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ABSTRACT 

This research was to study the effect of pretreatment, drying method, particle 

size and type of package on qualities of indian marsh fleabane powder. First step, 

the effect of 3 pretreatment methods, no pretreatment (control), water blanching 

and 0.06% magnesium carbonate solution blanching, on qualities of indian marsh 

fleabane powder was investigated. Results showed that pretreatment method 

affected in color value (a* and b*), total phenolic compound content, free radical 

inhibition and attribute intensity in term of green color with significant difference 

(p<0.05). But there was no significant difference on the attribute intensity in term of 

flavor (p;;,. 0.05). The appropriated pretreatment method was magnesium carbonate 

solution blanching. The powder obtained from this method had the lowest .6.E and 

highest score for the attribute intensity in term of green color (p<0.05). Second step, 

the effect of drying methods on qualities of indian marsh fleabane powder was 

studied. There were 4 drying methods for this experiment, vacuum drying, hot air 

drying, leaf roasting combined with vacuum drying and leaf roasting combined with 

hot air drying. Results revealed that the leaf roasting combined with vacuum drying 

method gave the best quality for indian marsh fleabane powder as compared with 

other methods. This powder had the lowest L'-.E (7.18) but highest in greenness (-

4. 72), phenolic compound content (121.80 mg GAE/g dry matter) and free radical 

inhibition (88.58% inhibition) with significant difference (p<0.05). The obtained tea 

had the highest liking score in term of flavor at the level of moderately like. Third 

step, the effect of particle size (50 60 70 and 80 mesh) on qualities of indian marsh 

fleabane powder was studied. Results revealed that the particle size affected in color 

value (L * and b*), solubility and liking score in term of color and flavor with 

significant difference (p<0.05). But there was no significant difference on total 

phenolic compound content, free radical inhibition and liking score in term of odor 

and overall liking (p;;,. 0.05). The 80 mesh powder was an appropriated particle size 

with highest solubility (p<0.05). Final step, the effect of type of package on qualities 

of indian marsh fleabane powder during storage was studied. Indian marsh fleabane 

powder was kept in 2 types of package, polypropylene bag and aluminum foil 

laminated bag, at room temperature for 8 weeks. Results demonstrated that type of 

package affected in moisture content, color value (L *, a* and b*), and aw of indian 

marsh fleabane powder with significant difference (p<0.05) after the second week of 

storage time. The aluminum foil laminated bag could retain the better quality of 

indian marsh fleabane powder than polypropylene bag. 
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U'Vl'Vl 1 

0 

U'Vl'W1 

(,l'U'1J ~ ~ ei b 'U'U~611'll1~i 1~'U'1J ei-:i~-:ivdvi~'Ui'l u 1 'V'jlJ:lJl n'U ~ b 1 rutJ 76117 cJ bG'i 'UU ~ b 1 ru~iiJ 1 ni ei cJ 
'U ' 

1'UB~\>161111U1'U'UcJ:Wtl11 U'LJ~mfo'll 'J~Vll'U nutll'V'j~n V!~Btl 1:lJl b 'U'U1 \,) tl~U 1 'Un7'J'V11B1V!1';i V!~B 
'U ' 

'V11 b 'U'UcJ l'f n'\11 b'Jfl b ~ B-:i'oJ7 niJ ?t'J'J'V'j fl tU~'1f1 cJ 1 'U nl'J'U f 'IJ ?l:WvlG'1'1J ei-:ii1-:i n7 cJ '1f1 fft.J 11 -:i 1\91 6V'\J 
' ' ' 

i1V1'UlcJ b ~l.Jmn-11'W tvicJ611716/J:W61J'U\?17UG'itJBn b 'U'UB n6/Jl.!6/J'WV!'i1-:i~1vi'il n1-at:-i~\>161111 'IJ'1J~BBni1V1'U1 cJ 
' ' 'U 

1vim~m1~n1-ai1V1'U7cJ\>17lM7'U OTOP ~h-:i.., b ~B-:i'oJ1n~'U~'lJB-:J611:W6/J'Ub 'U'U~'U~u16111mG'i'W~i1\91'U'll~ 
I ' " 

b 'U'Ui 1'U1'U:lJ1 n 5 nJ-:i fj,:j BcJ '1 'U b 'lJ \,)~ii m-a?i-:i b?l~:W nl'a'U G7 n bbG'i ~ B'U -r mJ~wf ~61J'U76111 cJ bG'i'U 1 'U ?11'U 'lJ B-:J 'V 'V , , 

?lt11'U~~'U1i'lf'V'jcJ1n'a'U1'i11cJbG'i'U~ 2 Ul'U'Vll?IB'U e)lbflB'lJG'i-:J- ~-:JV!1vl~'Ui'lU1 zj-:Jb'U'U?f1'UV!t!-:i'1JB-:i 
' ' 

ial'U8fl mn n7 -avr ~'U 1 eJ11 fl-:i m~ b U'U~1vl'V'j cJ1 cJ 1:WVf 1 bb 'U1i'l 1-:i b ~:W:WG'i fl1'1J B-:i~61J'U1'1l1 cJ bG'l'U 1vi cJ n7 'J 
'U ' 'U 

?i-:i b?l~:w 1 vf61111u1'Utl'1?i1'U~1-:i 1 '1JB-:J~'i1 b V1~1d n~'IJ:J.J71 i'll w bcJ611thf-:i 1 'Wi'l7-:JcJ7 bbG'i~B1V11-amh-:i b 'lf'U 

1 'Wei ~\>1~e.J 7'U:W7 1vi cJ t:-i ~ \>1Jl t\J',']Vf'i1-:i~'Vl1-:J?I m'LI1v1V11 n 1-a?i-:i b?l~:w 1 Vl'1l71'1l:IJ'1l'Ut:J~ \91 bbG'i~tl'1 ei ei n'll1 cJ 
' 

b~ cJ:lJ'(j:lJ ?I tll'U~ ~'U li'lf y.j cJ 1 mu 7'111 cJbG'i'U bbG'i ~11 nvi ei-:i b ~ cJ 1~:J.Jl b ~ cJ11 'U-:i l'U ~'UA1 OTOP bb~ 

B~7-:i 1117\911:W t:J~\91.fltU"n~t:-J~ \,) fj,:j 1J.Jilfl17:lJV!G71 nV!m cJ 'oJ ~t:J~\91 b vi cJ,:j bbfl '1 '\J'/11 bb vf-:ici'1V1futl' 11 'lJ(,7:lJ ~:lJ 

b vi11l'U 1vicJ 1'1.J6111~t:J~\>11v1nf1-:i1-1-:iii1-1 tlJJl1'V'j~1J.JmJ1b?lm.J 5 nJ-:i~'1JB-:i1 'IJ'(jlflB'U•th-:i1-1l1mn 1P1-:i1l'U 
' 

n11tl'11 'IJ'1l1 bb vf-:i 1 tJ1 -fftJ-a~ bcJ61J'U1 'U nl'a bb 'U 'a]'U b 'U'Ut:-J ~ \,).flt\J',']6/J'Uvl~'U 1 ~-:J'V171vi'mn i'll-:i n~:lJ~:lJ'/l'U 

~-:iii1-111J.J\91B-:Jn7-a 1 vf1-1ru~en~cJV!lbb 'UTvn-:in11tJfotJ-a-:im-aJ.J15n11t:-i~\>11 'IJ'1l7 bb vf-:i 1 vfil1-1rum'V'j~~.ff 'U 
'U ' ' 

bbG'i~B cJb 'U'a'U bb '\J'\J~ ?17:lJl'Jtltl 11 tJ1 'li'U 'J~ 1cJ61J'U1 'U nl'a bb 'U'a'J'U b 'U'Ut:-J~ \91.fl t\J','J~'U 11v141 cJ-i1'U b ~ B b ~:lJ 
'U 'U . 'U 

fl17:lJV!m nV!m cJ 1 'Um-a 1 .fftb~ lcJ61Jtl'oJ1n 1 'IJ'll~ bbG'i~fl17lJV!'11 nvimcJ'1Je.J-:it:J~\>1.fl t\J',']6/J:IJ6/J'U (bn~:w~ 1 
'U • ' 

~'Uvi-:i, 2554) 5nJ-:if1-:ib 'U'Ubb -a-:i'oJ-:i h5nV11-:iV1'i1-:i~'oJ~ 1 vf61111u1m~'U'U1~ fo'1ltl'1Jei-:in11ei'Uf mfo'1~ 
' 'U ' 



" 

2 

e-J~\91.fl'1J6fll'U"1el~~'W1vi'~tu bb1;l:;~1n1V1tJ7'U'Y-l'U56Ilel~ Anchalee Traithip (2005) 'Y-l'U11 ?111?lfl~ 

6Ilel~1'U6IJ~i1~VIB\911'Ueleln'?Jb~'d'W1vi'~ b~tJi1r11 EC50 b'Vl1fl'U 6.921:J.J1fl1n-h1/ ii1;1~~\911 ~~iJfl11:l.J 

~el~ n11'lJ -r 'U'U1 ~fl ru.n 1'Y-lbbi;l :;i;i1 tlVI el~ b Vlfl b 'U bi;l ~ n1 'j(;J~\91 (;J~ \91.fl rusn6IJ~ e-J~'Y-l{el:J.J1-U~1'U 1~ tl 
' ' 'U 

fl1el'U fl(;l:J.J~~ n11~~'U1m1:J.J15n71e-J~\911 vi'?11m1ri bbn'llruin~'Y-l'U b~tJv\'11 vi'e-J~\91.nrusni1flru.n1'Y-l ' ., ' 
?1tl1 b?l:J.J el i1n11\9111 ~1 bA 11:;i?111'lJ 1:; n el'lJ~iJ~VI B1 'Un 11 \911'U el el n"ll b~'d'U 11:J.JJ~ Pi n~1n11 

b'U~ tl'Ubb 'Ui;l~flru.f11'Y-l6Ilel~e-J~\91.flru"Vl1 'U1:;VJ11~n11bn'U{n~1 bb(;l:;(11tlVleWlbVlfl b 'U fag~1v1~1m1'U1i tl 
' 

?1'll:J.J'll'U 1 'U"1el~~'U b~el?11m1mh1\9lfl~'U~i1mn 1 'W"1el~~'Umbb 'lJ11-u1Ji'\911:J.JP1ntJ.n1'Y-l 
'U 'I 'I ~ 

1'Wn71~~'U1n11:l.J15n71e-J~\91~:;'W115n71b\9l~tl:l.J1\9lbl~'Uel~1~~1tl:l.J1'U1:;tJn\9llm'VlbVl:l.J1:;?l:J.J 
' ' 

1 Vltl71'U7'Ut'U bb1;1:;Pin~1m1 b 'lJ~ tl'U bb 'lJ1;1~ 1 'W1:;VJ11~ n11 bll'Uf n~11 'W'U 11~.nrusn bb 'U'U ~1~ 1 b ~elVl1 

bb'U1V11~ 1 'Wm11' rn~1flrum'Y-l"ilel•m1;1'e-J .:i 'Uel~n'Wm1b 'lJ~uu~ n~u1?1 bb1;1~1?l'll7~ b~mn'U Hu1u 
' 'U 

b 'U'U~ tl el:J.Jf 'U6Ilel.:J er'U ~b.n fl iJ fl ru.n 1'Y-l m:l.J:J.J1 \911 '31'U n71 e-J ~ \91 el1Vl11 bbi;1:;?11:J.J11blbll'U f n~11Ji''U 1'U 
'U ' .. 

11:J.J'1.:JVl17'U ?lmT&i1 u m1 b tlu ?111t,11'U el el n61lb~'d'U~ b tlu'lJ1:; btl'll'U6Ilel~ e-J ~ \91.nru6ri'~1 n 1 'U6Il'1 bbi;l ~ 1 'U6Il'1 
'U 'U 

e-J~ffiJi'ir~?11mw'l111-u1 offiJ1:; btl'll'Ul 'LI n11YT~m b 'U'Ue-J~\91.n ru,H~'LI I Vl1el b tlu?i1ue-J?1:J.J6Ilel~e-J~\91.fl ru-vi 

~u 1Ji'~1tJ~'U ?11:J.J11ri'l11r111:J.JTI i.Jci1t.1V1el~?1'll:J.J'll'Ub~el 1 V1'll:J.J'll'U'W11 'lJ6Ilt.11t.1m1?in11i1VJti1tJ1 m~.:i 
'U 'U 'I 'I 'I 'U 

.., 
d ~d .:::ii V .::,, Q.J ii I I 

1) fln~115n71b\911EJ:l.J1\9lfl~'U6Il'U\9l'U\9lelArum'Y-l6IleJ.:J6IJ(;le-J~ 
' ' 'U 

2) vr~mm1:J.J1ITT'Un71'V11bb'Vl.:Jb~elfn~1flrum'Y-l6Ilel.:J1'U6Il'1e-J.:J 
' 'U 

I 

Fll'l '7 



3 

"IJel'Ub"IJ\.l"IJe),:j bfl'a-:ln7'a1~V 

b ~8 b tJu n11fl ~tl t1JV!1~1u n11 b 'IJ~ c.J'U bb 'Ufl ~~'VB~~~ 1?1.fl ru"t'i' bbfl~r111ii hi?1J1 b?l1l8'1l8~ 

~~1?1.nru"t'i' it.11?1B'Uif ~~~n~1m111i61 un11b1?11c.1iiiulilt.1l1?1t1~rnfot.1n1'i'Vl7bb VI~ i'Ll1?18'Ubb "in b tJ1..1 
' 

n7"if1~ bifo n 1 U'Vfl 1 v(i'.J m111?1tl1 b?lllelfl'U J~'V'U 1 ~bbfl:.: ffJ 11l bbfl-el8'U'1J8~ 1 u ~)1 m!u~ ~~ n~1 ~fl'V 8~ 
'IJ 

n7"ib1?11c.1iiit.1lil'Ub ~Bfl~n1"ib'IJ~c.1mb 'Ufl~'V8~~b ;m 11..11~wi1,m"i~'U1t.1 m"i~~l?l bbfl~n7"i'Vl1 bb VI~ hw 

b 'IJ1c.1'U b vi c.J'U n11m n 1 u ?1m1~\>11~ 1 n1..1 tl 1\9118 c.J°1~~1~m~ ~ l?1 b uu 1 'U"1l7'1l~1?1111 m"iiiiei~~ b~ll'V8~ 

"/JlJ"IJ'U lil7 mT1..1tl1mvi1b U'U~~bb Vl~bbfl:.:b 'IJ;c.1'U b vi c.1u~'1J8~'1Jfl
0

~~ n'U~1 eJ c.J°1~r11'U r111vlhieJ1t.1n1"i bl?l;c.111 
' 'IJ ' 

i'Ulil'U ~1 c.Jn7"i1 ~r11~ bbfl~f11'U1ill'Vl1 r11 ffJ11l bb\?1n\>11~'1J 8~~'1J 8~ bb\>lfl~Vl1VI blJ'U~ b 'U1c.J'U b vit1'U fl'U 1 'U 

'V~?I ~ "i11l1f ~ n7"iVl~?lel'lJ VI 1~'U "i~?l7VIJiJe1?1 b ~ 8 f1 (?lb~ el nifin7"i b\?11c.Jll1\?1 tl~'Ui'U lil'U~'Vl11 m~ 
'IJ ' 

VJ(?l?leJ'Ul1ru?11J'U°1iJi'1u~ (l'Vli11..1m"ilil7'U88n~b(?l-a't.1 bbfl~n7"iVl~?IB'UVl7~'\.J1~?11V1JlJcY?1 "i111J~~n~1 

Vl7'1J'U 1(?1 B'Ui17fl'1JB~'V~~~~b Vl1l7~?11l\>18n7"i1-ff ~11..1 b ~B1 V1tuh-;h~~1?1.nru"t'i''1J~~~v1~~ 1?1(1..1i'.l 
' 'IJ 'IJ 

flilli11V'l~J~'V11~ n7c.Ji1 TW bfli'.l bbfl ~ cJ~ b U'Uvl cJ 81] 1''U'V8~ er'U~li1 fl 'U el ff'il1 rn!'U'LJ~ ~~v1~~1?1(1..1cT~ 
' 'IJ 'IJ 

?11m"it11-ff b tlt.111?1 (l~'UVl18~11..1'\.J"i~n8'U 1 u n11'\.J"i~ ~ n1?1'1 off i1vif'U ~~ 1?1~~1?1.nru"t'i'mvi1"i"/J'U(?l~'U 11~ 

~1c.1(1..1 b U'Un71bv11l'V11~ b~eln 11½n'UeYu11.n flBnVl7~Vl~~ bbfl~ I, Y111'1i8~Vl1~n7"j'<iJ1V!Lhc.1~~\?1Jl ru6Vlb VI 
'U 

mw'h.rf n~1t:,..1~\,7J1 ru6Vl1 um1'il.n rus;-fo uu\,7'1~ 61 1, ~el 1, tJ'Uim.m 1 V1'1J11'1J:W'1.1'U 1 'Wm11,~ eJn 1 i'U11'il.n ru"t'i' 
q I ru , , 

bbfl~?tn11rn111,n'U 1 Vlb vim~?tll 1 u'1i1~irn-.:m1111~'<il'1vitl1c.1\>leJ 1 'IJ 



1 

.. 

.d 
'U'Vl'VI 2 

'/J~lJzje)'(,1e)..:J~'U b't1'U V!'U1~t1 V!'U';J~t1 V!'U1~!1 V!'U1~11 (e:iwrn1tl) ~'Ul'U (bblirie:i..:i~rn'U) 
~ ' 

fl~ '/J~ (fl1fl1\91) zje)fl1'l'J1B..:Jfl(l'l'JfieJ Indian Marsh Fleabane zj81VlcJ1P11?ll?l{fie:i Plucheo 

indico (L.) Less. ~~eJ~b'U'NPl Asteraceae (Compositae) 

~n1sru~vi1..:i°f'lnn1s,ai1?1l?l{ '/J~b U'U 1~vhJiJrn111?1..:itJ1~mru 1-2.5 bllm "1leJ'U~'U1'LI~'Ut'U vi ~ q ~ 

bbO~ J1\Pl'Ubbfl~~..:it11'UiJ'IJ'Ufl~bBcJ~tJnr1ft1J lubU'LI1rn~m b~cJ..:J?l~'U 1\J~ tJmcJ1'Ub~cJ1bbV!ft11 ' ~ 

Lfl'U1'U?le)'U fl11..:J 1-5 6/lll. cJ11 2.5-10 6/lll. '/JeJ'U1'UVlcJflbU'Uvl'Ub~e)cJ ~e)fl't1e) e)e)fl~cJe)~bbfl~6/le)fl1'U 

fl~'U~e:in~li1..:i ~e:in ~ e:icJij 2 bb 'U'U l?l 1..:i nm..:i b U'U~eJ fl?lll'U'HUb Y'l,al~eJ n~ b VI~e:ie:i ~1eJ'U 61 b U'U~e:im °f'l,al 
~ ~ I 

D';i~?l1Vl 1'U~1';i1c.J11 V1 e.i 1 iJ..:i\Pl'U\91:iJfl'Wb U'UeJ16UUU?l?l11~ 1,1,tlb 'lJ 1V!11'U (,11Jlhe11rn1,n~'Uf1'U J1rr'U 1 'lJ 

?l~f fl'l'J1~~~~1..:JV111';i 

J.:i~i\1~~ Vl~elbb\1.:! b\?l~cJ1JbU'UcJ1\911l'hJ\J';i~V11'U6U'U1J?l?l11~ 1,1,nbr1ih 1 'LI1~ bbtl1J?l?l11~ 

Ylm1 bU'UcJ1't11eJ~e)cJ bbm~~~1..:JV111';i'V!1.Jfl ~~~m..:i~llfl bbtlb'lJ1V!11'U bbtlD';i~~..:i bbtlb~e)~ftll bbfl~ 
~ 

di Q.J ..:::.. V 

t:-l'U fl'U \?l 11Jt:-l1V!'U ..:J 

bU~e)fl(,l'U bll~~ bbm~~~1..:JV111';i bbtlflJ~~cJ bU'UcJ181cJ1~'U~ 1~cJ'UllJ1\Pl1JJ1fut.b~V11'U 
' 

V!~e)\9111J11,1,~11 me:i 111vi111V1trn bbm~~~1..:i~1Jn 1~e.immb -iX..:i bb~1 b\?l~cJ11 b u'Um?l'U 
~ ~ 

t'U i1n~'UV1e:i11 \Pl11J1~1J bbvimu'UJ1"1J1 t-J1~?1m'U bbm'1i' 'LJ'U'U?1?111~ 'LJ'Ub'Vl1e:i bbnm~V11cJ 

J1 bbtl'U~ bbnth~~..:i bbtlb~e)~fljj bbm~~~1..:ivi111 bbtlbbt:-Jfle)flb?l'Um~1m'U?1~~1°1"le:in'U~b1ru~bu'U 

blfl~~11J187'UU1';i ..:JD5~6'17'\/l 
' 



.., 

• 

5 

'a1n i''lJth~Vl1'Ub'U'UcJ1t:J1\Yl?fil7'U bbflU\Yl bbm-V 'U'lJbV!te) bbflbbt-16'leJnb?f'lJ 1i11n?11Y1~1'Vfe)f1 

'lJ~b1ill~b'U'U 

?f1'Jbflil~vm1w,1'U'lJ~b'U'U?f11th~nel'lJn~:w terpene bb6'l~ lignin glycosides b"ll'U citrucin 

C, hedyotisol A, hedyotisol B, plucheoside C, plucheoside E, plucheosides D1, D2, D3, 

plucheol A, plucheol B ?111th~nel'lJn~:w polyphenol bb6'l~ 3-(2' ,3' -diacetoxy-2' -methyl 

butyryl)-cuauhtemone zj..:Jb'U'Uel'¼.,r'Uifoe:i..:i eudesmane 

t:-16'l fl11P1n'\_,J-1nV1Biuu?1?111t 1-u'Vl'Ubb6'l t 1-ufl'Ll'U n&i'V'l'lJ11 ?111?1 nlY1'11 f1\91'Ll'lJ~ 5 % btn~c.J:w 1 t1 
·1 " " 

itJ'lJ e:i,:i b V16'l11 ~~:w 1 t1 fl'Ll'U n &i bb6'l ~51Yl 1 t1~1n1'Vl IY16'l el..:J il (l'VlB'U'lJD ?1?111 t~ ..:i n11 cJ 1'U'lJ1J?1?111 t 

hydrochlorothiazide 'lJ'U11Yl 50 :wn. tJ1~mru 1.9 b'Vl1 bb6'ltil-Vel~flel ?frub~c.lbn~md11elc.Jf111bb~il ".., 

5m1m1t1zj..:i btn~c.J:w 1-u1tJcJ1'1l..:ibb6'ltbbfltl61ff1'11n 1 'lJ bb6'l~A..:i'lJel..:J\91'Ll'lJ~tn1n bb ~..:J'VllY16'lel..:J 1 t1m?11?1~mbb6'lt 
" " " 

V II I l , , 

~ ddcv , q1" 1•1i.1 q .di! Q1"'cv CV.=,,,.., ldO 

fll';i Pl fl'\_,J-'-i'U:!.JVl..:J fll;J:!.J'Vl t>lt:Jl;lbb'1 t :!.J \>lt:-Jl;J61f-:Jtl'l''\l b 'U e]-:JlJT'\l'I n•lJ'U'l\>1 ffWl \>l';i'U 'J mwiu ln'U6/J'1'Vl't.!'l:!.J'I 
' ' " 

Pl f1'\_,J-1 bb6'lte:l1 cJ f111 bfl'lJ ?f:W'U 1 'V'l1 
' ' 

n11Pi f1'\_,J-1nV1B6'l 1YJJ11n16'l 1 m~ ellYl 1 t1Vlt1'lJ11tl n &i bb6'lt'Vl'Ll'lJ11~b Vl~c.J1il11 ~b tlm 'lJ1V111t1~1 cJ 
·1 " " 

?111 streptozotocin 'V'l'lJ11 ?f11?ffllYlb:WVl1'Llel6'l'17m1n'lJ~'lJ'Ll11Yl 2 :wn.~elnn. ?f1:!.J11[16'llY11t~'lJ 

J11n16'l1'Ll'V'l6'l1?f:W11ti1.fl1c.J1'Llb1m 90 bbi;'lt 120 'UTvi Vl~..:Jf11'J'Uel'Ll111tn16'l1'Ll'Vl'Utln&ibb6'l~Vl'Ll~b'U'Ll 
" " 

b 'lJ1Vl11'Uln1:WJ1~'lJ e:l1'1~vl11'lJ~il(lVIBel~1..:Jelel'Ll 1 t1f11'Ji;'j1YJJ11n16'l 

f111f1f1'1_,J-1?f~'Ll 1 'V'l1'il'UIYld'lJel..:Jtl1~bVlf'1B'U 11Ylih~c.J 'V'l'lJ11 J1rY-u'11n 1 'lJil(lVIB tonic 1i6'l1Yl 

el 1 n 11; :!.J b !"l { 1 ?I 11 ?I n IY1 '11 n 1 u bb i;'l ~ J 1 (,1 'Ll ,11 :!.J 11 ii' n L'J 1 el 1 n 11 vf el ..:i b ~ cJ bb i;'l ~ il (l 'Vl B 5 'lJ t ..:i b :ff el 
' "" ,,. 

Staphylococcus aureas 'U1'Uf16'l1..:J il(l'Vl5EJ'UEJ..:Jb:flelfscherichia coli bb6'l~Fusarium 

oxysporum el ~1..:JeJel'U "a7c.J..:J7'Uf111Am.'.t1?11'H'f nv1 bl.lYl1'UeJG'i'il 1 m1n'lJ 0--1 M'Ll'lJ~'V'l'U?l1'J R/J/3 b~el 1i 

1'Ll'lJ'U11Yl 50 :Wflf1./:W6'l. il(lVIB anti-amoebic ~m:ff0 Entamoeba histolytica HM1 11Ylc.J6'l\Yl 

\il1'U1'Llb:Sel6'l..:J1~mc.J1'Ll 2 -a'11:w..:i 1n~bAcJ--1fl'UcJ1 metronidazole 'lJ'U11Yl 5 :Wflf1./:WG'1. 

?f 11?1 nv1'11m1 f1'lJel-:J \11'U'lJ~il(lYlB6'llYlel1f11"aeJ f1b?f'lJ (anti-inflammatory) bb6'l~ anti ulcer 
., ' 

1~ cJ ?f 1:!.J 1'J[l6'l ~ eJ1fl11'\J 1:W'lJel-:J ~-:i b vf 1Vl~V1~6'1 el-:J bb6'1 ~ ?f 1:W11[1 fJ'lJ 5..:i (l'Y15'lJel..:J 6'111 carrageen in, 

histamine, serotonin, hyaluronidase bb6'l~ sodium urate 1'Llfl11m~~'Ll1~bfl~fl11e:Jm?f'lJ 
., ' ' 

11:wfi-:i5'1J5-:iq'Y15'lJel-:J arachidonic acid ~..:Jfl1~11el1'1bflcJ1-VeMfl'IJ 5-lipoxygenase pathway 

611Vli''IJ qVIB anti ulcer 'V'l'U116'11'J6'lfl\Yl b:!.JV11'Ll el WU el-:J'J1 f1'lJ~ilq'VlBtl nu eM (protective) ulceration 

1 t1Vlt1~1ti1i'u m1m~\91'Ll '17 ncJ1 indomethaci n bb6'1t bbel6'l n el el'el6'111Yl cJ6'11:!.J11[16'11YJ'U~:1.J1rum1YJ bb6'l~ 
" ' 

gastric volume r;1-:i1(lf 'Llelff•,l1nd5-:ivrt.J17~7'5~fl{9]~7n1u'lJe.J~\9l'Ll'lJ~fl~'VlE hypoglycemic 
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fl11~ fl'l.'}1'Vl1~'W'l.'}1'VlcJ1'V'l'lJ11 6'1116'1fl~'11fl(;)'l.J'IJ~~'\1111 i bfl~vl'l.'}bb 'U'U L5c.J'U'V'l~'l.Jij fl1 L050 

ll1flfl11 5 flfll/nfaflfll 8m1c.J~1'l.J'V'l'\J116'11'j"6'1fl~bll'Vl1'l.Jelfl'IJ8~11fl'IJ~i1fl1 LD50 ll1flfl11 

10 flfll/filflflfll 

'V'l'116'1~fl 

2. ~'l.J~'Jc.Ji1~flll1 b'U'l.JLi'l.J'V!'l.J1 0.5 b61l'l.J~bllM1 

3. t11um~'Vl~el~flfotfoll 1i1:rJb'U1n~1vlflm~ 1~c.J1-ff:weifl'l.Jm?lm:W8~1bb'Vl'l.JM~V!~1 t11i 
'IJ ' 

LLi-:J'l.J1'l.J 30 mvi 

4. b~t1t1 b6'1~'1 LLi1 1?i6'1~ 1 'l.JM~ Lbm~V!18M ~ flf 1'V'l'116'1~ fl 1-ffihi5fl 1 '\J6111~ fle)~ fl'l.Jb 'U'l.Jfl e)'l.J 1 i 

m~'11c.JeleJfl 1 i'Vlll~ LLi1'U1b 'LJ1(;1eJ'\J'V'l~-:l-:11'l.Jbb6'1~eJ7viM ~ V!1eJ\918'\Jbbfl'11 iLL i-:i 
'IJ 'IJ 

fl1'\H'l1fl ('U5cJ1 fM'l.J1U'l.J'l.J'Vl, 2544) 

fl1j'1'J fl1M fl~'\JU';i~ b.fl'Vl~ fl bbfl~e-Jfl 1~ n ffLl fl1';j Lb u11ui11 M flU1~6'1-:Jflb ~ ffV11'11 cl fl'1 fl'jjlJ'IJe)-:J 
' 'IJ ' 

b e)'l.J 1'1lll1 u~mbfl~ e-ifl 1~u1-:1"11iJ~ nB'l.J~'1~tl11 u Lb u ddu1 u.ff uM e)'l.J\,)e) 1 u m1m n~~ b uuitiMeJ'l.JV!i!-:i~ 
'IJ 

Bru'V!.fliJ~n1V!'l.J~ (Pre-set temperature) LL'1~1iB~~Bt1JV!.flfrth~cJ~L1'11V!'i1~ (Pre-set time) 
q 'U 'U q 'U 

'V!~-:1'11fl11'l.J'V111 iL~tl'1~8~1~11~b ~1'1'l.J'1-:JeJUJV!.fliJieJ~ 'U'1~ c.J~i1~'Vl5'V'lfl\,1€ld::m~ b 1'11m 6tlb 'l.J fl11'11 fl 
' 'IJ 

(Blanching time) flel 

., 
2. 'IJ'l.J1~'1Jel-:J61i'U 

3. e)UJV!.fl:W 
' 'U 



.. 

