJ'Ci:: 1.4 

Abdullah U'Ci::fl ru:: (2007) ~m~11l1'l::;~L~l-l1::i'll-llun1rl.jfL'tl\.lL'l!,rLVi nViLl.I~C.J~ (;lJ1 

).J::L~'tl..:l VitJr)1Ld'tlL~).J fI,)1l,J L;r).J-nU'll'fl..:l L 'flU 1'lI,rLL~ ::r::EJ:;L,)~11um1ti'tl'CJ~ 'Ci 1t1 ~..:l C.J 'Ci 1,x~1l,J ::d!l'tl..:l 

iJfI,)1l,J'liu~t'l~..:l iJ f'l,)1).J1~'H~l,J;U LL~::;iJfI,)1l,J\-lilt'l~ !11~':) tt'l'CJ1l1,)::~ L~l,J1:;~l,Jlum1C.J~ (;lJ1, 

~.. 1"" ~ ~ " " ..I... ~ ).J::;Lnfl..:lf'l'tl n11 'lIL'flU~'lIl-lL~nYlLU~fI,)1).JL'lIl,J'IIU 0.10% (v/w) Yl~rul-l1Jl-l 30°C LlJur::;U::L,)~1 20 
... 

l.I11'1 

Choudhari LL~:; Ananthanarayan (2007) ~m~1~~'lI'tl.:)fI')1l-lL;rl-l;rU'll'tl':)L'flul'l1,rL'l!~~L~i'l 
• 	 LL~::L'flul'l!~LVin&lLUi'l r'll-li..:lr::EJ::L,)fnn1ri'lnt'l1~LflY4U4l1 nl-l::L;'tl Ll'IPI ~tJr)11l1,)::~ L\-ll,J1::~l-llu 

mr~nt'l1~Lflwu4l1nl-l:;L;'flLl'If'lfi'fl mrHL'flul'l!,rL'll~m~i'lL;rl,J;rU 6.0% (w/w) LL~::;L'tlul'l!,rL't'InVi
" 

http:m~11l1'l::;~L~l-l1::i'll-llun1rl.jf
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LUf\L1Il-Jiiu 0.5% (w/w) ~'1~~lm~ml-Jlru1~LPlYiUL~l-J;U~'1~(1l 96.33 J,lg/g LLft:; 90.6 IJg/g 

[;1'l-J~'~U LLft:;ViU~'1:;U:;L'l~11un1nj'tlU~ftIU~'1tJftl~illl-Jlrul~LPlYiu~f\rl(1l1~iJfllrnl'1rlU L{;ltJ 

1:;U:;L'lftl~1~illl-Jlrul~LPlriUL~l-J;Uf\'1 f\Vl ~'YlfUL'tlu1'll,rL'll ftft Lftf\ LL~:;L'tlu1'll,rLVinVi LUf\~'tl" . .. 

1 . 1LA'5"I::~'ViC}~n'5"'5").Jn1'5"'~~ 

L[;1~Ul-J~11~:;~luii'l;L~"'lL;rl-J1IU 5%, 7% U~:; 9% L(1lU~:;mtJi3'l;L~"'ltJ'Ilu~lniu Lnu 

~ "..I - ° ~ ~ ~ ~ 1" - - ­~11ft:;~IU ~'lVl~ru\UJl-J 4 C LuUL'lftl 12 "Il'l Ll-J'I LV1'tl Ylf\I~fl:;ftlUl-J'l'llLft"Ln{;ln11 hydration 

'tlth'lf\l-J\!~nr UIl-JI~m:tIVi'l~m'1l-Jn111Ylft LmUULYlUUrlUrl'lrll-J (PI'lIl-JLifl-J1IU 0.5%, 1 % LLft:: 

2% L{;lUfl::;ftlUrl'lrll-Jlu~lniu LnUf\I~ft::;~IUH~flru~lli3 4 ° C LtlUL'l~1 12 .ft''lLl-J'I) LL~::;LL'nU. .. 
LLVlUrll-J (PI'lIl-JLif).J;ru 0.5%, 1% LL~:: 2% L(1lUft::~lmL'llULLVlUnl-Jlu~,niu LflUf\I~~::flIUH~ 

~ru~1Ji3 4°C LtlUL'l~112 -B''lLl-J'I) ~'lmPli'8'1 Rheometer L(1lul-nf1''l::;~~(1lLLt.1~''''''nf1''l::'!I'tl.., 
Medina-Torres LL~:;F1ru:; (2000) ~'ll-J~'1~m:tI;aVlfiV1~'1I'tl'lR11l-JL1fl-J1fUFI'lIl-JLtlum{;l~I'1 (pH 

3 - pH 11 L(1lutlfUf\I'1ft::fllul~iJft'lIl-JLUUm(1lal'lEJ 0.1 M U~:: 1 M acetic acid LLfl::t.1fu 

f\11ft:;ftIEJ1~iJFI'lIl-JLtluvh'lal'lU 0.1 M LL~::; 1 M NaOH) LLfl::;'flruYlf1i3 (25°C - 75°C) rn'flfh . .. 

2. film:i1f111::n1'i1.iL'ElUL'lfJJL'VinViLU~ (Pectinex Ultra SP-L ®, 10292 PGU/ml) 1.um'i~n(1l 

1.tJ'ClI~1'i'" n n1 n'ViVl'i1 • 

~'tl Pectinex® Ultra SP-L (10292 PGU/ml) ,TuVI'flULLm~If11'l:;nl~~I'1n1nVi'VlnL~'tl1,n~n1n• 
V1ml~u1f\'Vlif LVlmLtl191U'lUPI¥'11Un11~1'1n1nV1'Vln'tl'tlmllu 5 ~:;~U~'tl 0, 1, 2, 3 LLft:; 4 Rf'l 

... " " 
~1'1mnV1'Vln~1UUI1utflVln~'lUmnV1'Vlnt;i'tllh 1:2 1LFl11:;t.lml-JlruuIV11ft1~h'lfVlIl-Jijfi"lltl'l 

Nelson (1944) tlVlfh pH ijLml::;tfilll-Jlrum(1l~'1~l-JVl1ult.1"lltl'lmVl;[;11nml-Jijfi'1J'tl'l AOAC 

(1995) LL~:;1LFI~I:;t.lml-Jlru'!l'tl'lLLii'l~'1~l-JVl~~:;~lulal~'lU Hand Refractometer lum.bu °Brix 

'Vl(1l~fl'l 3 ~1 'l1'1LLt.lUn11Vl(1l~MLLUU CRD ijLml:;t.f;r'tll-J~L(1lu1-ntt.1nLml-JPI'tll-JYhL(;lflf~'Lr.,nJ
" " 

_r:! "" " ..I ~ 1-..0SPss Lu~UULVlUUR'l1mL[;1n[;11..,t1'tl'lflIL'il~U L(1lU 'll'lfi Duncan's New Multiple Range test Vl 

~:;~UfI'lIl-JL~'fl,jU 95% Yl «'I91 mrUUIn1nV1Vln~Hll-JIL~l-J~11utflVln~'lUnlnVi'Vl~IC?i'fl~' 1:2 

• vht.1DmU11u'1J'lVlLU1'l~"lII'llUI(1l 500 iJfl~~Vl1 LLUU batch ~~ruYl1JiJ 32±2°C n'JlJ.!:.Jf\l-Jal'lU 

F1'lIl-JLr'l1flU 100 ffiUrn'tlUIYl LLt.11P1'lIl-JLii).JiiU'1J'fl'lL'flul·ufdJU 7 ~:;~U~'fl 0,0.5, La, 1.5,2.0, 

..I 
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2.5 LL~::: 3.0% (v/w) Ufl:::LL1.1n:::EJ:::L'Jflln1n1l1.1nnhmilu 9 ~:::(;)tJR'tl 0, 0.5, 1, 1.5 2, 3, 4, 5 

LLfl::: 6 i'Jll-J~ ~tJ~1.1nmmL'elU't'lll-J1~EJ1,xrl'Jll-Jr'tlU~~ru\.uJn 100.±.5°C djW'l~lU1U 5 U1V1 

"llmrU'~;11,xd1UL~tlL~EJ'lnuJi")EJLfli'tl.J Hand homogenizer ~Wnl-JLn 16000 ~'tltJt;i'tlU1V1 U1U 

3 U1Yl ~Lrln:::lh.fil-Jlru"ll'tl.JLL;i.n~·.J~l-J~~~:::~lEJ'tJi' (TSS) Ji''JEJ Hand Refractometer lu~tl'JEJ 

°Brix 1'~~h pH ~'lmfl1'tl.J pH meter LL~:::1lfln:::lfml-Jlru~1(;11~1~h'lf (Reducing sugar; RS) 
~d ..J ~.J d ~ ........ 

IW1l-J'Jfi"lltl.J Nelson (1944) V1'Vlnl1l'l:::n1~V1~fl'tl~ 'il.Jl1l'l:::V1L~tln"l:::Yl"ll~rul"llm:::~tJnl~lfl~. . 

~ufi:::ln~lrl=n~"lltl~l1'tl~Ll-J'tlfnlnl1V1n llflEJ1.1~:::LnU'"llnfil'lJ'tl~~1(;11~1~h'lfLilu~~n V1~~tl~ 3 ~l• 
'll-llL~Un1~'VI~~'tl~UtJtJ 7x9 Factorial 1ULL~Un1~V11f1fl'tl-l CRD 1Lfln:::lfii'tllJ~1~EJ1-ifl1.1~uml-J 

fI'tll-J~,)Llfl'tlf~lL1'"l~1.1 SPSS LmEJtJLYlEJtJfI')ll-JUlflnt;il-l'lJ'tl-lfilL'U~EJ1~EJlir)fi Duncan's New• . . _ ,. .d...... 
Multiple Range test 'VI~:::~tJrl'llm'lltll-JU 95% 

Ull1l'l:::~L~'tln'tUll-J1Pimjltl(;lnnl~ti'tlEJ~~lEJJi''lEJL'tlU't'll~ t~EJn1n~l-JL'tlu't'll~L~l-J~~'tU 

ru "l'l~1.1nmmn1~ti'tlEJ~fllEJLil-J~tJ~ti~ t~mL1.1~~:::EJ:::L'lfll1unlnh1.1!imEJ1 LUU 8 ~:::(;)tJ~'tl 0, 

4.5, 5.0, 5.5,6.0, 7.0,8.0 LLfl::: 9.0 i'ltl-J~ Ln'tl'tJi'111'l:::'il(;1rln1rti'tlEJ~fllEJLil-Jrl\J~iiL~l-JLtlul'1!~ 

fl~'t1.1~ n L"liUL~l-J t~ml1.1n:::EJ:::L'Jfll1umnh1.1nmm t;itl11.1 ;~9:::ViwrlUL~EJ'J nU~'"lUn1l9:::'YitJ1l 
1.1n mm d'l-J~tJ ",ti~hiiJ n 1~ti'tl EJ~ fll EJ Lnlfl~ULL~11'"l::: L~ l-J L'tlU't'l!l!fl~ 'tu~1'tlL~ l-J r:::EJ:::L'lfll m ~titl EJ 

~~nEJn(;lll-J 1Lrln:::lfml-Jlru'll'tl~LL;j~~fl:::fllEJ1J1 (TSS) Ji''lEJ Hand Refractometer lu~tl'JEJ °Brix 

1'~l'h pH J1'JEJLrli'tl~ pH meter LU'l:::1LfI~1:::lfml-Jlru~1(;llfl1~,)'lf (Reducing sugar; RS) Ul1l-J1fl 

'!J'tl~ Nelson (1944) t~EJ~91HUl111'l:::~L~l-J1:::~l-J'"l1m:::(;)tJn1~ti'tlEJ~~1EJ~1.1~:::LnUr.nnfil'lJtl\J 

~1(;11fl1~'l'lfd]u~~n V1~fl'tl~ 3 ~1 ,)1-lLLtJun1~V1~~tl\JLLtJtJ CRD 1 Lfln:::lfiitllJfl t~EJ1-ifl1.1mml-J 
fI'tll-J~'lL(;l'tlf~lLr'"l~1.1 SPSS LmEJtJLYlEJtJfI'lltJLLlilnt;il\J'!J'tl~filL'U~EJt~EJlmfl Duncan's New 

" 
Multiple Range test ~~:::(;)tJFI,)ltJL~tl,rlJ 95% ~~~91n1Lrln:::lfVll~~[i~;~1.1~:::d'jU9lnrh'!J'tl~ 
l;' ... ~.." ., ~ ~ ..J ...J dO "" ~ ... ~ 'I 
Ul(;11fl~~'l'il'"l::: ~~Iil,)LLVlUl1l'l:::n1r~n~V1mtJ1:::~tJ lJll1l'l:::V1 L~'tl n ~~l-Jl'JLrln:::~u1tJlru LEJ'tl1~l~ 

l;' 1 " . l;'~... d .. ~ 1 ..J
fl:::~lEJlJ1LLfl::: EJtl1~1ntJfl:::fllEJlJ1 I'Ill-J'lfi'!J'tl~ AOAC (1995) LVi'tlL~'tln111'l:::n11~n~ EJ'tl1~l~V1 

ml-Jl:::~l-J~1«lEJ'tll~lrfl:::~lEJ~1~\J~~ 
OJ • 
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1. An~nV'iqG1n'.i'.i1Jn1'.ilW~ 

1.1 :aVlfiVi~"lI'tl.:jf\'l11J~i1Jiu (Concentration effect) 

, 
~ll'lUrl~ ~-l11U-l1U'tI'tl-l Medina-Torres LLfl~Plru~ (2000) ViViU~1l'l11fl:;fl1ui1'l:nLfl991n Opuntia 

ficus indica PI'J1lJL;r~;r'U 3% i'JPI'J1lJ'I-lllC;)lm~\~u~rlUl'l11fl~fl1mL'l!'ULLl'I'Url~ 10% LL(;iLdtl~91n 

i1'J:nLfl9~1~'"l1n~'1111i1-l'l!il(;)rl'U'"l~i1'thlrlU1:;n'tlU1'I1-lU;1i'J~LL(1lnI1i1~rlU fin~-lU~i'J~~~L:n-l'\,lU1~ 

LL(1lnl1i'-lrlur;Y-l~~mt1~,;r'-l(;]U r;Y~t!u1u~1u19ui19~1~~VlLLU1~Jl1'J~m1l'lVlfltl~1~L'I-l~1~~~ L~'tl 
~mt1tll'lflVi fl'tl tl-l Pl'J1~ Li~;rul1i'tl PI'l1~mllVl'tl'tl~l'l11fl ~fl1Ui1'l~ Lfl'"l Lmuu LViEJU rlU rl~l'I1-l n11PlI 

~tl rl'lfrl~HLfl~LL'l!Ulll'lUrl~ LVlEJ'"l:::LLUTPI'Jl~l;r~;rU'tItl~l'l11fl~fl1ui1'J:nLfl9 l'l11fl:;fl1EJrl'Jfrl~LLfl~ 

~11fl~fllmL'l!'UlLl'I'Url~1'UPI,)I~l;rlJ;rU~ll(1lnI1iT~ rlU ~-.1i1~tl l'l1Tfl~fl1EJii'l:n Lfl"'l PI'lllJ L ;r~;ru 5%, 

7% LLfl~ 9% (w/w) fll1fl~ftlUrl'lfrl~PI'JllJL;rlJ;rU 0.5%, 1% LLfl::: 2% (w/w) llft~l'l11ft:;fl1mL'IIU 

Ul'IUrl~Pl'JI~L;r~iu 0.5%, 1% LLfl~ 2% (w/w) r,nnn11~m:nVi~~nTT~n111'1-lft'tltl~l'l1Tfl:::ftlEJi1') 

:nLfl"'lLulEJ1i Power law model (Ostwald-de-Waele) ~1U1EJVi~~mnm1Tl'1-lfl Lll'l(;)-ltJfllUl"h'tltl-l 

consistency coefficient (K) LLfl::: flow behavior index (n) Viu"hl'l1Tft:::fl1EJih:nLfl"'lPl,)I~L;rlJ;rU 

5%,7% LLfl::: 9% (wlw) i'JVi~~m1~n111m'HLuu Pseudoplastic 'I-l'1'tl Shear thinning ~-lLlfl(;)~1'U 
cl .J~ d~.l ... ..:.X ~Q, d, 

1Ul'I 6.1 tVlm~'tltl(1lnl~tluLVilJ'tIU'"l:::~~tJfll'\,l shear stress LVilJ'iI'ULLfl~l'lITfl~fllEJm'l!Lfl"'l9:::lJPl1 
v 

PI'J 1~'\,l1lC;) ft Vl fl~ ~~i1l~tl~'"l1ni3'J:n lfl "'l Li'JuYi tl ~ L~tlf~ i'J l'l1 EJ LlJ Lft IJfl EJ 1'J~'UrlULLfl:::rl n Lnu~,111'U 

L~LfllJfl'tltl~,rU L~'tll~llNU'tlEJ1Yi'tl~ L~tlfLmi 1i19:::i'Jn11L1m~'J1'1-l~1'UVi P11'11~ L~m rlULLN~l'IXLih 

1tJ LLfl:::"'I :::Ln Vl n 1 11'\,lft lh 1 'IX LL N lJ 1 n 1 n 111'I-l fl"'l :::~1 n;u~~ PI '1 1 lJl-Ill(;)"'I :::Mlfl-l (1l1 ~ltJ ~'J EJ 

(Marcotte llfl:::rInJ~, 2001) ~-ll'Utl(1In L~'tl'Ul~EJ'Jrl'Urh shear stress LLfl:::ri1P1'J1lJ'\,lU(;)'iltl~ 

91nm11if Power law model '"l:::1cilrh consistency coefficient (K) ;-3i'JPI'J1lJ~lJ~ufirlUPI'J1lJ 
.. !'j,J, ... ~ ... 