7 

1. iru8.:in1'a'Vl1.:11'U"lleNbeJ'Ub~~ (Enzyme inactivation) 1(,ltl~'UfleJ'U'LI7hJeJ'Ubb'IX-:i 

Vl1eJ bb -d b8 eJ n bb 6/J-:J\?l eJ-:J'U 1mm n bi'i tJ fleJ'l.! b 'V117:::eJtWVlili1~1 'ITT 'LI n71eJ'U bb 'IX-:i bbfl :::bb 'llb8 eJn bb ~-:J hJ?l-:i 
' " " 

'V'leJ~ 'oJ :::'Vl 1 fl7 tJ b eJ'U 1'1ll-11i1 vi1 n1 (,1 t1~'U hl ~ 7'U n 11fl1 n 'oJ::: bn \9l n 11 b tJ ~ tJ 'LI bb tJ fl-:J fl ru~ n~ru:::'Yl 1-:i i17'U 
' ' 

tJ1:::m'Yli:wt:Y?1 (Sensory characteristic) bbfl:::fltWill'V'l'Yl7-:J b.fl6t1'Ll7 n71'lleJ-:J~~ (,).fl rusvh:::vi11-:i nl'Hfl'U 

fn~1 

beJ'U 1'1ltl'U7-:J6t1'U\9leJ7'oJ~nnw~'Ll1 '!Xi1 activity mni'Ll zj-:i'oJ::: 1 tJ b ~-:itJijn~mm1b~eJlJ?lmtJ 1 '1Xbn\9lb ~1 

i'U ~1'UbeJ'Ub61JjJ~'Yl'Ufl17lJ{m..i'oJ:::vl'oJ71tW71i1'oJ1n D-value bbfl::: Z-value beJ'Ub'1ltl6'17flt1J~i1 

~ fl n 1:::'Yl'U (,1° eJ fl run 1Y1 ~ Tl.In 71'\J ~ln fl bbi;'i::: fl ru ri 7 'Yl 1-:i ln 'll'U 1 n71'll eJ-:J t:Y nbbfl::: ~ fl 1:w 1~bbfl b eJ'Ll 1'1ltl 
' ' 

bfl'V'leJ n-8~ b 'U?l (Lipoxy~enase) 'V'leJ~vJ'UeJfleJeJn-8b\9l?l (Polyphenoloxidase) 'V'leJ~ nlbb~n~ bb 'U?l 

(Poly~alacturonase) bbfl:::flfleJbYlmfl?! (Chlorophyllase) bbfl:::i1beJ'Ub'1llJ0n 2 '/l'U\9l~'V'l'U1'Ut:Yn 

vimtJ'l1'U\9l~'Yl'U~ eJm 1:w {e:i'U 1~~ fl eJ b eJ'U 1'1ltl bbflbb 'Yl bfl ?lbbfl::: b 'V1 eJ{eJ eJ n-8 b\91 ?I b eJ'U 1'1ltl b'\)j~TiTI ib'iJ'Lli1 

'll-:iitJ 1::: ~'Ylfi fl 7'V'l'll eJ-:J n11m n fa tJ buY11::: beJ'U 1'1ltl b 'V1 eJ {eJ eJ n-8 b\9l?li1rn 1:w fl-:J "11lJ7nn11 b eJ'U 1'1ltl 

bbflbb'Ylbfl?l Vl7n(,111'oJ1\9lbeJ'Ub'1ltl activity 1'Ut:Yn~~7'Lln71mmbA11lJ'V'l'U activity 'lleJ-:JbeJ'Ll1'1ltl 

b 'V1 eJ{eJ eJ n•1Jb\9l?l bb?l\9l-:J17 beJ'U 1'1ltl~'U., t1n'V17fl7tJVll-l\9l bb~l m1Y111'lXbeJ'U 1'1ltl b 'V1 eJ{eJ eJn61!b\9l?lt1n'Vl1fl 1 tJ 
I " " 

eJ ci1-:i ?1:w'U1ru bbfl :::i1 m1?1ru b~ tJ flrumY1~1::: ~u ~1~ ?l\91 A eJ Y111 '!Xi1tJ~m ru1 miJ'U; b VI~ eJ eJci1i1 ?l~ci-:i 
\J '\IV 'I '\ \J \I 

76-85% 

2. Vi'W1~~'U 6'l ~fl'lleJ-:Jn11mnET-:i'li1tJY11mmbfl:::fl\9l'<il° 7'Ll1'U'oJ~'Ll'Yl~cJ~tJm ~m..1 mJuu~1'U eJ n 
I ' " 

'lJe)-:JeJ1Vl71 'llltJ 1 '!Xbn'Uf n~7eJ7Vl71 bi1'U7'Ui'UneJ'U'U7 b tJ1'lJbb tJ11tJ1 'U.ff 'U(,1 eJ'U~eJ 1 tJ 119lmu'V17::: 1 'Lln71 
" 

'V17?1 b(,1 eJ ~1fl b 6/l'tl'U i11 tJ fl17lJ{eJ'U 611-:i b 1 fl 7 bbfl::: eJ tWVI niJ~1 'lJ(?l e)-:J fl \9l ~ 7'U 1 'U 'oJ ~'U'Yl ~ cJmfi-:i1 :::~'U ~ 7?1\ll 
'I 'U 'I , 

V11n.ff 'Ll(,1 eJ'Um1m n 1lJ~'oJ:::Y111 '!Xi1~1'U1'Ll'<il~'U'Yl~cJb VI~ eJeJtJ 1 'Ll1 (,ltJ~'Um n 'oJ:::\?leJ-:J 1 inm 1 'Ll m1~1 b teJ 
' " ' 

'Ll1'Ui'Ll i1u:::1!'U'oJ:::'Vl11 'IX~~(,)Jlru<t1ffi~b ti1b~tJ1:::V111-:i n11bn'U1'n~11~b ~1i'U 
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1i:'ie:nm121e:ie:irriJ1 n'lie:i.:i11.:i1:::V111,w1m~'LJeJ.:J b dmdei zj.:i'1:::'1i1 cJl;'l~fl11 bfl~ Heads pace vacuum ;'Ll 

illtl 1 'Llm:::iJe:i.:i 1 ~1.Je)tll;'l..:J 1111 bb1;'1:::1;1~tl~irn1.JeJe)fl"/jb'1'Llilltl 1 'Llill'lj'Ll:::'\J11'11111tl 
' 

~m ~ e:i.:i1;1.:i 1 mh.:itl1fa'W~iim1rn'\Jfl:1.Je:iruV1n:u (,11:i.Jvi' ei.:i m11 'Ll'li1..:i 75-100 °c m11;11 n1rH1 
' ' " 

rfo 1 ~bn~m1~ru b~t1~11mV111~1;1:::mt1tl11111 'LleJfl'17fl'd~.:ivi' e1.:i1d'..:i m1tl'Llb~ eJ'Ll'LJeJ.:J'1~'Ll'Vl~~~'ljeJ'IJ 
" V S 

fl11:i.JfeJ'Ll (Thermophile) 

2. n1-a~rrn/hulml1 (steam blanching) v111~~t1m1~1m1mb1;1:::r-m1~boff11tl1mi 1:i.J.:iA 

~meiJ 1~fl11:l.J~'Ll'IJ11tl 1fl11"1 1i5dv111 ~bfl~fl11~ru b~mn1e:n'Vl711.J e)cJ fl'J 116 bb 'jfl bb~1lJ1~'Vl1r111:l.J 
" V 

<V ..::». ~ <V .:::i,,d 

~:::eJ7~1(,1~~'\JbV!:l.Jel'Llfl'IJ15U1fl 
' 

e.J1;1~eJ..:ln1'a1;11fl~elel1'1111'a ('U5tl1 f(91'Ll1'U'Ll'Ll'Vl, 2544) 

r.-Jl;j'LJe).:'jfll'j1;'1'Jfl~e)b dm~eJ~'ljbb~~.:J~.:JilTY'l~ 2-1 1~t1iim1b 'U~tl'Llbb 'LJl;'j.:J bn~t'Ll b -li'Ll mr.:i 

b66mh tl~ EJ'Llbb tJ1;,.:ib~ num.1 (CW) iim1b tl~cJ'Llbb tl1;1.:i~b:1.Jm 'IJ1'Ll'LJeJ.:J 1661 'Vlvrn1i:1.J ( CM) ~(,17-f'ljbfl~ 

b'1m~1m66'tl'W (S) 11-11 .:i~{1.:i 1m1;,n1;,'Ve:i.:i b "fjfl~'Llb tl~cJ'Ll 1 tl (P) 1 tl1~'Ll 1 'Ll'LI1bfl~t1mb1;,::: 1661 'VJ"fjmi:i.J 
' 

b~tl~il7yjfi11:i.J'lj7~ (N) r11;1e:i b"fjm~(,l bbi;,::: 11-111:i.J"fjl;'11~\,lii1tli1.:i b tl~ EJ'Ll 1 tl ( C) b 'LJ'Ll(,ltJ 
" 



01'11 

1•hrnau,ijnwumn1 (CM) 

T,nli1'1'Ca1a~ 

... 
'1'1111' 

mvrvi 2-1 fl1'HtJ~m..JbbtJ"1-:i 1m-:ir.'f{1-:i'IJeJ-:Jb~"1~vhm~vi11-:im1mn 

vhn : Fellow (1997) eY1-:ifi-:i1'U 'W5cJ7 ft,1tJ1'U'U'UY1 (2544) 

9 

1. nTHH\Jb~fH'11'rn1Vl1';i bd57t,1bb"1t1t,17il'Uv1'1t'17t.i1mm11 bb'1t~1'U'lhtnm.J~'U'l yj 
\J V , 

"1t'1lt.11m 'UtlT'1tVl1t.i 1 tJ1 tJ.ff tJ(,le)'Ufl11"11n ;-:i'oJtr.'fillb~t.lb~eWJ7nfl11'1Jt~7-:Jeleln 1 tJ bb"1:mnV17'17t.i 
\J., \J 

15fl11'11 nffi i 

15fl11Vl71 ibV'U 

2. abb'1:;n~'U'a6'1el1Vl11 fl11ffJ n'oJ~Vll 1 i~'IJel-:11t,lt:l~UU7-:J'1J'U\9l~t'U b 'W17tb'U'Ufl11fl7~\9l , 

eJ7n7~U"1t~'U"1~eleJ-:ivl~1'UeJneJeJn1tJ V111i~17~t.171~~'U'IJB-:JU?f-:Jr.'ft~el'UbtJ~t.1'U1tJ ~'17U'1t , 

8illV!.flli~1 off n:iJ ~VlTIY-rn ~B n71 b i.J ~ffL! bb D'1-:J'/JeJ-:J~71m 'Ult,1 t:l~U~-:i;ff 'UB~ nu D-value n71 b~l-1 
, 'U , " 
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b61Jb~tJlJ 1 urnfum t11'lr111m'VlJ'V'U 0.125% 1~wJ1vitl'n vi~mbfli;'l b;tJlJeJeJn 161J~l;'l-:i 1 u1 'Ui!1vfl-b'mn 

~~-d1m'.fo-:iih~ 1lJ 1'\Xr1l;'leJ 11vJmfonv11mff0111Xirm'T-:ir1-:iiJ~b;81b'/l'Ub~lJ 
" 

3. ~n~ru~b -de.1~ii~~ m1mni'Jt:-Jl;'l(,lmrn~ru~ b de:i~lJir?l '\/171 '!Xermbi;'l~t:-Ji;'l 1lJiJ b de:iiJlJl;'l-!I 

b Y1e:i-d1 tJ 1 '!Xu11~m 1Wl7'/J'U~'I.Jjj~ 1~~7tJ bb(916'11Vlf'lJeJ7Vl71eJ'IJ bb 'IX-:i bbl;'l~bb'/lb~e) f1 bb ~-!I f17jl;'l'J n'\/111 'IX 
' ' 

?lrub~mr n~ru~ b de:i~lJiJ?l1 'U~1 tJ 11'l~~'lJ'lJ7-!l'/J'LlvleJ7~f n~7~n~ru~b de:i~lJir?l'VeJ-!I b dm~e:i 1 'IX5-:ir1-:i bb ~-!I 
" V ' 

eJ8hi1vi tJ m1 b~:l..lLbfll;'l b;tJlJfl l;'1 e:i 11~l;'l-:i 1 'Ui!1vfl 'tli;,1 n b v1e:i 1 '!Xbbflm;tJlJ 1e:ie:ieJ'U11lJA1 nu?111'\J1~ne:iu 
" 

b 'Wfl~'U b tlmnifo bbflm;tJlJb 'Wflbl'll'l~hfo~mtJi!1 bb(,lt:-Jl;'l 1~vlil1 hJbb -d b~eJrnb ~-:i~~ bJe.i1'Um1m n 

fl6'lel hvJ6'li (Chlorophyll) (DBm f\>lm'\J'W'U'Vl, 2549) 

fll;'l e:i 11vJl;'l~i'Jwu1~6'\'1fiqJ 1 t1m~u1t1m1~-:ibr111~t-fo?1-:i ;-:ib llt1m~u1t1m1v1-.51 b Ut.J(,leJf171~11-:i:f5l'l 

'VeJ-!l~'/J 

fll;'leJ bvJm1v1'Wu 1 t1~'/Ji'J 2 '/J'Llvi fie:i fli;'JeJ bvJmhmbl;'l~fll;'leJ bvJmHj bbl;'l~5-:ii'Jr1l;'1eJ bvJmHJn 

3 '/J'Llvl~'Wu 1 'Ubb ur1viL~mbl;'l~?l1vi~1tJ b -dt1 fli;'leJ bvJmi;bbl;'l~fll;'t e:i bvJi;,~~ 6'\'1vifor1l;'1 e:i bvJi;,~~'Wu 1 t1 

~'/J~b ·lfo1it1?1-!l~~i'Je:i'l'l17~1'U'VeJ-!lfli;'le) bvJmheJ(,le)fll;'te) bvJm1u'\J1~mru 3 : 1 bbi;'l~'W'lJeJtJb 'U 
" " 

'Wm?l~vi b~tJffJ7 flffeJbV-lm?l\,l ;-:iu1~ne:iu~1tJV!'Ll1tJ8eJm~n1 b~tJffJ7 m1t11 (grana) bbl;'t~ 

1m-:i?l{ 7-!l'VeJ-!I m1t11~~'\J1~ n e:iu~1 tJm blJl;'tl;'t 1 (lamellae) 1vi tJi'Jfli;'l e:i 11vJl;'1l;'11:l..lLl;'lf1i;'l~-!IA1eJ8v1 
' " 

mblJi;'lm bbi;'l~bm~A1e:i8nuih~vi 1u1Mt1 bbi;'l~1l;'t1'1'11u1Mt1 
" 

fli;'l e:ivlmheJiJ?Jl'l11m-:i?111-:ib U'Ubl'l\911~ 1'W11l;'t zj,:i1-:i bb vi1t1'Wfffl ygt.Je:i 81 t11'\J1vi 1fl 1v11 bbi;'l~ii 
" " " 

bblJffLh;tJlJeJ~l'leJlJeJ81'11-!lfl617-!lblJbl;'1nl;'1 iimJblJ'Vll;'1~~7bbV!'Ll-!I 1, 3, 5 bbl;'t~ 8 ilvillbtil;'t (vinyl) 
'U ~ 'U '\J 

v1~7bbV!'U-!I 2 VllibeJ'Vli.7v1~7bbVl'U-!I 4 vili1'1'11rl1mt11'1 (propionate) ~~7bbV!'U-!I~ 7 ~meJ?lb'VleJ~1Y'll?1 
" " " 

J\'1mbeJi;'lf1mrnJ (phytyl alcohol) iivi~~n\91 (keto) v1~7bbV!'U-!I 9 bbl;'t~iJVl~fl7TI'UblJ'VleJn; 

(carbomethoxy) v1~7bbV!'Ll-!I 10 'Vl71~fli.7eJbvli.7'1beJiJ~l'l1bilbi.lfli;'l C55H72O5N4Mg 

fli;'j e) bjyJi;'j ~ui11r11-:i?111-:i b:l..lLl;'t f)l;'t fl~7 tJ fl l;'t e) bjyji;'j '1 be)lJ7 n tJ m 1t1vl~1 bb Vl'Ll-!I 3 ;-:i1 'U 
' 

CssH1o06N4Mg 

cl1vifo 1 'YJ~i;'J bbeJl;'t nmrnJvi~ei 1 'l"J\>leJi;'l (phytol) dJmbeJi;'l ne:iflei~-'/J'Llv!Vl~-:i~iJ-.d'1t11t1m1um.i 

20 eJ~\>leJlJ ii1r11-:i?1{1-:ib'U'UleJ b61J'W~'UeltJ~ (isoprenoid) 

r1l;'1e:ib'YJi;'J~D ~-:i1u~ 2-2 
" 
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'Vl71vi'1-1ffeJ 11vJflitJmtl~cJ'UbU'UvJfa 1'W~'U (pheophytin) ~-:iLU'Un71~qJL~mL -;i51~LL:wni1L~fomrnn 1 tl 

~nn l:WLfl~fl'lleJ-:Jl-lfleJ 11vJ~i ~L;cJ1'lleJ-:J'W'/1'1~Ltl~cJ'ULUm11m~ (olive-brown) 'lleJ-:ivJfa 1Yl&i'U 

Mg 
N N H Chlorophyll a · J < H ( Natural Green 3 ) 

X "'cH f H fO fH 2cH=C(CH 2cH 2cH2 CH) f H3 
CH H CH I I 

3 3 CH 3 CH) 

n) 61m 11-11-:il;'l{1-:i'lle:i-:i1-1~e:i hvlfli LB 
'\J 

0 
II 

H-C 

CO 2CH 3 
Mg . 

N ~ H Chlorophyll b 
H2C =CH ~ "-

CH f H fO fH 2CH=y(C H,CH 2CH
21

H)fH3 
CH3 H CH3 CH

3 
CH

3 

d . 
'Vll.11 : Palermos 1n health (2007) 

'UeJn:iJ1rn!'U1-1,rn bvJ~itJ-:JeJ1'1L tl~cJ'UL'U'UA~eJ bvJ~ 1~~ (chlorophyllide) 1mvicJeJ7PlcJ 

LeJ'U 1~l1AfleJ 11vJ~ L~l;'I Lnliln1161ru L~mnJ1 yj~~e:ie:in 1 tl'11n 1m~ n~"l.leJ-:JA~e:i 11vJfliV111 VIAfleJvJ~ 1~~ 
\I fV 'V , 



" 
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I f' 1~""" 
► vJlewJerfl 'Ul?l ◄ m~ b~'Vl'1flel'1hvJ'11'1ii 

(~1i1m'1) +2/ (~b~EJ1?1~) 

l ~7-:Jbb'1~aa~~'<iltl I m~ =~1-:i bb'1~ 
---------- fl'1el~tlb'V'lel'V'l~tl •◄-------~- aan"l!b'<iltl 

" 
(bJii~) 

~m : Deman (1990) 51-:ifi-:i1ti 'W5tJ7 ft,1t11'Utltl'vl (2549) 

vJfa 1 vi~ ma 

Ylfa1Yl~uu 

fia fl'1B hYlmha~1J.iiibb~n'Ub~itJ~ 

Ael fl'1e) 11Ylmi'uffiJ.iiibbJ.mfa~fo~ 

Ylfavl afl u ii be] A e:i m=rn bvh, 1'1 ii b e:i~1J.Jii bbJ.mfa-S m.J 

Ylfavlafluiiu Aa fl'1abvl'11'1iiu~1J.Jiim-mfa-Sm.J 

1'V'l hYl1a 1 Yl~tibelVl~ffU fia Ylfa 1 Yl~t1ffiJ.J:wviJ.Jr11fl 'Ub~vmn~ (-CO2CH 3) 

" ' ' 
vif11{'UeJtl(917bbVlt!-:J'Vl 10 



" 
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fn 1 il 1 'iJ'Ll 1 · C02CH 3 

J71'V'j~ 2-4 nTH'U~cJ'Ubb'LJl;l\)6/Je)-:Jflffi)bTrJmf 

~ii1 : Elbe and Schwartz (1996) eJ1-:iii-:i1'U 'Ufim 1'1>1'U1'U'U'Ut'1 (2549) 

fl'1eJ 1 ·rvJmhmb'1~-wfa 1 'Yl&ime:i hfa=1~mmJ1 bb\91'1~mtJ1~~1'UbbeJ'1nmrnci' ihvrn{ b u'U;'U 

bb'1~bbeJ61Jb1>1'U t11611<ai-:i61e:i-:ib 'U'U'11<au161V1Elil~1;1~mtJ 1~b~ m.i'e:itJ 1 'UtJb1>1<ab~ tJiJB b vmi 
' 

fl'1 e) bvJ'1 ci'u bb'1 ~vJ1e:i 1 'Yl ~'U'U 1;j ~ m cJ 1 'U bbern n e)fle) J 5 b 'Vl e:i{ bb e);b\>1'U bb'1 ~ b '\J'U;'U f.71 b 'U'U 

611'J'\J 161'V1Elil~ hi'1 ~m cJ 1 mf 1 bb'1 ~m\,1 'j" b~ tli!B b 'Vl e:i{ ?f 1v1fo fl '1 e) b 'J~'11'1 ~ bb'1 ~vJfa'Yle:in u~~-:i hi:w 
' 

1 'U D 'j" 'j" ii 'lJ 1 ~ fl '1 e) b 'J yJ 1;j J ';;] ~ 611;1 1 tJ ~ 1 '1-11 cJ 1 tl b d e) 1 u 1 Jj bb n bb '1 ~ b ~ ii oi 1-:i v1 6'i 'U 'Vl 11 trl u 1 Jj 

b'U~ cJ'Ub'U'U~bv1~el-:J b 't1'Ub~cJ117'\Ji;.Jl;j 1JjU7\)'/J'U~'lJru~~i;.Jl;j~'\J:W~b ifo1 bbl;l~b~eJi;.J'11~b~iJ61n~b;cJ16/JeJ\) 
' 

fl'1 e:i 1 <avJ'1 J Iii ~ri e:i tJ 1 611;11 cJ ~11ii 1-:iv11 cJ 1 'll bb1;1 ~:n n 7 'J ~-:i bfl'J7~~~ b v1~ e:i-:i bb'1 ~ ~ bb~-:J'lJ e:i-:i bbfl b 'J'Vl'U e:i cJ \?1 

'1-1~8 bbeJ'U b 'Vl 1615cJ1'U'U6IT'Um bb 'Vl'LI~ 

tlfin1tJ1'lJeJ\)n'J~\9lelfl'1eJ 1 "JvJ1;1JiJfl11iJ?11flqjiJ1n b~cJbuTI1~ 1 'Ui;..i'11Jj~:Wfl11il b'U'Un'J~~-:i 

e:i ~ 1-:i 1 <an 1>11ii fl '1 e:i 1 <avJ '1J~ bn ~-rr'U 1>11iiu<a<aii'IJ1~1 'U b-d e:i b~ e:ivl'lllil ~ <a1ii e:i ~ nu ~1 TI 1 tJ 'J~'U'Vl 11 vf 'ti1 cJ 
'U 

tl e:i-:i nun 1<a0, n'Vl 7'17 tJ ~1 cJ n <a~ 1~ bb\91 n1<a 1 -if fl11ii1e:iu -;;i~'Vl 11 v11 tl <a~ 'U b~ tJ 61.n 1TI u<a<ai1'111 ~ bb'1 ~ 
" 



.. 
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er nbbl;lt~l;l 1l!~i1~b ;tl1 bde:i~ TUmttn'Ufll':i bb D':i':iD~1tlfl11:W{eJ'U ~b ;cJ161Je)~fll;'le) hwmhit 
" 

b tJ~tl'Ub 'U'U~b ~tl1eJ:Wtl1m'161JeJ.:JWbeJ 1 'l"JM'UeJ ~7.:J11~b 11 bbl;'ltbdm111 tJbnuf m~1~1iltb tJ~ tl'Ubb Dl;'l~:w1n 

t'U am1 b 11"1JeJ.:Jf11':ib tJ~ m.1~61Je).:Jfll;'le) b ':iyjm{ t'We:i~nutJ~mrum\91~ bn~t'U 1 'WmttJ1'lJn1':ibbD':i':itJ 
" " 

mvi1':i~1t1 bbl;'ltfll;'JeJ 1-:iwmi beJliltb tJ~cJ'W 1tJ b'U'W~beJ 1vJMbeJ 1~':i1\9lb 11 n-i1Al;'JeJ L ':iwmh''.ib tJ~cJ'W 1 tJb 'U'W 

w1e:i1vJ&i'U'UD':it:wlru 5-10 bV17 

eJruVl.fliJm "bl 'Un7':im n 1'1111 -Hm1:w{eJ'U?f .:J bbl;'lt':ittlt b 1ml'W 
' " " d 

\?11':i1.:J'Vl 2-1 m':i b tJ~ tJ'Ubb tJl;'J.:itJ~:w1ru"1J eJ.:JAl;'l e:i 1-:i~mi bbl;'l t eJ'U~'Ufi':itvi11.:i n 7':im n bbl;'l t m':i bb tJ-:i-:itJ 
' " 

er n b61J:W~1 tJrl17:W{eJ'U~~ruVlJ;)iJ 121 eJ.:Jf"l1 b61!'1b~Jt!?f b 'U'Ub1'11~1.:J 1 fl'U 
., 

(iJl;'l~nf:w/ni':wt11mTrnb'IX.:i) 

ernb61Jll r1 l;l e:i hvJ m{ yjfa 1 vJ &i'U 1 ~ 1-:ivJle:i 1 vJ&i'U "" mmi 
"" "" "" beJ tJ beJ tJ beJ tJ 

ernh:w?t\91 6.98 2.49 7.06 

n7':im n 6.78 2.47 

fll':i 1~ftJA11:W{eJ'U ('UTvi) 

2 5.72 2.46 1.36 0.13 6.90 

4 4.59 2.21 2.20 0.29 0.12 6.77 

7 2.81 1.75 3.12 0.57 0.35 6.60 

30 0.24 2.45 0.66 1.74 0.57 6.00 

60 1.01 0.66 3.62 1.24 5.62 

~m : Elbe and Schwartz (1996) 51.:ifi.:i1'U DBm f\9l'U7D'U'U'Vl (2549) 

lil7n\911':i1.:i~ 2-1 bb?f ~~ti.:iA11m'LJ:w'LJ'U"1JeJ.:JAl;'l e:i hvJmhmbl;'lt'U vJ1e:i 1 vJ&immbl;'lt'U bbl;'lt 

1~ b ':ivJbeJ 1vJ&ime:i bbl;'ltffi 'Wern b'tJ:w?f\91 ~~7'Ufl1':i'11nbbl;'ltn7':ibbD':i':iD~1tJrl11:W{eJ'U~eJruVl.fliJ 121 
" ' " 

e)-:Jf"l7b61!'1b;tl?f b\9ltl 1i-:ittltb1m~1.:i1 fl'U zj-:Jlilln\91711-:Jliltb ~'U 1~11 i1b vfo.:iern 161J:W?l\9lbbl;'ltern h:wmn 

bvh,!'U~i1r1e:il;'l hyjmi°bmb&'lt'U bbl;'lti1ri1-wbel'1lhib tJ~cJ'Ubb Dl;'l.:J bb~bdel 1~fur111:w{el'U~elruvi.fliJ 121 
' " 

el.:Jf"l1b61!'1b;tl?f ~U11A'1 el 11vJm{lilt?fmt1 li11:wlnt'Ubb&'lti1ri1vl bel'/ll;l\9ll;'l.:J 

1 'U':it'Vll 1~ n':ittJ1'Ll n7':i'Vl7er n bb ,x .:i A&, el b ':ivJ l;l ~ lilt b tJ ~ tl'U b 'U'UWbel 1 vJ ~'U 1~ b '?l'U b~ tl1 fl'U bbl;, t 

fl11bD~tl'UbbtJmt1tY.:it'Uel~nu degree of blanching f1el'U~liltt11ern1tJv11bb'tX.:i~1t1 
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f11';iLfl'lJrn~1nilt:,11.,v111 vf bi1~f11';i?li,,1cJ\,11'LJ€l~fli.7 €l L ';iYli.7i \,l'Je)~1Wd'U eYmL vr~vi'lJ';j';j'oJ 1 'U 
' 

fl1"1J'U:-; 161'1:-;Ln~ 1 ~L(,le)eJn~iL(,l'tl'U (Photooxidation) LL'1:-5lJn1'HHUL~cJ';j~fl1(,lf;1'Yl11 Vl~LtJ~cJ'U 1 tJ1~ 
'\J V ' 

ti'1eYmLvf~ilfi1 aw ~1ffJ1 0.32 'oJ:-;V111vfr11;1e:ihYl1;11.,''bJ?11m';im'U~cJ'ULLtJ1;1-:iL'U'UYlL€l1~~'U1~ 

1.) n1c.i1 i~1~ 

L~eJ~'oJ1nrrn €l L ';ivJ1.,iiJr111lJA~ t,111'Ll~h~ f11';iL~mnifo6U€l~~1~1;1-:i1m11ffiimneYn 