'I-l'U(;)'tItl~'tItl~ mfl'JUfl::: flow behavior index (n) LuUPl11'1U~U'tlnflmiru:::n11 mfl'tltl~'tItl-3mfl'J (;)-l 

(1Iln-l~ 6.1 ~-llittJ1llmlJ~IL~"'I1U1un1r~1'U'lruri1 LvUJril consistency coefficient (K) i'J1")'.. 
" .­

n'l~Lfl"'llJPl'J1lJL;rlJif'Ufl-l;U finll-lri1 flow behavior index (n) i'Jri1U'tlEJ 
v 

9:::i'JVi~~m1lJn111'\,lflPl~1EJrlUflITfl:::fl1EJrl'JfrllJ~tl i'JVi~~m1lJn1rhmLUU Pseudo plastic ;~ 

• 	 1if Power law model (Ostwald-de-Waele) ~1'U1EJVi~~m1lJn111l-1m-d'UL~EJ'Jrl'U ~-lIU~ 6.2 

Plf1fiT L'1tl~9n1LYi'1l1 llfl::: unru 'fl1'ULm:tl~ (2002b) YiU~Ii3'l'BLfl"'l91mlJ~UlLLlJ-lini'JYi~~nTTlJ 
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n111V1~LLtJtJ Pseudoplastic utlnr.nm!u Medina-Torres LL~:::P1ru::: (2000) nm1U~1ih'Dl~~~ .. 
fln!1l1~"1n Opuntia ficus indica ill"l~~mnJn1rhumtJtJ Pseudoplastic L'liuL~mnUll~:::l"ItJ('h 
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!U~ 6.1 Rheograms 'iI'tl~fl11~:::~1tJi1'l~L~"~fl'l1~Lif~ifu~h~1 (a) P1'l1~~~w'Ufi1:::wh~ 
shear stress Ll~::: shear rate (b) 1'l'l1l-.1im'iufi1:::VI~1~ viscosity LLfl::: shear rate 

• 
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d , 
611'1'NVl 6.1 I'll consistency coefficient (K) LL~:; flow behavior index (n) '!Jtl 'H'\1j'~:;mtl 

Concentration (w/w) K (Pa sn) 	 n 

Mucilage 	 5% O.783±O.O2 O.689±O.O2 

7% 1.746±O.O4 O.645±O.O6 

9% 6.873±O.O3 O.543±O.O5 

Guar gum 0.5% 1.128±O.02 O.435±0.O6 

1% 10.894±0.06 0.261±0.O8 

2% 58.258±0.02 0.199±0.03 

d , 
611'11-3Vl 6.2 I'll yield stress (LO)' consistency coefficient (K) LL~:; flow behavior index (n) 

Concentration (w/w) nLO (Pa) 

Xanthan gum 0.5% O.019±0.04 1.588±0.04 0.283±0.01 

1% O.337±O.01 3.296±O.01 0.310±0.07 

2% O.399±O.04 7.155±O.03 0.289±O.05 

• 


http:0.289�O.05
http:7.155�O.03
http:O.399�O.04
http:0.310�0.07
http:3.296�O.01
http:O.337�O.01
http:0.283�0.01
http:1.588�0.04
http:O.019�0.04
http:0.199�0.03
http:58.258�0.02
http:0.261�0.O8
http:10.894�0.06
http:O.435�0.O6
http:1.128�O.02
http:O.543�O.O5
http:6.873�O.O3
http:O.645�O.O6
http:1.746�O.O4
http:O.689�O.O2
http:O.783�O.O2


83 

ro 160 
n.. 140--­(f) 12041> 
IV 100L ..... 
41> ... 80 i 

! 

200 

180 


CG 
IV 60 


CI) 
 40 

20 


.J:: 

k::::-::::-=:;;;;;=-=:-;:;:-::~::0 


0 50 100 150 200 250 


Shear rate (115) 


_guar gum 0.5% (w/w) -.-guar gum 1% (w/w) -+-guar gum 2% (w/w) 


(a) 

25 


20 

~ 

II> 

.ro 
n.. 
---­

15 

.£ 
I/) 

0 10 
<.> 
(f) 

5 
5 

0 nil . 

0 50 100 150 200 250 


Shear rate (lIs) 


.-guargum 0.5% (w/w) "'""lIl'-guar gum 1%(w/w) -+-guargum 2% (w/w) 


(b) 

!t.I~ 6.2 Rheograms 'lI'fl-3~lj'C'l:;'C'l1t111'lriiJ~Fl11~L;flJ;ruvh-l1 (a) Fl11~~lJ~ufij::;"d1-l shear 

stress LLfl::; shear rate (b) f'l11~~lJ~ufij::;"d1-l viscosity LL'C'l::; shear rate 

~1'MfUfllj'C'l::;~1EJLL'l!ULLVll.!ll~LdtlH Herschel-Bulkley model vilUltlV'l~~mj~n1jl'M~ 
, u.~~w.J~lurh'1ltl-l yield stress (10), consistency coefficient (K) LL~::; flow behavior index (n) 

V'lU(:i1~1j~::;~1EJLL'l!WlVlurl~Fl'l1mif~ifu 0.5%, 1% Ll~::; 2% iiV'lq~njj~n1jl'M~LlUU 
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Pseudoplastic with yield stress ~.:)ltJ~ 6.3 t~i.I 1"i1 yield stress ('to) ~'f) lLN~ii'f)i.I~~~~vhl~ 

stress ('to) 

:-* •• •• *.*.* .. ~*** •••• ***.***. 
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---xanthan gum 1% (w/w) ..........-xanthan gum 2% (w/w) 


(a) 

0 
0 50 100 150 200 250 

Shear rate (1fs) 

--+-xanthan gumO~50/0 (w/vi) --xanthan gum 1% (w/w) ..........- xanthan gum 2% (w/~v) 


(b) 

~t1V1 6.3 Rheograms '!ltl~~1jfl:;fl1t1U'll'ULLVlt.ullJ~Pl'l1lJliflJif'U(;]1.:)1 (a) Pl'l1lJilJ~'Ufij:;w"h.:) 

shear stress LLfl:; shear rate (b) Pl'l1lJilJ~'Ufij:::lt111.:j viscosity Llfl:; shear rate 

, 

• 
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" 

2.2 il'VIfi~~"lI'il-3f1'l1'.athJn'ij;llPh-3 (Effect of pH) 

r.;nn n11P1 m:t1 ri1fl'l1l-JVlu'(;l'll'Cl-:) ~ 11~:;~ 1 £.I ii'l'll L'i'l91un11 :;ri1fl'l1)'HtIlJmVl~l-:) 

t;l1-:)nu (pH 3 - pH 11) LmUUlVlUUnU~11'i'l:;~lUn'lfnl-JLL~:;LL'i1UlLVlUnl-J ;-:)f1m~nflVlfiYi~'lltl-:) 

fl11l-J LilumVl~1-:)"lltl-:)~11'i'l:;'i'llUii'l'ill~9fl'lll-1Lifl-Jifu 7% (w/w) LmuwVluunun1fn~LLfl:;LL'l!U 

LLVlun).Jf'I'lll-JLeii).Jeiiu 0.5% (w/w) LVlU1Vl~tl(;1nL~'Clulu,j'l-:) 0.1-250 S·l ~,tHUVl1lii 25°C [nULu. .. 
L'l'i'll 180 1U1~ YiU~1Lrl'Clri1f'1'l1l-JLUUmVlvi1-:)L~).J;uf'l-:)tJflL""~11fl:;'i'l1Uii'lonU~9ijf'l'l1).JVlu'Vl 

J' \' 1.9 ~ .. .. , "" ~..J ~. I..J
~-3"llU LVlU U1l1'l:;n11LuumVl~-:) (pH 3) ~11fl:;fl1U).J1'1!Lfl99:;).Jf'l1fl'l1).JVlUVlVl1Vl~Vl Vl-:)luVl 4 

U~ Vl-:)1""L~U~1~11~:;fl1Uii1'D Lfl9 'b,hU).J 1:;~).J nU1l1'l:;f'I'l1).J L t1Um'(;l ~-:) L~tl-:)91mrl 'Cl'Cl~1U1l1'l:;.. .. 
mVl~-:) mc;,9:;lultJLVl11fl'i11f'\N~11-:)~LtlUYi'f)~ L).J'Clf"lltl-:)ii'l'D L'i'l9yh1""Yi'f)~ L).J'Clfil~lmtufl-:) ij LLN 

~1UVl1un11'tufll~u'Clu fl-:)~-:)YhL""~11~ :;fl1 £.I i1'l'D L'i'l9 il fl11).JVI UVI fl VI'i'l-:) LL'i'l :;91 n n11A mn ri1 

f'I'l1).JUi1(;1'lJfl-:)~1"fl:;fl1Un'lfn).JlLfl:;ll'ilULLVlUnl-J YiU~lLi1'Cll'h f'I'll).J Ltlun 1(;1 ~1-:) L~ l-J;U9:;hif'l-l tJ'i'l 

t;l'Cl1'l'l1)'JVli1V1'lJfl-3~1"'i'l:;fl1Un'lfn).Ju'i'l:;LL'llULLVlUnl-J).J1n,rn ~-:)1U~ 6.5 llfl:;1U~ 6.6 Ln'Cl-:)91nn'lf 
'II " 

rll-J Llfl:;U'!lULLVlun).JVlUt;l'Cl1l1'l:; n 1 n i1un1V! ~-31~;) ~-:)t!u1U1l1'l:;n 11L tIun1V! ~-:)9-:)YiU11n'l fn).J 

LL'i'l:;Ll'l!ULLVlun).Jt!uijri1f'1'l1).JVlu'V!hhL(;1nt;l1-391n1l1'l:;n1nilu~1-:) (Wang, Ellis llfl:; Ross­
, , ... 

Murphy, 2000; Nussinovitch, 1997) Medina-Torres LLfl:;f'lCU:; (2000) 11U-:)lU'llf'11f'1'll).JVlUV! 

Q,A cAl J' f .J~,x 
'lJtl-:)~11~:;fl1U).J'l'llLfl991n Opuntia ficus indica ).Jfl1~-3'lJU(;11).Jfl1 pH 'll'Cl-:)~11~:;fl1UVllYi).J'lJU 

l,juL~mnUn11P1m:t1"l1tl-:) Chen LL'i'l:; Chen (2001) ~YiU~1lrl'Cl~11'i'l:;~1Uih'Dl'i'l9"ln green 

laver ijri1 pH ~-:);uf'l-:)tJ'i'lL""ri1f'1'lll-mUV!"lI'Cl-:)~11~:;'i'llt1L~).J;U 

1.2 

o so 100 150 200 250 

shear rate (1/5) 

--+-pH3 ~pH5 .....-pH7 __ pH9 ~pHll 

• 

• 




86 

.. 0.3 

U)
.' 0.2S 

fJj 

~ 


.~ 

I/) 0.2 
0 
Q 
0'1 

:> -0.15'm 
:J 
0 
,cD 

0.1~ 

~ 

' 0'1 0 .05E 

- - -'-----_._-------"---- - -- - ----,,,.,,-,---,,--,- - --,-,---­0 

0 50 100 150 200 

Sh~~ Rate (1!~) 

~pH3 ~pH5 -r-pH7 -+-pH9 -+-pH 11 

::tl~ 6.5 r\')1~~~~ufi1~","h-1 viscosity u.~~ shear rate 1I'tl~~11ft~~1EJn')fn~~ pH vh-31 

5 

4.5 

4 

--;- 3 ..5 

3 

.£ 2.5 
en 
o 2 
u 
en.:;; 1.5 

1 

0.5. I 

,0 L_._ ____ __ _____ ____'--__ _ 

o 50 100 150 200 250 

shear rate (1/s) 

-+-pH3 _pHS -ir- pH7 _pH9 -+-pHll 



87 

2.3 ~'V1fiyt~"ll'il':l'tltU~lJn (Temperature effect) 

ld'ElPJmt1n1n~l-J~ru"v11Jnlu·lh'l~rut..uJn 25°C 0'1 75°C ~'El1'i1F1'l1l-J"v1UVlll'El'l 
~1~t'I~t'l1Un'l:n Lt'l9F1'l1moUl-J;)U 7% (w/w) llliuuLViuunun'lfnl-J Ll~~LL"lIUlLVlUnl-JFI'l1l-J L-iil-Jiiu 

0.5% (w/w) LVlEJ1'VI~fl(;1nL~~lU1U'd'l'l 0.1-250 S·l InEJluL'l~1 180 1U1Vi ViUrllF1'lll-J"v1UVlll'El'l 

~11fl~fl1EJi1'l:nL~9nl'ilfl"'fl'lLd'Eltlru'-Ulil~'1~U ~'l,tl~ 6.7 Medina-Torres LW~Flru~ (2000)
" ",. v 

• I d( ~ _ d • .J ~ 
nEJ'I1U'l1F11F1'lll-J"v1Ul1lllfl'l~1~~~~1UJ.J'l'l!Lfl991n Opuntia ficus indica l-JFllflCil~'1Ll-Jtl~ruWJl-J 

lltl'lfl11fl~fl1EJL~l-J~U L-rluL~mnU11EJ'l1U'JJ'El'l Chen LLfl~ Chen (2001) ~ViUrllLdtltlru'Mlil1ltl'l , " 
~11fl~t'l1EJihiJiLt'l991n green laver L~J.J~ufl'HJfll,xri1F1'l1J.J,..ilCil1ltl'l~11fl~fl1EJflCilfl'lL-rlunu ~'1n 
.J .J - ~ ,./ '" - ...,,~ "'."1 • ,... ~ LUtl'l91nLJ.Jt:l~ru"v11Jl-J~'1lll.l9~ri'lCJfl "'~11Vi'ElflLl-Jtl1J.J ~M'IM1'1LuU random coil Vl1 L"v1n1~9lJ 

Ln1~nUfl"'fl'l (inter molecular interaction) LiJUCJfll,xFl'l1J.J"v1UCilll'El'l~1~fl~t'l1EJ~Vlfl'l ~1"v1fu 

~11fl~t'l1EJn'l fnJ.J LLt'I ~Ll"lIUlLVlUllJ.J n l1L~ l-J'El nJ"v111nhJfl'l CJfl ~tl FI'l1l-J"v1UCilJ.J 1 n l1n Ltitl 'I 91 n n'l fnl-J , " 

0.8 

o 50 100 150 200 250 

Shear rate (1 {s) 

-¢-250( -+-35 0( _45°( ___55 °C ~65 O( ~75°C 

0.7 

0.6 
. ~ 

co 0.5 
0.. 
"-' 

&' 0.4 
Ul 
0 
<;> 0.3·00 

? 
0.2 

0.1 

0 L_.._ _ __ ________ ._ .___~__.__.__.__ _ .._.__ _ _ ._.._______........._.___._ _ 
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"-' 0.8 
.~ 

C/) 0.6 
9 
u 
C/) 
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0.2 ­

0 

o 	 50 100 150 200 250 

Shear rate (1/5) 

-25°C -.-35 QC -#-45 °C ~55 °C -a-65 ~C -+-75°C 

1.8 

1,6 

1.4 

1.2 

.~ 
C/) 0.8 
o 
o 
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5 
0.6 

0 .4 

0.2 

'--o I 

6 

-+-25°C 

-~--------.------.---.-..- ---.-------------.---- ---.­

50 100 150 200 250 

Shear rate (115) 

35°C .......45°C ~5SoC ~6SoC .....75°t 



89 

~ . 

91 n'Vi ~~m'nJ n l1Llt1~~ ~ mnl.J''ViU~,ii'l'ii L~9il'Vi ~ ~nnl.J O11Llt1~ llUU Psuedoplastic 

LL~ ~'ViU~' 1"11 Yl'lll.J lUUm'(;lvi1..:J lL~ ~~ rult1lJ iJil t.J ~ vi'el 1"11 Yl'lll.Jlt1il(;l'!Jtl..:J ~1Hl ~~1 tJiJ'l'ii Lr19 LVltJ Lritl 

tl rult111iJ~..:J9 ~fl..:J t.Jr1L,xYl'lll.Jl-1ilVl'1l'el-:J ~ l1r1~flltJ iJ'l'ii l~9 flVlfl-:J LLfl~lri'el~11r1~~ltJiJ'l:n Lfl9'flfJl U , .. '" " 

111'l~m'(;l~-:J9~fl-:J t.Jfl1,xI'h Yl'lll.Jlt1il(;lr1 Vlr1-:J ~-:JtlUlritl9:;ihiJ'l; Lfl9hhh~tJ n(;l1ftUtl(;l~llt1nnl.J.. , , 

tlllt1 11 ~ 1l.J 11(1U1 iJ'l:n Lfl9Lu1;rL~nu t.J~ (;lflCU"'ell lt1 11~ilri 1 Yl 'l1l.J L uun 1VlLaJ ~ -:J l.J 1 nll'n.. 

2. Am~11l1'l::n1~,,rL'llul'Jl,JLl'tnf1LU~ (Pectinex Ultra SP-L t>, 10292 PGU/ml) l'Un1~~n61 

LO'll1lt11~~1nn1n~~~• 
~ .J1" ~ ... ... """"J ... .J~ , '1
LUtl-:J91nnln~V1nVl Vl91n011~nVll.J'l'lllfl9Ll~'ll.Jtl-:JFl1 1:;mIU'!J'fl'l L 'VinVlUVI Ll.Jfl~fllU LU 

~ ~ 

ml.Jlru~-:J ~m';-:Jt1'1U1~n'flU~'lm'llfl\lLfl~ LfliJl'llfl~Lfl~ c;i'll1u~-:J1-ifLtlu't'lllf Pectinex® Ultra SP­

L ;'1lU'UL'eluhllf~U1:;n'flU ~'lmtluL'lllf"vlfllU'l!ilVl L~uri 'Vi'fl~ nlLlfl nX]hLU~ l'Vi nViuLflltl ~ 

L'VinViultl~LVI'fll1~ LfliJl'llfl\lLfl~ L'llfl\lLfl~ LU1~L'el~ llfl:;'fl~Ll.JLfl~ 1u011~nVl1t1tl1lt11191n O1n 

~V1n l~'el~'ltIL~1l.Jnud'lullmtJ1m1tJ'elU~fllt1~11U1~ntlul'VinViu l'llfl~Lfl~LLfl:; LfliJL'llfl\lLfl~lu 
mn~ml Utln'"llntluLtlu't'lllf Pectinex® Ultra SP-L t1'1LtlULtlUL'lllf~~Il.Jl1(11ftU'ill"v111L~;-:J 

fU1tl-:JLVltl FAOIWHO, JECFA LLfl:; FCC 
... ,

a __ .dI d ... dt _4::IIoq, '" 

~ 1lt1 1U'llUlWflULL1n Yl'il n 11M m~l11l'l ~n l1fll'1 n 1 n'Vi VI 11VI t.J1Um 1~ n VI l.J'l'll lfl9tl'fln LLfl'l, 

L~'ell«l~mn'ViVln~u1~V11f LVlmLU1r.'hU'luYlf'llum1~1..:Jmn'ViVln'fltlmUU 51~c;iU~'tl 0, 1,2, 3, . . 

vT'I"vIl.JVl~ fl:;fllUL~ (TSS) 'ViU~llritll~l.J91U'lUYlf'lLUn11~1'1 O1n~V111fl'l t.J fll,xml.Jl ru~'(;llfl 
1~'li ml.Jl CUn1V1vT'Ilt1l.JVllU1U'1Jtl'ln1V1'ii(;l1n Llfl:;ml.J1CU"jJ'il'lll;J..:JvT'Ilt1l.J Vl~fl:;fllUL~ilrilflVlfl'l.. 

J. d t.<.Jc!J'.., .J ~~.J ~ 19 ~ 
lU"lICU:;V1Yll pH l.JlLU'lLUl.JVll'Vil.J'llU (;l'l(;lln'lVl 6.3 V1'1UlUtl'll.J191nm1fll'101n~mlLuU"jJU(;l'tlU 

lUn11Ih~;Vl'tl'lRU1:;n'tlU~LaJ~tl'lm1LLfl:;9~UVl1url'elhYl'fltln91nlt1tl1lt111 LVlulu,ru(;ltlum1~1'1, 

~'(;l1fl Llfl :;n1(;l9~Cl nril~Vl'fl'eln 'tuvhl1X1Utl1"v111~'t~ilYl'l1l.J1J1~V1ifl.Jln;U (Larrauri LLfl::Yl CU:;,.. . 
... 

'ViVln91U'lU 3 Ylf'l • 
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(mg glucose/g FW) 

" 
m)J1CWm''''11-3l-t~v 

1UlU'lI'il-lm't1l:nINrn 

pH 

(%) 

0 14.91 a ± 0.04 1.67 
8 

± 0.04 3.76 
e 

± 0.04 1.8 

1 
b " 

9.00 ± 0:04 1.30 
b 

± 0.04 4.43 d ± 0.04 1.2 

2 5.78 
c 

± 0.04 0.95 
c 

± 0.04 4.94 c ± 0.04 0.8 

3 1.30 
d 

± 0.04 0.70 
d 

± 0.04 5.54 b ± 0.04 0.4 

4 
d " 

0.91 ± 0.04 0.60 
d 

± 0.04 5.61 a ± 0.04 0.4 

r,nnm1~mn1l1'l~n11'1iL'Ilul'!llrLYlnVlLu~'Vl1,m11A'1fi'tl Pectinex® Ultra SP-L ;,auu 

L'tlul·!llr~1.h:::n'Ilu~'lm'Ilul'lllfl-ttl1EJ'lIU", l~LLri Yl'tl~n1LLtln'Vlt1LUfll LYlnVlultlL'tlfll LYln~UL'ilfllL'Vl'il 
" 

~n",ih:n Lf'l"'l LLfl'l t(1lmLUl'Pl'l1~ Lif~ifuL'tlul.nlJu'li'l-J 0-3.0% (v/w) Llft:::Llun:::EJ:::l'ltl1n1nil 

tl~mtl11u'li'l-3 0-6 f'llJ./-J U1J./1~lPln:;l-hrhJ1cwJ1l1l1ft1~'li mJ./1CW'll'il-JLl~ 'n'Y-3l-tJ./(1l~ft:;tl1iJl.~ 

LLft:::fl1 pH l~t.Jtl~-3efi'tl 
91nn11'~(1ll1l1~n1l'Y;1-31U'll'il-3L'tlul'I1~1(1lEJYi"11'cw1"1mRJ./1cw'lJ'il-3LL;j-JvY-Jl-t~(1l~ft:;ftIEJ1~ 

1umnYl 'Vll'1 ViU~1Lrl'il Pl'l1~ Lif~;ru'll'tl-3 Lflul'lIlfLLtl :::l':::EJ ~L 'ltl11umnl'tl EJ L~~~1n;u~-3 t.JtlltX, 

Pectinex@ Ultra SP-L ~u1:::n'ilu~'lm'ilul'I1lfl-ttl1EJ'lIil(1l '"l~"Jhm~r~nud-3u~nh.J1n1'lcl'tlEJ~tl1EJ 

~11Ur.::n'il1JLYlnVlU L'lItl~Ltlfll LLtl:; LtlnL'lItl~ttl~ ~-J~-3t.Jtl~11tXflIN1'1n11'tl:;tlIEJ'lI'Il-3~I1'U1':;mlULYl 

n~ulun1nYl'VlnL~~~u LLtl:;1\J'lIcw:;L~mn\J~'lu'll'tl-3JI1un1nYl'Vl1'19:;(1nutl",u~'elEJ'il'elnJ./11~, , " 

Ml(1l~fl'tl-lnUm1~mil'l1'tl'l Brasil LLtl:::PlCW::: (1995) ~~miln11'H'L'tlUI.'II,rLYln~hu~1unl1't.J~INJI 
cl f-3 YlUrl1 n 11'HL 'tlU I.'Illf":;~11tXJlcl f-3~1~51illJ./1CW'll'il-3 Ll;J-3vY-ll-t~ (1l~tl :; ftlEJ1~L~~~U 
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4.50 
-0 

4.00 

3.50 
0 -

3 .00 

.~ 2.50 ..... 
~ 2.00 

1.50 

1,00 

0.50 

0.00 

'0 

-+-O%(v/w) 

""""O.5%(v/w) 

-'-l%(v/w) 

--;+-l.5%(v/W) 

~2%(v/w) 

__2,,5%(v/w) 

- 3%(v/w) 

2 3 4 .5 7 

Hydrolysis time (hr) 

L'il1.~l'l!,rLL~:;r:;tI:;L(HnlWn1njtltlMnm~l-Jl-J1n~U~:;~~~~ 'l,xf"i1 pH ~~~~ lcitl~~1m~ml'l!,r~:; 

LLtlmnJ Ll-Jfi~tltln~1 nLVi nliu'i~tln1rle:J'iml~'liWufi:;Ltl~L Vltlf 1~dJum~ LVi fI~n m~ LVi fI~iln 
" 

Ltlul'i1l-J1tAn~l-J~1~Llri LWnliultl~LVltllr~ (1.h1cU 'ti1uL114tl~. 2547) ~..:mJ~ 6.11 Ll~:;~1nn1r. " 
VlVl~tl~~:;L~tAl~~1 pH ~~~~~,rlUr~mntA'Il'J~ pH ~LtlUl'i1,r Pectinex® Ultra SP-L ~1l-J1nl 

" 
vh~1tAl~ (pH 3 - pH 4.5) ~~,ru9~1~;1~~m:;Vlu!1i'fln1rrltJtI~~1t1n1n~m1 

6 

5.5 

5 

-O%(v/w) 

-'-O.5%(v/w) 

-ir-l%(v/w) 

:c 
a. 4.5 

4 

3.5 

I 
I 
I 
I 

~1.5%(v/w) 

~2~/o(v/w) 

-+-2.5%('1lw) 

- :-3%(v/w) 

3 I 
0 

Hydrolysis time (hr) 
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r.nnn11~~(;l1l-ln1nh.nu'lltJ-lLtJul'11l-lL~tJVl9'Hu,)9')mRl-l,ruJ,~,ft1i~h'll~Lii~'"I1nn11 
-. v1Vl~ufi~lnftLfI~ ft'lltJ-lYl tJ ~ Ll-l tJ flu1umnvrV1n Lri tl1 Lfl n ~t.f~tJlJftYl1-lfl n~'ll 'El\l t<i ')ml-l1 ruJ1~1ft 

1~'l'1lLUn1nYlYln YlU11f1'l1l-l L~l-l~U"lJtJ-l L'Elul'11~LLft~L'lft11un1n.itl tJfl ft1tJn~YlfiYlfttlEh\ln 

umhA'C1/~tlml-l1ru~,~1ft1~'l'll (ps.O. 05) LLft::YlU ~ ft'lltJ-l:SYlfiYl ft 1'll-l tJ El1-l num~1 A'C1/1::t-d ')\l 

il'"l~mt-l~fl\l (ps.0.05) 91n~ft n11Yl~ fttl\l'rlU11 Lrifl L~l-lfl'lll-lL~l-l~U"lJfl\lLflU1'1I~LLft~1~tJ~L'lftln11 

UfltJ ~-l~ftllXmnl1Yl11~1~nml-llruJ,mft1~1'liL~l-l;uflu'\lnumhA'qj (ps.0.05) L~tJilil-l1ru 
J,~lft1~'li~L~l-l;u;1Lfi~'"Ilnm1tKCPI~Ufi~lnftLrl;ft'IJfl\l'rlfl~Ll-lflflumnYlYlnl-lIn;u LVltJn11 

. ' . 

• 
Vi')\lIU'IltJ\l Ltlul 'II ~LYl nviLU~ L'II ft fJ Lft ~ LLft ~ Le:!i1 L'II ft fJ Lft ~ ~ EltJ tJ ~ ft ')tJ~Ufi ~lnftLrl; ft'll'El\l 

~')nh~ntlULYlnliu L'lIftfJLfl~ LLfl:;Ltli1L'lIflfJLft~ ~1l-l~ I~U ~U1'L'lru~U-l L'lIfltf'llfl\l Li1flL~flYi'll 
(tlnru thUL~fl\l, 2547; Grohmann Ufl:; Baldwin, 1992; Sreenath LLft:;flru:;, 1999; Jayani 

Ufl::flru~, 2005) ~\lU~Vl-llu1tl~ 6.12.. 

30 

.-,......c: 25 
Ol 


... :: 
ClI 


~ 20
Ql ..c: 

::l 
 V> 

V> 
 ClI .....,...
Ql 

Ol 15£ 
0 
::l 

Qj 
V>'0 

cr:: 
.Cl) 0 

u 10 
::l 

Ol 


OJ 

---E 5 

0 

0 1 2 3 4 5 6 7 

Hydrolysis time (hr) 

-+-O%(v/w} ___O.5%(v/w) -6.-1%(v/w) 

~2%(v/W) -'-2.5%(v/w) --3%(v/w) 

..~~----~'+. ----~/ 

m':;U'lUm1l'l1\lLtlul'l1,r~1l1'l:;~1\l1 YlU11m11-ifLtJul'11~LYlnvhufl~fI'l1l-lL~l-l~U 2.0% (v/w) 

r~tJ:;L'lfnmrElfltJ 0-6 'ill-l. Lth..!1l''l:;~1,xml-l1ru~'(;1'fl1~'l'l!LU'rl'l\ln')I-l ~\lml-l1ru~,~nfl 
.d ~ ....J'1..,q I '1 I '''' J1", '1'" "" I ..::.I
'lVl'l'llYl LVll-lrll Ll-lLL(;1n(;11\lnU1l1'l:;Yl 'ilLflUL'IIl-lfl'l,)l-lL'lll-l'lJU 2.5 (v/w) Llft:: 3.0 (v/w) fltJ1\ll-l 
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UU~1Fl'1! (p>0.05) LL~~L~'a1 Lrln~tHf'illJ~Vl1.:J~n~ V'l1J~111hnruJ1l'l1~1-~1'll1un1nl1V111~1c;1 
r.nnmrU'ilU~~1ut111UL~lUl'll~rl11l-lL;rl-l;rU 2.0 (v/w) ~1l-l1rClLLu~r~~1Jn1rU'ilut111UL'ilul'lll-l1I?1U 

l.h~Li1uluI"i1'lJ'il~~1mft1~h'll1c;15 r~~1J ~'il 1.01, 17.79, 19.29, 22.61 LLft:; 23.98 mg.. 
glucose! g fresh weight ~~1-DL1~11un1nj'aULvhn1J 0, 0.5,1, 2 LL~~ 4 'lll-l. ml-lih~1J ~~ 

.J .... ~dd ~r t,...., , 

611n~Vl 6.4 61~UU~~Lft'ilnLflU~'lll-lrl11l-lL'lJl-l"llU 2.0 (v/w) L1ft1n1ru'ilU~ft1U 0, 0.5, 1, 2 LLft~ 4 

"lIl-l. LijUt;l1 LL VlUL~tl~m~t1t.J~"lIfl~r~~1.Jn1rt;lVl~ufi~lnft 'lrliDft'lJ'il~V'l'il~ Ll-l'aflUn1 nV'lVln ~'il• 

.l' d .J . !' c=I.q,....l' Itt .., !: c:! J'..cl

'lJu~r'ilLl-ltll-lml-l1CUU1 mftrVl1'lliWllU~~~~ c.Ji'll\.1 ~Vlml-l1CUlutl1\.11r~ ~ft1UU1 L V'll-l'llWLLft~~~ t.J~ 
" 

1~ml-l1culutl1~1rhli'1~ft1uJ1~Vlft~'aU1~ijuu~1Rt\! (p;0.05) ~~lU~ 6.13 Ui'l~ 6.14 ~~rl 
...; ~ n"" ~tI ' . 1 ~ , 1 " :1 "".J~ 'I .,.;.LUtl.:Jl-l1"11nLtlU ~'il2.J VlL"lI1 ~ Uflf.l~11ur~n'il1.JV'l1nLV'lnVlUVl ~2.Ji'I~~nu ~LuUL~nVlUft~ft1f.1 LI?I'1I~ 

I ., ... II 

"I~i1\.1~'t1lI?lr~ln;~L~2.J2.J1n;W ~.:JYhl~ijrl'l1lJ~12.J1r(llun1rft~~1m:h'tt11l-l1n;u (Sakamoto 

.J ~ t • ... 1 ...J ... '" 
LLft~rlCU~, 2006) 'iI~"l1nmrl"lmi1 ~1J'l11l1'l~mru'aU~i'l1UVl'lULilU 'lllJVlrl'l1l-lL'lllJ'lJU 2.0% 

(v/w) Lilur:;u~L'li'l1 4 '1Il-l. ~.:Jt.J~lmt11ml-nculu'il1~1ri'l~i'l1uJ1~~LL~~i1ml-l1rulm.l1tnrhj.. 
~ ~ I _.J t c::i.... 0 .... __ 

ft~i'l1UU1611n'l1r~Vl1JflU1flU1~l-lUf.I~1rlCYV11~~(ll'l (P'::='0.05) 

." " r~U~L1i'11mnj'ilU~i'l1U ml-l1ru1l1l'l1ft1-~i'l'lf 

(hr) (mg glucose/g fresh weight) 