L~e:itJr'lJ1lJb'Vlf11~be)"!J'(Je)-:)J1vlmrn!n1;1~1;1~ 'oJ:-5'/11cJrrnj1~L;tJ1'(Je)~ernH1~ b'Vi';i1:-;f11';j 

L~lJ~1~ V!~€ln7';i1i alkalizing agent '1:-5'111cJtJf'lJATWb€l"!l6U€l-:JJ11vf~-:it'UtJWmru 

~Le)"!J 7 'oJ:-5?11lJ1';if;)fj'lJt-:im';iLf1\?lvJL81'V1~'U1~ Ln~eJ'(Je)-:J~1-:ivlum.J1'ti AeJ bbfli;lb~jtJlJ 

1fll?l';ieJn 16'/!!?1 V!~e:i LLlJm1L;cJlJ1fl~';j€Jn 161ll?i V!~€l L6'/lL~cJlJ 117l 1fl Ll?l';ib'oJ'U~eJ?IL o/11,l V!~eJBi'oJ 

1 'tiLLlJ n'Ub"llcJlJA11'lJm 'U(,l b~cJ n m:-;'lJ1'Um';iffi 'li~1-:i-d'11 Blair process t:,1~(,l.fl ru6flvl1~ 

V1~-:i-.;i1 nt:,1'1u n-rnu11.1 m1 LL th~tJ'oJ :-; fl~ r1-:iii~ L ;cJ18~ bbl?lliJ:-; hiA-:i t,111 'Ll';ir-V111-:i f11';j btl'lJ 
• I I,' t.• 

Q..I .::.I d=..::il O ..::::::t ..::illQJ ,dlQ.,IQJl,I' ,di 

·rn~1 bbi.7 :-; f11';j b(,llJ m ~ b Yi BL 'VilJ'Vi b e)"!J'(Je)-:J'U 11u:-;lJ t:,11.,b?l cJ \,1 e)i;l n~ru:-; L 'U eJ?llJ t:,1 ?l \?11 cJ fl €l 

V111 vfeY niJlJi.7~ 

2.) n1';iL ie1ruV1.niia.:m1;1:::c.i:::E.1:::t 11;11i;1\..i 
' 'U 'U 

f11';j 1 ieJruV!.flD?l~ bbi.7:-5';i:-5cJ:-5 L 1ml'U 1 'Un1';ii.71rn:r nm Vlt:-Ji;l~L 'll'Ub~tJ1fl'U 1u:-;-d1 cJf n~1 
' '\I '\I 

nTJLflUfn~1 t,71el~1-:Jb'll'U .fl1cJV!~~n11Lfl'Urn~1'UTW 3 L~el'U ~'LJel-:Jfli;le)L';iYl1.,i1u:-; 

L Vlilel'Ll n'U hJ111u :-; 1 im:-;u1'U n 11 Lb tJ 11tJ~elruV! .nD ?l~V!~ el~ 1n (,11lJ L 'Vi11:-;1:-;V111-:i m1 
'U 'I 'U 'U 

L nu ·fo~11u :-;i) ml?l B'U 'Yl~ tJ bn l?l:ff 'U b 'tl'U m ~ 1Yib~1r1'LIr111'lJ el n-8~ n zj,:i -.;i :-; d-:i m 1 

?li.71cJ(,11'LJel-:JAi.7el L 'JvJ1;11;1'1~ m:-;u1'U m1LL u11tJffi 'lifl11lJ1el'U?l-:J LLi.7 :-;1:-;tJ:-; L 1ml'U'oJ:-;V11 
'\I '\I 

1 vf bf1 \?l n';i\?l B'U'Yl~cJl 'U1:-5V!11-:J n Ta bfl'Ur n~1m n n1115~'U ~-:) 1jjii t:-Ji.7 ~\?)el flflJJl 1'Vi'LJ el-:J 

fli.7el 11vJmhdmnurn~1b'U'UL1i.71'U1'U 

3.) n1c.ib,ibB1.J16ll~flll;le) b<,iW1;1b1;1'1 

n11LU~m.lrli.7el bvJmllV!LU'Ufli;le) hvk11i.7!?1 L\?lcJel1PlcJbil'U 161l&Jfli;le) bvJmi.7?1 V!~e) 

L eJ ?I b 'Yl eJ b 1 ?l zj~ij eJ cJ b 'U Y1"1l(,11lJ511lJ "1l 1 ~ 'oJ :-; b f1 \?l n111fl L\?1111., 6/l?l bbcJ nL eJ1 Vljj1 'V1 \,1 eJ i.7 el eJ n 
'\I '\I 

~11.1vl L VI~ e:i fie:i LlJ'Vii.7 A'1 e:i hvJ '1 fa 1?1zj-:i 'oJ :-; '1:-5m cJ 1~ 1.1J 1 Lbi.7 :-;1u :-;iJm 1lJA-:it,11mn n11 

A '1 e:i 11Yl '1 i LeJ'U 161ltl A '1 el 11Yl 1., Li.7 ?l 'oJ :-5'\ll 1-:i 11.11191~11.ln 11 :-;~ t,11 nm-:i L t11.1J 1 ~ e:i ruV! fl :u 
' 'U 
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';i:::V!17.:J 65-75 €l.:!Pl7b61ll;'lb'ilfJ?l bbl;,::: activity '<il:::Vl7fJ hJe:i~1-:im.J'U':irub~€l 11'lf'U€lt1JV!.fl:W 
~ ' ~ 

70 €l-:Jf'l7b61ll;'lb'ilfJ?l'U7'U 10 'UTvi 

tl7';jl;'l'Jfl~€)(l.JV!.fl:W 71 €)-:J\'317b61ll;'lb'iJfJ?l (160 €l-:JP11'Vhb':i'Ll1m,i) 'U7'U'1-:J 20 'UTvinEi'-:i ' ~ 

L"1J:l-Jt11':i~1n~mwvi.n:w~1 65 t1-:iP11L61lm'ilfJ?l 'U7'U 45 'U7vi ~-:ivh1t½r1~t1 bvJmf ' ~ 

LU~fJ'LILU'Ufl~e:i 11vJ~~1~\911\91mt1'Ll 161ltlr1~t1111Jm~?1 

1 m dt1 b~€Jyj61Jih ;fJ1EJ-:Jijb€l'U 161!:l-Jl,~'\'1€1 n;~ b 'U?f zj,:i'<il::: b ~-:iufin~fJ7€1€l fl;b\916n'U"IJ€l-:J 

fl~€) hvJ~~l,\91Vl71 'l½~L; fJ'J'il\91~-:J ufi n~mif EJ'U 8-:i 11'll'l1 fJ fl7';j 1 i?l7':i\9l1'U€1€l fl;b\916n'U VI~€) 

b\91fJ fl7';jl;'l'Jfltl€l'U'LJ71 tJ bb'U':i':i'U 
~ 

4.) n1'a\111L~bn~a1-ath::ne:>'Ub~~6lim.!fi'Ub~'V1:: (metallo complex) 

1 +2 4 V .c:il1 +2 ,., 1 d d .c:il 

V]€J,:JLL\91-:J €1€l'U(Cu ) V!':i€l?l-:Jfl:::?I €1€1€l'U(Zn ) ?11:!.l7':itlb"IJ1 'UbbVl'UV1Lb:l-Jfl'Ub6i!fJ:l-J 

1t1t1 tl'U 1 'U 1m~ fll;,"1]€)-:)fll;,€) b ';io/Jl;'ll;'ll,\?lb U'U?l1':i'U ':i:::fl€l'U b ;-:i61Jt1'U~nr111:l-Jf1,:j(,l'J:!.J1fl ~-:it!'U 
' 

tJ1:::LV1f'l?IV!f@b:l-J~tl7 ... 
?111u 1::: n€l'U b ;-:iit1'U"IJ e:i-:ivi €1-:i bb\91 -:i n'UvJ1 €11 ~ M'U Lb~ :::vJ1 e:i~ €1 fl 'U ~ n sJ 1V1t118 bu 'U 

' ,., 
m1fi1ij~e:i11 copper chlorophyll bbl;'l::: copper chlorophyllin 1)111.11;11~'\J ?1111'.j 

hfo'UtU1()11 V!b it 'U'U':i::: b V1Pl?IV!f :ot1 b:l-J~tl7bb\9lijfl7j 1 it 'U'U':i::: b VlPlfJ b ':i'Ub\9181 iLM:l-J~-:J 1 tJ1 'U 
'l Qj ~ , 

200 rl'J'U\91 €1~7'Url1'U"IJ€l-:JV1€l-:Jbb\91-:J 1t1€JB'UB?l':i::: 

fl1':iLLtJ11tJm:::L~fJ'U~nu11'<ilm~Dt1-:i 1 m.J1Ln~t1 '<ii~ 1iJ-:in~~fl~B 11~LM:l-J~-:J 1 tJ L ~€1 
~ ' 

-rn~1~L;fJTV!~t1€11'<ilLM:l-J~-:i1m.J1Yrlimn tJ~mru~t1'Uru1()11Vl1iBfJ1mh-:i 100 - 200 
S V ~ 

?11'U\9lmhwri1'U m11 iJ-:i n~~fl~B 11~ LM:l-Jl;'l-:i1 m.J1Ln~mf1wfo 1iLL tJ11tJt1 L:l-.l~\91 LLl;'l::: 
~ 

tr1~ n 1li?11m1i;i-r mfl~L;m 111~ 



'I 

fllilei hwm5 

1- ""niMv" 1,rnau 

w1ei1'V'l~h.! -COCH 3 

l 
+ i~ntfileleJeJ'W 

Jl1'1"l~ 2-5 m1btJ~EJ'LlbbtJ~w11mfl~eJ 111Jmh~B 1~f'llm1~{m.11'Llm1~~i1i-:ifl~ITTBBB'Ll 

~m : Clydesdale & Francis (1976) -S1-:ici-:i1'Ll 'UfiEJ1 f\91'Ll1'U'U'UV1 (2549) 

n1';i6llil1tii1'tlel.:lfll;le) 1 ';iWlili b ~el.:llil1nbb6l.:1 
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btieJfl~B hyJmfr1mb?f-!lbb~~eJBfl~b'iil'U ~'iil~'iil1-:i~-:ibb~~V111 ~A'Ufl~'ll1JJ1~ hi11'iil~BEJ"l 'Ll1 'll'~'ll 
'U 'U 

fl1111fl.:li1'llel.:lfllilel 1 ';iWl;ll;lb 'Uel1Vi1';ieJUbb i.:i 

r11 aw 1'UeJ1Vl1':ibb~-!li1e..i~~e)fl1':i?fmEJlil1'/JeJ.:Jfl~rnbyJr;,1;1 ~Jl11~ aw ?f.:J'iil~'V111~'iil~'U'l-'l:;8 
'U ' 

b'iil~f!Jbb~~bnvitJ{in~cl1~b ~.:J~lEJbeJ'U 161!~1~~1EJ Vl1fleJ1Vl1':ibb~-!li1ri1 aw ~1 'iil~V111 Vl'1J.lihl1b'vfo.:ivrn 1 'U 

tJfin~EJ1fl1':ib 'U~cJ'l.lbb'Ui;,-!lfl~eJ L ':ivl~~, ~b 'U'U?\1':iyjfo 1 vJ~'U e..J~ fl1':iflfl1s1fl1':i?fmcllil1'/JeJ.:Jfl~8 L ':iyj~1;1 

1mm L'/J~ '\"l'LJ11b~e) aw 8EJb'U"111.:J O - 0.32 fl~e) 1 ';jyj~i;j'iiJ~i1fl11~fl-!llil1~':i~Vl11.:Jfl1':ibfl'lJfmn~ 
'U 

eJU.!VlJliJ 37 eJ-!lf11b61lm~cl?f bdeJ aw bvl~.ff'Ub'U'U 0.52 - 0.75 'iil~i1yJ1eJ1vJ~'Ubnvi.ff'Umh-:i11vib~l 
' " 

fl1':ib ~~1116/lm{'LJB'U 1viBBfl 161lvi1 ~~-:i.ff 'U 1 'Ll':i~EJ~ L 1mk'U 61 'V'-l'LJ11"1i1 cl'll~~B m1?1m EJlil16/J B-!I 

fl~ e) 11yJ~ ~1Jf WV!11-!I bntJf fl'\s1e'.r flbb~ ~ e..J ~ 1~1.J 1-:J 'll'U vi b "1l'U fl1 ':i bntJf fl'\s11.J':ie)fl Lfl ~1JJ1 ~vie) fl 

b tJ~ EJ'U b 'U'U~ b Vl~m bb~~1i~e'.J?f fl'LJ f116/lfl1foeJ'U 1vieJ eJ fl 161!~ b 'U'U':i~ cl~ b 1~ 1'U1'U'iil~'V111 ~bnvi fl~'Ubb~ ~ 

':i?\6111&\~vitJfl~ 'lJ':i8flLfl~?f1m1mn'llffl~11'Um1~~i1n161lfl1foe:i'U1viBBfl161!~ 20 30 bb~~ 40 b'UeJ1 

b~'Uvib\el'U1'U 3-6 l'U 'V!(1.:J'iiJ1 fliX'U~eJ.:J bfl'llf fl~11n 'U'lJ':i':icl1fl1fl'Ufl&i~eJruV!fliJ 5 8-!lf11b61lm;cl?f 
' 'U 

17161! m 1'1.J B'U 1viB eJ fl 161l~'iil ~"1i1 cl'll~ ~ eJ m':i?f m cl Iii' 16/J 0-:i A~ eJ 11yJ~ 1;1 bb~ ~~vi fl1 ':i bn vi 171611 b Bvi ~ 'U 

11:1-nt.:i'll~~ e:i m 1?1 rub~ EJl ~niJ'U~~~1 EJ 
'U., 
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o lV n T:i'Vl1 bb 'VI .:I 

1 'W n1 'a~~~ 1 lJ"IJ1t!'Wi'W~ el'W n7'a'Vl1 bb vf-:i b 'U'W 5ni'W ~ el'W~~1 b 'U'W b ~11:; b 'U'W1fin1'a~'Vl11 'ITT lJ 

"111elci1 'W'a'U~bnllf n~11~~ 1 ti bbG'i dlm ti f11'abfll1f n~1'W1'W~'W 1fif11'a 1 'Wf11'a'Vl1 bb vf ~~b~fo n H1 'W 
'IJ " ' 

f11'a'Vl1 bb vf-:i (Drying) vimt1 i:i-:i m<a 1vfrn1:lJ·famnt11(;l?f.f111:;n11r11t1f):lJ b Ylmh~'~J1~jfo~ 

1 'Wel1V!1'a L~tln7'a'a:; b V!t1tl1 1~tl'U'a:;?1-:ifi•1JB-:Jf11'an1'1~tl1 ~el f11'a~~el1tl f11'abfll1'tn~1el1V!1'a L~tl 
' ' 

f11'aG'i~l"l11Bb~eJfoeJA~1i (aw) zj-:JiJ~G'icJlJ~~f11Wil1qjb~U L~'llel~btel~~'U'\'1~~ bbG'i:;f11'a'Vl1-:J1'W'llel~ 

bel'W 162!tl 'Welff<il1 nt!'W f11'aG'i~J1vit1mbG'i:;tJ1mru'?.lel~el1V!1'acJ~6111 tlG'i~l"l11-ff~1t11 'Wf11'abflU1ff\11 bbG'i:; 

m<a'?.l'W~~ b ~:lJf\11:lJV!m nvim mbG'i :;r111:lJ?1:;~1 n 1 vf bb n ~t111n ri 
" 

bbV!G'i~r111:i.1.;'rnJ zj~€1Til-;;J:::bth.J ~Vlb~€11 A€1'1~J1rnJ1 n1'1.lV1~\?l:U V!5BJ1ilm\?11 1:1:u·fo'Uli1~1vi1:1eh'U 
' 

el1V!1'a~11~b'U'Lli'Ul11~1 (tJ<a:;mru 2-6 62!:lJ.) ,1'Lli'U'?.lel-:Jtl1~~el7-;;J-;;J:;i)~~,'UV!~elhiiln1~ fl11:l.Jb~1 

G'j:l.Jm V!G'1b1tJ'UeltJ 1 mh~ 0.5-5 b:lJ~'a/1'U1vi ih:;lJl)'LJ-:JAU'Vif"lVl1-:Jf11'a 1 V!G'i'llel-:JG'i:lJ{eJ'U.f11tl 1 'Llbfl~el~ 
'IJ 

V!~el~G'11~ fl11lJ(il'Llffim'Uf11'aell1bb'Vl-:Jel~~'U'atmru 5 mmHg fi~ 60 mmHg zj-:i-;;i:;V111vftl1b~el~~ 

tJ<a:;mru 2° c i:i-:i 40 ° c m<a 1 vf~«-:i~1'Ur111:lJ{el'U 1 'W~bfl~el-:Jell1bb'Vl~?1ruru1mf"l ilvimt116 ~utJWl'Ll '.,., 

mn-;;itb 'U'U bbe-.i'Um~r111:lJ{eJ'U Heater fl~'W 1:lJ 1r11nvJ V!~elfl~'U~'UvJ1bG'1Vl m11-ff r1~'U 1:lJ 1mnvJ 

V!~€lfl~'WB'WYhbf1Vl 'iJ:::;'Y111vf1\91fl~Ubb'Vl.:Jb~1 b~€l.:J'il7f11w111:::;?1ruru1ml"! ill"l1i:1J'\.J1:::;?1vii m1tl1 
"I "I V V 

i,I q .di i.l 

'?.I el~'llm bfl'ael~ ell! bb vi~?! ru ru1 m f"1 '.,., 

1. ~~~.nrusrim~-;;J7nf111elU -;;J:;:WfltUl"l1Vl1~el1V!1'a?l-:J :W<atJJn~ru:;bV!iJeJ'U'llel-:J?I~ 
' " " 

3. 1-ff nm 1 'Uf77'aelUbb'Vl-:J'WeltJffJ7 f11'aell1bb Vl~bblllln'a'a:lJ~1mn 

(1'U'.ib'\ll'.i~ flellJblJel1b~tJ~, 2554) 
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ihi-:5' !;)viii~~ i;i el n1~vi1 bb \1~'ll e)~eJ1l11~ 

1. 511~'1!7 ~'IJe).:J el1Vl71 el1V171~ih de) 1 tJ ·fr'll~iJeJ \9111 n11vi1 bb vf .:i~ b 11 fl'"Jl el1Vl71~ih dmvut.1 
d d ,d .,.d 1 1 .Jq ~ d CV o 11 i.l ,d 

b 'l.l e:J.:J"ll 7 fl~ f171 bfl l;1 e:J'l.l Vl bb 'U 'U e-J 7'l.1'1ltM bbfl'U e:J 7Vl71Vl~'W 7 \911 m'M"ll:::~ e:J \9117 fl71Vl 7 bb Vl-:J61!7 b 'l.l e:J.:J "117 fl 
'lJ 

tl7\917l;'l\Ji71 vf bi1~m1m Vl'UcJ1bVl'l.le:J~Vl'l.l~n~'IJ17.:Jfl71bfl~ e:J'l.l~"/Je:J.:Jtl7 fl711;11 fl fl71'l.11~fl~.:J "ll~'\'171 vf 

b61lmfo\9lfl~-:i-ih cJ 1 vfvh bb vf .:i 1~b 11~t.1 

2. 'IJ'l.17 ~ bbl;'l ~ 1U -:i1.:i 
d I JI d,Q. I ~ Q.I ~ ,:;:ii I .K d~ I ~ Q.I 

~ e-Ji;j \91 e)~'l.!Vl e-J1 \91 e:J'l.l 7Vl'l.l fl 'IJ'l.17 ~ br;1 fl"ll ~~e-Ji;j \91 e:J~'l.!Vl e-J1 \91 e)'l.l 7Vl'l.l fl 
'lJ 

mflflll'IJ'l.17~ 1 VlqJ~.:Jbb vf .:i Mb 11 fl17 

3. ~lbb Vl'Ll.:J'IJe:J.:iel1Vl711 'l.lb\917 tl11 'l.lel1Vl71~617m1t1Jmr?!n'U1;1~fe:it.11~b 11fl17Vl~e:JJm161n'U 

1;1~f e:iu~i1m1~tt.1~1"11~1~ b VlcJ 1~~fl17 

4. tJ1~1rue:i1V111~e:im~ tJ1mrue:i1V111~e:im~~mrnnt.11tJ"ll~'1'111vfmV111~e:iv~1mh.:i 
'lJ 

h11 ~ J ~er?! n tJ €11 fl 7131 f e) 'l.l VI~ e) 1 ~ fo i;j ~ f tl 'l.l bb ~1e)J71:w ?! 7 m 1 ti bb ~ ';j m ~ "117 mJ 7 'l.l €11 VI 71 ~ e) V .ff 'l.l tJ 'l.l 
'lJ 

e)e)fl~71~~,:i\Ji71 V!fl71'1'17bbV!.:J'tl7 

5. fl17~?!7m1ti1t.1n11fu1e:itl7'1Je:J.:Jel1fl7131fe:Jt.1 e:Jlfl7131fe:Jt.1~i11e:itl1e:ivmflbbl;11"1l~ftJ1e:itl11~ 
'lJ 

tle:JcJiJe-Jr;1'1'171 V!e.l\9117fl71'1'17bb V!.:Jfl.:J~ 

6. e:iruV1.nii'IJe:i.:ie:i1fl1131f e:it.1 fl71 b ~~e:iruV1.ni11t.1'1Jru~~e:i1fl1131iJr111~tt.1fl.:J~"ll~b 'llt.1fl71b ~~ 
'I 'U q 'U 

fl17~?!7m1ti 1 t.1n11fo 1e:itl7'1Je:J.:iel1fl7131f e:it.1iJ~e:Jfl71'1'17 bb vf .:i 1 'l.l'l11.:Je.l\9ld1fl71'1'17 bb vf .:ifl.:J~ 

7. f111m 11'1Je:i.:ir;1~f e:it.1 bde:ifl11m 11'1Je:i.:ir;1m ~~~t.1'1'111 vf m1br1~e:it.1EJ7cJ'IJe:i.:i1e:iJ1~~t.1 

'l.l tlfl"ll7flt1'l.lrl17m 111;1~'1'171 V!bf1~fl1~bb?!~'l.ltJ1'l.l'IJe:J.:Jel1fl71311'l.lbmel1fl7131~.:JJ~eY?!ntJel1Vl711~&1~'l.l 

.n:iJ~fl~ 8'l.l'Vl'l.l'l.l'Vl bbr;1~fl ru~ (~ .tJ. tJ.) 1~P1fl~7tl tUVl.fl:iJe:JtJ bb V!.:J~ b Vlm~?!~flt!~'ll~ b tl'l.lbfl~e:J.:JU1-:J 
'U q 'U q 

bb\?11;1~'1!-w~ "11-:ifhvfli'Vl~G1e:iu.J-:iV1~~ 6 '1!-W~11>1bbn fl~b~11 ~1fl 'IJ
0

11u~~m~ 1V11~~1bbr;1~ \91~1rif 
'lJ 

b61!1;1b6/lc.J611t.11~cJ~nr;11m1e:iu~ 12, 18 bbr;1~24 i11~.:ib'lffoubvicJun'U1TI'IJB-:Jbfl~\911mfie:i n11\911n 

bb~~-11-:i b tlt.1m1~1TIA1'Ufl~( Control) 1~ cJvi1n11 b tJ~cJt!b l1cJt!fl17mb V!.:J61'Ll'Vl(m1~tt.1~7fl17 1 0 %) 
' 

bbl;'l~fl71fl.:J?!.fl 7~fl17~?!1 cJ.:J7~'1Je).:J~'IJe).:J1\9ltl~hJ ( ~'1lbfl~e).:JU1.:J) e,Ji;j fl71P1fl~7~'\.J17 fl~ b ~17 ~1 fl 
' ' 

-v'1G111;1i 1u~~m~ 1V11~~1 m1e:iu~e:iruV1.nii 70 e:i-:il317b61!m'YicJ?! btlm1m 24 i11~.:i 1~cJ1iti.:i 
'U , 'U 'I 