0 

0.5 

1.0 

1.5 

2 

3 

4 

5 

e
1.02 ± 0.27 

17.79 
d ± 0.17 

c
19.29 ± 0.13 

19.59 c ± 0.20 

22.61 b ± 0.15 

22. 74 b±0.21 

23.98 a ± 0.19 

24.38 a ± 0.20 

6 24.40 a ± 0.23 

~'llfl'1l1UV11 n~fi~ I'i1l~~tJ±fl'l'UldtJ-J l U'Ul-J1V1 fj1'W 

1'i1~'llfl'1l1UllU'l~-J~ri1nuLA''ltJ~'l'tlm:tft;i1-JnuiJm1)..fllV1nt;i1"n'W~ti1-Ji1WEJ ~1rTC\J (PSO.05) 

http:P'::='0.05
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n11~n11I!l(;\nmrUtlU~flIU~hEJLtllJl'll,r tPlumn~l-l ltllJl'll,rl~l-lfl-lh1 ru '1Pl~t1DmUl 
m1titlU~fllmil-l"'fJPlci-l i-li1L~tl~mil~ILrltll~l-lLtllJl'l1,rfl-llt1 ru '1Pl~,JDmUlmrtitlU~flIU 
Lil-l"'UPlci-l9:::il m rtitlU~flIEJLnPl~lJ~mli'[) 'bJ ~-llh"nnilm rtitlU~ fllU Ln Pl~lJ LL~Pl-l~ I Ltml'lI,r• 
(lnUu6-ltPlUt.l~(;\.nru'Yl~LnPl~lJ LLvilh"'lnhJilnll'ij'tlU~flIULnPl~lJLL~Pl-l~lilll-llruiu~Lm(;\Hi.. 
"'l-lPlfl-l~-lhjiltlDmUln1rUmJ~flIEJLnPl~lJ tPlumr'YIPlfl'tl-l9::;l~l-ll'tllJl'll,r,",'lIl-llifl-liflJ 2% (v/w) 

l~l-l~L'lfllmrti'tlU~fl1U 4 "IIl-l. tPlu1ifL'lfl11lJnlrU'tlU~flIU 0-9 "IIl-l. 91nmj'~Ll'ln:::,xilll-llru 
• ~lmfl1~'l-n ViU~ILrl'tlj':::U:::l'lfllmrti'tlUL~l-l~lJ~~t.lfllmcnilll-llru~ll?llfl1~'lini'11~~~W'tlti1-l.. 
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I I I .... 'I....... I 

" ~1n11V1tl!]mEJ1n1njaEJ~~1t1L1l.J'\I1EJV'lil,:jl-!T'tlml.J1rnlhV11~1~')'lfl1l.Jrl,:jYhrl.lLiiV'l~l.Ili1'tl,:jl-l1"l1n 

" 
L'tll.ll'urClnuutT,:jtV'ltl~~V1nrn"~ LnV'l~l.I (tlnru tl1l.1ltrt'il-l, 2547) "l1mrl.llc;1L~m'ill.ll'l1lfrl,)1l-l.. 
L~l.J~l.I 2% (v/w) ~-lltl~l')mn1njaE.I~~1t1 6 'l1l.J (ltll.l1~tI~L,)~1~tl!]mtl1n11ti'iltl~~1t1Lil.J 

l-!tlV'lU-l) tV'ltlHL,)~11l.1n11ti'iltl~~1t1 0-10 'l1l.J. "l1mrl.l1LM1~iml.J1rnJ1V11~1~')i YiU~1• 
ml.J1 rnJ1 m~1~'liFl-l~hi L~l.J~l.Il-!T'il hJij fl'l1l.J LL(;Jn 9i 1-l"l1n n11~-l L'ilW1I1'I!,r~L'l~1n11tiaE.I 
~~1t1 6 'Dl.J (i-lLLif~1/;j~1{f1~tI~l'l~1n11ti'iltl~~1t1l.11l.1(i,:j 10 'Dl-l. vl-l1tl~ 6.16 vl,:j,rl.l~-llL~V)~l'".. 
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'V'j'tl~L~'tlilun1nYfVlr1ahEJL'tlul'l!l-I1ur:::cKu(1h-l1 L~EJ1.jfr:::EJ:::L':l~1n1ru'tlEJt'l~1EJ~LLUln!1i1'lnu ~'l 

r.nnmn1 (;l~tl'l'~:::l~r:::c;)u O1r~~~Uti:::Ln~LfI:n ~'1J'tl-lYitl ~ L~'tlftU01nYi'Vln~ r:::U:;L':l~1mrU'tlEJ• 
Mnu!1i1-lnU 3 r:;cKu~tl n1rU'tlUt'l~1EJal'lEJL'tlUl'l!~fI'l1~L.;r~.;rU 2.0% (v/w) dJUr:;U:::L':l~1 O. 4 

LL~::: 6 'l!~. 

r.nn n1ri1mn'V'j 'l~nn~ n 1rL~~'ll'tl-lt'l1r~:;~1EJi1':l:n L~9 'V'jUtJ 1t'l11'fl :::~1EJi1':l:n L~9il 

'V'j'l~nr1'l.ln11'l~mLuu Pseudoplastic L'liuL~EJ')nun'lfn~ ~':lULL'l!uLL'Ylun~il'V'j'l~nn~01rL~fl 

LLUU Pseudoplastic with yield stress LLfl:;'V'jUtJ1f1'l1~liil.l-ifull'tl-lt'l11'~:::~1EJ f'l1f1'l1~LllunrUlvi1'l 

LL~:::t! CUt.11Ji1 jj CJ~!1i'tl f'l1 fI'l1~~ilVllltl'l t'l11'~:::~ 1£1i1'l:n L~9 LVlEJ l~'fI fI'l1l-1 L -nl.l-ifU"Il'fl'l t'l11'fl:::~1Ui1'l 

iDL~~~'l;u~'lCJ~1~f'l1f1'l1l.lt.1ilVll-l1n;UL'liuL~EJ')nUt'l11'~:;~1un'lfnl-lLL'l!uu'YlUn~ LL!1iLd'tlL~l.lf'l1 
f'I'l1~d~lunrVlvi1'l LL~:;L~l-I~ru~1Ji1~'lt.J~t~PI'l1l.lt.1ilVl~ ~~'l ~'lUt'l1r~:;fl1EJ n'lfn~ U~:;LL'llULL'Ylun~ 
n11'L1J~EJULLtltNI"i1f1'l1~LllunrVlvi1'lLL~:::'fIru~[)i1hjii~'YlfiYi~!1i'tl1"i11"1'l1l-.mi1~ ~1t.1fu01r~n~1. " 

Ldtlfl'l1~ L -ifl-l-nU'll'tl'l Ltlul'l!~LLfl :;L'l~11un1rl11tl!jii1EJ1 L~~~1n;Um~1ru~1m~1~'liLL~:; 
tl'hnru'llfl'lLL;'l~'lt.1l.l~~fl:;~1uJ1L~iiLLu'ltiil.l~L~~;U 1u'll ru:::~rh pH ilLlU'lLiil.l~flVlfl-l LVIU 

[)1'l:::n1rt'lnVllu'tl1t.11r~m~1:;t'l~ ~!ln1rH'L'tlUL'll~~fI'l1~ L-ifl.l-nU 2.0% (v/w) 1':;EJ:;L'l~1n11'U'tlEJ 

t'l~1EJ 0-6 .ft''lLl.l'l ~'l~:;1lXml-l1 ruJ1m~1~'l'l!1U'D'l'l n11'l LL~:;r.nnn11'~Lm1:;'!.fml-l1rulEJ'tl1t.111' 
~:;~1EJJ1LL~:;1EJfl1~11'hjfl:::~1EJJ1 'V'jUt)1r:;EJ:;L'l~1n1rU'tlEJ 4 .ft''lLl.l'l ~'lt.J~1«lalm~1rulEJ 

'tl1~1r~:;~1EJJ1t'l'l~t'l~LL~:::ilm~1CU1EJfl1~1rhj~:::~1uJ1ii'flEJ~t'l~ 91n01r~n~1tlUln01rU'tlU.. . . 
t'lfl1EJ~'lm'tlu\'ll~ t~Un11'L~l.lL'tl'Ul'l!~L~l.l~'lltl ru 'iVl~tl!jmEJ1n1rUmJt'lfl1mi~t.1fJ~ti'l YiUtJ1 

..sI I c! J' ~ SI ~ c.I~ ....d,.l' ~ JeJ
Ll.lflr:;U:;L'l~1n"lEJ'tltIL'V'jl.lllU~'lt.J~1t.1lVlml-l1 ru'U1U11~ 1'~'l'l!l-I fl1t'l-l'll'ULL~ :;L1'l.lI'l'l'Yl'Yl1':;U:::L'l fl1 011' 

" 
U'tlUt'l~1EJ 6 'il~. LLfl:::LdtlL~l-IL'tl'Ul'l!:r ru ~VI~tlnmEJ1n11'U'tlut'l~1EJLi~~EJVlti'l (~ 6 'ill.l.) YiUtJ1

• dJ • 

• ~ l;' ...... r d~,'" • Id tl ~::. '1 '" ~ ~ ~ ~ 
u1~1ruu1m~1Vl'l'l!fI'l'Yll~l.ln1nu~UULL ~'l VI'l'UU~1nn1r'Yl~~'fI'l9:; lI1l1:;VlUn11U1I1lYiUti:; lm~ 

LfI:n~'IIfl'l'V'j'tl~L~'tlftun1n'V'j'Yln~1:::EJ:;L'l~1n1rU'tlEJt'l~1u!1i1-lnU 3 r:;cKu~'fI n11U'tlUt'l~1U~'lU• 
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L1~lm.J~'ll v.,nf~1'~~. 2551. l'ElUl'lllS~~luJ1pl1fLulm~r(;11u'El(;1~'l.m'nl.J . n1'llVlv.l.Jl.nUPl1: .. , .., 

~1,rn~l.Jlfll"';'l9ri1~'ln1nrl.JM1';jVlEJ1~U. 
tln01 ti1UU.n'Cl'l. 2547. l'ElUl'lllSVl1'l'Cl1M11. Vil.JlfPlf'l~ 4. nNlVlv.l.JM1UPl1:• LNVil.JlfLL"';'l 

,ri1~..:Jmnrl.JM1';jVlU1~U . 
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LiI'fl~LL~-3 Hy/ocereus po/yrhizus (Weber) Britton & Rose 

EFFECTS OF ENZYMATIC TREATMENT ON BIOACTIVE COMPOUNDS FROM SKIN 

AND FLESH OF RED DRAGON FRUIT Hy/ocereus pofyrhizus (Weber) Britton & Rose 

.,j 

!;I'ilUVl 2 

m'if\'ltJ f1 J.J m'iLn!;lt.!DMtJ1~,r, !;I1~U~::1l1'l::vlL"'J.J1::~ J.JLU n1'i?l n!;l 

4 ~ .1'" d' &- ~ 
~1'i'il'il n 'lVlfiVl1-l"D'lIlI~'" m u~'il mL~:::LU'ilUn'l J.J-l n'iLL!;I-l 

t6laL,rL'il1Jl'll~L~f\~L1J'tlVl1,m1'iA1(Pectinex ® Ultra SP-L) 

.' 


f'I1U'1lJUBmU1n1nnVl~~'V1'ft1'Wltlftt)mLft::L.n'tl'1l'tl-lLLn(nr,mmVl~H'mVl~'Wvi1u 2 'IlUVl Rt) m", 

LLtl'i'l rltlfijmLfl::n1Vl:'dVl1n LLUif'l'}')lJ L .jJ~.jJ'WmVl1'W'li,}-l 0-0.5%(w/w) LLun'}ft') n Iil1XFI(l1~rmJ 

1'W'Ii'}~ 0-5 'WIVlWU'h 1l,)'l::~L~~I::'i'l~1'Wn11UU~~n1nnVltJBnh.n~~,mft'1l'tl~LUfttlnuft::Li1tl 
Rtl L~~mVlUtlflrltlfumiflJ.jJ'W 0.2 LLft:: 0.1 %(w/w) j;11~~h~uh~nun1111XmllJrtl'Wc;)'}ultl~, 

~'W'Vl~~nfll~n~ru~1Jij 85°C 'W1'W 3 'WIVl.frWlltl'Wj;j!l~1 UllUfttlmLft::L.n'tlLln'},r-lnHL",~~L~lJl 
UtlEJflftIEJ~'lmtl'Wl'll,rnrilJLYm~L'Wfl L"'mLtlii::EJ~L'lftlmiUtlU 0-6 i'ltlJ~ ll~~UUiFl'l1~Lif~iflJ• 
LtllJl'l!lJ1lJ'li'l~ 0-1 O.O%(v/w) LVlEJ~VlI1l1lJ rl'lllJflllJliCll'Wrl1iU'tlU'i'lftluv!bEJl'alJl'lllf~lm.filJl ru 

J'V1'ft1~'liWU~11U~'llJLU~!ln L'}ftl 3 i'ltlJ~ rl'lllJLiflJifU'lI'tl-lL!lUL'lllfLUU 0.5, 2.5 Llft~ 
5.0%(v/w)fll~limLU-l1::~U'lI'tl-l1fhJ1ruJ'l1l1ft1~'liLtlu 3 'lI'l-l ~!l 20, 32 LLft:: 45 mg glucose / 

g FM uft~lU~'lUL~!l L'lftl 3 i'lL~~ rl'l1~LiflJif1J'1l!l~L!l1Jlcn,rdju 0.5, 2.5 Uft~ 10.0%(v/w);~ 
fll~limlU-li:;~U'1l'tl~tfhJ1ru~,mft1~'}iLUU 3 'lI'l-l R!l 26, 59 LLft~ 71 mg glucose / g FM 

m~~,~u ilVl L~t)nLUW;]'l LLVlUl~!l ~ mt1t.Jfl'll'tl~ nIiHi'l!lU1 'lllfj;j'tlflI1t)!l n'lVliVlI-l;'l111Yi 1~LLr1 

fl111lX~ l-.h~ LLVl~'1Itl~ LUl,'hlcnt.l1u'W 'i'l11Ui~n!lUWU!l~n llfl~flI1~1U'tl~'Jft~fl1:;~u11(mvY~ltl 
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!l1'1.11j'~~'I.1l-J (;l V\ ii n1 j'LiJ~t1'WLLiJ~N Ln!lj':::~U"JJ!l~ml-J1 ru-W1l?l1~1~')iLiJ~t1'WLLiJ~~ liJ Ln!l ~1'Wn1 j' 

.. tJ!ltl'i'l~1t1 ~')m!l'Wl"l!,rm'1l-J L~ ~~L'W'i'l• 

.' 
1.'l.J'vnI1 

~ , 
LLn'),r~m~'WfLU!l~LL(;l~ (Dragon fruit, Pitahaya, Pitaya, Strawberry Pear) iJ~!l'V11~ 

~'V1tJ1P11'i'll?lf~1 Hylocereus polyrhizus !l~L'W,)~Pl Cactaceae LtJ'We.J~ldJ~iJ~LL(;l~'i'l(;l('W~l-J~ lJ1 

U~~1'W, 2548) L'Wn1j'iJ!lmiJ~!ln n1~J'W~'W LL~:::n1~~U'W 'i'l1lJ1~m;i1L,xLn(;l~~1l?l1~1~~1t1 ~~L'W 

iTmL~:::e.J~ 1dJ~,)'WL '1.1 bkiii'i'l1 L", ~'1.1~nlOjl n nl ~Vh~IWn!l~ L!l'Wl"l!,r~!l~YJ'W!l~!l!l n~ L(;l'i'l (PPO) L(;ltl 

Ln (;liJl)mtJ1 ~:::'I.1~'~'i'l,~iJ~::: n!lULlJL'WYl'W'tl~~'tl~l'Wb"l! ~;Yl"l! nU!l!ln~L1Oj'W1'W!l1 n1 PI LL~:::ii L !l'W1"l!,r 
, , ~ 

PPO vhL,xLn(;liJDmtl11e1(;l~!ln~L~i'WL~LtJ'W o-diphenol ;~'i'l1j',h:::~n!l!ln~1(;li~!l1,xLtJ'W 0­
, ,~ 

quinone 'i'l1j'~~ n~l,)v\ Ln (;l~'W1Oj :::~,)lJ vl,) n'WLL~::: Ln (;l iJl)mtll nU'i'l1 ~iJ~:::n!luYl'W!l ~~'Wl 'I.11'tl nu 

" 
m(;l'tl:::m'W1~ LtJ'W'i'l1~iJj':::n!lU b~~ojf!l'W~-Wll?ll~ (Owusu-apenten, 2005) iJDmtl1mnn (;l~ 
II I I" f 

-W1l?l1~v\ L1~ ~,)t1 L!l'W1"l!,rL~!l Ln (;l~'W lOj:::vll1,x~ LL~:::~'i'l"l!1 ~"JJ!l~ e.J~ l?lnru-nLiJ~t1'WLLiJ~~LiJ ii i"l ru[l1~• 

~ (;l~~ LL~:::hlLtJ'W~tJ!llJfu"JJ!l~~U1-Lfl ~ ~~J'W~~ ~!l~ii m~mu fllJiJDmtl1 n1nn (;l~~'l?l1 ~1'W 

" LiJ~!l n LL~ :::LU!l"JJ!l~ LLn'),r~ nnL(;l~ ri!l'W-w11iJtJ'tltJ'i'l~1tJ ~,)tJ b!l'WL"l!,r L(;ltJl-ifWJ1lJ~!l'Wi,)lJ nun1~ 

'i'l1n~ii L(;ltJ'i'l1n~ii~UtJlJL-if1~LLrim(;lL!l'i'li"l!lfunLL~:::n~(;l~l?l1-n ~1'1.1fun~(;lLL!l~~!lmnvl1'1.1iil~ 

dJ'W'i'l1~1~')iL(;ltJlOj:::1~')i o-quinone L,xn~ulJ1!ltll'Wj'iJ"JJ!l~~1~iJ~:::n!luYl'W!l~ ri!l'W~ o-quinone 
.- " " ,~ 

lOj:::vl1UDmtJ1~!lLiJlOj'Wn~1mtJ'W'i'lI~~-W1l?l1~(Dris LL~::: Jain, 2004) ~')'Wm(;l~l?l1'nvl1'1.1ii1V\LtJ'W 

~1j'U!l~n'Wn1nn(;l~~1l?l1~L(;ltJ~(;lfh pH 1,x~1n~1f11 optimum pH "JJ!l~L!l'WL"l!,r PPO ~~m~L,x 

L!l'W1"l!,riiLL!lnVl~~~(;l~~(EI-Shimi, 1993; Sapers LL~::: Milier,1995; Sapers LL~:::~ru:::, 1989; ) 

LL~:::L'Wn1~,J1lJ1tJ!ltJ~~It1 ~,)t1 L!l'WL"l!lJ1'Wn~lJ L~ nVl L'W~iilOj (;liJ~:::'i'l~ flL~!lL~lJiJ~:::~'V1fifl1~L'Wn1 ~ 
r ~ 

~n (;l~1~!l'tln~'V1fi'V11~~'Jfl1~1Oj1n LiJ~!l mL~:::bU!l"JJ'tl~ LLn'),r~ mLL(;l~ 1~bLri 'i'l1~L,x~aJ'J~ LL(;l~"JJ'tl~ LU~1 

l"l!tJ1U'W ~1j'iJ~:::n!luYl'W!l~ n ~1J'~1'W!l~~~~'i'lJ':::~'W1 L(;ltJL-ifL!l'WL"l!,rL~ ~~L'W'i'll'Wn1~~ n (;lL(;ltl1aJ 

~,'Wm:::u')'WmnLtJ nn1 n",1!lLtI !l1 '1.11 j'!l!l n vhL,x~1J'~ n(;l~L~iJ~ i"l~fmj'1!l~ fliJ~:::n!lUb~lJ LL~ii 

mllJL-nlJ-n'Wl-J1 n~'W L~!l i"l,)1lJ~:::(;l') n1'Wn1j',Jl1iJL-ifUJ'~ LL~~~ LL~:::L~!lilJ iT'i'lL'W!l1'1.11j' 'V1 (;l LL'V1'W~1 J'• 
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.. 


./ 

I 


• I 

.. 


...... 
2.'lfin'l'1V1(;\'a'a-l 

2.1 flm:t11l1'l::vh'UI1::~ullUn'l'1fl'lU~J,Jn1'1Ln~tli]iWm~J1611'a 
• ..,... cJ ... ..:II..... 1'" '" d.l' .J
lJl LLn'lJ,J,m1V1I'1{;) L~tlm:;{;)u fI'll t.I~ n (;) LL~'l LLEJ ndJlJ~'l1JLtJfl!l nU~:;LlJtl t.lll-ll11l'l~Yl. 

L"UJ1:;flt.l1lJ011f1'llH1t.1n11Ln{;)tJnmU1~Jl{;)1~ L{;)EJH'~11f1'lU'1t.1011Ln{;)tJnmm~Jlm~ 2 

'1IU{;) ~tl m{;)LL!l~l'Itlmn LL~:;mVl:n(;J1n i'mnun111iXfI'l1t.1rtlw~""JU1tlJ1 LVlU~t1lJV)'lEJLf'i~!l'l~'U 

'U1lJ 3 'U1V1 LLtJMt.l1ru~11I'1'lUf'lt.ln11Ln{;)tlnmm~J1mfl~HfLUtJ 4 i:;~U ~!l 0, 0.1, 0.2 LL~:; 
1 " ".?l ...... ......!... J

0.3% (w/w) U tl11:;U:;LL'l~11lJnli l-l1'l'l1t.11tltJLutJ 4 i:;{;)U 1'I!l 0, 1, 2 U~:; 3 'UTVI Lit.l"UL'l~lLl-ltl 

"{;)~~n~1'1lltl~~'ltlU1~iltlrul-lnii 85°C u~:;vi11iXL~lJ~~tlfh~1'l{;)L~'l1{;)f'i1~ltJi:;uu L" a" b"• • .,j 

" .1 Q, -l ~. .Jc!II10 

(;)'lEJLl'litl'l Chroma meter UmN01LlJVlU~~ 0 65 VI'1nI11'l:;n1iVl{;)'atl~ ''In'U'U'Ul111'l:;VlL~tlnl-l1 

~- ... If.. .. ...I......, .J... 1 " 
'Vl{;) ~ tlULL tl nVl'l61lltl~ LtllJ L'1Il-l L V'ltltl tl n'1l L{;) ~ LV'l tlUlJUlJ'l1111'l:; 'Vl Lfl tl n '11 ~ It.11HII'I'lU1'Il-l n 11 • 
Ln{;)tlnmm~J1(;J1~1v) ~~011'VlVl~tlULLtl nVi1~1l'tl~Ltlu1'lI~LV'ltltltlniD LVl~vhL{;)U ~(;) LLtJ~~~fllltl~ 
Pearson (1976) 

~ . ..,j OJ.... 4 ~ _,... .r 
2.2 I"InH1111'l::VlLl-tt.l1::<&UJ ~uO1'114n (;\141'1'Cl'Cl n qVlfiVl1~"1I'l111'Vi"1nLu'a'Clnu.'a::LU'a 

LLn'l«~n'1LL61~1(;\u"liL'CllJl'iUh 'Vifl91LlJ14V11~n'l'1Fi'1(Pectinex ® Ultra Spall 

~nVl~litltl n ~Vli'Vl1~~'l111V'l"1 n LtJ~tl n LL~:;Ld'tl LLrl'UJ'I n 1LL{;)~~ ~.h'Un11I'1'lWill-l 011 

Ln{;)tJnmU1~Jl(;Jlfl V)'ltILtllJ1'll~LV'lnV1LlJ~'Vl1'1n11~1~'tl Pectinex® Ultra SP-L LVltnhtJiimm 

1Ull'l{;)LLrl'l~"I!l'1llJ1Vl 250 iifl~~(;Ji LLUU batch l'I'lUI'Il-ltlruVll1ii~ 32±2°C LLfl~mlJt.lfll-lv)'lU.. " 
1'I'l1l-lL~'l 100 1tlUt;itlU1V1 LLUrl'l'llt.1Liil-l-ifU'lltl~LtllJ1'll~LUlJ 9 r:;c;\u ~tl 0.5, 1.0, 1.5, 2.0, 2.5, 

3.0, 5.0, 7.0 U'a:; 10.0% (v/w) U'a:;UU1L'l'aln11U'tltILUlJ 9 1:;c;\U ~!l 0, 0.5, 1, 1.5, 2, 3, 4, 5 

LL~:; 6 i'lLl-l~ lUJVltlnmmL!llJ1'lll-l1{;)uliXl'I'l1l-l1't)U~~rul-l1J~ 100±5°C LtlUL,)~1U1U 5 U1V1 \11 

t'l11fln{;)~1V)l-l1yhliXLUlJLntlL~mnuV)'ltILl'li!l~ hand homogenizer ~1'I'l1l-lL~'l 16000 r!lmi!l 

U1V1 LUUL,)~1U1lJ 3 lJ1V1 LLL~:;~Lfln:;\ftfh.J1ru~1mfl1~'li (Reducing sugar; RS) ml-l1fl'll!l-.1 

Nelson (1944) ~'VlnI11'l:;01r'Vl{;)fltl~ 'VlVlfl'f)~ 3 ~1 'l1~LLt.llJ011V1{;)'a'tl~LLUU 9x9 Factorial in• 
CRD 1Ll'ln:;\fii~nJ~L{;)uHi1tJrLLml-lr1't)l-lYi'lL(;J'tlf~1L~91tJ SPSS LmtlULV1UUI'I'l1t.1LL(;mt;i1~1l't)'1

~ ~ 

, J 'i' 1......... J... ...1:­
f'l1L~~tlL{;)U "JI'lfi Duncan's New Multiple Range test Vli:;{;)Ur1'l1l-JL'll'al-lU 95% 

3. ~'a Ll'a::1"1'1nA~'an1'1V1 (;\'a'Cl~ 

3.1 111'l::~Ll-t2-n::14J-tlun1'ifl'lU ~2-J m'iLn~t1nmtl1~J11;)1'a 
O17L(;)1Ul-l un'lar~m'LL{;)'1 n't)'\.~u11tJu!l t1~ fl1EJl!lulnr ~'a'll'j O1rDlJfl:;L~U (;)n!llJLuun11 

L~l-l~U~~'llU011i"hunmm"lJtl'l Ltlul'll~ L~'al'j n11,rULL~~,JlJvi11iXLLrl'llY'I n1LlV1'1 Lu~ulJd1u~ 
~1(;J1fll-l1n;U ~'11UcrnLlfl~t.I~1~~'llJ1V1nJ Ln{;)n1rvi1'11lJ'II't)~ l 'f)ul"J1lf polyphenol oxidase 
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(PPO) LritlL;1'BL~'BCJm;1~1t1'Vl1-1n~ Ln(11tl{jmtl11::;ld1-1~1n.h::;nflU monophenol ~'B~1'Ul'll~6 
". ~'llriu'B'Bn:nL'~'Ul'U'B1n1f'1L(1Imtl'Ul'lllf PPO vhhHn(11~11 o-diphenol ~-1()n'B'Bn=nl@Jit;l'Bl~dJ'W 0­

" 
quinone 91mr'U~11ul'-1mh,)~Ln(11~'U"l::;1,)l-l(;]')ri'ULL~::;Ln(11tJ{jmtl1 Maillard rium(11'B:;in'U",1'B··1 
~11tJ1:;n'BU~'U'B~~'U 11~~11tJ1:;n'BU L~-1eii''B'U~~1~1~(Owusu-apenten.2005) ri-1c.1t'l1tXln(1l 

n11LU ~EJ'ULLtJ ~-1 ~i-11'ULtJ~tl n LL~:; L~'BLdh,r-1 mLl(11-1 ul'-1 ,r'U~-1 vitl-1i1 n11f'YlU Fll-ltJ{j mtl1n11Ln (11 ~ 
~1~1~ ri'B'Uu11ulfl'Un11U'BtI~~1u~bm'B'Wl'!1,r 

m1'Vl(11~tl-1L~tln1-ifm'(11~'U'Vl1U 2 'ilU(11 ~tl m@JLLtl~f1tlfijn Ll~::;m(11:n~1n ~-1i1m'i1~1'Un11 

f1,)uFll-ltJ{jmtl1n11Ln(11~~1m~t;l1-1ri'U m(11LLtl~f1'tlfijnvi1l.".'i1~Lij'U~111~hi o-quinone 1tX 

n~ul-l1tl~1'UZU"lJ'tl-1 o-diphenol vi11tXhhii (11u{j ii1t11~~1m~ ri'J'Um'@Jcn ~1nvi1lnJ1~dJu~11 
iltl~ri'Un11Ln@J~J1~1~n~l-l acidulant L(11EJvi11tXfi1 pH fl(11£H Lrlfl pH ~1n~1r)1 optimum pH 

"lJtl-3Ltl'UL'!Ilf PPO (pH 5-7) 9::;'ihEJ~(11LLflflffl~"lJ'B-3L'B'Ul'Dl-l1~Lrl'BLeii'm(111'Jl-l riun111tXfI')1l-l~tl'U"l'W 

'"I(11~-3n~1-3i1mu"'l1il 85 °C L~tl'Vl(11~'tlUfl'VlfiVi~1'Jl-l1::;ld1-1'ilU(11riuml-l1ruI;'l11f1'JUfll-ln11.. 11" .. 

Ln (11Unmtl1~~1~1~ LL~::;1::;EJ::;L'J~11'Un111tXf1'J1l-l1'tl'U ViU~1 LtJ~'Bn LLrl'JlT-3 nn~'tll~l-lm(11:n~1n 
fI')u~riUn111~fI')1l-l1'B'U~'JEJL'BJ1vi11tXi1fi1f1'J1l-l~11-3 (L *) Fh~m~'B-3 (+b*) LL~:;r)1~LL(1I-1(+a*) 

lnliL~EJ-3riu~ch'Un1ul'JUFll-ln1nn(1luBmU1n11Ln(11~J1~1~c;')'JUn111tXfl'J1l-l~tl'ULYh.l-1'tlU1-1 
L~U'J Lrltl-1"l1nm(11:n~1n~1cifi1illl-l1ruu'tlmn'UltJ ~-1vi11tXfi-1i1fi1 pH lnliL~u-1riu optimum pH 

"lJtl-1 Ltl'Ul'Dlf PPO LL[;jn11L~~ m(11'B~1nl'Uml-l1 rul-l 1 nLn'ULU ri-1 c./~1tX lLrl'J,r-1 nnL(11-1i11I;'llU¥U"liJc.I~ 
•• 1 

t;ltl n 11U'B),J fU"lJ 'B-1 ~U1L11 fI ri'J 'Un 1 n~),Jn 1(11 LL tl ~ fI'B fiJ n fI'JU fi riu n 111 tX fI 'J 1l-l ~m!"l:;'li 'J tJ ~ (11 
v " 

U{jii1t11 n11Lii(11~J1m~ lrl'B L ViEJU riu~th'Un111tXfl'J1),J~tl'ULYiEJ-1'BU1-1 L~m "l1 nCJ~n11'Vl (11~'B-1 
Viu'h l'Uri'J\.mJ~tlnLl~::;L~'Clurl'J,r-1nnL(11-1 n11L~),JmI1lLL'B~fl'BfUnL-n),J;r'U 0.3 LL~::;O.1 %(w/w) 

m),Jfhul'u 1'Jl-lriun111tXfI'J1),J~tl'U~'JEJ1'ClJ1'U1'U 3 'U1Vi LI1IEJi-3lU~tln LL~::;L~'Cl Url'J,r-1 mU(11-1"l::;iJ 

fi1f1,)1),J~~1-1(L*) LL~::;fi1~LL(11-1(+a*) ~-1~~(11 ri'J'Ufi1~L"'~tl-1 (+b*) "l::;i1fi1~1~~@JtlU1-1iJ" . . 
0­

t!i.I~1~C1J(p~0.05) ul'-1t!'U9-1L~'Bnn11L~),Jm(11LLtl~f1'BfUnL';;),J-n'U 0.3u~::;O . 1 %(w/w) (;11),J~1ul'U 

1rl),J rlUn111tXf'Yl1),J1tl'UJhuLflJ1 dj'UL 'J~1 3 'U1Vi LL~ :;L;jml1111'J::;~1~U'VlI1lI;'l'BU LL'B n~~ ~'lJtl-1 

Lfl'UleJUJ peroxidase (POD) L~'BLU'Un11U'UtJ'U11LU'U111'l::;~~1),J1nlfl'JUFl),JuBmi.l1n11Liil1l~ 

J1m~L~ ViU11h.iViULL'tlfl~';)~"lJ'B-1l'tl'UL'Dlf POD LL~I1I-1c.1~"lJ'B-1fi1L'tl~EJfl'J1),J~11-1 (L*) U~::;Fi1~ 
Ll(11-1 (+a*) "lJ'el-1 LU~'Bn LL~::; L~'tl Lln'JlT-1 mLL(11-1~~h'Un11f'YlU Fl),J n11Lii l1Iu{jii1m~J1(;11~~111'l::; 
• ~ .1..1

(;11-11 (11-1lu'Vl 7.1-7.4 

http:t!i.I~1~C1J(p~0.05
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42 
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~ 
CI: 
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",e:; 32 
(iJ 

r 
-CI: 30 

28 

o 1 234 5 6 
'i::fI::L,)'a'lm~fI')'UJi'~u (U'lYi) 

--+- O'/" kid __ 0.1% Ascortllc acid __ 0.3% Ascorbic acid __ 0.5% Ascortllc acid 

_0.1% CUric acid _ 0.3% Citric acid --.L- 0.5% Citric acid 

~tlv1 7.1 	 FiIL~~tJfI'l1l-J~tj1~ (L*) "lltl~LntlLlri''llJ~n1LlVl~~chUn1rfl'l1Jf'll-Jn1niiVlu{jmtn~ 
~ .J • 

U1V11~1'1111'l:::(;J1~1 


o 1 234 5 6 
~... 	 .., ~ 

r.:t1::L1il'lVl LVI fl11Wl'ilU (U1Vl) 

r 
~! 