m~~1~u11"1lfle:Jt.1e:iu 1vfr111mbV1.:J61'Ll'Vl (m1~tt.1~1fl11 10 %) Lbr;1~n11fl.:iG1.n1~m1~611cJ.:i1~'1Je:i-:i 
' 

~~~?!~ ~1t.1 \91~1Af n11e:iu~e:iruV1.n:iJ 80 e:i.:il317b61!1;1b6/lcJ?! b'Um1m 24 -B'11m 1~1:Jn11~mbr;1~1im 
q 'I 'U 'I 
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nTH 'U~V'U bb 'U ~./l"tl el ./lel1'\/!1'ab -dei.:ilil1 nn11'V11 bb ,X,.:i 

1. fl1';iV1~i1 Ln~:ffm tieWJ1tlfl7';i?f illb~cJtl1611'LlviLL ~.:J'1~fl.:J?lfl1"r'l 1~611'LlviBeJ'Lltl11'1~b 1161.:J 
SJ V 

1 '\J fl7';i'Vl1 Lb ,X,rn ~ 1 ,.:J ';i1 ~ b ~1'1~'Vl11 Vlel1'\/!1 ';iVI~ i111 mm11 fl7';i'Vl1 Lb i-:i Lb 'U'U'tl1 

2. fll';ib 'U~ cJtJbb 'U61.:J~ el1Vl1';ivie.ht1fl1';i'V11 bbi.:Jtl't7'1~il~vi b -ii':iifim tie1.:J'11 nm11J{eJ'L!Vl~mn~ 

'11 n'\Jij n~cJ1 bfliJ 

3. fll';ibn~L 'U~eltlbb~.:J b'U'L!l;I n~ru~~~hel1'\/!1';ibb ~,.:J dJm 'U~eltlVl1J611'Ll~ti',.:i 1~bbVl-:J H btiel.:J'11tl 
' 

'111.:J bb ';itl 1 Vlt11';i~b VlcJ b ~1 bn'Ll 1 '\Jv\'11 iJ1~1'L! 1mfl~eJ'Llvimvie'.11V1111 h.il1'L!Vl~elil?l1';i61~611cJ'lJel.:Jt11m61 

1 '\J';i&i'L! bfl~m.Jvim bb "1J.:Ji1~e'.l1 ?l11J1';ibbm '1J 1~~ cJ b b 'UeltUVlfllJvi?l.:J bb61~ 1 immPi~i1m11Jt'Ll?l.:J b ~el 
q 'U 'U 'U 

11JLV1~1Vl111Lbi.:Jb ~1bn'Ll 1'\J 

4. fl111J?f 11J1';it11 'Ll fl7';jfl'L!?lfl1'V1 el1V11';i'U1.:J'/J'U ~ 191 el.:J'U11J1fl'Ll?lfl1"r'l fl el'Ll'U~1fl fl fl7';jfl'L!?lfl 1"r'l 

1~cJ fll';j b~:1-JJ 1'1 ~ 1:i.i1~ el1V11';iv1i11;1 n~ru~ b VllJel'Llb~lJ b ~ el.:J'11 n b "ll61~ b~ cJ fl111J~ ~VI ~'Ll'll e),.:J ~iJ,.:J b "llmf 
' 

5. fl7';i?f illb~cJfltUfl1el1V11';ibb6l~?f1';i';i~ b VltJ 
SJ V S 

'Ll'11tl'Uijn~cJ1eleltl~lb~"ti'Ll '11~.:J 1-u b 16111 'Llfl7';i'Vl1 bb Vl.:J1J1 tlfll'j~qjb~cJ f1'1~~,.:imn 

';i~ b VlcJ b ~ el.:J'11 tlfl111Jf el'Ll'Vl11 in~'Ll ';i?f 'lJel.:J el1Vl1';i Lb ,X,.:i61~61.:JVl~el bb\,l !7(911-:J 1 'U '11tl b~:1-J 

b1J~bb6l~flru~, 2540) 

nT~l;'l~"lJ'W1~ (Size Reduction) (':i161 f,.:i?11~'Ylel.:J, 2546) 

fl7';i?lillb~m'11';i 
SJ V 

(~\,lfi'Ll1 bb~:1-J 

fl1 ';j61 ~'lJ'Ll 1~ b tlu'\Jiju~ n 1';i bO'W1~VltJ1 cJ 1 u tl1';i61 ~'lJ'U 1~'8'UeJ1V11';izj,.:J b 'U'U'lJel.:J Lb ~,.:J 1 VIL~ !761.:J 

1~cJ15tl1';i'U ~ n~ er~ Vl~el 1-u Lb ';i ,.:J m~ bb 'Y1 n fll';j~~ (,)~~ (,1.fltU<t1v1ilfl111J'1~ bBcJ ~'1J'U1~ Lb 'U.:JVl~elel'Ufl1fl 
' 

L~n b1cJt711tl1';i'U~'1~LBcJ~ (comminution) 

1. b ti'U tl1';i b ~:l-J~'Uvi~1 (;1 el'U1:l-J1(,1 ';i'1J el..:J eJ1'\111'Jzj..:JiJ i:..J 6'11 'U tl1'J b ~:l-J '€1 \91'J1 tl1'J'Vl1 Lb ,X,.:i tl1'J 1 VI 

fl111Jf m..JVl~eJ fll'Jv\'11 VIL~'Ll i..:i ti',.:i L 'U'U fll';ib Yl:1-J'\J';i~~'Vlfifl 7"r'l Lb'1~eJ 1,1';i1 tl1';i?l n~1;11';ivi'1~m c11~ ml 1 

b'l1'U fl1'J?lfl~J1~'11lJ'11tl~61 W'U~ 

2. tl1'J'1 ~'lJ'U 1~ bb'1 ~ tl1 ';i~el'Ur1 ~ bbcJ tl '1~'Vl11 Vl1~ el 1'\/!1';izj.:JiJ'lJ'U 1 ~ \911:1-J (91 el.:J tl1';i b 'l1'U 

J1m'11e1zj,.:i Lfl~eJ-:i L 'VlPI Lb~~ bb 'U.:J'lJ111 "r'l~ t11';i~ ~"1J'U1~-d1 cJ 1 i?l:1-JU~ tl1';i'V11.:J1'UV!~e1m~u1'Ut11'J 

bb'U';i';i'U,rr'U(;lel 1 '\J41cJ:ff 'U 
" 

oiJ1 cJ~(,),JtnflruD 1~ m1u11DA LL6'1:-:; L 'V11.Jm11JL V1m:-:;?1:W'1JeJ..:JeJlV111i1wfu m:-:;u1'Uf11';iLL tl1Tu.fr'U(;leJ 1 tl 
' " 
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11i1J.::i-d1 cJ b Ylii fl11lJVl'17ffV!'11tl 1 'Ll fl11'U1 ~~ \9137 ru'r11 u1 i €J ~ 1.:J 11nmii fl'j"'j"lJ15v1'1fH'111 €11'11 u b ';\'1 

m1 L~ 0ii L~ tl6IJ€J-:J 01V111 L ~ 0.:1'11 nil L €J'U 16/J:w'U 1-:i'/l'Ll \il~ t:1nuG'l0tJ00 n '17 n L d 0 b~ 8~5 n6IJ 1\ilVI18 b <;i .:i 
" 

fl'1 m1lJ6IJ 8-:J ~ ~'U'Vl ~cf Lb'1 ~un ii~ tl18 8 n; b\il"ti'Ub ~ 11~il~'U~ thm n:fi'Uv\'11 ~ btl \il n1161'lJ er ?I f1'U 81 n1 ?I 

lJ1 n:fi'U fl111J 8-:Jtl'U n11b~€JlJb~tl~.:J nG'l71€J1'1'Yl711iTilil tln11~ \il n11V1~8'Vl~'VlblJ'U ~ ( treatment) Vl1€J 

b&ilJ?t11'U1.:l'll'Ll\il 

n. 6IJ'U71il1Vlajfi.:in'17.:J b61f'U Ldmn~r1J1V1-r'Uv\'1?1~ b'UcJbb~.:J ~'11~i'U'U7.:11 J1V1-r'U'U11~ 

m~u8.:i 

2. m11l-i'1'Ub 'U'Ubb 1J.:JV118b ~?I (paste) b ~m Ylii fl11lJ'1~ bBtl\il (b~tl.:16IJ'U1\il 1Ji'~.:J(,l 81 ud 

t-J~\9137tu'1im~n1 > bfl~8.:Jb'Vl?l > bb'\J.:J > bb1J.:IV11€Jtl1\911'1'Li\il'1~b0tl\il'1'Ub'U'Ubb1J.:J > b~?f'1~b0tl\il) 

3. 0ifo;"Jbfl"ti'Ubb'1~1[11lJ~1'Ub61J'lJ'U b61f'Ll lJ1tl€J.:lb'Ll?f 'UlJ tl1~'UVl8lJ1~bVltl b'Utl 18?in~lJ 

bb'1~lJ1n1~'U 

fl11b\91~tllJ1\?l~~'U~8~1'Ll?t.fl1~6IJ€J.:lbb~.:J b61f'U b:IJ~\il5qjvl'll ern ~'11~ bb'1~~'U1 fl11'1\il6tl'U1\il 

'1~1 'llbb 1.:im1 b viffv\'11 ~1\91t:l~'UiJ61J'U1(>1bi1 m1-:i \?11lJ'U1fl~bb 1-:ivib~tl1'U€J'1fl'\Jfl111;'1(>161)'U1(>111>lbbfl bb 1-:Jfl(,) 
' 

Vl~8bb1.:J'U'U (compressive force) bb1.:im~bbVlflVl18bb1.:1'1'1J (impact force) bbi;1~bb1-:JbO€J'Ll Vl~€J 

bb 1-:i b~ cJ\il~ (shear force) l\il mb 1-:i b50'Ud'1~ b 'U'Ubb 1.:i~?t1m1t1'\J\il1\91 t:11 ~il61J'Ll7\ilb~ n'1'Ub 'U'U~.:J'LJ'U7\il 
' 

~ 

b'1fllJ1f1 

b fl~ 8 .:I 'lJ \il lJ VI '11 cJ 'U 1 ~ b .fl 'Vl ;ff 'U 8 ~ fl 'lJ 'll 'U \il 6tJ el .:I 81 VI 11 ~ "'11 ~ 'lJ \il ?I 1 'U fl ru ?I lJ 'U&\ bb '1 ~ fl 11 
" ' ' 



1 

" 

Pin-and-disc mill 

Wing-beater mill 

Disc-beater mill 

Vertical toothed 

disc mill 

Cutting granulator 

Hammer mill 

Ball mill 

Roller mill 

U';itbfl'Vl"llel.:Jbb ';j.:Jffi 'Yi 

bb ';i .:J m~ bbVl nbb'1 ~ bb 1-:J 

bOel'W 

"" buel'W 

bb';i-!lbQeJ'W 

bb 1-:Jm~ bb 'Vlnbb'1~ bb 1-:J 

"" bu eJ'W 

"" bueJ'W 

bb ';j .:J'U'l.J bb'1~ bb ';j ,:j bO eJ'W 

"' fl11:Ub ';i'J';iel'Ut.leln 

(mis) 

80-160 

50-70 

70-90 

4-8 

17 

5-18 

40-50 

111\911'1 bb'U-!l e.J.:Jbfllfl 

e.i.:im~11'U 'l"l~n1vm 

~1eJ'\J n1'U'l"l'1 
" 

bbeJ'1~b'W'Vl 'l"l~n1w.J 

b'l"lfl~'W 'UTU~n1 lJ'W 

eJ'Ubbi-:J 

22 

'Wl.Je.J-:J bb~fl l\91?\ 6/lb~tl(l 
., 

nmN 

f11bb ~?\fllilbb 61lbb ~,:i 

i\9lt1~'l.J'l"l~1?1~n . , 

"' 1 ., bl.J'11il ';i'W'l.Jlil'Vltl1'\J 

'V11 l'l"llil 'V11?\1~ 

'l"l~fl 1'VlcJ 

mV11Tt.Jm b'l"lfl~'W ~n 

1
., ., 

bb'1~e.J'1 l.Jbb Vl-:J 

1111,rn, irm11tJ~V1J.:i 
., ,, ,, 

e.J nbb m 'W ii e) '\J bb m 

bfl~eJ.:Jb'Vll"l 'l"l~n1'VlcJ 

., ., .. 
e)e)c] 'll11?\1'1 

1.1.1 'lJeJ'1ih-ii (Ball mills) bfl~eJ-:J'\Jlil'tl'WY1'l1tJ1~ne:iu~1cJm~ue:in l'1V1~11-:i 1 'Wbb'W1'WeJ'W 

zj,:iVl~'WeJ~1-:ii11 mcJ 1 'Wm~ue:inu11~~fl'l.JeJ'1 l'1V1~~ih~'t1e-h~'W~nm-:i 2.5-15 b61l'W~bl.l\911'U1~mru 

r1~-:iV1'L!-:i'lJ eJ-:itJ~i11\911bfl~eJ.:i b~eJ 1 i'1 nu eJ'1'll'W1Yl b~ nVl~eJ 1 ir111iib ~1~1 bb 1-:i bO eJ'W"il~ilr111iii1ri'ru 
SJ V 
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i1 m 111 vt'W \91 b vt'W rn 

1.1.2 ~~nilai (Disc mills) bfl~e.l-:J°L.J\91bb'lJ'lJ'11'Ll~?fni1vtmc.J"tJU\91 bb~i;l~"tJU\91'1~1.ffbb1-:JbUe.l'Ll 

J1vtf'lJfl11'lJ\91i;l~bBc.J\91 bbi;l~ bb 1-:im~V1'lJJ1vtf'lJ fl11'lJ\91vtc.J1'lJ b 'li'Ll 

fl. bfl~e.J-:J'lJ\91bb'lJ'lJ~1'Llb~ic.J1 (single disc mills) e.l1V111~~bfl~e.J'Ll~~1'Ll'lle.J-:J11-:J~-:J?f11J11!:l 

'llf'lJ"ll'Ll1\91 hi\~vt11-:J[;.Ji!-:J~7'Ll 1 'Ll fl'lJ bb~'Ll~1'Ll~Vll.J'Ll~1 c.Jfl11ll b ~1?1-:J 
' 'U 

"ll. bfl1e.J-:J'lJ\91bb'lJ'lJ~7'Llfl (double disc mills) ~1mr-:ir1"1Je.J-:Jbfl~e.J-:J~~Vlll'Ll1'Ll'Vil"l'Vl1-:J(,11-:Jfl'Ll 
'\J 'U ' 

-v111n'Llb vle.11 iXbn\91 bb 1-:i bUe.J'Lli:1-:i('Ll 
'\J 

fl. bfl~e.J-:J'lJ\91bb'lJ'lJH'b~1Jbbi;J~~7'Ll (pin-and-disc mills) 'U1~fle.J'lJ~1c.Jb~d-J'iil1'Ll1'Ll1J1fl~\91e.Jtj 

fl'lJ~1'Llb~c.J1Vl1e.Jfl'lJ~1'Llflbbi;l~mfl1-:J"lle.J-:Jbfl~e.l-:J 
'U 

1.1.3 bbfl:i.Jb:i..rei{ilaivi~mfl~el.:iu~uuu1i~ei'U (Hammer mills) bbflm:i..re.1{iJ1;,l;lvt1e.J 

bfl~e.l-:J'lJ\91 bb 'lJ'lJ 1 'tlfle.l'Llb 'U'Ll\91'Vl1-:Jfld~'Ue)fl~-:J.fl1c.J 1 'Ll:W bb~'Llb 'lJW bfle.Jfli;lvt~~ \91 b 'U'Ll'lll-:J., iJ bbfl'Ll'Vlll'U~ll:J 
" I ' 

f1111Jb ~1?1-:J .fl1l:J 1 'Ll~~~\91~-:Jrle.l'Ll 11(,1111 bb 'Lll c.J11"1Je.l-:J bbfl'U e.l1Vl11~~ bb Vli;l fli;l~ bB c.J\91 bi1e.Jf:l fle)\91~1 l:Jrle.l'Ll 
'U 'U . 

fl'lJ[;.J'W-:Jvlll:l bb 1-:im~bb VJ fl b 'U'WvtJ fl bfl~m'lJ1-:i bb 'lJ'lJ~~:n~~e.J'Ll~ \91e.J 8 (,11-:JV11-:ie.1 e.Jfl bbi;l~e.J1vt11d~~ f:l fl'lJ\91 
'U 'U 

1 iX1;,~ bBl:l\91~'Ufl11~~1;,e.1\91~7'Ll1"1le.J-:J(,l~bbm-:iffi~ bb 1-:i bUe.J'Ll:wm111J1ri'ru 1 'Ll m1v\'1-:i1tJ"1Je.1-:i bfl~e.1-:i"t1u\91d 
'U ~ 

1.1.4 bfl~el.:l'U~bbtJUanni.:i (Roller mills) i;lflfli-:ifavt~ 2 i;lflVl1e.J1J1flfl171Y'Ll~~V11J'Ll 
'U 'U 'U , 

fl111J b ~1 ~ 1-:J fl'Ll ~ e.l bb 1-:J'U'U eJ \91 bbi;l ~ ~ ~:n bb 1-:J bU e.l'Ll ~1 c.J f:11 ~ fl fl i-:iii'lie.1-:i bbfl'U I t,l llJ l:J 11?f11111!:l'U 'fo 

1~tJ~i,,1-:i1~vt11-:i1;, nni-:i 1 iXbV11J1~?11J n'U mvt11 bb~i;l~"tlu\911~ bfl~e.1-:iii?!'ll~-:i b vlmj e.1-:i n'Ll m11 i-:i1tJvti!n 
'U 

fl 11i;l \91"1J'U 1\91"1J e.l-:J e.l1Vl11 b 'U'U.ff 'Ll t,l e.l'U~'lll l:J fll'U fl:W fl UJ?f :W'U~ "lle.l-:J e.l1Vl11 bbi;l ~'lll l:J'U 'fo'U 1-:J 
' ' ' 

fl11i;l \91"1J'Ll 1 (?)VJ11 iX bfl \91 [;.J i;l fld~'Vl'lJ'Vl 7-:JeJ e.lll~ e.l fl~'U bbi;l ~1?1"1J e.l-:J e.11'\1111 fl71~ b61Ji;l ~ bbt,l fl bbi;l~ii~'Ll~ ~1 

1J1 fl('LlV11 b i,4'U n fl~ c.J1 e.l e.J fl~ b\91'tl'Ubbi;l~ fl~ fld1ll"lle.l-:J b :ff e.1 ~ ~'Ll'Vl~cJVl~e.lbe.l'Ll 1611:lJ b ~ll?f-:J('Ll ~-:J1!'Llfl 11i;l (?I 
':,.J ' '\J 

"ll'Ll 1\91 i5'-:i:W [;.Ji;l6111 m~ e.1-:i m1ri'Ll e.111 {m~1 mvt11-u e:i c.Jm fl e:i 81-:i b n (,1111 e.J1V111 bb iX-:i b '1i'Ll bll~ (?)"LJ11 51 

iifi1 aw ~1v\'11 iX?11m1mn'U { mn 1~'Ll 1'LlVl'11 c.Jb~ e.l'UvtJ-:i fl 111llfa c.J fl llifl1'Vl1-:J 1.n"tl'U 1 fl11 bbi;l~ 

A run1vi n1 ~u ~1nA 1,1, 'VlU hh tJ ~ ffLl 1,1, 'lJn-:i 1,a c1 eJ ti1-:i 1 'Hl 191 llJ mV111~Dr111J.Jtu'1-:i'il~ 1,~eJJ.J 1,~ tJ eJtJ 1,:i 
, " h33.~ 

334194 



.. 

,, 

24 

2.1 f>l rutUJ'U~'Vl1~tl<a::fl1'V161l!~fl eJ1V111bf1vl fl1'mJ~ cJ'ULb 'Ul:N b~ fl'UeJcJ 1 'lJb~el-:J~ fl~'U bb'1~ 

J~ fl11bnvitl5i'Ffo1 el elfl~bvii'U6tlel-:J~1J bbfl 11vi'U 1 'WWVl11-:Jfl11'1vi6tl'U 1vi6tlel-:J el1Vl11~~v1'11 ibb u-:ii1~ 

b Vlll el'U ti nvl el n bb'1~flruri1vi1-:i 1.n61J'U 1 fl11'1 vi'1-:i n 11~ rub~ cJ el-:J ri'tl 1~ n el'Utl 1~ bilVl~ 111~ b VI cJ1 'U 
'\J 'I '\J V 

mV111~i1m1:wt'U~-:i~~v1'11 ibel'U htl bb'1~~11;-:i1>1'U~elel m.J1~1n b61!'1i;i bb\91 n bb'1~f.-l~:Wn'U 1~~t'U~-:iv1'1 
" 

1 i?i fl~'U J~6tlel-:Jel1Vl1'ab~m.J b~cJb 11t'U 'Uelfl~1m!'Ufl11V111 iel-:Jrl'U'a~flel'UJ71 cJ 1 'Llb61!'1i:1Vl'1vielel fl:W1 , 

fl 1 cJ'U el n EY-:i b 'U'U n11 d -:i m1 b ~1ru b~'U 1\916tlel-:J ~~'Uvi~tl v1' 11 in ~'U 1m~ cJ1 tl ~-:ii1'U~-:i fl11m'Ufl:W ., , , 

J fl'I.-Jru~ b dmt:w e'.r~6tlel-:Jel1Vl1'a~~ b tl~ cJ'U 1 um flVIJ-:i fl11'1 vi6tl'U1vi i-:idb tiel-:i~ 1nJ fl'I.-Jru~Vl1-:J 

m cJ il 1Y-l fi el 6tJ 'U 1 vi 6tJ el-:J mVI 11 b~ n '1-:J bb'1 ~ i1 m 1tl ~ el cJ b el 'U 161l:w1fl 1vi 11'1; ~ el el m.11 fl 11:w b 11 bb'1 ~ 

1~ cJ ~ b 1'111 'U n11'1 v16tl'U1vi bb'1~1~ cJ ~ b 1 '11 ri el'U n11 b -ii'1?i m~'U1'U n11.ff 'U 1,1 el 1 tl b 'U'UU ~ ~cJf11'Ufl:W " , 

2.2 flru 1-11V11~ bJl"ll'U1 m-a n 11~ ~1'Vl'U16tlel-:J el 1V111 b vi:w:w1 nt'U ~ ~v1'11 ifl ruri1vi1-:i . , 
1Jl61J'U 1 fl1 'ab tl~ cJ'Ubb tl '1-:J 1 tJ b~ fl'U el cJ b ti el-:J ~ 1 fl'U 5 f11 cJ 1 el el fl"ll bvi'tl'U6tl el-:J flJ vi 16tl~'Ubb'1 ~1 \911:W'Ub el 1 'U 

' J~V!11-:lfl11 

tJ1:w1 ru~~-:i m1~ru b~ cJ ~11mV1111 'U1~V111-:i m1 bnuf mnt'U el~ ll'Uel ruVI n:w tl1:w1 rufl11:wt'U6tlel-:J 
'\J \J V '\J 'I 'lJ 

eJ1V111 bb'1 ~ \-111:W b 'LJ:W'LJ'U6tl el-:Jel el fl~ b ~'U~~Jl 11 ~ fl11 bflU 1 fl'\j1 fl11~ rub~ cJ fl ru fl1Vl 1-:J 1.n"lJ'U 1 fl 111 'U "., , 

el1V11 'a bb i-:J?!1'U 1 VI qJ bflvl~ 1 fl fl1'a~8'UbbcJ fl f.-l~ \91 Jl ru"tf V!J-:J.ff 'U \91 el'U fl1 'a'1 vi6tl'U 1 vi b 6/J'U fl 11 bbcJ fl 'f 1 el el fl 

~1fl'LJ11b'<il1 'LJ11~1~ Vl~8'LJ111 Y-lvi 

fl11 bf1 vi 111°1:W~ b 1-:i 11i1 

1vicJel'U:W'1B~1~ (free radical Vl~8 oxidant) AB 1llb'1fl'1 Vl~818el8'U~i1fa~fl\91'a8'U1vivi , " , 
b~ cJ18 8 'aelU'U 8 fl b 'U'U b.J b'1 fl'1 ~hJ b~ ~ cJ J bb'1 ~ij \-111:Wl el-:J 1 d \?1 el fl11 bnvitl fl n1 cJ1 bflm 'U J fl'\jru~ b 'U'U 

" , ..J 



.. 

' 

.. 

25 

1fl11bffU\?1 (covalent bond) nu hh~'UV!1eJbeJ'U L'lllJU1-:J'11'W\91'1'1..!'V111 Vlfl7'a'\111-:J1'U'1Je)-:J 1th~'UV!1e) 

beJ'U L'lllJ b V1~11Yt1~\91'Ufl~ btl'U?f1b V1\91G11r1ru'1Je:i-:i 1 <ar1V1mtJ"1J'W\91 ' .., 

e:i 'U :w '1 B ?I 'a~ b n \91'11 fl e.J '1 'l"I '1 e:i tJ 1 ~ '11 fl fl 1 <a 1 if e:i e:i fl; b '1 'U '1J e:i-:i fl 'a~ u 1 t1 fl 1 <a b:w vi 1 u e:i ~; :w 
''IJ 

(metabolism) '1JeNb'tl'1~ <a1:wi-:i'\J'1~tJ'11fl~-:Jbb1\91~eJ:Wil1tJ'UeJfl L~lbbri :Wffvi~ fl1'a~\91b te:i hr1 f-:i~tJ1 
'IJ 

(UV-ray) 1e:i 1'll'U (ozone) fl1'U'11flVleJLm~tl'atltJ'U\?1 bb'1~fl1'UUVI~ eJ'U:W'1B?f'a~bV1~1-d?t1m<at1t1fl 
'l 'I '\.I \J 

' ' 
fl1 ~\91Vl1eJ'1 \91fl11:W'a'Ubb ";j-:)~1 tJ?f1TYh1tJ fl11 ?f1'al'l 1'UeJ'U:W'1 B ?f ";j~ (antioxidants) l1?f1:w7 'atl~U nu 

' ''IJ 

e:i'U:w'1 B?f 'a~ bb~1 bn\91 b ti'U e:it1:w'1 B?f 'a~\l111 VI~~ b?f ~ tJ 'afl11 ?i-:i e.J '11 VlV!tJ m-:i'1'afl1'abn \91eJ'U:W'1 B ?f ";j~ \l11 
'I '\J 'l'\J 'I 'I '\.I 

1. i;l1'H•11'Uel'4~~B1;t'a:: (Antioxidant) 

?f 1 'a l'l 1'U e) 'U:W '1 B ?f 'a~ ~ e) ?f 1 'a'U1:W 1 ru'U e) tl~ ?f 1 :w 1 'a m'.1 e)-:J n 'U VI 1 e)"1J ~ '1 e) fl 1 'ab n \91 'Un n1 tJ 1 
' 'IJ ~ 

e:i e:i fl; bWti'U '1J e:i-:i e:i 'U:W'1 B ?t<a~ 1~ ·?f 1 <ab m:h-d:u fl'1 Lfl 1 t1 fl 1 <a 1'11 'U e:i 'U:W '1 B ?I <a ~Vim mb u u b "ti 'U ~fl~ u 
'I \J , 'U 

(scavenge) 

u e:i-:i n'U fl 1<a?111-:i e:iu:w'1 B ?t<a~ 
''IJ 

vJ'UeJ~fl (phenolic compounds) ?f1'a'U'a~fleJUL'U1\9l'ab'1'U (nitrogen compounds) bb'1~ 

bbfl h'Yi'U e) tJ ~ ( catoti noid) UV1U1Vl J 1 fl t1]'1J e)-:J ?f 1 'al'l 1'U e:l'4&;j'1 B?f 'a~~ e) u e)-:J n'U fl1'a bn \91'U D n1tJ1 

e:i e:i fl; b\91i'U1 'U 11-:i m tJ zj,:i b ti'U ?f 1 b V1~'1Je:i-:i fl1 'a bn \91 h fl (,11-:J 1 '1J e:i-:i:w'4 ~~ u e:i-:i n'U m<a bn\91'\J iJ n1 tJ 1 

e:ie:ifl; b\91'lJ'U'1J e:i-:i L '1J&J'U~ b tlt1?11 b V!\91VI~ fl'1JeJ-:Jfl1';i b~m.mru.n1'1"11 'Ue:i1V11<a '\J'1'1'1J'U e:i-:ir1m~ b~ti1ie:i-:i 
' ' ' 

1 m:i \91 ?11V1m<a:wmV11<a bb'1 ~ m L~'l"I m mm~\,),.l'U1 m 'al'l1'U eJ'U:W'1 B ?f 1~ ~m '11 flu<a<a:w"1J1 ~ b -d'U ?f 1V111 tJ 
' ,'IJ 

'\fl~b(l bbUfll1b1tJ bte:111 Lrn:;vi"1Jim1-:i 0~1-:ihnm:w1'U.n71:;'\Jn~ ';/1-:if11tJ'1Je)-:Jfl'Ub'JT~~:Wf171UeJ-:Jn'U 
'IJ 

fl7'a?f~?f:w?f 11e:i'U:w6'1 B?f'a~e:i~ bb~1zj-:i bb t.J-:ie:ie:i fl b tJ'U?te:i-:i?iTw ~ e:i ?i1'Ubb 'afl bn\91'17fl11-:i mtJ?111-:i be)'U 1'lltl 
''IJ 'IJ 

1'17'U eJ'U:W'18?f 'a~t'U:W7fl1Ufl:W'U1:w7ruffU:W618?11~ 1 VleJtJ b 'U.fl 71 ~~?f:W\9161 bb6'1 ~?11'U~?feJ-:J~eJ fl~:W'1JeJ-:J 
"I 'U 'I 'I 'lJ 'U 'I , 

?f7'al'l7'UeJ'U:W618?f'a~~:W7'17fl1\917iime:i ~ B Vl1eJ LUl'l7bbflh'Yi'U ( A.-carotinoid) <a1:wi-:i 
S'IJ t,.J 

?t7<a'lh~fle:iu 1 'l"l~vJ'UeJ61 zj,:ibtl'U'l"l~~bfl:U~?11m<at1'l"lu 1~ 'U'W"1le-Jrnb6'1~e.J61 L~ b~m oif11 tJ-d1ti b?11:w?111-:i 

<a~uufl7<a(,leJl'l7'U'U f1 fffo1e:ie:ifl;b\91'lJ'U 1 'U11-:imti 1 vf:u't.J<a~?lvitfrn'l"I 1 'U fl7";i'V17mtJ eJ'U:W61B?f <a~ 1~~~-:it'U 
~ •'IJ 

'aeJfl61ib\91?f (glutathione peroxidase) bb6'1~~'Ub'UeJ{eJeJflL'll~~?fibbVl?f (superoxide dismutase) 

V!1eJ?f7'a'U'a:;fleJU/hh~'UU1-:JeJ~7-:J b"t1'U efouiJ'U(albumin) U~TU'U (bilirubin) b'tleJ'ab6'1'1"16'17?fiJ'U 
'IJ 'IJ 'IJ 



• 
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(ceruloplasmin) n~m151eru (glutathione) Ylj7'U?fb'VJel1'U (transferrin) ~\Jfl1'Ueli;1 (ubiquinol) 

bbi;1tm jt,1 (urate) b 'U'Uvl'U 6'f7jb Vl'11<Qih11i.!1~flelc.Jfl1'Uflllel'Ulli;1B?ljt~1-:i., 1 vfm.J1 'Ujt~Ul"Wb Vlll1t 
'U , 'l 'll I 'U 