~ =-­ =-­---­ ~ 
II=="---::::::. -I 

..---­ ....,~ 

II­ - _ ..... ----- ­ .... - - - - ­ ~, 
--~ 

~ -- :::.---: 
1­ __ 

~ ~ -­~ ---­

38 

36 

~-l 
-'* 

± 
~, 1 

R, 
28 ~ 

r - ­
26 t t t 

-+-0% kid ____ 0.1% Ascorbic acid -tI- 0.3% Ascorbic acid ___ 0.5% Ascorbic acid 

-*'-0.1% Citric acid -*- 0.3% Citric acid --&- 0.5'k Citric acid 

tI ..ai 	 ,.J d .l' .... - .J Q, U.c.<QA cI ~ .JI 

~ VI 7.2 	f11L~~tJ~LLVI~ (+a*) 1Jtl~LUtlLLn'm~mLl(;J~'Vlc.J1Un1~f1'l'J'"ll-Jn1rLnVl !JmEJ1flU1(;J1~V1 

111'l:::~h~1 
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40 
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r 36
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r 34 
C" 
Ci: 
~ 

-'<1= 32 
G' 
r

-Ci: 
30 

J 
__~f~ 

~-I t-;---... - ... --- ~-
.., 

- - _----4-~--:::----
~- ~~ ::::::..-..-.., ~ 

~ ~ 

28 

o 1 5 6 

-.- Do", IIcld -II- 0.1% Ascorbic acid ___ 0.3% kcorblc acid ___ 0 .5% Ascorbic acid 

--*- 0.1 % Cllrlc acid --*- 0.3% Cliric acid _- 0.5% Citric acid 

38 

36 
~.j 

± 
~, 

~, 

~ ..... 
28 

26 

-
I I 

.. 
1 

~ 

I 

o 1 234 5 
'i::tl:;L';l'Cl1mt.tfl';l1~~1J (u1Vi) 

___ 0.3% Ascorbic acid ___ 0.5% I15corbic acid 

""'*- 0.1% Citric acid ----k- 0.3% Citric acid --.l- 0.5% Citric acid 

--+-O%Pcid ....... 0.1% Ascorbic acid 


:tJ~ 7.4 ri1L'il~iJ~LL~~ (+a*) "lI'tl~LtI~'tlmLli'),r~mLL~~~chUn11fl,)U~tJn1Hn"'t1nmiJ1~J1[;l1~ 
..J • 
V1111')~(;l1~1 

6 
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3.2 ~m:t1~11l1"l::vtLmJ1::~~"lUn1"i?tn{;l?t1'i'il'anq'VIifvn-3:a"l1l1Vi~1mtH~'ilnLL't'I:: 
., 

Ld'ilLLrl"l,T-3n'iLL{;l-3t{;lEl"liL'ClUL'll,JLViFl~ LU?t'VI1'W1'iR1(Pectinex @l Ultra SP-L) 

'"I1n n11~Vlm~mnh-1l'w'll!l'! Ltl"wl'l!lS LUlU'W'"I11tU1'"11 mR~1 ru~1m~r~'l'lf~ Ln UI'"I 1n." 
n11cijVl~l.Ifi~ln~LR:n~'ll!l-lVitl~ L~tl fll.lLtl~!l n U~:::Li1tl LLnrllJ-l nHLUI'! Lrltl1 LRn~lHrtl)J~1'I1-l~n~ 
'll!l-lrhtl"hl1ru~1m~r~'l'll1l.1LtI~!ln LL~ :::Li1tl LLn"llJ-l mLL(M ViU~1 PI'l1 ~LiJ'-Jifl.l'lJ!l'! L!ll.ll'l!lSLL~ ~ 
L'lfl1n11U!lUilill'lHVi ~ ~mR'-J1ruJ1U11fl1~h'lf!lU1'1i1 UEI ~1 r)C1! (PSO.OS) LL~ :::ViU t:J ~ 'll!l-l:al'lHVi ~ 

i'l'-J'l:::ld1-liJ'"I4'mr'!~!l-l!lti1'!i1UU~1A'q.j (PSO.OS) '"I1ntJflm11'1U1fl!l'!~tI~ 7.S-7.6 Viu'h Lrl'tl 

L~~R'l1'-J Lif'-JiJ'W'll'fl-l L'fl'W1'lIlSLLfl:::L'l~1n11t.itlULU ~'fl n U~:::Lt1tl LLn'llJ-l nHLUI'! '"I :::i1m'-J1ruJ1Ul1 ~ 
1~h'lfL~'-J~'W'flU1'lilUEJ~1~q.j(pSO.OS) ~-lm~1ruJ1U11~1~'l'lf~L~'-J~'W LnUl"l1nn11cijUl~l.Ifi~ln~ 
'i' "" "!:"I tI"" ..t., ~ .J ..l' 'i' 1" "" LR'lIft'll'fl"W'flftL'-J'tl'l LUL ~'flmLfl::;LU'flLLmlNn1LLVI'!V1 ~1n'1lU LUlUL'flU 'lI'-JLVinVlL'W~ L'iI~fjLfl~ LLf'l~ 

Ltdh'llf'lfj Lf'l~ '"I:::ti'flU~fl1EJ~'Wfi:::'lnflLFI:n~'lltl'!~11U1~n'flU LVi nVi'W L'ilf'lfjLf'l~LLf'l:::Lt:li1L'1If'I~ L~~ 

r;n~~1"'U ~ulL'lru~u"L'lIftff'll'fl-lLi1'flL~'ElYi'l!(tlnri1, 2547; Grohmann and Baldwin, 1992; 

" " Sreenath et aI., 1999) l1"ULtl'Wl'l1aJ Pectinex@l Ultra SP-L tl'l::;n'flu~'lUL'fll.ll'l1lSmnEJ'lIilVl 

-dot " 
Vl'lll.l (Pllnrk and Rombouts, 1979) 
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Ellzv"llle 

COJlCenJa:iOJl(~/oV/V./)+-----------------------~~------~==- ~--

___,00" 

-7DO" 

- 10 .00" 

5 

HyclIOlysis time(h) 

I II '" I'iu.v1 7.6 n')ntl~U'WbbtJ~'1tfhJ') ruU') I?n~1_~,)"ll1'WLil'ilLdhlJ'I m'Vl e.h'Wnt~u'ilU~~')U ~'JU L'il'W1"ll~.. 

L~u'Y'ju~')nt~HL'J~')U'ilU'W')'W 3 -B-'JLlJ'I ~L'il'W1"ll~fI')')lJL_nlJ_n'W 0.5-7.0% (v/w) dJ'WJ)')'J!; 

~ LtJ~'il n LLfl,)lJ'I m' ihElJ,) ru~11?l1 ~1_~'JsDvi~'iln ~!;~Unt~~~~'Wfi!;1n ~LfI~~ fI~'il1J fI~lJ'"ll mI'J'l ~1• 
I tJ I I I 

11J~'l ~'lmlJl ruUII?lI~1_ti')sD'V11~n ~h1,J LLI?l n (;]1'1 nUJ),),)!;VlHfL,)~,) 4-6 on') LlJ'I 'ilUI'lnl!m~lrlru 
qJ ~ 

(p> 0.05) LL~!;Ln'il';)LfI~I!;~_n'illJ~i'lI'1~n~'Y'jU~1 mlJ')ru~II?lI~1_~')"ll1'Wbtl~'ilnbdl'JlJ'Im~1~'"lln
qJ 

nt~U'ilmtl'WL,)~1 3 -B-,)LlJ'I ~')m'il'W1"ll~L_nlJ_n'W 0.5-7.0% (v/w) ~,)lJIHlLLtl'lLtI'W 3 "11')'1 

L~EJtl~!;lJlru~'il 20.35, 32.73 LL~!; 44.54 mg glucose/ g fresh weight (fw) Lb~~'11'Wl?l1n'l~ 1 
" .,

~'1l!'W~'1L~'ilnHL'J~lntnj'ilU 3on,)LlJ'I L'il'Wh~Vlm')lJL_nlJ_n'W 0.5, 2 .5 LL~!;5 . 0%(v/w) dJ'W~,)LLi'l'W 

L~'fl~n~1 e.J~"lI'fl'l~!;~U nt~~~~'Wfi!;1n~LfI~~"lI'fl'l'Y'j'il~ LlJ'flfL'WL1J~'fl n LLrl,)lJ'I n nL~'1 ~')u L'fl'W1"ll~~n 

(;]'il~I~'il'fl n ~i'l ti'l')'1~')J)')'Y'jH1LLri ~')~1'IX~"lI'fl'l Lu~h1"llEJ IU'W mlJl ru~') ~~ 'W'il~ n LL~!;~ 1~~,)'W 

'fl'I~~~~M!;~'W1 LL~!;L~'flnH L'fl'W1"ll~~fI,),)lJ L_nlJ_n'W 5.0% (v/w) L,)~1 nt~U'flU 3 -B-')LlJ'I ~'1 LU'WI)I'J!; 

~ LtJ~'il n Lbrl'JlJ'I n nb~'1n~!;~Unt~~Vl~'Wfi!;1n~LfI~~ ~'JEJ L'il'W1"ll,J~'1~ ~1'W"1I'J'I~~ n~ LU'W~'J LLi'l'W" . 
., 

btJ~'ilnbbrl'JlJ'InnL~'1~u'WLL~!;mUfllJntnn~~UII?lI~• 
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d ~ I 

(;l1l'1.:J'VI 7.1 1JhJ1n.I'W1IW1~1~'JiVl1~r.nnn'l~fl'e)tJMrU.JbU~'e)mLfl'J~'1nnbl?l'l~')m'e)lJ1"ll~Lyjrl~ 

LlJ~f)'J1:Wb-if:w-iflJ(;]1'1nlJbtllJLtilJb'J~1 3 "ll:W.'. 

.' Concentration (%v/w) Reducing sugars (mg glucose/g fw) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

5.0 

7.0 

20.35±0.09c 

21.72±1.53c 

23.72±0.32c 

24.33±0.21c 

32.73±0.02b 

33.60±0.B4b 

44.54±0.65a 

45.67±0.36a 

1lJ~'JlJL~'e)LLn'J~'1 nnLI?l'lyjU~l n'l~1-nL'J~lfl'iltJlJ1lJ 3 -r')L:W'l ~ L'tllJ1"ll~m1:WL-if:w-iflJ 0.5­

10.0% (v/w) LtllJJ11'J:;~L~'ilbbn'J~'1n~ ihE:W1ru~1~1~1~'Ji~1-'ilih:;'hln1~I1il?l~lJn:;1n~Lf)an~ 
I tJ I I 

f)~'e)U f)~:W'"l1 n"l1'J'l ~1hJ~'1 Lb~ :;m:W1 rutn ~1~1~'JiVl1~iJ 1"11 hJ LL(;] n (;]1'1 riUJl1'J:;Vll-if L'J~l 4-6 
• OJ 

-r'J L:W'l 'e)fl1'liJ'I1tJcl1~tlJ (p>0.05) di'il~ Lf)n:;'I.Hrm.J~'Vl1'1~ Cl~yjU~l m:W1ru~lm~1~'J"ll1lJL~'e) 

LLn,)~'1m~1~fOl1nn1~fl'iltJ~L'J~lfl'e)tJ 3 -r'J~:W'l ~'Jm'illJ1"ll~L-if:w-iflJ 0.5-10.0% (v/w) ~1:W1H1 

mJ'IbtilJ 3 "l1'J'l LI?ltJtl~~:W1ru~'il 25.61, 58.54 LL~~ 70.56 mg glucose/ g fresh weight (fw) 

Lb~I?l'l1lJ(;]ln'l~ 7.2 ~'l~lJ9'lL~'e)nHL,)~1n'l~fl'e)tJ 3-r'JL:W'l L'e)'W1"ll~~f)'J1:WL-if:w-if'W 0.5, 2.5 LL~:; 

1O.O%(v/w) bti'W~'J Lb'Vl'Wb~'e)~mj'rl ~~"lI'e)'l~:;~Un'l~~(?I~'Wn:;1n~ Lf)an~"lI'il'lyj'e)~ b:W'ilfl'WL~'ilLLn') 

~'1n~LL(?I'l~'JtJL'tl'W1"ll~~iJ(;]'il~1~'il'e)n~'Vli'Vl1'l~'JJl1yj1~bLri ~1~1~~"lI'tl'lLU~11"llmU'W m:W1ru~1~~ 

'W'tl~n LL~~~1~~llJ'il~~~~M:;~'W1 bL~:;b~'tln l-if b'illJ1"lllf~ f)'J1:W b-if:w-iflJ 10.0% (v/w) b'J~ln'l~fl'e)tJ 

3 -r'JL:W'l ~'1 LtI'WJl1'J:;~L~'ilLLn'J~'1mLLI?l'liJ~:;~Un'l~~(?I~lJj):;1n~Lf)an~ ~'JtJ L'illJ1"lllf~'lq (?I 1'W"l1'J'l~ 

~n1j'l bUlJ~'JLb'Vl'WL~'tl~(?I~1:wn1~Ltl~tJlJLLtl~'1m:W1rultJ'il1~1~ LL~:;m1:Wf)'l~'J"lI'il'lLU~11"llmUlJ 

LmtJu LVltltJ nuL~'il bLn'J~'l nnbl?l'l~tllJLL~:;f)'JU f):W n'lnn (?I~~l ~1~• 



109 

q "I " 
~1'il~'V1 7.2 'lJhn ru,Jll?ll~1-~'J..nYl1Ji'~1n n l~tJmJ~ ~1t1 blhHdl'J,r~mbblM Ji''JtI b'fl'W1"l!lfb'V'l rl~ b'W~ 

rl'Jl~b~~~'W(1h~n'WdJ'Wb'J~1 3 "l!~ .". 

.' Concentration (%v/w) Reducing sugars (mg glucose/g fw) 

0.5 25.61±0.09c 

1.0 27.99±1.53c 

1.5 2B.72±0.32c 

2.0 30.13±0.21 c 

2.5 58.54±0.02b 

3.0 58.60±0.84b 

5.0 64.54±0.65b 

7.0 66.85±0.36b 

'10.0 70.56±0.19a 

, ~ 

"l!~~ ~'fl n~~bb'fl~rl'flfiJmb~::n~~~I?l1-n 'V'lU~lfll'J:;YlbVl~I::~~1'WbU~'flmb~:;bC'fl~'fl b~~m~ 

bb'fl~rl'flmm~~~'W 0.2 bb~:; 0.1 % (w/w) 1?l1~~I~u1'J~nun1~1'IXrl'JI~¥'fl'W~'W~~~~n~l~iJ•
" " ,

'flruVlflii 85°C 'W1'W 3 'WIYl i'WI?l'fl'W~~VfIt1,JlbU~'flmb~::bC'flYl1Ji'~ltJ'flU~~luJi''Jm'fl'W1"l!lfn~lJ
q I\J q , 

b'V'lnvh'W~ l~mbU~~:;U::b'J~lnl~tJ'fltl 0-6 i'Jl~~ bb~:;bbu~ml~ b~~~'Wb'fl'Wh~1'W·lh~ 0-10.0% 

(v/w) l~U ~ ~ 1?l1~ rl'JI~~I~I~Cl1'Wn1~tJ'flU~~ 1t1 Ji''JtI b'fl'W1"l!lf~1 nm~1 ru~11?l1 ~1-~'J..n'V'lU~1 1'W 

~'J'WbU~'fln ~b'J~1 3 i'Jl~~ rl'Jl~b~~~'W"lI'fl~b'fl'W1"l!lfdJ'W 0.5, 2.5 bb~:: 5 . 0%(v/w)~I~I~mL1N 
" ~ , 

~:;~U"lI'fl~m~lru,JII?lI~1-~'J..ndj'W 3 'II'J~ ~'fl 20, 32 Lb~:: 45 mg glucose I 9 fw LL~::1'W~'J'WbC'flYl 

b'J~1 3 i'Jl~~ f1'JI~IL~~.jf'W"lI'fl~b'fl'W1"l!lfdj'W 0.5, 2.5 Lb~:; 1O.O%(v/w) ~1~I~mLU'l~::~U"lJ'fl'l 
" m~lru,JII?lI~1-~'Jibtl'W 3 'II'J~ ~'fl 26, 59 bL~:; 71 mg glucose I 9 fw 1~Ufll'J:;~~n~I'J~::H1'W 

nl~';j brln :;,"Vllm~1 ru~1 ~'fl'fl n ~VliVlI~~'Jfll'V'l 1Ji'LLn ~1 ~1'IX~~.h~ bb~~"lI'fl~ LU ~h1"l!UI~'W 

~1~u~:;n'flU~'W'fl~n LL~::~I~~I'W'fl~~~~~~::~'W1 

... .... 
5. L'elmtl'i'ell~/eH 

'W~~~ ~1~'V'l'V'lI'W. 2548. LLn'J,r~ n~. n!~ bVl'V'l~VlI'Wrl~ : ~1'1!nVi~"rfbLlA~'1Yl'I~~nmr~VlI';jVlm~tI . 

unru 'fl1'WL"rl'fl~. 2547. b'fl'W1"l!lfVl'N'flIV11), . Vi~"rfflf'l~ 4. m'HVl'V'l~VlI'WfI~: lNVi~"rfLLvI~• 

". 
Dris, R. and Jain, S. M. 2004. Production Practices and Quality Assessment of Food 

Crops. Netherlands: Kluwer Academic Publishers. 
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n1'i~n/PI~1'it.nr1v1L'Uv.1~"'1mtF\UIn1~,j Cucumis mela var. cantalupensis... 
~ufi-nuL~~~'lm'aul~,J• 

ENZYMATIC EXTRACTION OF FUNCTIONAL SUBSTANCES FROM 

CANTALOUPE Cucumis mela var. cantalupensis HYBRID SUNLADY 
~ tV .Q,.Q, 4 _I 4ClII • _ td 
L6ItI U.~. UJJtlv.'i 11ijJ~V1fitt~~ 'ifif.6I'i. u'i1CU 'a1UUJ'i'a.:J 

.... 
fWil\.lVl 2 

n1'i'fI'ltJ fI JJ m'iLn61U nMtI1ihh(;l1~ L~~~~~m'i!i'iltI~~1t1Ln'il L~~ ~'in"'il-3Ufl\.I(;l1~tJ;'lti• 	 u ~ 

L'il\.l'l'lfaJL~fI~iL\.I~Vl1-3m'iri1(Pectjnex ~ Ultra SP-L) 

lJVlA61!i'il 

",nm~~mnm~U1J~~n'~ln~t1Bnhn~~'f1\'~"lJ'el~Ufll.Jf1\I\ltl~il'fllt!mnn1JL~EJ'l 45 

1'l.JYl~~'el'eln~fJn 1-J11.h./LUl.J~:;EJ:;L,)~' 1 ~t1~,lf ~~ruYl1Jn~'fl~ 30±2°C LL~:;fl,)UrJ1-JtlBmEJ1n11 
Lnc;)~~,r;l1~ll.JL~'flLL~:;1n"lJ'el~lLfl'Uf1\'\ltltvlEJHmVlfluYirtJ 2 'ililVl ~'fl mVlLL'el~fl'flfijmL~:;mc;); 
Vl1'n LLtI~fl,)I1-JL-if1-J-ifl.JmVllu'li')~ 0-0.3%(w/w) 1,)1-Jnumr 1~fl'),1-J~'flu~hEJ1'fl~,,,u"~~~mn~~, 

tlruYllln 85°C utln')mm~l~fl,)l1-Jj'fl'Ul'U'li')~ 0-3 UIV1 Y4U~' 1UL~'fll~1-JmVlLL'fl~f)'flfDn, v 

O.2%(wlw) ~:;tJ:;L')m 3 UIVl ~')ull.Jml~lJmVlLLtl~fl'elfDn 0.1 %(w/w) ~:;tJ:;L,)~1 2 WIVl 

Yl~~r.nmrl.J UILLfl'Uf1\'\ltl~lJl1-JIEi'fltJ~~ltJJl')m'flul"ll,rfl,)I1-JL.jflJ.jfu 0-3 %(vlw) ~1:;tJ:::L,)~1n11 

Ei'flmuu 0-6 i')t1-J~ t~mLu~~:;;'J"lJ'el~ili1-Jlru~'f1\lfl1~,)'ll1UL~'eldJU 6 1:::~U Fi'el A-F = 37-58 

mg glucose/ gFM ~')u1u1n LLU~LtlU 5 1:::;U Fitl A-E= 23-43 mg glucose/ gFM ~VlL~tlmtlu 

vl,)LLl'1'UL~t)~mil~mtru:::L'ilY41:::1um1L~hum1'el'el n:n LVliu ml-J1ruLUUl, LLflhVlU ~Vl,nU; 

illl-Jlru~ut)~n~~Yl1-JC;) tfhJlru~~lt,)UtltJ~~~YllJVl 1,)lJ~~lml1YlI1~~YllJ~ lL~:::~111:;LYltJ ~~ 

n1~LtI~tJ'ULLtI~~ujtl1:;;U"lJtl~tfhJ,ru~'f1\1~1~h'lfLtI~tJULLtI~~1t1Lrl'el~I'UnlHjtltJ~~ltJJl')tJ 

L'flul'il~Jl')mtlul'il~LY4fl~LU~l'11~m~A'I(Pectinex ® Ultra SP-L) 
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1. 1JVllh 

: 	 LU'lU(;\1~tJ d~ULL(;\'l LVlPl'llUl1It.lii-.1tl~lU(;\)'~IJ~ Cucurbitaceae iJ~tlVl1-.1';jVlmPl1t'l[;lf~1 

Cucumis mela var. cantalupensis Lih.JC.J~1l!~t'l1l-J1)'(1til-Jl~~nlJi' (climateric fruit) tum)' 

L(;\1Ul-J~'ltlth'lLLl'lum~tJLdtliJmn*uLL~~iiuvhl~LLl'lumfttJLtJ~uULuu~J1[;l1~l-J1n;U ~'llucrn v 	 v 

LL~~C.J~ll!ri'lult.lqJLnl1ln1nhnu"IJtl'lLtlUl'l1,r polyphenol oxidase (PPO) LdtlL~tlL~tH.1nvh~1U 

Vl1'lnfl LnVltJ!Jmm)'~t.l~1-.1t'l1rtJj'~ntllJ monophenol ~tl~lUL'lI~~Vi'llnlJtltln:nL"ulutl1n1P1tl1lu 

Ltlul'1l,r PPO li1hlLnl1lt'l11 o-diphenol ~'l\lntltln'iill11il1itll~Luu o-quinone "1nJu quinine ~ 

Liil1l;U"~),'ll-J~'lnULLfl~Liil1ltJ!Jmm Maillard nlJml1ltl~mUt.l1tlt'l1J'tJJ'~ntllJ~utl~~U 1 lJi' 
~ 	 ~ 

t'l1rtJ1~ntllJL'ii-.1-iftlU~U1(;\1~(Owusu-apenten,2005) ~'lt!u~'ll'ltl'liJn111'l'llJl'll-JtJ5mu1n11Lnl1l 

~J1~1f11UL~tl LLfl~m'lltl'l UI'lU(;\1~tJritluu11tJl-if1un11titlUflfl1uJi''lULtltll'll,r tl1lUH1'l'l1l-Jr'au 
" 

~'ll-JnlJn1J't'l1nl'lii ~tlml1lLLtlfll'ltlfijnli1t.lt!1~LUUt'l111~bi L(;\u"~r~hi o-quinone 1~n~lJl-J1 

tl~luXtJ"IJ'tl-.1t'l11tJ1~n'tllJYlUtl~ ri'tlU~ o-quinone "~li1tJ!JmU1l1itlltl"un~1mtlUt'l1J'~J1[;l1fl 
ri'lU ml1l:n[;l1nli1t.lih~LtJUt'l1j'i1tl"nUn11Liil1l~J1[;l1flLl1IU~11If'i1 pH 1~~1n~1f'i1 optimum pH 

'lltl'lLtlul'1l,r PPO f'l'lC.Jfll~Ltlul'D,riJUtln~';j~~l1Ifl'l(EI-Shimi, 1993; Sapers LLfl~ Milfer, 1995; 

Sapers LLfl~l'lru~, 1989; ) 

tl1~fqVlfi1l1Vflun1J't'lnl1lt'l11t.lt!1~L'ilYn~11i1" 1 L1U ClVl~"tun11~hun11tltln'iiLlniu ml-J1ruLlJv11 

UI'lLJ'Y1U ';jmjj'W~ t'l11YlU'tl~nkml-J11I fl1J'~fl1L'lU'flU~~'lt.ll-Jl1I 1'll-J~'llu'fl1t.l1~'lt.ll-J11I LLtmLlJ'W 

Lumt.l11~1l-ifl~fl1uJ1LLfl~lutl1t.l11~fl~fnuJ1 LLfl:;fl111:;Lt.lU Ll1Imtl'Wl'l!,rLVfnViLut'lVl1'ln1J'~h 

Pectinex® Ultra SP-L (10,292 PGU/ml) C.J~(;\"1nL~tln~l-J Aspergillus aculeatus (Najafian LL~~ 

I'lru:; ,2009) tJ1~n'CllJJi''lmtl'Wl'l!,rVf'il~n1LLflnVlhLUt'l LVfn~ulflL'at'l LVfn~'WL'ilt'lLVl'ilL1t'l LiJ'Wt.l~n 
v 

~1"1~lJ~L'lruC.Jt!'lL'Ilflff'll'il'lYi'll (Mutlu LLfl:;l'lru~ ,1999) LtJU'll'il"Lt.lfl'l~~1(;\1flL;rl-J Ufl~~n~u 
'" c:" .d _ 1 ~ 't t"dJ " '" 

t.ll-JnLflnU'ilU ~ pH u1:;l-J1ru 4.5 ~1l-J1j'(1fl:;fl1UU1 \11I111Vl'VJnm1~L'lll-J'llU (Wilkins LL~:;flru:; 

,2007) 

2. 1fin1'iVl~~'il" 

'. 

2.1 RnH11l1'l:::vh\.nI1:::~ull.1Jm'iA'l1J~~n1'iLii~tJlimU1iJ1(;n~ 
U1LLI'lU(;\1fltl~~l1ILi~tlm:;~lJn11t'lnlJi'LL~'l~'lL~tlLLfl:;m'lltl'lLLI'lU[;l1~tlv. v 

Lt.ll-J1~t'll-Jlun1m'llJ~~n1nnl1ltllJmU1~~1[;l1fl tl1lUH~111'l'llJl'l~n1nn(;\tJlJmu1~J1(;11fl 2 

'llUl1I ~'il ml1lLL'il~I'l'ilfijn LLfl~ml1l:n[;l1n 1'l~nun111,xm1l-Jr'iluJl'lultlJ1 Ll1IUUl1lfl~L~Ul1IJi''lU 

Ll'li'il-3a'WC.Jt'll-J'W1'W 3 'W1Y1 utll1Rl-J1rut'l1j'I'l'lUI'll-Jn1nnl1lulJmU1~J1[;l1fl~1-ifLi1u 4 1:;~U ~tl 0, 

http:LLfl:;fl111:;Lt.lU
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0.1, 0.2 LL~:; 0.3% (w/w) LLU11:;El:;LL'l~11'Un11'l.lXrl'l1lJ~il'l.!dlW 4 1:;I11U Fi'tl 0, 1, 2 LL~:; 3 'U1Vi 

~111fUL~'tl LL~:;1n mlJ~1l11U l~lJ9UL'l~1L~'tl9111~..m~1'l'1J'tl'l(1]'lmh-ln'tlrulllln 85°C LL~:;~'hllX
• • v 

.. Lii'U~'l'tlrl1'l1'lI1lLj'l 1I11Fh~1'U1:;UU L· a· b· al'lElLrli'tl'l Chroma meter lLllft'lri1LUVlll~'l D65 ~YJn 

1l1'l:;n11Yl Vl~'tl'l 91 mr'UU11l1,):;~ l~tlnlJ1Yl Vl~'tlUU'tlnYi1~'1J'tl'll'tl'U1'II ~LW'tl'tl'tl niB LVl~ l~'tlEl'UU'U~1 

{11'l:;~ L~'tl nH~1lJ110F1,)W·JlJn11ln VlulimEJ1~~11111~Lal ;-.1 n/1'Vl11l ~'tlULL'tl nm ~'iI'tl-.1 L'tl'UL'lI~ 
LYitl'tl'tlniBLVl~vhlI1lElI11CilLLU~-.1iJfi'lJtl-.1 Pearson (1970) 

2.2 ~~m1"iri'iltl~~1t1;'lm'ilu't'll~LVifl~U.l~'Vl1-.1n1"iRl(Pect;nex ~ Ultra SP-L) 
o ~ J' ".J , _ ~ I " ..

'U1LLFI'Ul1Il~U'Vl-.1l'U'tlU~:;mYlc.tl'Un11F1'"lUF1lJn11lnVl~'U1(;11~lJ1EltltJ~~1tJl1I'lElL'tl'UL'l1lJ
v • 

- ~ ~ ®
lVin'VlL'U~'Vl1-.1n11f11F1tl Pectin ex Ultra SP-L 91n Novozymes Switzerland AG, Dittengen, 

Switzerland lI1lElvilUllmtJ1'1.U-1I'lI1lLln'J~'il1'lJU1111 250 n~~~(;11 LLUU batch FI'JU"llJT:lrull1Ji1~ 

30 ±5 'tl-.1P11L'lIflL~EJ~ ufl::m'Uc.t~lJal'ltJl'l'l1lJLi'l 150 1'tlUIJi'tlU1Vi LLUrFl'lllJL'iilJ,j'U'1Itl'll'tl'WL'l1~ 

LUU 7 r::I11U Fitl 0, 0.5, 1.0, 1.5, 2.0, 2.5 LLfI:; 3.0% (v/w) LL~:;LL1JrL'l~1nl1ti'tlElLU'W 9 r:;I11U Fi'tl 

0, 0.5, 1, 1.5, 2, 3, 4, 5 lL~:; 6 -r'lllJ'l ".tJI1IUlimEllL'tlUl'lllJ1I11Ell,xI'l'l1lJ1tl'W~T:lru"'1Jn 95±5 

'tl-.1P11L'lIm;tJ~ LUUL'l~1'W1U 5 t.nVi LL~:;~11I(;11lJn/rrlmJ~~lElal'lElLtl'Ul'll~91nmlJlru~1(;11~ 
d_ r. ~~ 

rm'il (Reducing sugar; RS) (;11lJ'Jii'1J'tl-.1 Nelson (1944) 

.. .,
3. ~~LL~::'l~1"i{\UJ~n1"i'VlI1l~'il-.1 

3.1 1l1'l::v1L\.Uf1::~u"'ltJn1"ifl'ltlFj2J nl"iLnUl1JilMtll~hrl(;ll~ 
mrLl111iJlJLlFlU(;11~Uri'tl'U~-.1L'tl'WL'lI~ ~'Cl'lnm1~'U~:;L~Ell1lri'tl'ULu'Umn~lJ~'U~C:hl'Wn/r

v 

vi 1UDmEJ11J'tl'l L'tlUL'UJ uj'tlnmr,*'ULL~::i1'Wvi11,xLLI'l'U(;11~'lhU~El'WLu'W~~1 (;11~lJ1n~'W 1l-.1c.t~1,x 

Lnl1ln11LU~ ElULLU~-.1~~-.1'1.m;1'tlLL~ ::m'll'tl\l LLflU[;l1~U 111-.1t1'W9\1 ~'tl.:Ji'lm1f"\'lU"llJUBmmn/1Ln 111~ 
., " 
Ul (;11~ '1.'ULU'tl LL~:;m'lJ'tl\l LLflU(;11~U ri'Cl'UU1LU'1.-nt'Wn1rti'tlEl~~lU al'J tJ L'tl'W1'lIll' 

v 

n11'VlVl~'tl\lL~'tlnHml1l~UVl1t12 'lIWI1I Fi'tl mI1lLL'tl~I'l'tlfUn LL~:;ml1l;n(;11'n ~.:Jn".ii1~1'Wn/r 

Fl'lU"llJu{jmEl1mrLnl1l~J1(;11~[;)1.:Jnu mI1lLL'tl~l'ltlfUnvhlliil~LU'U~111~'l'lf LI1IEl o-quinone 

l,xn~UlJltl~'1.'UZU'll'tl\l o-diphenol vil'1.\rhhnl1lu!imm~Jl(;11~ ~'lunnuml1l;n(;11'nvil11iil~LU'U 
~lril'tl.:Jnum1Lnl1lu!imm~~l(;ll~'1.un~lJ acidulant LI1Iuvil1lXFh pH ~11I~.:J Ld'tl pH ~lnrhFh 
optimum pH 'Il'tl-.1L'tlul'llll' PPO (pH 5-7) 9:;'Ii,)El~I1ILLtll'l~1~'lJ'tl-.1Ltl'Wl'illJ1~ i'JlJnumrl~I'l'JllJ 

:ftlU9'U9Cil~~n~1.:Jn'tlrulllln 85 °C L~'tlYlI1l~tlU~YlfiVi~i'll-J1:;1l~1.:J'lIUl1lnUmlJ1ru~11mUl'llJ. .." " 

mnnI1lUlimEJ1~~11111~ LLfi :;r:;El:;L'l~11'Wmr1~l'l'lllJ1tlt! YlU11l~!l LlFlU(;11~UL~'Cll~l-J n1111;n l1I1'n 

Fl'Juf'inum11lXPl'lllJ1'tl'Ual'JUL!l~lvil1~nrilF1'JllJ~~1-.1 (L*) ril~lll~!J-.1 (+b*) LL~:;ri1~LLCil\l(+a*)
" 



" 

.­

.. 


. 

6. 
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ln~Lf)tl~nlJ~~hwn1),PI'llJ~~mnii~tJ5m-tJ1mnii~~~11111~~'ltJn1)''l,xYl'l1~~'CluLYitJ~'Clth~ 
L~m Ln'Cl~"lnm~'D1111n~1-if~ill~lnn',('ClmiiultJ ~~vi11,xEJ~i1rh pH ln~lf)tJ~nlJ optimum pH 

'll'Cl~L'Clul'llar PPO Ll~mn~~m~ 'DI11TnluilllJ1rummiiul,J ~~~~'l,xLLYlUmfltli'hflLtfrn'li1~fl
" 

~'Cl m1tJ'CllJfmJ'fl~qlJ1LnYl ll~m),L~~m!1lll'flflPl'fl fD nPI'llJ~nlJn1)'1,xYl'l1lJr'ClU":::-rl'ltlfl~tl5m-tl1 

m),Lii~~~11111flLd'flLV1tllJnlJ~chum)'1,xm1~~'ClULYitJ~'Clth~L~m "1n~flm1VlVl~tl~WlJ'h m)' 

L~~m!1lLltl~f1'flmnL'ir~;ru 0.2 Llfl:::0.3 %(w/w) i'mnlJm)'1,xPl'l1~rtlU~,ltJltl~lU1U 3 u1V1 tVltJ 

.l CII, • 1~4 .J,J ,eI d.J,J ,4:01 

Lum:::lJmYl'l1lJfl'l1~(L*) LLfl:::Yl1~mfltl~ (+b*) fl~Vlfl!1l ~'lUPl1flU!1I~(+a*) ":::~Pl1mVlfl!1ltlU1~~" . 	 . 
Utl~1rlqj(pSO.05) ~~,ru~~l~tlnn1~L~~m~lLtlt'lYltlmm;r~;rU 0.2%(w/w) i'l~num)'l,xrn~ 
" " '1 1: ~ .,. J 1 'I" " , .J • J
1tlU~'ltJ LtlU1LuUL'lfl1 3 U1Vl LUtl~"1nJl1'l::: Un1~ L'llmVlUtltln11 0.3%(w/w) LLfl:::L~tlU1111'l:::V1 

1~tlV1!11~tllJLLtln~1~'I.Itl~Ltlul'llar peroxidase (POD) L~tlL1]Un1~EiUEJU~1L1]U111'l:::~fl1lJ1),Cl 

fI'llJ ~lJtl5mtJ1 m1LnVl~~1(;l1fll~ 'rllJ'l1hlWlJLLtlPlm~"lJtl~LtlU1'l!ar POD LLfl ~~ e.Jfl'l.ltl~ri1 L'U~tJ 
, , oj ,... .. Jr tlJ ,

PI'l1lJt'I'l1-3 (L*) fl1~LLVl-3 (+a*) Ufl:::Pl1flL\olfltl-3(+b*) 'I.Itl~LUtl LLPlUI111fl V1~lUm1P1'lUPl~m1" . 
LiiVltlnmm~~1mfl~1l1'l:::v11-31 ~-3~1.l~ 8.1-8.3 

42 

41 

... 40 
o 

"0 

u 39 
'0 

~ 38 

cI> . 