bb~~1b~e) 1(?1~ileJ'UlJi;106'f jtbf1(?1;ff 'U 1 'UtJ~mrumrnn'Uff)1~jt'lJ'UUel-:Jfl'U'<il tfJ'U t-:i 11il'VllJ(?1 '<ilt'Vl11 Vlbfl(?) 
'" 

bbi;1tbdmte1~1-:i 1 ·1.m-:Jj7-:Jfl7cJ ~-:iti'1?1t?11Jmn1 m'<i1t111tJ~m11Je,j(?)tJn~Vl~m'm15?1n1V'l'VlmcJ 

e:im-:i 

2.1 6'f7jvl7'Uel'Ulli;106'fjt?l-:ibm7t~ (Synthetic antioxidants) 6'f7jtJjtnel'UYl'Uel~fl 
''\J 

i1-:ibflj7t~ 5 6/1'LI(?11ii'bLflpropyl gallate, 2-butylated hydroxyanisole, 3-butylate 

hydroxyanisole, BHT (butylated hydroxytoluene) bbi;1:! tertiary butylhydroquinone zj,:ij'.j 

?Im 1m-:i?1{1-:i~-:in1V'l~ 2-7 L 'U'U6'f7jvl7'UeJ'Ulli;106'fjt~'Uc.Jll1 'lil 'Uelt,16'17VlmjlJeJ7Vl7jb ~mfo t-:imj 
'U , '\J , 

b n (71 tJ 5 n ~ cJ 1 e) el n 6/J L (?1 'tl 'U '1J el -:i 1 'LJ :IJ 'U B 'UL ti 'U 6'11 b Vi \9l 1 vf el 1 Vi 1 j ii n ~ 'U ~ bb i;1 t j 6'1'111 ~ ~ L tJ ~ cJ 'U 1 u 
6'f 7ji1-:J Lfl'J7 t~L '\ll1;11<Qi'JtJj:!~Y15 Jl7V'l Lbi;1 tfl17llfl-:J \9116'1-:J n116'f 7j6'f fl(?)'<i17 nu'J'Jll6/17~ bL~lJ'LJel';;J 7fl(?1'1Jel-:J 

'\J 

n7'J 1 i\~eJ-:J'<i11ffU'1J'Vl11il1'Ufl11llU'1el(?1.flcJ 1 'Un7'J'U~bflfl 



... 

(A} ( 

OH -v~ 
COOCJH, 

D) 

B) C) 

A 
~q~ 

"""' 

E) 

m~~ 2-6 1m..:i?f•h:i'Vl1-:Jbfl:W'lJeN?f1';i(?l1'U811lJflB?f';i~J..:iLm1~~ (A) Propyl gallate, 

(B) 3-Butylated hydroxyanisole, (C) 2-Butylated hydroxyanisole, 

(D) Butylated hydroxytoluene, (E) Tertiary butyl hydroquinone 

~in : Howell and Saeed (1999) ei'1..:ifi..:i1'U b\l'U~b1 ~fiiJ bbfl~'lh~?t..:ir1 i'1°V11'U1lJ (2554) 
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bbfl~:Wfl1';iA'Ufl118c)1-:JlJ1fl 1 'WU\I\IU'U b ~eN\11 flfl11lJ b zjmr'U11:Wfl11lJ'Ufl eWlJl tl 1 'U fl1';j'lJ~1.n fllJ1 flfl11 
' 

?f1';i(?l1'UeJ'UilflB?f';i~«..:iLfl';i1~~ ?f1';i\>11'UeJ'UlJflB?f';i~LV1~1-d' ~u1~vY..:i1'W1iJfl~~ J\911 bbfl~~'1l '?J..:i:wvY..:ivl 
'l'U 'l'U 'I 

L tJ 'U 1 \911 iJ 'U b -Ii 'U 1 \917 D 'U; 1 m D 'U 5 bu \917 Lb fl h vi 'U bb fl~ ?f 1 ';i vl hi1 'IX fl ru ri 1 V11..:i 1 il 611 'U 1 n 1 ';j 
' 

(nonnutrient) '?1..:iffifl';i-:J?f11-:Jb'U'U?f1';i'U';i~fleJ'Uvl'UeJ~fl 11?1mo~1~n~ii 1 ~~vl'Uelfl (polyphenols) 

b'11'U bb611'U b'U (xanthone) bbfl~vJm b'Ueltl~ (flavonoids) '?1..:iu';i~fl8'U~1tlVl~1eJvi';ie:Jfl;fl~bfl1~'U'U 
" 

1-:Jb'U'U;'U (aromatic hydroxyl) i..:ibb\91 2 Vl~~'U1u Vl~'Vl..:in~'U (functional group) bmh-d':w 

'U'Vl'U1'Vl611flt1) 1 'Wfl1';i~ fl~'U811lJfl B?f';i~ 1ll 1 'ITT 'Um~ ~'U Vl~mia 1 vi\nviufin~tl18 elfl;Ll?li'U 1~ 1vitJ fl1';j 

1 '!½a'Uilfl H• bbfleJ'UlJfl~?f';i~ L V1~11-T'U 'U eJfl\11fl'i1?11';i'U';i~fl8'U fa~Vl'UBfl ~llifl';i-:J?1{1..:i'lla..:i ortho-, cu 'I '\.I 

dihydroxyl phenol a~1 'U 1mfl~fl cJ-:J?f1lJ1';itlcJ'Ut..:irn';ibfll?l811lJfl OH• 1'Wufin~tl1~:W811lJfl lflvi~ 

'Vl';i1'U6/li'U fl8 F/+ bbfl~ Cu
2
+ b'U'U~1bVl~tl1tl11~vitlfl1';ib'LJ1~'Ufl'UfaVl~~-:Jfl~11bfll?lb'U'U 

?f1';i'U';i~ neJu L~..:iia'U ?f1';i'U';i~fleJ'U n~lJ 1 ~~Yl'Um, zj,:i~u 1 'W~'1J~';j';if1!5';i';ilJ'1l1~'U1'U1'1l'Llvi ?11m';it1 
' 



" 
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iniue1u~~~~'a:: (radical scavenaing) b 'U'U~'Vl'a1'U~11 611'a~1'Uel'UlJG'1861':i~?f1lJ1':itl ,~ ~ ,~ 

fJ'Ut.;JB'UlJ"18?f'a~ 1~\91 cl n7'a'Vl11 V!Ll.J bG'i n"1'lJel.;JB'UlJG'18?f'a~i1r111m61~cl'a('Uzj.;Jn"11n'lJmtJ Mi~cl7 bn\91 
, 'U , , \J do.I 

• 
R • AH 

• 
RO• AH 

• • 

• 
RH• A 

• 
ROH• A 

R • A RA 

• • 
RO• A ROA 

irrnY..:im'a''Vl7-!l7'U'tlel-!l6lf,:nn~·vme1n1~h'<il'U (Singlet oxygen quenching, 102* ) ?17':in~l.l 

bbfl 1 'a''Vl'Ll B cl \91 ( carotenoids) ?f 7:l.J1 ':itl f!'U t-:i fl7':i'Vl 7-:J1'Ll'll B.;J61l-:J bn~'Vl'eJB n61lb''ll'U 1\91 cl fl7 'ab tJ ~ cl'Ll 

(102*) 1'1Xei~1uiu'Vl~UbU1'Vl ( triplet oxygen (302)) bb"1~ tJ~eicl'vHA'-:i-:i1u~1~-r'UeHJn1tJ1uiu 

fl11l.JfB'Ll 1\9"\cl~bbfl b'Vl'UBc.1\91 (Car) '<il1'U1'U 1 1l.lb"1f1'1 '11lJ1'atl'Vl1U{]ri~mn'U61l-:Jbn~'VlBBn61Jb''\l'U 

1vl'7.;J 1,00011lb"1nG'1 
' 

3 1 
Car ------• Car + thermal energy 
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tlnff~meJeJn;L(i)'ti'U (metal chelation) b6"1Vl:::~iJt:-JG'l~eJn1''Hn(i)eJ'UlJG'JB~".i:::Aa Fe 
2
+ bbG'l::: 

:;,J ' 'U 

Cu
2
+ vlm lrnmJt,1 (flavonoids) vleJ~vla~mLeJ;(,) (phosphoric acid)LLG'l::: ;~~rnbeJ;(,) (citric 

acid) Lth.J~'U J1wf'UnG'l 1nn11~'U bG'JVl:::"1m,:i~11'lJ1:::na'U vlm 11'Watit,1 Lb~(9),:i(11,:i~lJn7".i 

'Vl~~tl~n~ll1n1".iai1<lel'4~aBf!".it (chainbreaking) 1~1il'W~ ( a-tocopherol; 

Toe-OH) ~ 7lJ 1".i tl'U e),:J fl'Ub~eJV!lJb61lG'l G'l1li1 Vltl fl'V17G'll cl ~ 7 n,J nn~ cl 78 eln; b~'tl'U'lJ eN 1"LJ31''U 
' 'U '6.J 

(lipid autooxidation) b~tl'V17Vl'Ll7~b'UW•11foBL~flmel'U (electron-acceptor antioxidants) 

~1nel'UlJG'l peroxyl (ROO•) b~~l.if1'\/lB (syneroism) ~7".i"ll'U~d~:::-d1cJ~'U'U~'W'W1 'IX~7".i~7'Wel'UlJG"i 
'l 'U 01 .':) , , 'U 

0~".i:::'V17,:J7'W1vi'~~'U b'll'U n1'WJ7,:J7'U'i1lJfl'U".i:::Vl'"J7,:J 1~1:W'UB (0-tocopherol) fl'U 1~1n'U; 

(ascorbic acid) b~tl~1~7:W'LI;1l1~1m1t:1vi1,:i1'LI1'LI1'U~fl71:::1liii.ff1 (hydrophobic condition) 

1 vi' L Vl rJ el 'LI n 'U 1 ~ 1 :D 'W 5 LL~~ ::: 1 Vll ~ 1 (9) ".i L ~ 'W a ::: ~ a lJ LL ri el 'W l.l G'l LL el 6"1 vJ 1-1 'Vl 1 r1 ~ 1 el G'l L ti a { el el n; 6"1 
''U 

( 0-tocopherol peroxyl) v1Ln(9)~7nn7".i'V11't.l!]ri~m1:::V111,:i Lbel6"1Yl7-b'Vlbfl~".iel6"1 fl'Uel~~G"i 

L'lJeJ{eleln;G'l (ROO•) L ~m ti~ cJ'U".i'lJmt'l.l 1 ,J L 'U'U LbeJG'JYh-1 '\/1 bfl~".ielG'l vl~1m1t:1vi1,:i1'U 1vi' 
'lJ 

iut-'.l fl1".i'V11-'.11'U"tlel-'.l LB'W161l~~ d ,:itl~n~ll1 el'4~aBf!'at (enzyme inhibition) 

~1".itl1:::nel'U~'UeJ~n 'l.J7,:J"ll'U~ b'll'U vlm b1'UelcJlii mv1~'Uel~fl (phenolic acid) Lb6"1:::bLnmm1 

(gallates) ~1m1t:1u'Ut-:rn11i1,:i1'U'lJeJ,:JbeJ'U 161ltl ~b'Vrneln"ll~b 'LI~ (lipoxygenase) 1v1cJ~1m".im'LJ1 

~'Ufl'U 1amJ'LI'llel-:JbV!~nzj-:iL 'U'LI 1r1uv-lm1,m{ (cofactor) ~,:Jt:-JG'l 11XLB'W 161ltl~,:imh11li~1m".it1'V17,:J7'W 1~ 

~1".itl".i:::nel'U~'UelG'l (phenolic compounds) b'U'U~111'Ufl~lJ secondary metabolite ~ 

t:1n~{1,:itm ~el'lJ1::: bcJ"ll'U1 'Um:::'U1'Un7".i L~~ru L~'U 1~ LLG'l:::n7".i'll cJ7 cJ~'Ut5'1Jel,:ll'l"llLbt,lG'l:::"1!-u(i) (11,:it!tJ 'lJ ., ' 

1,J LL 'U 'U 'lJ el --:i ~11tl 1::: n el 'UfJ 'U el G'l 1 'Ul'l '11 LL~ G'l::: '1l'U ~ ~ ,:iil r111lJ Lb~ n ~ 1,:i n'U el an 1 tJ 1 'Ll'U -;;i ~D'Ll ~ 'U 11il 
'U ' 

~11tl1:::nei'U~mrn~'Vl".i7'U 1r11,:i~{1--1 Lb U'LlelmLJ1mnffi1 8,000 "ll'U~ ~,:Jbb~ n~lJ~ffim--1~{1--:imJ1--1 
' 

~7~ b'tl'U n"j(,)vJmi~n (phenolic acids) 1u~'Ll~--1flzjll~i11f1';i-'.l61~1-'.lb'U'Llb~famd b-ci'U bb'Vl'U'Ll'U 
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(tannins) 1r11-:i?t { 1-:it'U ~7'U'1J eJ,:J ?f 111.J 1:meJ'U~'U eJ fl 'il::: b n v1 'ill n nl 111:JJ \911'1J eJ,:J 1:JJ bfl n ml 1 t,176'1 vY-:i bb\91 
~ . 

1 Ll.Jb6'lfl6'lt'U 11.JnuVl~1e1me:in;fl (OH-group) 1vit1J7(,17fl~,:Jm~71eJ7'il'il:::b'U'U't.!71,116'1 Ll.Jb6'lfl61b~tJ1 

(monosaccharides) J11?111;1 Ll.Jb1;1fl1;1~ (disaccharides) Vl1e:i 1e:immb"1lflfl711(il (oligosaccharides) 

n1~bb\91J1t,111;1'11'U\9l~TI'Um n~~\911 'LI 1m1;1 fll;1'1JeJ-:i?1111.J1:::n eJ'\J~'U e:11;1 fie:i n~ Lfl?f ( glucose) ~1'U 

J1m1;1'lJ'U\9l~U~TI'U 1\9lbUl n1bb6'1nLt,1?I (galactose) bb11'LI?I (rhamnose) 161111?1 (xylose) 

e:i:::11'U1u?1 (arabinose) bb1;1eJ'U~'U5'1JeJ-:iJ1mmmh-d' b61JU m\9ln1;11r1b-Dn (olucoronic acid) ' ~ ~ 

n1\9lf17bbrlf1~ b-Dn (galacturonic acid) bb1;1:::~'U 1 'UeJn'il1n-dcJ-:iTI'U17eJ1'<ili1f17111lJ\911 nu1:::V!11-:i 

?1111.J1::: n e)'U~U e)1;1 fl'U ?171U 1::: n e)'U~t! e)1;1 \911 tJ nu beJ,:JVl1eJ?l71U1::: n eJ'UYlU e)fl fl'U?l711.l 1::: n e)'LJ ~u 1 

b61l'U n1\9lfl71'Ue:in;~n (carboxylic acids) f11\91Bt!'\ll~EJ (organic acids) e:i:::i1u (amines) bb6'1::: 

1'1JlJt!~f1~1tJ 

r111ii?1u1'il'1JeJ-:itl'n1'Vlt111"11?11?1{1,1e:in11fimnb~t11n'U?111u1:::ne:iuYl'UeJ1;1'iJ1n~'lJi1ii1u1ubbi1 

~-:i'<il::: b ~u 1\91 'il 1 n n11tl1?1111.J1::: ne:i'UYlu eJ6'11.l1::: b.ll'Vl 1,11.:i 1ii11.ff1.J1::: 1t1'11u1 u~ m~H1J:::'1J e:i.:1?111vl e:i n ~ 

(tanning agents) 1'Wm:::'U1t!n71e-.J~t,1f11:::\917~ ~ bb1;1:::bfl~eJ.:Ji7eJ7.:J t,1i;1eJ\9l'ilt!f1711mu~n~ru:::'1JeJ.:J~ 

511lJ'lJ7&i (natural colorants) Vl1e:i?111ue:i.:inum1b~eJl.Jb~tJ (preservatives) 1U'Qt,1?11Vln11l.J 

eJ1Vl11 bb\911 'UD '<il'<ilU'U'U n1'\ll tJ 11"11?1(,11~11..! 1 Vlillfl1~.:Ji'Ul.J11 im1ii?1uh fl'U flru?liiu&i1 ti f17';j b 'UU ' ., . 
?111\,11UeJeJn;b\9l'tlt1'1JeM?l11u1:::ne:iuYlue:im.nnbtJuvibl"l~ 

?111u 1::: n e:i'\JvJu e:i1;1~i1J1Vltl' n 1ii b1;1 n r;i ~1;.:i?11:JJ11t1TI'U 1~\91t1vl'111.J bb1;1:::i1 r111:JJi1 fi' ru ' ., 

1.J1:meJ'U~1tJ Ylum, (phenols, C
6

) m\91Yl'Ue:i~n (phenolic acids , C
6

-C
1

) vJ-u1;11 TI1TI1'UeJtJ(il 

(phenylpropanoids, C6-C3) bb1;1:::vJmbue:it1\il (flavonoids) \,11eJ~1.:!'1JeJ.:JvJm:rn1\9lbbri phenol, 

cresol, thymol, resocinol, orcinol bL1;1:::~'U 1611.:1?11m1t1TI'U 1\9lvl'111.J1 t!~'lJ~~ntl1:JJ11iL 'UU 
' ~ 

bfl1eJ.:JL'\lll"l 11:JJ'Vl.:J hydroquinone LL6'1:::m~~'Ut5 (L61J'U arbutine Lbr;i::: sesamol) bb1;1::: 

phloroglucinol \911tJ i1vifo\911eJ~1.:J'1JeJ,:Jf11\91Yl'Ue:i~n 1\9lbbri gallic acid, vanilic acid, syringic 

acid, p-hydroxybenzoic acid bbl;'J:::eJl;'l~1~('f'1JeJ.:Jn1\91'¥1'UeJ~n ;.:i?11:JJ11t1TI'U b1Y1'YY111.J1'Wvh.ff'U~.:i 

bbl;'l:::b ~{'U 

\911eJ~1.:J'1JeJ.:J~'Ul;'l 1 yj1TI1t!eJtJ\il 1\9lbbri hydroxycinnamic acids bb1;1:::e:i11iu5, coumarins 

'11.:ib'U'U?l11TI1nn~tJ 1ri 1611\il (glycosides), cinamyl alcohols '11.:ib'U'U~1'UU1:::ne:i'\Jt'U~1'U'1JeJ.:J~nuu 

(lignins) 1\9ltJlJf1'<iJ:::bn\9liW1:::b zjeJl.Jfl'\JJ7ml;'l e:i:::11-01 tJ?11 'U~1'U'1JeJ~ bel'iJ b61ll;'l~ 11;1?1'/JeJ~e-.J'U~ b61!1;1J~'lJ 

~1'Uvll;'l 111'U e)t)(ilzj~ b 'U'U?l71U1::: ne:i'\J~Ue)l;'l~n1J.:i 1\9l{'Ufl11l.J?l'U hmn~?l\911 'U'IJ ru:::-dtr'U • 

b~e)~'<il1f1i1f111flt!TI'\J'W'11 l'J'Ue)tJ\ilbb611l.Jlf1n11 5,000 'lJ'U\91 bbl;'l:::i1f17T'il1 bb'UneJe:inb'iJ'UmimrnJ 
' 

Jn~ru::: 1m.:1?1{1.:i 1\911:1.:i 13 n~ii 1\9lt1i11r11.:1?1{1.:i~'U~l'Ub 'Umb '\J'\J diphenylpropanes (C6-C3-C6) 
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oxygenated heterocycle brnti11t'IJ'IJ~1-ul 'Wf11';i'rn~\911bb Vl'U-:J'UeJ-:Jfl11'1JeJ'WeJtlP1mJ1 'W h1b'1fl'1 

-VeN~m 11'WeJfJl'l 11?1fJvr1 hMm 11'WBfJl'l~m1t11nvm 1 'W~m1rut-VeJ-:JeJ'W~ws-ve:i-.:imfo 1r116lJ(;l 11?1fJeJfJ"l'W 
V • V 

?11'W'UeJ-:J aglycone 1'W1:Wb'1fl'1n~fJ1r116111'1 

?111tbtne:iu1'Wn~:w~m11'WeJfJl'l~t1n-vmmn~?11?11 'W-vrutd fie1 ~'11 b'W (flavones b '1l'W 
' V ' 

apigenin, luteolin, diosmetin) bb'1t~m bmrn (flavonols b'1l'W quercetin, myricetin, 

kaemferol) 11:wJ-.:in~fJ 1r116111'1'1.leJ-:JJ-.:i?teJ-:J6/l'Wl?l b{jeWil1n?!1m1t1V'l'IJ 1~ 'W'Vl61lbneJ'll'Vln6/l'Wl?l fJm 'J'W 1 'W 
' 

?11V1':i1mb'1tvl-.:i hi 611Vl1'1J'l'fo1 bmm1?11 'Wn~:w~'W 1 ~'LJl?!'W h 1Ji'Lbf1 ~'11 b l'W'W (flavonones b'1l'W 

naringenin, hesperidin) zj-:JV'l'llmmu'l"l1t1'Wvl6/llP1';itQ'161:!Jbb'1t'l"l1'W 1e11611~'11 b'W (isoflavones 

b'1l'W genistein, daiazein) ;-.:i'l"l'llmn1'W~6/llP1';itQ'1'1'1~iJ~n~rutb'U'W~n (legumes) ~'1111'WeJ'1 

(flavanals b'1l'W catechin, epicatechin, gallocatechin) zj,:i?11:w11t1V'l'IJ1Ji'J-.:i1'W~UB?!1tbb'1:!b'U'W 

1:w 1 m:we:i{-ve:i-.:i co~densed tannin 1 'W61!1 bb'1tbbeJ'W 1516118TW'W (anthocyanin) 1-:Jfl11P1~~?!1:W11t1 

'1:m1mJ11~ 'W'Vl61liJm1:w611ri'rumn L '1"111tb'U'W?111~bb?11?1-.:i~-vm1?1e1n 1~Lb'1te.J'11~-ve1-.:ivl61li'W?1-.:ivt11 tJ 
V V 

~1';ith::ne1u~'Ue1fl 1'We11V11';i 

fiq/6/ll~\,1·1-.:i 1 J1e.rn 1lY hu b ifo{ 6/!1 bb'1tf11bb ~ b 'U'W(;l'W bblP1°1il:!V'l'IJ1'WtJ~ii1ru~bblP1n\111-:Jfl'WeJe)n 1 tJ1 'W 

vl'll ~11-:J6/l'W \?I fl'W VI~ e) bb~ bb\,11 'U vl61!61l'W \?I b&i 81 fl'Wbbl'l:!Jl 'U 1 n?t tll'W~ e.J ~ \,1 ~ bblPl n 1'11-:J fl'W b ;j m 'U 1 n f111?1½'1-.:i 

?I 11 tJ 1 t n 0 u Yl 'W e1 '1 -V 0 -.:i ~ 6/l lil t :w J-.:i tl Iii ~ 8 Vl 1 -.:i Ji' 1 'W ~ 'W 5 n d d :w Lb '1 t ~ -.:i Lb 1 1?1 i1 eJ ii L ,if 1 :w 1 b ~ 81 'U e:i -.:i 
' 

'WeJnlil1nd~-.:i'\"lu11 1fif111bmt\J'1n 1t\'1'1Jr111:w?1n mt'll1'Wf11';ibb\J11\J Vl~mb~bb~1fif11jbfl'llfn~1 
V , V 

ni11'WiJe.i'1l'lBtJ~:w1ru?111tJ1tne1uvl'We1'1J-.:ii'W 

?111\J1t n eJ'UYl'W 0~:w'UV1'1JlV1J-.:i l'l Bfl run 1 V'IVl 1-.:itJ 1t ?I 1V11;1'i1 ~ ?I Lb'1tr1rufi1V11-.:i 1n61!'W 1 n 11'U e:i-.:i 
' ' 

€11Vl711il7 nvl6/l b ~EM'\! 7 n b ~'W ?\7'Jtb~ ne:iu~:ihm,J71?1 Lb~ ~'U:l-1 bb~~ilm 7:l-lb~ff'J'Ue)-:J bl?H'.J \,l ';i ,.:inu f11".i 

bii1?1tJfi ii~81 e:ie1n~ Ll?li'W 1 'W"J:!Vll 1-.:in W'IJ1'Wf11';i Lb tJ ';iJ\J LL'1 ~ f11';jLfliJ f n~1 11?1 fJlil~V111 vtB1Vl1';ibfll?l~ 

'L111P11~ Lii1?1m1~~'W1 n~'W Lbm~:w m1?1ruL~8?17';ieJ1V111u1-.:i6/l'W1?11Ji' zj,.:i~ n~rut\91-.:in~11dmlil b 'U'W~-:J 
V v 

~(;le)-:Jf1111'WiJ1-:Jmru b'1l'W f11';je.J~IP16/l1~1Vl~eJ1n1n bbl'leJ71ilb'U'W~n~ru:!~1~(;1eJ-:JnT'J1'W'IJ7-:Jmru b'1l'W 

m1LbU';i1\J~nm,1~ b'U'W(;l'W 
V 

e1e1n~L1?1i'W (antioxidants) bb'1 ~?!7';i(;17'Wf11';inm 8~'1..l~ (anti mutagens) zj,.:i bfll?l'11nm+t_!'1B?f ';i~ 

(free radicals) bbG1~f1111i?t1'aU'J~fleJ'IJYl'LleJG11 'Llfl15'\Je}:J fl'Ll L'JA\il1-.:i 111i1mu'l"l7~ bmr1 t'<il'U7\i1l~el\i1 
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fl1'Hf1~'U nn1melel n~lb~'tl'U'1Je)~ l '1JlJ'U bbi;lt 1m6i fli;j 5'U., ~1tlf1111 ~elt(,l ellJ lfl 1~Wil'ULbflel'U~ma?11t d..l , I ,,, 

elci1~11~ b 11 Ldel?111u1tflel'Uti'U eli;l 1 ~el t(,lel1J1fl 1~1 b'<il'Ubbnel'U116ia?11~1 u LL'iK1 el'Ulli;l a?11t'1Jel~ , cu , \J 

?111'1J1~flel'Uti'Uelff'il~rlel'Uoff1~i1L?1nt11Jl1YI ~~J'U~~ 1:iJV11'1Jnn~cJ1fl'U 11lbi;l~l;'l5'U(,lel 1 'IJ ~~l 'Ufl11i1'U 

el'Ull 61 a ?11t'1J el~ ?l 11'U 1~ f1 e)'Uti'U el i;l'U 1~"1!'U ~ EJ~ fl~ ?11m 1m111 i 1 fl'U el'Ulll;'l 8611 ~5'U 1~a f1 th tl ~ ~VI 1 
<i \J , '\J 

~1~1 '1Jel~'W"1! b'l1'U bll~~ (l~bbfl t1bV1~el~ t1i°i?1~ bll~~~1tl iJm,11{~ off11 bb6it~1) e.Jl;'l (l~bbfl eli'U 

G11J Yl~f1l'VlcJvl1 bb6i~1el~'VJ) 1u (l~bbfl "111 bb6itbfl~el~b'YH"l~1~1) bb6i~?l1'U5'U1 (l~bbfl lJ'Ub'YlPl bb6iti1 

Vlelll) 

fl'U\Pl, 'U1"1!1 'UtU'<il~, ~'U'Yl'U1 'Ut\Jtltf(,11.J bb6itm~ff11j eJ(,l\Pl~'U'Yle.1~, 2550) 
q 'I IV'\} 'I 

2 Vl~f1f111fie.1 

1. fl11lbfl11t'M'<il7flf111?1~~1'Ue.1t(?)e:J1Jlfl1\1l1b'<il'U (Hydrogen atom transfer, HAT) b'U'U 

m1V11Y1~~~1'U~V111 ~~'U5~'1JB~V1:i.i~'<il~V111 ~e:i ~(,le:JlJ 1fl 1m b'<il'U bbl,) nele.1 fl zj~15ffi "tlVI~ nm1i1'1~bbn 
'\J 

150RAC (Oxygen radical absorbance capacity) TRAP (Total radical trapping antioxidant 

parameter) b'U'U"1'U 

2. f111lbfl11~'M'<il7f1f11''.i?l~~7'UBbi;Jfl\91':ieJ'Ub~tJ1 (Electron transfer reaction, ET Vl~B 

SET) 1\1lm'U'Uf11':iV11r11111i;'f11J1':it11 'Llf11':i?1~~1'Ufa6ifl\91':ie:J'U 1 'IJ1~161li;11':it'U hfori 11;l'Vlt bb6ite:J'U1Ji;lzj~ 
''\J 

15ffioffV1Jnm':i-d't~bbfl 15 FRAP (Ferric ion reducing antioxidant parameter) DPPH 

(Diphenyl-1-picrylhydrazyl) Total phenols assay by Folin-Ciocalteu reagent Lb6it TEAC 

(Trolox equivalent antioxidant capacity) b'U'U"1'U 

1 'Uf17':i'Vl"1i;l 0~-d''<il~ 1 iVIJnnT:i1 Lfl17t"M'<il1 flf11':i?l~~1'U BL1;lfl(,11el'Ub~t11 1\1lc.J15 DPPH 

(diphenyl-1-picrylhydrazyl) zj~15 DPPH i1V1J flf1111 'Uf1111l.fl11t~fie:i DPPH b 'U'Ue.l'4fl1fl8i;11~ 

~l:i.ib?lnm bbi;l~i;'f11J11flf'U8b6ifl(?)1e.l'U l~Bfl b~elb 'U~tl'Ub 'U'U 1m6i~i;l~b?lnt11 bb6'1tb~e.11~1'Uelt(?)e.11J 

1fl 1mb'<il'U'<il1f111l bi;l f16'15'U '<iltV111 ~i;'f1';i~~ n ~111:iJ b 'U'U0'U1Ji;J8i;'f';it ~~i1'Ufl111Ji;'f11J1':ifl 61.le.1~?111 
' ''\J 

bb el'U ~ e.1 e.1 fl; bb"1'U61!~ fl fl'l'f115d '<ii t b 'U 'U f11 ';j fl fl'l'f1 'U ';j t ~'VI 5 fl 1Yl'1J e.1~ i;'f 1';i bbe.l'U ~ e) e.1 fl; l.b\1l'U61!1 'U fl 1 ':i 

'flll\911 nu DPPH ~0c.J11.J':i'U0'U1Ji;l8i;'f ';it~e.1~hia1':i6'1t611c.J 1\1lc.J 1 'Wf11':ilbfl':i1t'Md'<ilt 1 ~ DPPH 
'U 'U 'I 'U 'U 

(:U~lll-'.l b 6UlJ) 'Vl71.J5 fl1cJ1171J'17Jbbel'U~ elel n'8bb\1l'W61J1'U1~cJ~b16'l 7~ fllVl'U \11 ~7 f11'a~\1l 1l~'Ubb?l~~l \11 b~~ 
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f-117:Wt.J71fl~'W 515 'W7 b 'I.Jb:IJ{,l';i '<ilt bbtbir'Wfl'Ufn7ilb 'LJ:W'LJ'W'LJB~ DPPH ~~,!'Wfl7';il;l~H'M'1JB~fn7:W 

b .if :wi'W'LJB~ oPPH ahie.Jtll;l~) t1~'Ue.lfl~..:im1:w?11m1t11 tlfll';in1~~e.J'U:Wl;'l B?f ';i~'1Je.J..:J?l7';ibbe.J'U&i e.le.l fl 
''IJ 

,;abb~'U'll 1~c.Je.l7'<iliifl11';i7tM7'Ut-m 1 u~'U'lle.J..:J 1-17 EC50 (efficiency concentration) ;.:iV!:IJlcJ~.:J 

1-11m 1m .if :w-ut1'1Je.J.:J?111'VI ~?f e.JtJ ~?f 7:1J1';it1l;'l~tl~mrue.Jt1:Wl;'l B?f ';i~ L~:IJ()l'I.Jl;'j .:J 1~{B c.Jl;'l t 50 
'" 

n11~1m:u1rua11tJ1~ne1uw'L!e1~n11:u (total phenolics content) l~H:.115 

Folin-Ciocalteu 

~'I.J eJ ~ fl ';i'J:IJ ~..:iiim 7:W 61:W'Wtl 5 fltJ fl 17:W~'LJ eJ.:J?f 7 ';i 1)7 7'1.J fl 7 ';i b fl~ BB fl,;a bWtl'U (antioxidant ca pa city) 

bbl;'! ~:i:r fl'Vl7 fn 'U ~ flt) fl7';i'Vl~?I e.l'U'\117 ~'Vii fll';j 1)7 7'1.J fl7 ';i bfl ~ eJ B fl-8 b~-il''I.J 'U~:W7 tlJ';j'J:IJ?l7';i'U ';j~ fl e.l'U 

~'LI e.J~ m1 :w-d?t7:W7';i'1Vl71vU~c.115 Folin-Ciocalteu zj..:i e.l1fll cJ fll';i bfl ~~'<ii 7 fl'U fl n~c.11 e.Je.J fl,;ab~-il''U 

?f7';i'U';i~flB'U~'I.JB~fl'<ilt bfl~tJfin~cJ7BB fl,;ab~-il''I.J 1 '1.J?t7';il;'ltl;'llc.l m{'Ue.J b 'Ut,1 bbl;'l~?f71 Folin-Ciocalteu 

'1~'1 fl~~hiflm c.1 b 'U'U?f7';j'LJ';j~ fle.J'U b :ti..:iie.J'Ll~ b ~ m e.J:w b VI~ e.J.:J '17 fli.Tt1~.:itl11 u1 bm1~~1-11m1~~ fl~'U 
'IJ 'IJ 

bb?f.:i~b u~c.1'1.Jbb ul;'l·..:i 1 u1~c.115?tb u fl 1{,l';j 1 'VJ1t,1';ib:1J(,11~1-111:wm11-1~u 160 u11 m:wmb t11c.1rn vic.1t1nu?111 

:IJ7{,11~7'Llm~bbfll;'l~fl (gallic acid) 

B 1V111~ ~ 1u fl 1t u1 'U fl 1 ';i '1'1.J e.J:W bbl;'! t bb u ';i ';i'LJ il 1 cJ n 1 ';i'Vl 1 Lb vi' .:i:w 1 bbiK 1 i 1 b tJ u 1)7 e.J.:iii n 1 ';i bfl'U 
, 'IJ 

{ mn 11 nvu~'<ilttl1mt1~ln1-1 ;.:i 1 'Ll1tV111.:in11bn1.J { mnr,.J ~l'l.nru,i e.J1V17'ibb vf .:i 11i.Tu e.J7'\1!7';ibb vf .:i 
I I I iJ 

?17:IJl';imfl~fll'Jb~e):IJb~cJ b ~'I.J fll';j b~e):I.Jb~ cJ fltUJ77'W'1JeJ.:i~ n~'I.J 'j"?f b 'U eJ61:W~?f fltUl-17'\117.:J e.J1'\1!7';i bb&'I t 
' ' 

fll';jb th b~ cJ zj,:jfll';j b~e):IJ b~tl b Vl'17-db U'Ll~ l;'l:IJ7'<il7fl'Ui] fl1 t.17'\II 7.:J bfllJ bbl;'!~ fl 7';i b'<il 1tlJ b~tJ b\91'1Je).:J~ ~'U'\111 tJ 

!?17.:J 1 ~?17:IJl';imn~:ir'I.J 1m 'U';i~'\1117..:J bn1.J{fl'l~7 ~.:J1!'U~.:J fl1 ';i'\ll ';i71.J ~.:J'U\"il ~ cJ !?17..:J 1 ~iiB'Vl5'Wl;'l (?] e)e.)1 ~ 

fl7';i bntJ {rn11 r,.J~ \Pl.fl ru6f'l mvt11 bb vf .:i bb&1~1fifl7';ifl11.J ri:wu '<ii~ cJ !?17~ 1 ~.:i fl '171 b ~ e.Jv1'11 vf m ~ fll';j bn1.J 
,, 

fmnmV111bbvi'.:i~..:im=i11c.111u1u;u 

1~ cJ~ b 1mt11m vh 1~ 1 'LI';i~V117..:Jfl7';ibflUf m111!'U \"il~tu n1.JU\"il~ cJ ~ 1.:i 11~ c.1tl \"iJ ~ mhri't11~iiB'Vl5Vm ~ eJ 

eJ1 cJ fl7';ib!ltJ'fol'.f7'1JeJ.:Jr,.J~IPJ.!ltU6f'l1!'U 1ilbbfl 
' 
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' ., 
.:::::ii CV~ -=:ii I CV Q..I .::::ii~ ..::::.. I ~ CV i.l I di 

'Vl7'1 bfUJ bb~ ~ fl ru?l:U'U \?l'Vl bb~ n ~ 7'1 n'l.J'U'U '<il~:U 'El'Vlfi'Ym ~ 'El'El 7 t.1 n 71 Ln'U 1 n~7'1J 'El'1 'El7'Vl71 bb 'Vl'1 n ~ 71 fl 'El 
' ' 

'El7'Vl71 bb '\/1'1 \;l 7'16/1'U \?l~lJ 'El'1 A'l.b~ n 'El1J'Vl7 '1 bfllJ(;l 7'1 fl'U ?f 71~ b 'U 'U 'El '11°1'1.b ~ n'El'U'Vl 7'1 bflll~ \;l 7'1 nm!'I.J '<il ~ lJ 

~~\;l'EJ'EJ7t.ln71bfl'U'fo~1'1J'EJ'1'El1'Vl71bb '\/1'1 ~1'El~7'1b611'1.J 'El7'Vl71bb '\/1'1'1.b~ b.fl'Vl~i11 '1lir'I.J?l'1 11?lmovn~ 1 '1lir'I.J 
' " 

hl~:u~1'<il~ffiam?1Lnl?ltl~n~t.11aan;Ll?l"tl'I.J'1J'El'11'1lir'I.J~'1mh11~~1t.1 11?lt.1Lo~1~LdaLn'U 1 -rt '1.J?f.fl71~ 

Lnl?lJa:u~i1aan;L'<il'I.Jmn~mL~~~1d'1m1Lnl?laan;Ll?l"tl'I.J L611'1.J LL?f'1 m1:u1ffw L'U'I.J\91'1.J zj'1~~'1l'El'1 

m1 Lfll?l 'El an;Ll?l"tl'I.J'1l'El-:J 1 '1lir'I.J 1 'I.JBTt,n1LL vf ,11!'1.Jlil ~vh 1 vf Ln l?l n~'I.J1?1~hJ~ L 611'1.J n~'I.Jifo 'I.J'El n'<il1nd 

?111tl 1~ na'U~'J n L tl a {a an 161l~~ Lfll?l~'I.J'<il 1 nn11 Ln l?l 'El'El n; bl?l"tl'I.J ~'1?11:u11trv1'11 vf bfll?l ~~ L~fo \;la 

'El7Vl71bLV1'11mL~5'1.J1 b611'1.J 'l'l11vf~"lil?llil7'1 '1'17mt.111?11:i'J'I.J(;l7-:J11~LLn 11?11:i'J'I.J"li 1\?17:i'J'UB 1\?17ll'Ub'El 

bb~~~'1?f7:J.J11t1na 1 V1bfll?l'El'U:U~~?f1~zj'1iJ~~\;lm~a'1~?11m1t1na 1 V1bfl1?1m1:u~1?1tln~'1JB'1i1-:imt.1 b 611'\.J 
'" 

11fl:U~b 1'1 'U'Eln'<il1nd 'El7'Vl71bb'Vl'1'UWb.fl'Vl~tl1~na'U~1ml11?11~ bb~~ml?la~:i'J1 'U'Vl~'El 1 tl1~'U'El~?f-:J'<il~ 
"" 

., 
..::::.. Q..I d'..::::.. .::::ii O .:,,,I d I i.l 

~~ \?l.fl ru6t'l Lnl?l?f'U7\?l 7~ bb~ ~:u m1?1 ru b?I t.1flru fl7'Vl7'1 'El7Vl711?11 t.1 "., ' 
'U'Eln'<il1nd 'El7'Vl71bb Vl'1~'1?17:J.J11t1ilflru?1:uu~1 'LI m1~1?1J1 (Hygroscopic propertyf zj'1 

riru?t:uu~~-:imh1"1Ja'1e'l1V111 Lb vf '1 bb\;l ~~6/1'Ul?l'El7'<il \;17'1 n'U 1 tl ~'I.Jfl'U'Ulil-.5't.1 \;17'11 b 611'\.J m1:u;ff u'1Ja'1 

m 'Vl7'rn vf '1 a-:i r1tl 1~ n 'El'U'Vl 1-:i bflll bb(l ~ 1fl1 '1 ?f 17'1'1l 'El'1 'El7'Vl71 Lb vf-:i b 'U'I.J \91'\.J 1mdfl11:u;ff u Lb~~ 

B'1Atl1~na'U'Vl7'1 bflll'1l'El'1'El1'Vl71bbV1'11!'1.J 11?1t.1~11 tlm'Vl11bb vf '1J'1~~ n~ru~ L 'U'Uiu bb~ ~m'Vl11~'1'<il~i1 

m1:u;ffu~1 Ldmn'U 1 -rt 'U?f.fl71~bb11?1Ja:utln~ -ir'1lJfl17:U;ff 'I.J 1 'I.J'LJjjt.J7n7fl?f'1ffJ71 'Ue)7'Vl71bb'Vl'1 i5'1'1'17 
" 

1 vfl11lil1nn1t.1'1.J anl?ll?l;:u b -u11 tl1 um'Vl111~ 11?1t.1 bu~7~ m'Vl11 bb vf '1tl1~ b.fl'Vl~:iJ?f 11~ b 'U'U B'1A'IJ 1~ na'U 
" 

'1'171 Vl'El7'Vl7':i?l7:U71mnl?lm1b~'Elm~t.1flUlil7~ 1 'I.Jbb~\;17'11 b 611'\.J b d mfoeY?t1:wma'U ~tli7'1Vl\?l b ~t.11 

bfll?ln71Lm~n~mtluna'LI'1JB'1m'Vl11~'1'1J1~b.fl'Vl(;l7'111~Lbn u:u~-:i mbb~~'1 LD'U\91'1.J Ldam'Vl7':i~'1 

1'1'1m1111?1l?l;:uJ1 b -u11 'IJmn lil~'l'l11 vfm'Vl7':i~'1 b 'Vl'Wt.11 ?tru b~ t.1?1 m~m1m tlu 'El7'Vl71~'11191 'I.Je.Jnlil7 nd 
" " V 

(?) 7'1 fl'I.J 1 'U 1\?l t.1 ~'U'J 7 'El7'Vl71 bb '\/1'1~'1'17 bb '\/1'1 ~1 t.1 bf!~ 'El'1'1'17 bb '\/1'1 bb 'U 'U bb 611 bb ~ '1 'El 7'Vl71 bb Vl'1~1191iJ niJ 

1m'1?f17'1b tlu1~1umn zj'1Lff a01mt.1\;l'Eln711?11?1l111ii1nf!11:u;ff u 1 'LI'U11t.11mf'l 11?1 t.11'El'U 3nl911t.1 1'1'111'1.J 
" ' " 

Ldam'Vl11~1'Um~'U1'1.Jn71'1'17bb V1'1L~mJ1amL~1 m1i1m1'U11'<il 11?1t.1 L 11~?11?1 L ~B'Vl~m~ t.1'1'U ru'Vl1 ' ' ., 

m1l?ll?li:u"1Jmll1b -ih 1 tJ1 '1.J'El1'Vl71bb vf '1 zj'1'<il~i1~~\;l'El'El7t.1n71bfl'U'fo~1'1Ja'1m'Vl71bb vf '1~'1n~11 
" ' 
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ii, ~Q,I ii 
2. ~Jl11tbb 1~1;1ell! b'Ufl1':ibffU':in'li1el1Vi1'abbVi.:! 

'Lilil ~tl V1J fl~~ 1 ri' ru 5 fl tb ~fl 7'JVl'i1.:i~:w BV15 vrn \91 el el 1 tJ fl1 'J bfl'U f fl~7'/J el .:i C-J ~ \Pl i{ ru't1 el 1 V!7 'J bb vf .:i 
V , 

;.:J6'1.fl11~ bb 1~~ B:!J~fll'Jrl1'U.:J{i,:i 1 'Llfl1'J bfl'Uf fl~1B1Vl1'Jbb Vl.:J 1Ji'bbn 

2.1 fl11"~ui"cwVl5bbl;lteJeJntijb''1'UL 'U'U':i':itn n1A B1V17'J~1J\'1u1 flfl1'J'Yl7 bb vf .:iiT'Ll1u~i'.l 

tJ~mrum1lJ{'Ll~1 ~.:Ji!'Ll tl1bfl'U 11l 'Ll'1Jl1~bb 1~ielll~fl11ll{mrll~Vli51 'Lll.;~'Jtl1fl1~'Ufl~ Vl;el 1 'Ll 

'\J'j'j tl1 fl1~~i'.l m 1ll{mrll~Vl 5~ ,:jl;'f ,:j Ii]~ b U'WC-J "11 Vlel1Vl1 'J bb vf .:i ~\9lfl11ll{'Lllil 1 fl'U 'j'jtJ1 fl1 ~ 1~ tl'Jel'U 
'U 'U 

; .:i ri el 1 vf b fl~ fl 7'J b~ elll b~ tJ fl rui11~'/J el.:J el7Vl7 'J vi'-.:i fl~ 11 bbi1-v1 .:i ~ 'Ll 'Ll el fl 1u 1 fli1 n16lf el el fl~hlil'Ll 1 'Ll , 
ti ~ ~ <V ii C.:~ I d V ~ 

'U 'j'j tl 1 fl1 ~'/J el--'.l l;'I i111 ~ bb 1 ~'1 ellJVl bfl'U 'J fl~1el 1Vl1'J bb Vl.:J flmrn \Pl el el 1 tl fl1 'j b fl'U 'jfl~1 b 'Ll el.:J Iii 1 fl , 

elel fl; b lil'Llb U'Ll'Ulil~ tl~~1fl qj'U'J~fl1'JVl'i1.:i~ riel 1 ~\fl~un fl~ tl1el el fl; b\9l"ti'Ll'/Jel.:J 6'11 'J B1Vl1'J 1 'Ll el1Vl1 'J bb vf .:i 

b "1J'Ll fl1'j bfl ~ el el fl; b~"ti'Ll'/Jel.:J 1 'lliT'Ll ;.:i'Yl11 vf bflvl fl~'Ll'M'Ll bfl ~ fl1 'J'Yl1 '17 tl'/J el.:J fl rufi1V11-:J el1Vl1 'J b "1J'Ll , 

1mil'Llu1.:i•1fu191 bU'Ll~'Ll 

2.2 ml.!VIJliibbl;ltbb~.:!L'U"lJWtd'l'U-rn~11~tl~l 1 utl7bfl'Uel1Vl1'Jbb vf-.:i11~elru'Vli1il'1.:ilil~'Yl71vf 
1 \J 'I 'U 'U 

b ~el.:Jlil1fl bijelelru'Vli1il6'1-.:it'Lle1\Pl'J1 b ~1'/Jel.:J fl1'Jbfl\9l'U f1fl~tl1\911.:J 61 ~'Yl11 Vlbfl~fll'Jb~elll b~tl flru.fl1~'/Jel-.:J 
, 'V 'ti ~ I , 

el1Vl1'J bb vf .:ii!'Llbfll9111i1 b ~1t'U b "1J'Ll tJ5 fl~tl 1elel fl~h~<ti'U tJfi fl~tl1 fl1'j bfl\9l~J 1\P11"1 b U'Ll ~'U 'Ll el fllil7fl'l1 

bbl;'f .:J fl b U'U'Ulil~ tJV1'i1.:i~i'.lG11'U b~ tll'Vel.:J nu fl TH tJ~ tJ'Llbb U"1.:Jfl rum~'llel.:JB1Vl7'Jbb vf .:i 1~ tJ bbl;'l.:J1u~i'.JC-1"11 'Ll 
' 

m1 b 1-.:i m1 bfl ~tJ 5 fl~ tJ7 elel fl; bwil'-u b -d-u n'Ll 

2.3 i1Pd bb"1;1.:i -.;i~'UVl~V u1;1~~.:itJm~e1u~1.:i6) 1'Ll'1.fl1~~bfl'Uffl~1mV111bb'Vl.:J~\Pll b'll'Ll 

Vl'U bb"1~ bbll"1.:J\911.:J 61 6/Jel'U 1 'U bb Vl~fl\91 fl'Ll el1Vl1'Jbb Vl.:J 'Yl11 VI bfl~fl11ll b~ tl'Vl1tlbbnel1Vl1'J bb Vl.:J 1J\' lil~'LlVl~EJ 
" I , 

1 'Ll6'1.fl 11 ~~ bfl'U -r mn fl 6'11ll1'Jti'U'Llb ~ el'U 1 tJ1 'U el1Vl1'J bb vf .:i 1J\' bb"1 ~ b~el 6'1.fl 11 ~ b Vllll~ l;'flJli) ~'LlVl~ 6 
' 

~.:i fl~ 11 '17m'Jm 1u~ru b~'U L\Pl tlel 1 vf bfl~fl11 b~ elm~ tJ flru.fl 1~ Vl;m ,J1 b~tl'/Jel-.:J el 1vi111J\' -u el n'<il 1 fli1 
V , 

~.:J'U'Ub~el'U\911.:J 1 1 'Ll'U'J'Jtl1fl1~~bfl'Uf fl~1B7Vl1'Jbb vf-.:i b "lJ'U ~'U"1~elel.:J\911.:J I cJ-.:Jl;'l7lJ1'Jtl'U'Ub ~el'U"1.:J 1-u 

el1Vl7'Jbb vf-.:i V111 vf flrum~'/Jel.:JeJ1V111bb vf .:iJ\'elti"1.:i 1J\' , 

4 ~ Q.I ii 

3. fl1'atl~el1£Jn1':ibn'U'an'~1el1Vi1'abbVi.:! 
• 

el1Vl1'J bb VI .:J~C-1 ~ IP1 lJi'iT'Ll 6'11ll1'J ti bfl~ fl1'J b~elll b~ tl bb"1 ~ b 'LI 1 b~ tl 1Ji'"l 'U'J~Vl11.:J fl1'J bfl'U f fl~1 

;,:i 'Li Ii]~ tl ~1 A ru~miVl 5~ '1 \91 el el 1 tl fl1 'j bfl'U -r fl ~1'/J el ,:j C-1 ~ \Pl i{ ru't1 el 1Vl11 bb vf .:ii!-u 1J\' bbri 6/J'U 191 bb"1 ~ 
V , 
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mV111LL Vl~tn1'W1'\.J;ff '\.J '<ii'1 L 'Ul.!#l'eMfn'UrpJ'U'<il~cJIPl1~ 11~cJ Luvn~ 1 'I.J L~€l~'IJ€1~?1.n11~ LL 1~im.J 1 'I.J-uru~ 

Lnufmn zj~fl1';ifl1'Uf)lJ'U'<ilicJ~~fl6'111i1'1.J ?f1lJ1';itlU{iu1i1vi'~~d 

3.1 flT';ib 'ti.f11"ll'U::'U':i':i~~ b 'Vl111::~11 .fl1'1l'U~'U 11'1-ffi 'tl'U';i';i'l el1Vl1';ibb Vl~1!'U ilr111lJJ1fi'~ 

m fl '9i €1 fl 11v\' 11 VI €17 cJ fl 11 Ln'tJ'f fl~7el1V111 LL VI~ cJ 11'U 1'U;ff 'U L ~el~ '<il 1 fl .n 7'1l'U~ll 11":iJd '<il ~v\' 1V11! 1~ 
' ' 

'Uel~fl'U?f.fl11~ bb 1~iellJ"11~ 1 ~ilt:-JG'I "1elfl1';ib~elm~fo bbG'l~fl1';j b tJ~ cJ'Ubb UG'l~f)ru.fl1'\Al 1 'LI';i~V111~fl1';j brl'U 

·fo~1 ?f.fl11~~~fl6'1111vlbbfl fl11lJ;ff'U elelfl~Jb'<il'U bb?f~ ~\,ll bbl.JG'!~ '<il~'UVl~~ bbG'l~~~'U'Ub~el'U ~~i!'U 
' 

.n1"t1'1.Jnr~1~eJ1V111bb VI~ r111'<i1~?11m1t1t1el~fl'U~~'9i1~ 1 ~~fl1;1111vi' LLG'l~r111ilr111l.lfl~Vl'U hi b 'U'Uvl~ 

LLG'l~i111r11'Y'lmV1lJ1~ .n1'1l'\.J~'U';i1'<ilel1'<ilb'U'Ufl6'1€l~ m~bdel~ -u1~ V1~elt1~ Lbi1Lb"1U';i~b.flV1'1Jel~ 
' ' 

el1V11';ibbVI~ bbG'l~u<ilicJ~'U'l b-d'U lJG'lfl1'1Jel~el1V11';ibbVI~ 'IJ'U1~'\J';i';i'<i] b'U'U\9l'U 1?1~ffim'Ufl1';iV11btJ'U I \I , , 

.fl1'1l'U~'U';i';i'l,!'LI1vlbbfl m~~1~ '\AlG71?f&ifl bbf11 faVl~"11~1 ti11elci1~fl';if;Ufl6'lel~V11vl1cJfl';i~~1~ zj~ 

bfl~eltJvl1cJ1?1~~t1mn'Urn1lJ:ff'LI1vi' L-d'I.J m~m~bfl~elul-u m~Del~v\'1v11cJ1G'IVI~ b-d'U ~'Ufl -u1~v\'1 
' ' 

3.2 n111 in1~1 'Un11'U1-a~ n161!u1~'1l'U~'UcJlJ 1 i~1lJ 1 'Lifl1';ilJ';j';j'l el1V11';i bb Vl~~flel'Ui1~ 11 

'9i elfl1';i b tJ~ cJ'U bb UG'l~b ~el~'<il7flt:-JG'l'IJ el~elelfl;b '<il'U L -d'U el1V17';ibb Vl~~il1-uir'LI hi~l.lti11el ci?f~ iT flilm1L&ilJ 
'lJ'lJ 

11161! b "/j'\.J f1161! 1 'LI 1\,1 ';i b '<il'U 'U ';i';i'<i] G7 ~ 1 'LI.fl1'1l'Ui'\J';i';i'<i] v\'11 Vl?f .fl 11 ~ bb 1 ~ i €llJ'IJ€)~ el1V11';i .fl1 cJ 1 'U.fl1'1l'U~ 
' ' 

lJ ';i';i'<i] i!'U b 'U '\.J ?I .fl 11 ~~ ii el el fl; b '<il'U ~ 1 ~ ~ b n ~ fl 1 ';i b~ ellJ b~ cJ fl ru.n 1'\Al Ii] 1 fl l!-J G7 'IJ el~ el €1 fl; bWll'U 1vi' cJ 1 fl 
' ' 

fl'U';i~V111~?f .fl11 ~ .fl 1 cJ'\.J el fl bbG'I ~.fl 1 cJ 1 'LI.fl 1'1l'U~lJ';i';i'<il 
' 

3 .4 n 1-a 1 -ti'~ 11 n 1 :5' ~ el el n ~ b ~ 'W en VI 7 ';i Lb VI~ tJ 1 ~ tJ 1 ~ b.fl VJ el 1 <il 1 i ?I 1 ';in 1 ~ ~ €1 €1 fl; L '<il 'LI 

( deoxidizer) zj~'\J';i';i'<ilelcJ l 'Ll.fl1'll'\.J~~el1fl1fl?f7m';itl~1'\.Jb 6LJ1€1€l fl 1vi' 1~ cJ?f 111 ti.n1'1l'U~'U11'<il ~~ fl'111 
' 'lJ ' 

Ii]~ 1?iG'I~ hJ1 'U.fl1'1l'U~lJ';j';j'<i]eJ1Vl1';ibb VI~ zj~fn';ib 'U'I.J.fl1'1l'U~U~?f'UV1 fl161! 1:W?t1lJ1';if;l~1'\.J 1vi' ?f1';i~~fl6'111 
' 

'<il~V11Vl1J1~~~€lelfl;b'<il'U 1 '1.J.fl1'1l'U~'LJ';i';i'l -d1 cJG'l~tJ~mruelelfl;b'<il'U~'<il~Vl1Uij n~cJ1"11~ 11 'I.Jfl1';j'LJ';j';j'l 

el1V11';ibbVI~ 

3.5 n1-a1-ti'~11~~fl1111('U fl7';i1-&'?11-a~~m1lJ:ff'Uu1~'1l'U~ L-d'LI bbflm;cJl.lelelfl1"1lli1 
'lJ 'lJ 

(;~ fl1 b'<ilG'I) 1?iG'l~1 'U.fl1'1l'U~'U';i';i~ b~ fl 1 ~V11vl1 cJ1?f ~~fl11lJ:S'U?l1lJ1';itl~1'Ub 6LJ1 elel fl 1v1 bb~1~~ 1?i 

.n 7'1l'U~u ';i';i'<il~il?11-a~~r111JJ:S'U ~~ fl6'111 G'I~ 1 'Lim'1l'LI~tJ ';i';i'<il~'\J -a-a'<il el1V17 ';i B flvivi~ ~ ?I 7';i'Y'l1 fl;~ m b '<il G'I 
'I \I 'I , 
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'\Je)-:Jfl'\..ln1'Hn1~(?11"l.Je)-:Jel1Vl1".it:-J-:Jb ~e),:J''iJ7nfl11:IJ;ff'Ll b 61l'Ll bbfl6'H;cl:1Jm'Yim ".i(,l ~-:i 1"tl161~M 1 'LleJ1Vl1".it:-l-:J 

b'U'Llt,l'Ll 

A11"V1"1t1"lle:i-:i.n1"tl'L!~u-a-a'1 ( nuvi'V'ltl .ri1 b~:IJ, 2550) 
q '\J 

.fl7"1l'Ll~'U ".i".i"il (Packaoe) Vlmclfl17:IJ17 .fl7"1l'Ll~Vl~eJ 1r11-:i?1{1-:i1~ .,~1 'tl\ ~eJ'U".i".i"il 'vimX:u 
ci :::> I ci , 

bb6'1~".i1'U".i1:IJ t:,J~(,1JlUJ'11 ~b tl'LlVlt!1 cl b ~ml161-:it:-151?1JltU'1fi-:ieru~L.flfl 1 'Ll?l.fl1'V'l~?i:IJU".iru 'LleJ n"iJ1nifo'-:i 
.- 'U 'U 

~1t:-J~\?1Jl Ul'1 "il'Llbb 'Vl'U"il~ b~cJn 1vl11[?11t:-J~1?1JltU"'1 bb6'1~.fl1"1l'Ll~'U".i".i"il (?leJ-:Jb 'U'Ll~-:J~(,leJ-:JeJ8flfl'Ll b ~eJ-:J"il1 n 
' '\J'\J 

.fl 1"1l'Ll~'U".i".i"il b 'U'Ll (?11 bb tJ ".ieJ 81-:JVl~ -:i~ila'Vl fi'V'l 6'1 ~ e) n1 ".j[?l~ ~'Ll1'-ilte) t:,J ~ (,lJl nJs;']"l.) e)-'.j er'U ~L.fl fl bb~ ~"i) 1 n 
' '\J 

fl11:IJVl:IJ1 cl"l.l e)-:J.fll"ll'Ll~'U ".i".i'<il "i)~ b ~'Ll11.fl1"1!'Ll~'U ".i".i"ililm1m{1ri'ru 1 'Llvim clvll'Ll 1vi' bbri 
S S V 

ii QJ 1i1.c:.tVd 

1.2 m'Un7".i".iel-:J".i'U ".i'J'U".i'J:IJ bb~~'lliel'llill~~~Jlru'fl 
' 

1 'Ll vi' 1 'Ll n 1 ".i 1 ~ ,if e) :IJ ~ b ~ cl 1 n 'U (;.J ~ (,l Jl ru.;; .fl 1611 'Ll ~ 'U ".i ".i "i) i1 fl 11 :U 611 A ru 1 'Ll n 1 ".i bb ?I ~ ,:j 1 ~ 
'\J 1 V 

iliTim11ibb~~n7".ibll'U'fo't!'1eJ87-:J 11 t:-1~1?1bb~~vi:u~mmdeJ 1~ 1~c.1 bu'Y-l7~eJ87-:J~-:i t:11t;.J~1?1nruo;1oif 1-:i 1 'Ll 
' 

b 'U'Llt:-1~ l?lJl ruo;i'tJ 1~ b.fl'Vl m Vl~ eJ eJ1Vl7".i nmvi:u ~en cJ b 'U'Ll b~eJ-:i~i1r111:uG11r1 rueJ 87-:J ~ -:i 
S V 
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eJ1'U1 ~ fl11~ ?I~ ~1 n 1 'LI n1'j'LJ 'j'j"\J e.J ~ \Pl.fl ru6fi' '1~ 1 tJ el1'U1 ~ fl11~?1~~1 n 1 'U'j ~Vil 1~ n11 Lnu ·fo~1 n11 
' 

61.l'U~~ LL'1 ~L~eJtl~iJe:ieru ~l.flfl .fl1'1l'U~'LJ'j'j"\J fl1'j"\J~el1'U1 ~fl11~?1~m n 1 'Ufl1'j~'LJ~eJ'l"lnYn?l~m n 
~ ' 

11mt~r111"11~ Lt!~ LL'1~'W1e.J~IP1Jlru6fi'eJeJnm 1 m~~?l~~1 n t111 -b'h.JV1~~?11m1t1tJ~~1 Ln'U 1 ,j1 'Vb 'Uflf ~ 