~ 37 . ,--...----..---.--------....--.---.----...---..--.. --.-..- ----------.-.------.-----.-.--------.------------ . 
cI> 
:> 
~ 36 	 \- -------------_.._--_._-_.---_.- --- --"._--- .----. - -- .._.- _..- ."--"- ._- - -_.._-- - -'- ... -. -'-'''- _.. .. - ..-_._...- ---'- ­

I 
; 

35 

o 0.5 	 1.5 2 2.5 3 3.5 

Blanching time(min) 

~ascorbic acid 0.1 % (wfw) -.-ascorbic acid 0.2% (w/w) 

-+--ascorbic acid 0 .3% (w/w) ___ citric acid 0 .1% (w/w) 

....-citric acid 0 .2% (w/w) ~citric acid 0.3% (w/w) 

-.e;ontml 

~ 	 ,J • Jr tl J • "" tl""~ ~ 1: J 
~t1VI 8.1 Pl1L'UfltJPI'l1lJ~11-3 (L*) 'I.Itl-3LU'flLLYlU(;l1~ Vle.J1un11Yl1lJflJ.Jn11LnVl {)mm~U1(;l1flV1 

1l11:::~1~1 

http:Utl~1rlqj(pSO.05
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'. 0 .5 


. 0 .4 

& 0 


"0 


:s 
<.> 

0 .3 
'", 

+ 
CD 
C> 0 .2 

E 

CD 
:>­
~ 0 .1 

o 
 .._ ._ .________.._ __ .__._..._ ......•...__.....__._.....______.._ _ __ 


o 0 .5 1.5 2 2.5 3 3.5 

Blanching time (min) 

-+-control ___ascorbic acid 0.1 %(w/w) 

-.-ascorbic acid O.2%(w/w) ~ascorbic acid 0 .3%(w/w) 

-+.-citric acid 0 .1%(w/w) ___citric acid 0.2%(w/w) 

_:_citric acid 0.3%(w/w) 

_1..1 • d ~ .\' .Id. .. .1"""'''':: d
lUVI 8.2 tl1L~~tI~Ll/1l.:J (+a*) '1I'fl.:JLU'flLLtl'UUl1~u'VItJ1'lm11mUi'l~n11Ln/1lu!ln1t11~U1Ul1~'V1 

1l1'.l~(;h-11 

10.0 

. 9.5 
~ 

0 
"0 
u 9.0 
'0 

~ 8 .5 
'0 

CD 
Ol 

8.0E 
CD 
:> 
~ 

7.5 

1.._._..___.._ _.. _.._ .._ ..... __ ....._. ._._.__..._.__ __...__.._ _ _ ...__.__ ..__..._._____..__ .___._7.0 

r-"-'-' 
1 

IL.__ ..._ __...._________ _.___ _______...._ 

ir--- ..---.-.---- .-.- .......-......-... .. ... -. .'-" 

t·---------·--·-·-------- ··-·-------·-----........-..- ----·------.-.....­
I 

" 


o 0 .5 1.5 2 

Blanching time (min) 
-+-control 


-.-ascorbic acid 0 .2% (w/w) 


~citric acid 0.1 %(w/w) 


--,--citric acid 0 .3% (w/w) 


2.5 3 3 .5 

___ ascorbic acid 0 .1% (w/w) 

~ascorbic acid 0 .3% (w/w) 

_citric acid 0.2% (w/w) 

ltl~ 8.3 r11L~~tI~m~'fl-1 (+b*) 'iI'fl'lLn!lLLtl'UUl1~tJ~C.h'Un11tl'.lUi'l~n1nn/1ltlnmtl1~~1Ul1~~ 
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", 
" 

(+a*) '"l~jjFi1 ~1~~ ~'flth--1jjuuihl"lC1! (p~O . 05) ~--1JU9--1 L~'fl nn11L~hm1!1lll'fl?l rl'flmnLiiwiiu 

0.1 %(w/w) i,)l-Jn1Jn111,xml-J1tlu~"wl'il~1LtJuL,)~1 2 u1Vi L~'fl..:J'"l1nJl1')~lun11Hm~ii'flunrh 
d. .J., !!'ttl ........."... d.9 .....


0.2 Ll~~ 0.3%(w/w) Ll~~Ll-J'ilU1Jl1,)~V1 L~ L V1~MI1JLLtln(;1')(;1'Dtl..:JL'flUL'l!l-J POD LVitlLuUn11UUEJU 

~1LUUJl1,)~~~1l-J11C1f'l')UI1l-JtlnmEJ1n11Lii~~~1(;11~1~ Viu~1hjViuLLtlf'l~F)~'1l'fl--1L'flUl'l!~ POD 

• cI • I ... • q c:t tI.J ,
Ll~~..:Jc.J~'/J'fl..:Jf'l1Lll~UFl,)1l-J?l'l1..:J (L*) f'l1~LL(;l..:J (+a*) U~~rl1~Ll-l~tl..:J(+b*) '1ltl--11nLlP\U[;11~ Vlmu 

" .. tI........ ~ ~ .J , ... tI.J

m1f'l'lU'1l-Jn11Ln(;l llmU1rlU1[;11~V1Jl1'l~[;11..:J1 !1l~~ VI 8.4-8.6 

46.5 

46 

0 45.5
"0 
u- 450 

" -' 
0\1 44.5CW) 

'"... QJ 
> 44ct; 

43.5 

_c-----­ .--­ - ------.­ --­ .---- ­ ------­ --.-.­ ----------.-...----....-.-...-.-.---.--­

c--­
~----.-.-.-.- -

~-- --=-...~~""'-

~~:;;;.•--.....--. ... . 

l ... ...._.__.._ ..__ ..._. ___ ..
43 

o 0.5 1 1.5 2 2.5 3 3.5 
' . 

Blanching time (min) 

-+-control __ ascorbic acid 0.1% (w/w) 

........-ascorbic acid 0 .2% (w/w) --;..-,-ascorbic acid 0.3% (w/w) 

~citric acid 0.1% (w/w) -.-cilric acid 0.2% (w/w) 

-:-citric acid 0.3% (w/w) 

~tJ~ 8.4 Fi1lll~EJFl'l1l-J~'Vh-.1 (L*) "lItl-.11nLLFlU[;11\ltl~eJ1Un11W.l'J'1l-Jn1nn~UnmEJ1~J1mfl~ 
Jl1'l::;c;i1..:J1 

,.. 
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4 

.. 3.5 
~ 

3
0 
"0 
u 

<0-
2.5 


• -Q 


* 2+ '" 
Oil 
bIJ ­

'" 1.5"­
Oil 
::­
~ 1 

0.5 

o L________.___________,_ ..-------..------------------..--,--- --..-------..--..------------- ---..--- ­
o O.S 1 1.5 2 2.S 3 3.5 

Blanching time (min) 

-+-control ___ ascorbic acid 0.1% (w/w) 

--.-ascorbic acid 0 .2% (w/w) -+-ascorbic acid 0.3% (w/w) 

~citricacid 0.1% (w/w) ___citric acid 0,2% (w/w) 

-;"'-citric acid 0.3% (w/w) 

t;i1-31 

14 ,....----.-----_._----_._- _.•.._.__..._------.__._--- -_.- --..". _.... .--... .-. "-_.•.._-.--•.- .. _. ._-_.-.- . 

l_____....._______..._.______________..._______ ~~~~:i1________.._ ..13,5 , 


13 

(;' . "0 
u 12,5 

'0 


12 ~-~~....------- ...---.....-------------...------...- -- ---..._------ ­f 
G/ 
01 
1'0 11 ,5 
~ 
> 
~ 11 

10,5 L.--------.--------------..---,--------..----------..-.._-­
j 

l_.______________ ________.. _.__...___..______ __...___.. ._ . ...__ ._ _ ._ _10 

° 0.5 1,5 2 2,5 3 3,5 

Blanching time (min) 

-+-control -.-ascorbic acid 0,1 % (w/w) 

-t..- ascorbic acid 0,2% (wlw) ~ascorbic acid 0,3% (wlw) 

- ;y_citric acid 0,1% (w/w) -e-citric acid 0,2% (w/w) 

- ,:-citric acid 0,3% (w/w) 

ltl~ 8.6 Fi1L~~tJ~m~'a-3 (+b*) 'lJ'a-1)'mLfI\JVl1~tl~~h\Jn1H1'lurJ].Jn1nn~tlDnhn~~1Vl1ft~ 
1l1'l~t;i1-31 
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.. 	 ., ® 
LUitVn.:Jn1'1A1(Pectinex 	 Ultra SP-L) 

91nn1),~~11I1l-Jn1n;'.:J1'W1J'fl'lL'flul'll,rLYmViLu~Y11,:m1)'fh Pectinex® Ultra SP-L t~tI 

Vi91Hu191m.fil-J1ru~11111ft1~,)'ll1.ULn'tlLLft:::m"lJ'tl'lLLflUl1I1fttlLL~VI-l c.Jft~'ln.l~ 8.7 Uft::: 8.8.. .. 
11I1l-J ~1~u V'lUrl1 Ld'tl L~ l-J fI,)1l-J L-ifl-J-ifU'U'tl-l L'tlul'll ,rLLft:::L') ft 1 n 1 ni'Cltlfl'l c.J fll«lULn'tl LLfl :::m'iJ'tl'l LLflU 

(;11¥jtlfl'lCJft 11Xihfil-J 1ru~1I111ft1~')'lfL~ l-J~U'tlU1'lilutl~1A''Y (PSO.05) ~'l~Lti'tl'l91 n Pectinex® 

Ultra SP-L ;'ltl1:::n'fluL'tlul'll,r"'fl1t1'llU~ ~'tl V'l'tl~n1LLflnY1tnu~ LYlnViulftL'tl~ LYlnViuL'tl~LY1'flL),~.. 
U1iiL'llfl~Lft~ L'llfl~Lfl~ ttl),~L'tl~ LLft::: 'tl:::ll-JLfl~ 9:::U'tltl~ft1t1~ufi:::lnfltfl:nft'U'tl'l~1)'t1)':::n'tluLV'l 

nViu L'llflfl ..tft~ LLfl:::Lt:liiL'llflfl..Lft~ ~U1L')ruCJU~L'llfl~'U'tl'l Ln'flL~'tlCJfll~ fl'lCJflllXilil-J1ruJ11111ft1~')'lf 
~ . 

~'l'UU (Grohman and Baldwln,1992; Multu LLfl:::flru:::,1999) 

6 

5 

4 
. 111 3%P~ 

Q) 3 : 112.5%P E 
~ 


.~ 2 
 ; 11i12%P 
VI 
>­
(5 	 .1.5%P 
'- 1.5 

'0 

>-	 : el%p.. I Slr ~8p

tu r ; 	 , .O.5%P 

0.5 ; .O%PAt 
0 

o 	 10 20 30 40 50 60 70 

RS(mg glucose/ gFM) 

'1t1v1 8.7 ml-J1ruJ1I111fl1~h"lf(RS) lULn'tlLLflUI1I1fttl~1~ChUn1)'ti'fltl~l1m'tlul'll,r Pectinex Ultra 
~ .. 

http:Vi91Hu191m.fil-J1ru~11111ft1~,)'ll1.UL
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o 	 10 20 30 40 50 


RS (mg glucose/ g FM) 


nJvI 8.8 tIhJ1CWJ1(;11f1~~')i(RS) 11.J~mL~1.J(;11f1t1~1v1t.hUn1~ri'atlv)'lmtl"u't·nr Pectinex Ultra 
u 	 v 


®.J "" , 	 ,
SP-L Vl f')')1l-JL'Ill-J'IlUUfl~L'lfl1 n1 ~tI 'atl (;11-l 1 


6l1~-1v1 8.1 ~f1n1~UU-1~~~1Jml-J1cwJ1(;11f1~~'l'll1ULd'aLLf\~m~t.h1.Jn1~U~EJ~f\1EJv)'Jm~u't'll,r 

Pectinex Ultra SP-L ® ~'J1l-JL1fl-Jif1.J 0-3%(v/w) ~l'~tI~L'Jfl1ml'U'amU1.J 0-6 -B''Jll-J-l·.. 

Code RS(mgglucose/gFM) 

flesh placenta 

A 37-38 23-24 


B 42-43 28-30 


C 45-47 32-36 


0 48-49 38-40 


E 50-53 41-43 


F 57-58 


~~EJV'lU'hn111;\~1.J't'll,rm1l-JLifl-JifU~-lLLr;i 0-3% v/w l'~tI~L'lf\11um~u'aEJ 0-6 -B''lll-J-l LiJU 

111'l~~iiml-J1CWJ1 Vl1 f\~~'lil-"~'flih~~Un1~~~liUfi~'tn f\~R:nflm'flU Rfll-J'11n'h~ ~1'ttl~-l 1UL~tl• v 


ufl~mii-rl'l-l 37- 58LLf\~ 23- 43 mg glucose/ g FM (;11l-Jth~1J l~mLti-lLUU code ~-l~L~tlLtlU A­

F ~'Ju l'mUU A-E LL~~-lluVl1n-l~ 8.1 L~EJ codeL~tI'lnULLVl1.Jml-J1cwJ1Vl1f1~~'l'lf~1,jLL(;1n{;h-l 
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t. 

' " 

n'Umh.:J iJ,rtJ ~1 fi'ClJ (p>0.05) ~ 'l'Ucode[;i1-l n'ULL~vwhiJuhJ1 ru~111l1~1~h'lful1lmh-l n'UT.lU1-l i1 

,rtJ~1~'1!(p~0.05) ~Vl&ClndJ'U!il'lLL'Vl'UL~T.lp.m:t1&.J~'llT.l-:J1::;c;11Jn11~Vll'i'Ufi::;ln~ LPI~~llT.l-lViT.l~Ll.JT.lf 

l'UlilT.lu~::;mll'tl~LLPI'Um~tl~i1~'tl~n1:l'ru::;L'tl.Vi1::;1'U~1'U~Vlifl'Un1r~1'Un1rT.l'Cln;L!1I-D'U ml.J1runJ 

11l1LLPILtVl'U ijmiiuon illl.J1ru~UT.l~ n~-ll-ll.J Vl illl.J1ruvl~1 L'l'UT.ltJvf~-ll-ll.J!1I r'll.J~-lltJT.l1l-11r 
~ 	 d"" .Id .1 .J ~ .r;: 1;' ""- "old tl ~tl'Vl-ll-ll.JVl LLfI::;~111::;Ll-ItJ Vll.Jn11LufltJ'ULLufl-lLl.JT.lr::;Vl1J1lT.l-lu1l.J1ru'U1m~rVl'l'llLu~U'ULL ~-l ~ 

~-:JLn'tlU~::;m"ll'Cl-lLLf'lUI1l1~u~c.i1'Un1'lPI'llJ'"ll.Jtl!lnhJ1n1nnVl~~111l1f1LVluHfnrVl~'UVl1tJ 2 

'JIUVl f1'Cl n1!11U'Cl~f'l'tlfUmL~::;n1!11;l1lrn Vi1J'h l'UL~m~l.Jn1!11u'Cl~f'lT.lfun 0.2%(w/w) r::;U::;L'lfl1 3 

"".J ~ -,..,. "" ~ d ~ 
U1'Vl ¥'i'l'U~umLI1ll.Jn1!11LLT.l~PlT.lr1Jn 0.1%(w/w) r::;f..I::;L'l~1 2 U1'f1 Lu'U1l1'l::;'Vlll-ll.J1::;~l.J~Un11 

Fl'l1JfJl.JmnnVlU!lnhJ1~~1m~ l-I~-l91mrU 111Llf'lUI1l1~tl~1~l.J1U'tltJ~~1f..1~'lUL'Cl'U1'1l,r~1l.J1rCl 
UU-lr::;c;11J'II'tl-lml.J1ru~111l1~1~'l'll1'ULn~HUU 6 r::;c;11J ~tl A-F = 37-58 mg glucose/ gFM ~'l'Ulu 

10 LLu·nilu 5 r::;c;11J ~'fl A-E= 23-43 mg glucose/ gFM 1.n'Un11i)LPl11::;t.fl-l1ml.J1ru~1rml1~ 
L'ilVi1::;~T.lltl 
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