~e) 1 tl11Min V!~e).fl1'/l'U~'U11"1l'VIJ~'<il1n 16tl~1'ULL~1 ?11m1t1'W1nJu 1 tl1 m mJVl~e)'W11tl16tl~1'UeJ~1~5'U 
' 

.fl1'1l'U~'LJ1'j~ (Packaging) lJVl'W1v1Vlm n'Vl'11mL tl1L tl~ ~'LI 1 tlm~~r1m~?llJ~ "111 ntld~-r~ 

m1-Wl9).J'U1.fl1'/l'U~'LJ'j'j"\) LL?!~~ 1 vi'L ~'U11 Vl'W1v1L~~LL 1n61.lel~.fl1'/l'U~'LJ'j'j"\) f)e) n1Jd1~Vl'U1 ~e.J~IPlJlru<n 
' ' 

LL'1~'1i1 ~1'Uf11'j61J'U'1~'11 L~ ~~ e.J~ \Pl.fl ru6fi' ~ eJm 1~f 'U f11'j'W 19).J'U1 LL'1 ~ L ~~Vl'U 1v1 f11 'j"U nu el~fo~1 

r1ru.fl 1'Y161.1 eJ~ e.J ~ IPl .n ru-n '<il'U m ~~~ ti~-u '<il "IIU'U.fl1'1l'U~'U d 'j"\J e.J ~ \Pl .n ru«ri' \9i' e:i~ii'Vl'W 1-vi e1' 1'U1 ~ m 1~?1 ~ ~1 n 
' ' ' 
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' ' 
(911';i1..:Jvi 2-3 (911';i1..:J'<il1bb 'Uf1Vlihvi'1Jel..:J.tl1'1J'U~'U';i';i~~~(pl.flt\J"t1(911:IJ~1'UM7..:J 61 

Ill Ill d Q,I 

mu Vi u 1 'VI Vi~ n 

?f.tll~m:Wbflvlfl11bi'1m,'f1t.J 

ti Ill dd 
~1'UVi'U1'Vlel'U 61 

1. 6'f~~nn 1'Lifl111i~~(91,nru,ivl 

'lJ';i';i'iJel8fl1tJ 1 'LI 
' 'U 

2. fl11~uifa6'f~mnMelfl11 2. fl11bb?tv1..:iiel:1Jfl11tJ1;1~bBt.Jv1 2. 6'11m1t1i..:i,:n..:i1·1d~~M.nru,i 
'U 

f11';i'lJ1tJ 

3. bb6'1 vl..:J'lJ'Ul vlVl~el 1;1 n~ru~"IJ el..:! 

~'UA11Vli;1f1A1'Vl';i1'U b~el'il~1~ 
'U 

4. -d .. rn 1 vfflnr11?11m1t1u~fl11 
'U 

(9l'Ubel..:J b'U'Uf11';i1;1vlfl11~'1Jel..:J 

er'lJ1tJ 
'U 

el 'LI 1 lJ tJ 1:w b fl el~ b 'Vl el~ b 'U ';i el t 

b~el'!Jlfo 

6. m11ru1..:ir11'Ub~el..:il911..:i1 b61l'LI 6. -d'rn1vf'1J1t.J~~M.nru<;11~11r11 

~qJ1;1n~t1fH61lbA1;1 umm;t.J1 ~..:it'U 

n'LI'lJmlvm 1'll'1Jel..:J1'Vlt.J 

~'176'1 ~ f1 b 'U'U16'1 vi~1 off n'U el 81-:J bb ~ 1Vlfl 1 tJ 1 'U el (91 ?f 1Vl f1';i';i:IJ.fl 1'1J'Ut'U ';i';i'il b ~ el fll';i~'U'l,"!el bbfl ~ 
' ' ' 

m1u11~~'L!r11 ~m6'f~m'U'W6'171~-:Jbm7t'l-4vl:1J~~tlAv1A'Ut'Wm tl1tbfl'Vl~el~ibmi{ (Polymer) zj.,:ijj 

el-:Jfl'U';itflel'Ul.'11'LI1Vlrub'U'W51(9lfl11'Uel'W 1fllvl';ib'il'W elelfl;b'il'W 1'Wl(9l';ib'il'W flflel~'W b'U'W\Pl'W vh~m'illfl 
V S 

tll) n~t.J1bfljj~ bflvl'il1 flf11';ib zjel:IJ 1t.J-:i b.J bfl ~i;1'1Je)-:J?f1';i~jj'lJ'W1vl b~ fl 61 (Monomer) Vli;11t.J 61 l:IJbG'l ~1;1 

'il'W fli;11 tJ b 'U'W?f 71vlm:IJ bi;1 ~1;1 'lJ'W 1 vi 1 Vlajvl b~ tJ fl11 ~ e)~ b:IJ e:i{ bb6i ~'UD ti~ cJ '] brliivfl .rt 'LI n11 b zjel:IJ 1ti-:i'l1 

b~tlfl11 u5n~t.J1fl1';ibflvl'Welfo:1Jei{ (Polymerization) lvlt.J ~m?f~fl fle) 1Mivlu1tflel'U~1t.J6'f1';i 

Vlmt.J eici 1-:i ihhviu fl 1m1;1flr1 ?f ..:i r1-:i1tl bd m-h'W m1:w15m 1~~ (pl 1;1 fl~rute.i B'W ll11bdBi1fl11~~ (plzj-:J 
' 'U 'U 
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4 't'Hn ~~ nvi-um..11"H1 \J nT:i'U ';i';i~ ~~~.flru6t1eJ1\.11';i (-:J1:!Jvi'VHJ fl1L'av!:lJ, 2549, Vl'U1 
'\J 

205-208) 

v,re:i~rnvi~'Ufl11:lJV!'U1bb'Ll'Ll~1 (Low Density Polyethylene Vl1eJ LOPE) 'UcJ:1J1m'LI1'U6lleJ-:J 
'\J 

l'J~:iJ m vt1e11-5'Lr1~e1um~m~ bbe,Jmume1~~ihifo:1J vt~B'Y-lm?t&in 1-ffi;.,1~1,1'tl1v1Y1m?1&in b'/J'U 
' '\J 

6ll1viu11'1tl1~JJ"1J'Uv16ll11-d'LI bb~~~1"1J-uv1~1..:i 67 LOPE hJ?11m 111'Vlum1JJ{e1'U~m1Jvt.fliitl1b~vvi 1~ , , l , " 

~..:i 1j_Jm11 iu11'1mvt11{ eJ'U ?11m111ue1..:in'Lim16iiJ-Je.J1'U'tlv..:i 1e1tl111?1~ bb~U e1..:i n'Lim1;J-Je.J1'U6llv-:in161l 
' 

1~~1'U e1n'11mi LOPE ~..:i 1j_Jb vtJJ1~nu m1u11'1 mvt11~i'ib~uJJ1n b ~eJ..:J'11n b~'LI'oJ~-iJJ-Je-h'U 
' 

tlv1i:-J'Wn~1cJr111JJ{e1'U1jJ11?1 b'/5'U m~v11~ bb~~bbe.lmumv~6jfaticJJJ vt1e11ibfl~vur"lm?t&in~tlvii;.,1"Wn 

~1cJfl11JJ'fa'U1~mn b'/J'U 1'LI~eJ'U (Nylon) bb~~ bi"l(?l (PET Vl~eJ Polyethelene Terephthalate) 

'Y-leJ~bvvi~'Ufl11JJV!'U1bb'Ll'Ll~1b'U'Ub~'Um..:i (Linear Low Density ~olyethylene Vl1eJ 

LLDPE) iJr1ru?IJJ'U&i~11 'lJr1J1cJ LOPE bb~'oJ~ bb 'LJ.:Jbb 1..:JffJ1 bb~~'UcJJ-11 i?t1Vl1Ub'U'Ui'Ul'J~JJ?f1V11'UUv! 
' 

i:-J'Lln\?11 cJfl11JJ{eJ'U bb~~ 1 ib 'U'Ul'J~lJ~vl?f1Vlfovie1mvt11 

'Y-leJ~bvvi~'Ufl11JJVl'U1bb'tl'LI~..:i (Hish Density Polyethylene Vl1eJ HOPE) ?11lJ11tl 

'Vl'Ufl11JJ{eJ'U 1~?1..:in11 LOPE ~.:i1iu11'1mvt11{e1'LI11?11vicJ~11 'll'1~?11m111ue1..:in'Un11-iiJ-Je.J1'U6lleJ..:J 
'\J ' 

'ti. 'V'lel~b'f'l';i~~'U (Polypropylene vt1e:i PP) b'U'UY1~1?1&in~'UcJlJLimn0n'1l'Wvlvt~-:i 

i'im1mb<LJ..:Jbb j..:Jf111 PE bb~~fl11lJ?l1JJ1jt] 1 'Uf11j1JeJ..:Jfli.!n11;lJe.J1'U6lleJ..:J0161l 1e1tl1 bb~~ 16ll~'U~m'1 

PE 'Vl'U'Vl1'Ufl11JJ{eJ'U 11?1?1..:J ?11m1111iu11'1mvt11~\?lv..:Je.l1'Uf111~1b;ff eJ 1 'UVllJeJ~1b;ff eJ (Retort) 11?1 
'\J ' 

PP iir111lJL?l~mn~..:iiJcJJJ1ii;.,1~1,1~~JJ?f1vt1uvie1mvt11mu11'1mvt11 m{e1'U ("1l-wvi1?t) 6ll1vi mvi 
' ' ' 

'Uvf1'11 nd~~JJ rP iir111JJ 1?t~:mn~.:iutJJJ1 ii;.,1~ 1,1l'J~m,1vt1uvie1mvt11 11-:i'U11'1e11vt11 11..:if v'U 
' ' ' 

(61Juvi1?1) 6ll1vl mvi 'Uvn'11n'l1l'Ji:w pp ~iln11~vlb1cJ.:Jb:Wb1;1n~1v1\tJ'U1~b'UcJ'U1'U1~V111..:Jf11ji;.J~l,l;,:i 
' 

'1~b~cJn11 OPP (Oriented Polypropylene) '1~iir111:w1?1bb1;1~fl11J-Jbb'U..:Jbb1-:Jb~JJ;ff'U bb1;1~b'U'U1?1~ 

?f 1V1fo f111'VlJJ~~~~.:iiJmJ 1 "tlV1161leJ..:J'U'a1'1eJ1V111bb ~..:J 'lJ'UJJ'lJ'U b~tJ1 bbi;1~ 1 °tlb 'U'UYM':lJV!v!1vl 1~1?11tJ 
' 



41 

fl-!l1tb.n n L ~ eWil1 n?11m1'1~'\.J1tJlJi'~1 cJ LL'1~?11m1'1e:i e:i n LL uu 1 vfihn~ m mn cJ-!11ll 1Ji' 1tJ LL uu 
'U 'U 'U 

.n1t'\.J~'U11~vivmmnl~LLn ~,.w 6ll1:tJ LLn1J1 m~enm16V'l.J1~L~n1 6V1~umtJfm L'U'I.Jiu e:i~1.:ih 

flvll:tJfli;j:tJ PS n:wn111i'i1Vlfo'U111iJeJ1Vl11:!J1n'Yrn?1:tJm1 b611'\.J 1i~mrn?I~ b~eMliJ1n PS cJeJ:tJ1vf 
' 

f1161lbb'1~LeJtl1e.hu 1Ji'~ i1VJfuvlJ:tJ OPS (Oriented Polystyrene) liJ~:Wfl11:tJ1?1LL'1~bb~-!lbb'a-!lffJ1 

'Wl;l:!J PS 5'a'a:!J~1 'UcJ:tJ1"tlb'U'l.JLLeJ'\.JU~611mVltJ1(911-:J'1JeJ-:Jmfo.:im~m~ bb'1~vll;l:!JVl~f~~1Vlf'IJ~el~'\.J~1 

Vl~el'a1'U'a1:!J~'\.J~1Vl'11cJ''\.J L 1!?11cJfl'\.J 

PS 1~cJvi'1ltJ1iJ~ff;jeJ'IJb'U11~ 1?1 Uel-!lfl'\.Jn1'a;:tJeJ1'\.J'1Jel-:Jfl16/l LeJt11 bb'1~L6V~'\.JL!?1~1 'Vl'\.J'Vl1'\.J 

fl11:tJf eiu 1Ji'~1 1~m11 irn11iJenm1vi:wmuvi.n:iJ?1-:in-i1 90 ei.:if"!1L6/lm~cJ?I 
'I 'I 'U 'U 

-!I. 'Wel~11i!1;1fll;le) h~ (Polyvinyl Chloride Vl~el PVC) 'UcJ:tJ1 m '\.Jn1'a'\J'a'a~el1Vl1'ai.:i 

1tJ LL 'U'Ufl-!l1'ULL'1~.n1tu~rieiu~1 flru?l:tJu1iL~u'1Jei.:i PVC fleJ m1:tJ 1mL'1~?11:tJ11'1'Uei-:i nun11;:tJeJ1u 
'U 'U ' 

c:. .c::::t.c:1 .di! ~ .c:.. d,:::;i1 

"· 'Well;lbel'Vll;l'Ub'Vlb1'W'Vl1bl;l'VI (Polyethylene Terephthalate V11el PET) bU'U'V'l'11?1v'ln'Vl:tJ 

m11 i'm n 1 u elv1?11Vln'a1:!Jel1Vl11 vii el-:Jn1'afl11:!J Lb~,:) Lb 1.:J'1Jel-!l.fl16ll'\.J~ m 1:!J'Vl'U'Vl1'\.J(,1elfl11:tJf eJ'I.J?l.:J 
' 'U 

bb'1~ b Vll11~?1:!Jfl'\J el1Vl11vl~ei.:i n11bn'Uf n~1 b 'U'\.J b1'17'\.J1'\.J PET ffi imn 1 '\.Jelv1?11Vln'a1:!Jel1V111 :wJ.:i 
' 

1~LUcJ'U L~m~:tJfl11mL~-:JLL1-!ILL'1~m1:tJ1?1 L~ei.:i'<il1n PET u~e-J'i1n~1cJm1:tJfeiu1Ji'mn ~-!l'WcJ:tJ 

tJ1~nu~~fl'U PE !?11'1.J1'1.Jb~el'Vl1VltJ1vlLU'\.J4'\.Ju~e-J'Lln!?11c.Jfl11:tJ{eJ'I.J yjl;jjJ PET t11JcJ:tJ1i'e-J~v1'1.:JVl~el 
' 

.n1cJ1~u11cJ1n1f"!vlLf"l~ L-d'I.J mm-I '1l'I.J:tJiJ.:imeiu '1l'\.J:tJ6V'lJL~m e-J~vi.nrus;i'b'd'ei e-J'11lJLLvf.:i L'Uuiu 

L ~ei.:iliJ1n PET ?11m1'1'Vl'\.JeJruvi.n:iJ?1-:i 1~~~-:JUcJ:tJ 1 iu111iJei1vi11vltJ1.:i?1nvi~eiriu.n1c.J 1 um 1Ji' 
'I 'U 'U 'I 'I 'l , 'I 

u. 1'1.Jl;lel'\.J (Nylon Vl~el Polyamide) b'U'\.J'V'l'11?1~n~n6ll'U~Vl~.:J vi-ucJ:tJ1m'U~v1?11Vln'a1:!J 

el1'\/!11b ~ el.:J liJ 1 nfl ru?l:!J'\J~ ~ 1'\.J fl'J 1:!Jbb ~,:) Lb 1 .:J 'Vl'\.J'Vl1'\.J \,1 el fl11:tJ{eJ'U?l.:J 'U el.:J fl'U n11;:!J eJ1'1.J"(Je),:J fl16/l 
' 'U 

n~u LL'1~ 1 '1l~'U 1Ji'~ LLlJ11 L'\.J'1eJ'\.JliJ~~~i'Ufl11:tJ;ff u 1Ji'~1cJ LL'1~'V111 vf flru?l:tJ'U~Ji'1un11'\J111iJ'1~'1.:i 
'U ' ' 

LL\,1 Ld eitt 11 tJY111 vi' LL vf .:i nliJ~ n~u:tJ 1:wflru?l:tJU~ L vi:w eiu L~:tJ n111 i .:i 1'U"1l ei.:ivlJ:tJ 1 u '1 eiuflrK 1 cJ nuvll;j :tJ 
' 

5. bb~'Ubtll;l'Je)~l;lfaUti:!J (Aluminium Foil) (1WJ1 ~.:inei?ln'1, 2543) 
'U ' 
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1\97 L tlu 3 i;r mm.1~FimL~m tlme:i~ftfa umJ61111~1 LL~m ,Jme:i~ftfa ucJ11~i1 fl11Lfl~ffl.J\971 cJ?111~vh 
" " 

1 i?11m1t1D~ e.JU n 1\97 \971 cJ r111iif 8'LI LLeJm ,J m mmiJ Lu cJ11~i1 m ':i Lfl~ m.J V11 mb ~ n-u nu m~ ~1~Vl18 
" 

b ~m-:u1 n~'Ubb'11-:U~ b 'U'W':i'ElcJ bb\?l n 1\97~1!:l 191-n!t.1~-:i 1197i1 m':i 1-il'1?1~~eie:it.1\9115t.11 bfl~ 8'UVl18iJ':i~ nu 

bbeJ'Llb i.JmmmiJb'UcJll bbeJ'Wb'Ui;l1eJ~ftiJ b 'UcJlli;rn~ru~ffi\97iJ11 i.J1 "til 'Wfl1':i~~eJ1cJfl1':ibfl'U'LJeJ-:Je.J~\?l.Ot\.1'1 
" " ' 

di 0 

bfl':im?l1eJ1.:J 

2. viu bb?l .:J ~.:J 1 -iJ' b 'U'UJl 1"1J'W~'U ':i':i':il L ~ fflJ eJ-:J fl'Ll bb?l-:Ji.'11wru e.J ~ \?l .n t\.1'1~ L~ Bllfl t\.!Jl1~ 1\97~1 cJ b~ eJ 
' ' 

' ., 
iJ Q..f .:::ii iJ .di! ""'° ii V iJ I Q.I d CV i,I q 

3. ?l~'VleJ'W':i-:J?lfl11JJ':ieJ'W b'UeJ.:J-:U1ne.J'"JVl'Ll1'Vl-:J 2 ~1'Ll\?11-:Jn'Wfle) ll'Ubbft~~1'W '1.:J?l1il1':itl 

?1~vf at.1f .:i~A1111f at.11\97 95 b UeJ'fb6llt.1~ 1-il'L 'U'Llu'Ll1t.1ua.:int.1m111f Bt.1611V1fu e.J~\?l.nruEfl~~e:i.:if n~1 

Bt\.!VlfliJ1 i~1Vl~eJ?l-:J\?11ll~~mfl1':i b 'tl'W eJ1Vl1':ibb '/Jbb ~-:J~'U':i':i-:U 1 Wl1'11'W~ bbe.i'Ub ,Jm 8~ftiJb 'UcJll':il~bn~ , ~ ~ , ~ 

fl1':i?l~'Vl B'Llf-:J~ fl11llf B'W'V111 i fl1':ift ~m cJ bn~-IT'Ll-iJ'1ft-:J 

4, b tlt.1i1i!1m1111eJ'Ll mh1Fie:i bbeJm ,Jma~1;1fo ucJ11fe:imbft~ b~'Ll 1\97ac11-:i':i1~b 11vh1 i 
" 

b Vim~ nu n111-il'b 'U'WJl 1"1l'W~ 1 'Ll n11 bb 'Ii bb ~-:i'Vl~eJ e:iu ti11 cJ r11111 f Bt.lbbft ~ ~-:ivh 1 im':iD ~ e.JU n 1971 cJ m 111 

f B'Llb 'U'Ll 1 UeJcl1-:J':i1~ b ~1 bbft~iJflruJl1~ 
' 

5, 

?111111t1tl 11 tJ1 i r11111 { eJ'LlbbJ 1111111 bb 'Ii bb ~-:i bbft ~ 1 ir11111 { eJ'Ll 0 n fl f-:i'Vlt!.:i 1Ji1~ cJ hi~ a-:i b ,J ~ cJ'U ri 1 cJ 

Jl1"1J'Ll~ 

b-dt.11-il'btlt.1~1D~'1l1~'WlJbfl~e:i-:i~mbft~1-il'vimt.1cJ 'LJ'LlllD-:J ~Bnbmft\?l r;1nm1~ UV!~ 
" ' 

8. UeJ.:Jfl'Llfl1':i;lleJ1'Ll'1JeJ-:J hir'Ll 1\97~ ~-:Jb Vlll1~fllJ n111-il'vie:ieJ1Vl1':iiJ':i~bJl'Vl~i1111il't.1 b'LlcJ 

~ 

bbft ~ b 'Ll cJbb 'LJ-:J 

-:u1nr1ru?ti1'\J~ \?11-:J 1 'LJB-:J bbeJt.1 b tJm 8~ftiJ b 'UcJll\91-:Jn~ 11i1Td~.:ivh 1 iucJ11i!1m 1-il'b 'U'LlJl1"1l'W~ 
' " 

'U 'j';j':i] flt.I e) 81-:J bb ~~Vlft 1 cJ 1~ cJ bu'Yfl~e) 81-:J ~.:i fl'U e.J ~ \?1.0 ru6fl 81Vl1';i\91.:J b ~'LI 1197-:U 1 nJl 1"1l'W~'U ';j';j':i] e.J ~ \?1.0 ill'1 
' ' 

~1~1n6/J'Wll'LJ'U bi cJ1 B1Vl1':ii.'11 b ~':il~U \?11..:J '7 eJzj.,:i b tJ~ cJ'W':il 1fl fl1'J 1-ff ~-:i~m?f ~ fl61':ill~1 b 'U'W~-:J'Y'ift 1?1~ fl 

tJ ';j~ fl'U fl'U bbC,l'Llb tJ m e)~nil b 'Lll'.Jll 
" 



.. 
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.. 
~ G.I Q q II 

.:11'U'J ~ EJ'VI bn EJ 'J'tlel.:I 

Traithip (2005) Pim11'\Al~fl'l':lbfli1bbl;,~~VlBl'l1'Uelelfl;Wl'd'U'VeM'V~ fam~m17ii17'rnn~ 

bel7'UeJi;,'Vm1'U'V~ lJ7bbcJfl?l7':i~'17flqJL~c.115 Diaion HP20 flmiiJ'u 1~ fraction ~h~1 ;-:Jbb?l~-:i~vii 

fl7':il'l7'Uelelfl;b~'d'Ul11-:J,d fraction 111 (EC50 = 16.02 h.JLfl':iflfJ..J/il1;1i'\i'\t,11) fraction 

tl1-blJVl7'Ueli;, (EC50 = 2.65 lJ..JLmflfJ..J/il1;,i'\i'\t,11) fraction blJVl7'Ueli;, (EC50 = 1.89 llJLfl':iflfJ..J/ 

il1;1i'\i'\t,11) bbl;,~ fraction be1vi1;1e1~;bt,1Vl (EC50 = 12.08 llJ bfl':iflfJ..J/il1;1i'\i'\m) 111 fraction blJVl1'UeJ'1 

;,:i bb?l~-:i ~'VlBl'l7'UeJeJfl;b~'d'U~~~~~ m bbcJfl(,1 eikw~i'i flWirn fl eiiJ..J'ULfl':im 1 vi mTv~yJ ?11m1rnbc.1 fl 

1~ ?17 ':i A1 ; ,:ivl ~ '11.JLfl ':i-:1 ?1{1-:i 1~ c.115?1 b tJ fl Lm?I LflU ~'U 17 b 'U'U quercetin (5, 7,3' ,4', 

tetrahydroxyflavonol) ?17':i A1 b'U'U?l7':i~'17flqj"1l'U~Vlt1-:i 1 'U?l7':i?lf7~ blJ'Vl7'UeJ1;'1~bb?l~-:J~'Vli~1'U 

elelfl;b~'d'U 1~c.1i1fi1 EC50 = 1.69 llJ Lfl':iflfJ..J/il1;,i'\i'\m 

tJ~mru'VJmb'Ue1c.1~1'Umhc.1 il1;1i'iflfJ..J/100 flfJ..Jtl1V1tTfl?I~ 111-:i-d Cosmos caudatus H.B.K. 

(52.19), Polyscias pinnata (52.19), Pluchea indica Less. (6.39), Nothopanax 

scutellarius (Burm.f.) Merr (5.43), Talinum triangulare (Jacq.) Willd. (3.93), Pi/ea 

melastomoides (Poir.) Bl. (2.27) bb'1~ Etlingera elatior (Jack) R.M.Sm (1.18) bb'1~~-:J'\Al'U17 

P. indica Less. bbl;,~ C. coudatus H.B.K. iJn'1fl1':ilJ'Vel-:!?17':il'l7'Uel'UlJi;,iJ?l':i~?l-:i~?I~ zj,:i1~1~c.115 
'I 'U 'U 'I 

ferric cyanide reducins power, DPPH (2,2-diphenyl-1-picrylhydrazyl) bb'1~ ABTS (2,20-

azino-bis-(3-ethylbenzthiazoli ne-6-sulphon ic acid) scavenging bb'1 ~ fl7':i ~'U J-:itJ ij n~ !:.17 

e.1e.1ns1h~i'U'lle.J~m~ linoleic 

bl'1':i'l':l~fl7':i 'U'IJ'LI!:JJ..J (2554) Pin'l':1715fl1':ib\il1m.1~1~-:11'Ufl7':ie.J~(,1J1~1~-:ie.J-:11~c.1m1V11bb 'M-:J .., ' 

bb 'Urn~eimb ~-:i 1 'W-ff 'Ul'leJ'Ubb ':ifl l\91Pin'l':1111'.lm1b\,11 cJJ..J 1~ c.1 fl7':ibb tJ11~~'Ue1ruV1.nfob1;1~ nm 1 'L!m1m fl 
' " 

nru'1th~'"1J{ e1tJ1;,~m'.i (2553) Pifl'l':17e.Ji;,'VeJ-:ieiruV!.nil bb'1~1~c.1~b1m1'Wm11;11fl1rn\,lc.1?1~~ 
cu 'I 'I 'U 

bV!lJ7~?1lJ~?I~ b~cJ'Vl7fl7'J1;1'Jfl\911cJtl71el'U~elf.1.!Vl.fl:W 80 90 bbl;,~ 100 el-:1!'17b61Ji;,b;!:J?I b'U'Ul.11;17 1 3 
' ' " 

bbl;,~ s mvi mm11111'U '11m!'Utl11tJe1'Ubb1.l:i~e1ruV1.n:D so e1-:il'11b61Jm;c.1?1 bU'Ub1m 6 '8'11J..J-:i bbJ1tl1 
' " 

e.J ~ (,]Jl ru"Vll\Jb(,1 !:J el'Ubb 'M-:Jll71 bfl':i7~~fl f.1.!?llJU~'Vll-:1 fl7 !:J.fl 7 '\Al fl el fl7~ fl71 e)b(,1 ei{ bbel fl ~1 ~ (Aw) 
' 

1bfl11~vfV11-:i~TUl.fliJ AeJ u1mrum1:+-1;ff'U 'nmT-:im11l.fl11~~V11-:i~1'U'<il~'UY11cJ AD u1mru 
' 



.. 
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., 
'<il~'Uvi1c1vi'-:ivt:u111 tl~mru~~(;) 11 m1ttl~mru 1r1~vh11mL ur1v1L~tJ '<il1nm1~mn'Vlu11m1~1 n 
' 

1'Ub\918~\91 ru eHUVlfliJ 90 eJ-:Jl'11b61l~b~fo~ b'LJ'U1~cltb1m 3 'U1'Vl bVll-l1tm.J~~\91 eru~LJ7fl1~fl11 
'I 'U 'I 'U 

Q,..I d «=i,,q • • .c:il I .:::ii I CV 

tJeJl-11'Ul-l1fl'Vl~l?l'<il1fl15fl11'Vl\9l~eJ'Ubb'U'U 9-Point Hedonic Scale bb~t:Ufll~ La b L'V11fl'U 51.08, 
' 

-9 .18 bb~t 13. 7 4 \9rn.Jl;'l1~'U fl1 Aw L 'Vl1fl'U 0.45 tl~mrurn1:utu{eJtJ~t 4.10 L\9ltJlJ'U~mru 

'<il~'Uvi1c1J-:ivt:u\9ltl~mru~~\91 11 Lrn ttl~mru 1r1~vJ eJimL ur1v1 L1tJ\,l7:Ul-J1(,l 1~7'U~~ (,)Jl ru6t'i"11:u"1J'U ' ... ' 
~:u'LI1'Vl1LL~-:i (:u~"/1. 480/2547) ~nJ-:ii1mc1m1Lnu1~eJ~1-:i1.JeJtJ 2 L~eJ'U('UhJ 1111c1r1ru~m.JM 

' ' ' 

1tcJtnmm1Ln'U'fo~1 L\9lcJm1:utm~:U\91'U i'1ri1Lu~cJ 1.50 LtleJiLt'U(;) 'VlU11~~(,l.flru6t'i-ff11rt1~ 

'l.J';j';j'<i) 1 'LI fl-:JeJt~iJ b 'LltJ:U'WeJ clvl Lrntm~ruru1 fl11'1b Vll-J1t~:U~'<iltil 1m 1 m 'LI fl11 bfl'U'rn~1-ff 11rt1 L\9ltJlJ 
'I 'I 'U 'I 'I Q.I Q.I 

tl~mrurn1:ut'U-ueJ-:i~~(,l.flru6t'i-ff 11rr1vt~-:ilinmfiuf n~7'U7'U 30 1'U 1 ~e-m bJLL\,lfl\>l7-:Jn'LI ~~1?1.nru6t'i 

-ff 11rr1~u 11'<il 1 uri-:i eJt~iJ L 'LlcJ:U'WeJ cJvl LL~ tmmu ru1ml'l :i:h.J~m rum1:ut'U 1 'LI1'U~\9l'Vl7cJ-UeM m1 Lfl'U 
'I 'I '\J 'I 'I V V 'I 

eJt~fa 'LlcJ:U'WeJ cJvl LL~t ri-:i~ruru1n11'1 hJiir1111JLL(,l fl\>l7-:J n'LieJ~ 1-:ii'1tl'm{1r1ru'V!1-:i~(i M~1t~urn1:u 
'U 'I 'IQ.I V Q.I 

Lzjmtu 95 b tleJiLt'U(;) Ll?lcl~1'U~'1Je]-:J~~l?l.flru6t'l'll11rt11'W'U11'<il.flru6t'l"/J'Ul?l 1 'Vl~beJVlfi~'U 1 'Vlm 'Vl';i~~'U 
' ' ' ' 

eJ~~iJ L ucJ:uvJ eJ cJ vi Lb~tm~ ruru1 m 1'1 iir111:u LLl?l fl\>l 7-:J n'LI eJ ~1-:iiitl' tJ ci'1r1 ru'V! 1-:i~ (i Mvi1~~u m1:u b; eJlJ'U 
'U q 'IV Ill.I V 

95 L'LleiiLt'U\91 L\9lcJvfl'Umeit~faucJ:uvJeicJv1iJr1::;LL'LI'Ufl1Lu~mvi1nu 3.10 ~1'Un~'U1~-uei-:i~~(,)J1ru6t'l 
' " 
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n9Bru1 fmh:il"l LL1;1:::1-1ru::: (2549) PlflB7c.Jl;l'1leJ-:J"ll'W~'U11~J1ru-riMt1fl11LtJ~cJ'trntJ1;1-:i 

riru.n1'V'l"1Je:J-:Jc.J~v1J1ru-ri"ll1i11V1m..1ll:::~1 UVl~e:J'W (in 1 UVl~e:J'W : i11V1e:Jllll:::~~1 e:i~11~1'W 10 nf:w 

: 25 nfii) u11~1'W'lJ11~J1ru-ri"ll'U~~·1-:11 fie:i 1'V'l~1'V'l111~'W eJ:::~fa-ucJiiV'lmJJ m1:::~-:i~qJqJ1fl1fi'l 

~eJruVl.nil 30 e:i-:ifi'l1 L"llm'licJ?t &i~m:wm1 L tJ~ m.JLL tJ1;1-:i'Vl1-:i1?11'W fl1cJ.fl1'V'l L1-1iHh.n1mL1;1:::tJ1::: Lil'Llt:-Jl;l 
• 'U 

~-:i°l1'WLL'1:::tJ~mru catechin iim11;1~G'l-:Jt1~1-:iiitl'm11fYqJ (p< 0.05) LLG'l:::'V'l'U17A7'U~ll1rutl1B?11::: 

c.J~ ~.fl ru'Y'liim1 L tJ~ cJ'WLL tJ1;1-:i~1 ni1 e:i~1-:i L~ll\91'W~Lrh.J1 'WU11~J1 ru-rimmil L ifoiiV'le:i mh1 e:icJ n-i1~ Ltl'U 
• 'U 

~Lnu 1 'W'U 11~.fl ru"t'l e:i:::1;1il L 'UcJ:WV'leJ cJJ LL~ nM1-:1~1ni1 eJ ~1-:i L ~ii \91'Ll'UeJ cJ~?f ~ ~1 n m1i LA11:::~'Vl1-:i 
• 'U • 

ti rn-J'W 'V'l'U11t:-J ~ ~.fl ru-ri~ Ltl'U 1 'W'U11~J1 rusrim:1;1il L 'WcJllY'leJ m-Hl1-1::: LL 'W'WLL~ nM 1-:i~1 ni1e:i ~1-:i L~:w t,1'W 
• 'U 

1.Je)cJ~?f~ 'vZ-:il?l1'Ll'J?f"ll1&i A11ll'1Jll niu bLl;l:::~ bb~fl1cJ'\/l~-:Jfl11Lfl'UfnB1b'U'Ub11;11 90 1'W ~e)tWVfflil 
• • 'U 

30 eJ-:Jfi'l1L"l!m61icJ?t 1'W'1Jru:::~fl1'Jbtl'Uf flB11'Wtl-:J?ff.1Jill1fl1PI LLG'l::: 1 'V'l~1'V'l1'Y1~'Llbtl'UfflB11vl'W1'W 60 1'W 
'I 'IV V 

fl11bnUfflB1 n:::b'V'l'JlLL~-:J (Ocimum sanctum Linn.) 1~tiPlflB18ruVlfliJfl11eJ'ULLi½-:in:::L'V'l17bb~-:J 
• 'U 

~1:::(P'l'\J 40 50 bbl;l:::60 eJ-:JPl1L"llm"licJ?t bb'1:::bt1'U1'm~1~t1ruVl.flili½e:i-:i1~cJU11~1~mt1:::'1lJL'UcJlJ'}'jeJcJJ 
'I 'U q , 'U 

m1iii'W?t-:in11mt1:::61ilL'WcJllY'lmJ~ ~TWA7 (L) bJLL~nM1-:Jfl'W LL61:::u~mru?111 Ursolic acid ii 
'U • 'U 

u~ m ru 61 vrn -:i 



d 
'U'Vl'VI 3 

1. Vel'Vl1'U€lrt (Methanol; CH 3OH) 95% 'U~i'Vl Labscan tl'J:::b'VlPl1'VlcJ 

2. ~-W-Wb€l'tf (2-diphenyl-1-picrylhydrazyl: C18H12N5O6) 90% 'U~i'Vl Sigma tl'J:::b'VlPlbcJB'J~'U 

3. 'WB~'U ~1mbflff~ ~b€lb'iil'Ul?i (Folin-ciocalteu reagent) (Garlo ERBA) 'U~-0''Vl Sigma tl'J:::b'Vl\31 

5-m~~ 

4. 161.lb~mm1{'Um'U1?1 (Sodium carbonate anhydrous : Na2CO3) 'U~-0''Vl Ajax Finechem 

tJ 'J::: b 'Vl\31 €l €l?!b\?1 'J b~ cJ 

5. n'J~bbflrt~fl (Gallic acid : C7H6O5) 98% 'U~-0''Vl Fluka tl'J:::b'Vl\31?111?lb"ll€l{bbrt'Uvl 

1. ~€l'Urt:W~el'U (Hot air oven) Memmert ~'U ULE 600 tl'J:::b'VlP!bcJ€J'J:W'Ll 
" ' 

2. ~el'Ubbvt~?ltlH"Ulfll\31 (Vacuum oven) 'U~i'VlBbAY1~b'Vlfl tl'J:::b'VlPi1'VlcJ 
'\J q V V '\J 

3. bfl~m Spectrophotometer Spectronic genesys 1'Ll 1001 PLUS tl'J:::b'VlP!bcJ€J'J&J'Ll 

4. bfl1eN1~fl1 Water Activity Novasina 1'U Thermo constanter TH 200 'UWb'Vlf'l 

?111?1b61.lB{mmvi" 

5. bfl~€l-:!1~fl1~ (Colorimeter) Hunter lab ~'U Mini Scan XE Plus 
' 

6. bfl~B-:J~el'U Sieving machine 1'U VE1000 tJ1:::b'VlP!bcJ€l'J&-1'Ll 

7. bfl~B-:i~w:...mii (Vortex mixer) Heidolph 1'U REAX 2000 'UWb'VlP!bcJ€l'J&J'U 
' ' ., 

8. bfl~m-U-:J'Ll1Vlt!fl'Vl\31'Ut.i&J 2 ~lbb'Vl'U-:1 Sartorius ~'U BA 610 tJ1:::b'VlP!bt.lel'J&J'U 
' ' ' ., 

9. bfl~m-U-:J'Ll1Vlt!fl'Vl\31'Ut.i&J 4 ~lbbV!'U-:1 Sartorius ~'U AC 2115 'U'J:::b'VlP!bt.1€J'J&J'U 
' 

10. bfl~el~U~t:.J1jfl tl1:::b'Vll311'Vlt.1 

11. ~:w?1ruru1mP1 
q V V 

12. Infrared thermometer 
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13. \91:mm-:rfau 61JtJ7(>1 50 60 70 m,::; 80 Ll.l'tl Retsch 'lh::;L'Vli'lbclff:il.JU 

14. e:itlmuhhvlfofll';j'V](,1?\e)'\.J'Vll..:J'LJ';j::;?fl'Vlil.Jer?I 
' 

, d 11 

16. e:itlmruLfl':ieJ..:ibbnl 
' 

17. Lfl(>)(>)fl"Jll.l{u (Desiccator) lndosaw '\.J';i::;b'Vli'11'VlcJ 
'\J 

18 . .fl7'1f'U::;eJ::;'1faUcJl.l?f7Vlfovt1m1l.l{'U (Moisture can) 
" 

19. fl1b1\91\91 

20. bbYl..:Jbb:WbVl~n (magnetic stirrer bar) 

21. t1..:ieJ::;'1faUcJl.l~e:imfo1fa 'U\9161J'U7(>1 4"x 6" 
' '\J 

22. t1..:i'Y'lm?t&in1?t'1f'Ll(>)b'Y'l~1l'l':itl~'Ubb'\.J'\.JVl'U761J'U7(,1 4"x 5" 
' 

23. m::;m~me:i..:i Whatman no. 1 bb'1::; no. 4 

~e1'Wvi 1 Am~n ~ ~ "llel .:i1GnTrn~ ::~.fl11:: b 'W nTn~ ~m.J1 ~ t1~u rieJ'W nTrvi'1 bb ~.:iviij~eJf>Hl.!.fl1-W"lleH 
• • 

1u"ll~~.:i 

L ~ e:i L tlu n7':ifl1 U fl:Wfl ruml'l<LJeJ..:i<LJ '1 ~N 1 vfil fl run 7'Y'l~ ml 1 L?ll.l eJ.fl 1 cJvt~..:i fll':i t:-i ~ \91 ~ ..:i ~ e:i ..:iii nTa 
'I 'I 'U 'I 

.:::,,. ~ d,, c:::: i.l i.l .Q 

't.J-:i~u1w 5-7 b-o'Uv1b:lJ111-;i ·'1·1t1'UtJVl'Ub'U'Ub?ltJl"illl.J•1r:r1..:ifr-n-rtJ1::;mru 0.5 L</l'U(,m.J(,11 c111-Jj::;mru 1 

b615'U~bl.J\9l';i ~1..:11 vt?f::;e]l(,1 bb~::;~..:)1;'ll.J 1 Vlbb vf..:i 

b~eJtl'iill':it\Jlfl t\J.fl1'Y'l61JeJ..:J'1l71 '\.J<LJ~~t:-J~ \91~1cJ1fii..:i b~l.J61JeJ..:J'1ll.J6ll'U 'Y'l'\.J11 ~ n'iiJ::;i'J~fleJ'U"LJ7..:J~7flJ 1 
' '\J ' ., 

l'l..:J11'U ..:i1'U1 ~ cJ'l1~..:i fi m~n fi..:i1fifl1'J b\91 ~mJ1 \9lt:l~'lJ fi eJ'U fl1':i°Ll71 tlvh Lb vf ..:i L ~ eJ'l.l-r'lJ'll'J..:i r1 run1'Y'l<LJ eJ..:i ~ 
' ' ' 

bb'1::;f1..:Jfl17l.J L ;cJ161JeJ..:J 1 'lJ<LJ~1 it mli1mn~?f (,1 .ff 'U\9leJ'Ut1~..:i~ n~1b tl~cJ'lJ L vi cJ'lJ1fifl1'J LL'1::;?1n11::; 1 'Ufll'J 
" ' 
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2. m1~1n11..nl1 1~cJmn1u'lJ6'l~e:iruV1J1iJtl1L~ie:i~ b'U'Unm 1 'UTvi -5m1G11'U'lJe:i-:i1u'lJ6'l: tl1ffiimn 
'U 'I 'U 'U 

fie:i 1: 12 LL~1LL61Jb'Utl1b~'U (e:iruVJJliJ'lh~mru 4°C) 'Vi''UviL-um1~1 1 mvi 
' " 

fnl:1-Jb'LJ:W'LJ'U 0.06% (Maharaj & Sankat, 1996) 'V1e:iruV1f1:ihl1b~eJ~ b'U'Ub1m 1 'U1vi B\9111'11'U'lJ0-:J ' ,, 

1u'lJ6'l : tl1vflimn fie:i 1 : 12 bb~1bb'1lb'Utl7b~'U (e:iruVJJliJ'th~mru 4°C) 'Vi''Uvib'U'Ub1~1 1 mvi 
" ' " 

~nrnlm111 u'lJ~~~7'Uf711b\911cJ:W 1 'U?1J111~1,11-:i 11 D'Vllbb vi'-:im:w15m1~-:i b~:W'lJeJ-:J't17TU l'U fie:i 

f1'11 'Um~'Yl~e:i~~fa-ucJ:w~1cJ 1~eie:i'U 1~cJ 1 -u:ifovl?11:wmi10~1bb'Yl'U\91~Vl~h'U7'U 30 'UTvi :u1mf mn~cJ 
" ' 

1. 'lJ~mrum1:w~'U (AOAC, 2000) 

2. Al~ 1~Al~'lJe:i-:11U'lJ6'll!-l-:J~1mr1~0-:i colorimeter 11cJ-:17'Ul!-lmtl'UAlfl17:W?f11-:J (L *) Al 
" 

fl11:1Jb'U'U~bb~-:I (a*) bb~~A1fl11:IJb'U'U~bVl~e),:J (b*) bb~~fl1'U1tWV!lA1fl11:Wbb\91n\,17,:J'lJe),:J~ (.6.E) 

bD1cJ'UbvicJ'Ufl'U 1 'U'lJ6'l?f~ 
" 

3. 'lJ~mru?fl'a'lh~neJ'U~'UeJ~flJ-:iVl:W~ (Total Phenolics compound) 1~cJlfi Folin-

Ciocalteus method (Zhou and Yu, 2006 ) 

4. ?f:W1.J~f71'ab'U'U?fl'a~l'Uff4¾J~B?f'a~1~cJ15 DPPH radical scavenging (DPPH assay) 

l>l~bb'lJ~-:i:u1n1fi'lJeJ-:J Brand-Williams, Cuvelier Lb~~ Berset. (1995) 

5. f71'a'Yl~?feJ'Un7'acJeJ:Wfo'Yl7'1D'a~?f1'Yli:weY?t'lJm~u~1Jlri ~1cJ15 Scoring test 'lJ'a~biJ'U 

fl11:IJb'V:W'lJeJ'1fltW~mtru~lii'7'U~b;cJ1'lJeJ'1'lJi:1l!-J'11~cJ 1 Vl:IJlcJfi-:i ~b;cJ1b'V:W'WeJcJ~?f~ bb~~ 5 Vl:lJ7cJfi'1 
' 'U ' 

I 'i,/ I I l/ 

V!:IJ7cJfi'1 ni':\'U'a?f'lJe)-:J'U1?f n~iifl11:Wb 'V:W'WeJcJvi?f ~ bb~ ~ 5 Vl:IJlcJfi-:J ni':\'U1?f'lJeJ'1'Ul?f fl~jjfl11:W b 'V:W:lJl n 
' 

ij1;,~i=l1911 btJm1m 5 'Ul'Vl :u1m!'UmeJ'1~1cJm~m~me:i'1 Whatman no. 1 :u~1~?11'a1;,~mcJ~?ffl~ 

:u1n 1u'lJi:1l!-l'1i1wfo'U11'lJ1Lm1~~ 
'U 

., 
O O I ' 

'Yl1f71'a'Yl~i;,0'1 3 "1f1 11'1bbl!-l'Uf71'a'Yl~ffeNbb'U'U~:W?f:W\j'atW (Completely Randomized 

Design: CRD) lbfl'a7~~fl17:IJbbD'aD'a1'U'lJeJ'1'VeJ¾Ji;, (ANOVA) vi'a~l>l'UUcJi1ri'qi 0.05 bb~~ 

b'lffornvit1'Ufl17&Jbbl'lnl'l7'1'lJeJ'1Albi2~c.Jl~c.J15 Duncan's New Multiple Range Test ~1'\Jf71';i 
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'Vllil?leJ'U'V17-:J'IJ1~?!7'Vli1lJeY?l11-:i bbt:-i'Wn71'Vllil"1eJ-:J bb 'U'U~lJ 1 'W'U~eJn?llJ\j'JtU (Randomized Complete 

Block Design: RCBD) 

fl\ilb~eJnMn1~ 1'Wf17'Jb\111cJlJ 1u'1JG'l~7V11'Uf17'JV17'1JG'lt:-J-:J~i1ri1 llE ~7 bb'1~ 1v11'Ufl~bb 'W'Wfl17lJ 
'U 'U 

' ., ti CV i,I .::::il.::::il I CV ti c:i, O V I O Q.J 

t. '1JlJ'1JeJ-:J flru'1 n~ru~m'W?l L 'ti m'1J eJ-:J'll "1 t:-i-:i Lb"1~fl ru '1 n~ru~ lil 7'W f1'1'W 1?16/.leJ-:J'W 1?1 n lil'<il 1 f1'1J'1 t:-J-:J ?l-:J ?11V11'U 
'l 'U q 'U 'll 

1m 'Um1vr1m1V1\il'1t1-:i-&'W~e) 1 'IJ 

bbVl-:JbU'W 4 15 Atl 

1. f11'Jt11 'U"ll711lJ!l'Uf17'Je)'U bb Vl-:J\i11 cJ\?le)'Ui;'ilJ{eJ'W 
'U 

2. f17'Jt11 'U"ll711lJ!l'U f17"je)tJt.b Vl-:J\i11tl\?ltl'U bb 'U'U?lflHU7f17P1 
'U 'l V QJ 

3. f17'JeJUt.b Vi-:J\i11cJ\?ltl'U'1lJ{eJ'W 
'U 

4. n11t1'U t.L vf-:iv11ti1?1eJ'IJ?lruru1rnP1 
'\J 'l QJ V 

LU'Wnm 57 'WTvi ~1vi1'U15v1:wn11t11'1J'1J111lJ\i11cJ bb'1~t1'UbbV1-:JLU'Wt.1"11 108 'W7'Vl i1vi1'U15m1 

t1rnt. vf-:iv11 cJ l?i' eJ'U ?I ru ru 1 m Pl '<il'W m~vi'-:i \911 eJ ~1-:ii1 r111lJ{'W?1 lil'Vl 7 cJ 1~ Li'i'W ·fati '1 ~ 7 ± 1 t. -dm~ cJl n'W 
'U 'l V V 'l 

'<il1rn!'W'l..17(il1t1~1-:im cJVl~-:inT:iVJ7bb vf-:i 1 'IJ'U(ilbU'Wt:-i-:J 1t1m.h'W\1l~Lt.m-:i'll'W71il 50 t.lJ61l '<il'W 1tii't. U'W'1JG'lt:-i-:i 
'U 

V V 
0 0 0 I i.l I V.c;il 

'V17f17'J'Vl\ilfleJ-:J 3 61!7 bb'1~'W7'tl~t:-J-:JlJ7\11':i1'<il?leJ'Uflt1JJl7'V'l\il1'W\917-:J11il-:J'W 

1. fl7ITT'W1~'U'IJ L*, a*, b* 

2. f11'J'Vl(il?feJ'U'V17-:J'IJ':i~?l7'Vli1lJeY?l'tleJ-:J~'U1bflA\i11cJ1TI 9-point Hedonic Scale 1m1i1 
tJ ' V 

15f17':ib\111cllJ'U7'1J7'1JG'l b ~ eJV17 f11'J'VlVI ?I tl'U ~-:J'U 
'U 

tl1~"~~tJ1iJ1ru 1 nfll 611~fltJJ1niu~lJL~eJ~iJ1iJ1ru 75 iJ~~~t,11 LtltJL1G11 5 cu1vi 
'U 

'<il7f111'WmeJ-:J\i11 cJm~vi7~fl'JeJ-:J Whatman no.1 '<il~ 1Ji't.um17"1l7'1JG'l bb'1~'U7lJ1'VlVi?leJ'Uf111cJeJjj1'\J 
'U 

'Vl1-:J'IJ':i~?l1'Vl~lJe1'?16!.leJ-:Jer'U1LJl A'11'W'J'W 30 A'W b ~eJ'IJ':i~ t.il'WA11lJ"lleJ'U'1JeJ-:Jflf,1J~ fl~t1J~\i11'W~, fl~'W, 
'U ' 

fl~'W'J?l bbfl~fl17lJ"lleJ'U 1vi t.J':i1lJ6/.leJ-:Jtl7'1J76/.1'1 l(ilcJ 
'U 

2 VllJ7cJ~-:J h1'1JeJ'UlJ7fl 

3 vimcJ~-:i 1~'1Je:iu'IJ1'Wmn:i 

4 vuncJfi-:i hJ'lleirn~rn!e:icJ 

,,, ~ .., 
6 VllJ7cJtl-:J "lleJ'Ubflfl'WeJcJ 

7 VllJ7cJ~-:J "1leJ'U'IJ7'Wfll;l7-:J 

8 VllJ1cJ~-:J "1lfflJlJ7fl 

9 VllJ7cJfi-:J "1leJ'\JlJ7nfi?l\91 
' 
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5 VIJJlcJt°i-:J bUcJ1 

3. 1v1tfhnru'111tJ1~neluvJu el~ mL"1 ~6'17':i\9l7'LI el'I.JlJ"1B6'1':i~ DPPH 1v1t:Ji115m':ib~1t:JlJt11 
'" 

'1flvt'17n61Jfit:-J-:i'11Vl'fu1v1tJ~mru6'111~1el~1-:i vi'-:i-d 
" 

tl16l.J~~~tJ~111ru 1 nf:w 6tl.:jfltJJ'1niu~lJb~eJ~iJ~lJ1ru 75 iJGl~~\911 biJtJL1'17 5 tJ1Yl 
" 

'11ni1'Wmel-:i~1vm~m~mel-:i Whatman no.1 '1~ 1~'17':i"1~mt:J~6'1fll91'17n 1 'lJ6/Jf1t:-J-:J 'U7'11':i'1fll91~ 
" 

1~tfiLm1~vhfimru6'111tJ1~miuvJmi~mLf1~6'111191Tuel'UlJfiB6'1':i~ DPPH 
'" ., ., 

'V11 n 1 ':i 'Vl 191 "1 el -:J i-:i VI lJ 191 3 6111 11-:J Lb t:-J'I.J n 1 ':i 'Vl 191 "1 el -:J bb 'U 'U ~ lJ 61 lJ \j ':i ru ( Completely 

Randomized Design : CRD) '17Vlf'Un7':i'Vll916'1el'Uf17ITT'LI':i~'U'U L*, a*, b* 17-:Jbbt:-J'Un7':i'Vlvt"1el-:Jbb'lJ'U 

~lJ1'LI'U~eln?llJ\j':itU (Randomized Complete Block Design ; RCBD Vl~el RBD) '11Vlf'lJn7':i 

'Vll916'1el'U'Vl1-:Jtb~6'11'Vl~mr6'1v11 !:J15 9-Poi nt Hedonic scale 1 bfl':i1~'Hfl17mb 'U':i'U':i1'U6/JeWUm.m 
" 

(AN OVA) ~ 1~ vi'u ,1 v '17 fi' qJ o. o 5 bb"1 ~'Vl 1 n11 b tJ1 cJ rn vi cJ u r111mb~ mh-:i 6/J el-:J ri 1 bu~ cJ 1v1 t:J15 

Duncan's New Multiple Range Test 

fll91b~eln15n7':i~LV!m~6'1lJ 1'Lin7':i'V17bLi-:i61Jfit:-J-:i 1v1t:J~':il11ru1'11nri1 b.E ~1 bb"1~ hW'lJfl~bb'LI'I.J 
" 

tl11 'lJ6/Jf1bbi-:i~L~1cJlJ 1v1m'V17n7':i'Ul91"11916/J'I.J11911 i:w'1l'LI7191el'Ufl7flbb~n1sh-:in'LJ 4 6/J'L.!7191 L191cJ1 i 
" ' ., 

I 1/ 0 I .:::::.. ~ i/ I CV .c::il 

~~bbn':i-:J':iel'LJ6/J'LJ1191 _ 50 60 70 bbfi~ 80 blJ'il bb'11'1.J1'1J~t:-J-:JJJ71bfl'a1~V!fltl.!Jl1~1911'LJ~1-:J1 vl-'.l'LJ 

1. ri1~ 1191f17~'1Jel-:Jt:-J-:J'1Jf1v71mfl~el--'.I colorimeter 17cJ-:J7'LJt:-Jm'U'Uf17fl11lJ6'117-:J (L *) ri1 
" 

fl11lJb'U'LJ~bbl91-:J (a*) bb'1~f11fl17m'U'LI~bVl~el-:J (b*) 

2. tJ~mru6'111tJ1~nelUvJ'LJe:i~r1J-:iV1lJ1?1 (Total Phenolics compound) L191cJ15 Folin­

Ciocalteus method (Zhou and Yu, 2006 ) 

3. ?llJ'U~n7':ib 'U'LJ6'111\9l7'Uel'4l;j"1B6'1':i~ LvtcJ15 DPPH radical scavenging (DPPH assay) 

vll?lbb'U"1-:J':il7n156/Jel-:J Brand-Williams, Cuvelier bb"1~ Berset. (1995) 

4. fl17lJ6'17lJ11tl1'LJn71"1~'11cJ (Solubility) (Sanphakdee, 2007) 

5. n7':i'Vlv16'1el'lJn7':icJellJf'U'Vl1-:J'U':i~?l1'Vl~mr6'161JeJ-:Je!'U~LJlfl L\?l!:Jb~1t:JlJt11?1fll91'17n61Jf1t:-J-:J~1lJ 
" " 

15n 1':i b~ 1 cJ ml 1?1 fl l?l ':il 1 n61Jf1 t:-.1-:J bb~1'U 1lJ 1'Vl \?l 61 el'U fl 1 ':i cJ m.J fo'Vl7-:J'U 1~ 6'11'Vl ~lJ ~ 616/J el-:J e! 'U ~Lfl fl~1 t:J15 
" " 

9-point hedonic scale 'Vll91?1el'Ufl17lJ6/1el'Uv77'U~ n~'LI n~'LI':i'1 bb"1~fl17lJ6/1eJ'lJ Ll?lcJ':i1lJ hrn 

1 VllJ7t:Jfi-:i hi'lle:iumn~'11?1 bb"1~ 9 V!mt:Jfi-:i '1lelumn'V1611?11ie!'Vl1?16'1elt.J~1lieh'Un11tlnr-Jmh1..J1'U 
' ' " 

30 fl'LJ 
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., 
'Vl1f11'JYlli1i.7EM 3 6111 11·:ibbt:-J'Uf111Ylli1i.7'El'1bb'\J'\Jzj:W?l:W\j'HU (Completely Randomized 

Design: CRD) 1Lfl11~~fl11:IJLL'lhth1'U'lJ'El'1'LJ'El:Wi.l (ANOVA) vl1~\91'\JUE.Ji1fi'ru 0.05 Lbi;l~ ., ., 

btl~EJ'\JbviEJ'\Jfl11:Wbb\9lfl\911-:J'lJ'El-:Jf11bO~E.Jbli1815 Duncan's New Multiple Range Test '11'Uf11';i 

Ylli1?1eJ'\JY11-:J'U';i~?l1Yl«:wt:'.J?111-:i bb(;.J'U fl 11Ylli1i;i eJ-:J bb '\J'\JG'1:W 1 'Ll'IJ~eJfl?l:W'\J';it\J (Randomized Complete ' ., 

Block Design: RCBD) 

\-1\il b~e) fl'lJ'U1\i1'lJ'EJ-:J'lJ~(;.j-:Jvl b Vl:IJ1~?1ml 1 fl 61:W'U&i \i11'U f11';ji;l~i;l 18 tl~:w1ru?11';it]';i~fleJ'\JvJ'U e)~ fl ., 

J-:iVl:Wlil ?1m°1iim';ib'U'U?l1';i\911'UeJ'U:Wi;iB611~ bb1;l~fl17:W'1!eJ'\J bli1EJ';i1:W J1wf'\Jf11';iY1\i11;leJ-:J1uiu\9lv 1tl '., 

\9lel'U~ 4 n11flm~t1'tf'Wlil"IJeJ{l'\.J'a';i~.11ru,i'~e1flru.n1'W"IJel{l"IJ~~{l';i:::V111{lflT'Hnufm~n . ' ., 

b ~e)-:J'iiJ1fl blilEJ-0'11 U'lJ';j';j'iiJJltU6r1vl'l 'ti'LJ';i';j'ii)61j11 'U'lJ~?i1'U 1 muJm 'U'lJ'lJ';j';j'ii]Jlf1!'161l'U\i1'1-:J'V'li;l1?f &i fl 
'I 'I 'U V 'I 'I 

1?161l'Uli11 'V'l~b 'V'l';i'W~'Ubb 'lJ'lJVl'L!1 LL\91L ~eJ-:J'iil1fl'V'l'lJ -uruvn11 {;.j~\9ln ru,i'vlv8fl1EJ 1 u~ rnnli1f11';ib~v:wb~EJ 11il ., ., 

b 'U'W'lJ ';i 1'iil Jl tU'161l'U li1Vl11-:ivliJ fl tU 61:W'U&i tfo-:i fl 'Ubbi;1-:J eJ eJ f1"6 b 'iil 'W bbi;l ~ fl11:W;ff 'U 11il~ ~ -:JlJ bb 'W1 ~lilvl 'iil ~ 
' ' 

Yllili;l el-:J'U1 b eJ1fl{leJ ~ 1;,ij b 'UEJ:W~eJ 8 ~1;, 7ij b 'W \91 :w11 it 'W f11 ';i'LJ ';i';i'iil bbi;i ~ bf1'\.J,r fl~1(;.J ~ \91Jl tU'1'lJ~ (;.J-:J 
'I \.I 'I 'U 

b tl~E.JrnviEJ'llfl'lJf11';j 1 off m'V'lm61&ifl 1?161J'Uli1 b 'V'l~1 'l"l';i'Yl~mb '\J'\.JVl'W1 
' 

'\_J';j';j'ii]Jl ru'1vlbb\91 f1 (,11-:J fl'U 2 61l'Uli1 A 'El fl-:J'\!'H'l161&i fl 1?1'1l'Uli11 'V'l m 'V'l';i'W~'Wbb 'lJ'lJVl'W 1tJ\i1[;.J'U flbbi;l ~ 
' ' 

rne:i~1;,fa -uEJ:w~e:imfo 1ii b 'Wv1Uli1(;.J'Uf1 ?/:w(;11eJ 81-:imv1';i1 'iil?leJ'\J f11';j bu~ EJ'W Lb '\.J1.,-:i';i~V111-:i f11';ibt1'\J-rfl~1 ' ., ' 

1. u~mrum1:wtu (AOAC, 2000) vl7:W1ITTt!.f11flt:-J'W1f1 fl-1 

2. r11~ 11i1f11~'lJ'El'11 'Ut:-J-:J'lJ~lil1mfl~B-:J colorimeter \911:W1ITT 'U.fl1flt:-J'W1fl 'lJ-1 ';i18'11'Wt:-J1;l ., 

b'U'Uf11fl11:W?l11-:J (L *) f11fl11:Wb'U'U~bb\i1-:J (a*) bbi.7~f17fl11:Wb'U'Ui=1bVl~el-:J (b*) 

3. r11 Water activity bli1mfl~eJ-:J1bfl';i1~~f17 Water Activity \911:W1ITT'UJ77flt:-J'U1fl n-4 

4. f11';jY] li1 ?I e)'\_J f11 ';jEJ eJ:W fo Yl 1-:JU';i ~ i;11'Vl6'1:W il' ?l'lJ e)-:J~'\J ~bJl fl blil 8 b\91~E.Jm.1161 fl li1 'ii] 1 fl'lJ ~ t:-J-:J \911:W ., ., 

9-point hedonic scale 'Vlli1?1eJ'Ufl11:W61lffU\i17'U~ fl~'U fl~'U';i?f bb1;l~fl11:W61JeJ'\Jb\i18';i1:W blilEJ 1 

VlmEJ5-:i 1:w'1le:iumn~?lli1 bbi;i~ 9 V1:W1E.Jfi-1 61leJ'lJmflvl?11i11.ff~Vlli1?1eJ'\J~1:J~1'Wm';itlmJmhu1u 30 ' ' ., 
fl'W 

., . 
'Vl1f11';i'Vl\i11;le)'1 3 '1!1 bbi.7~ btl~EJ'\JbviEJ'Ufl11:wbb\9lfl\,11'1'lJeJ'1f11b0~8\il1815 t-test vi1~(,l'IJ 

t!EJJ1fi'tlJ o.05 
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bbmm11b~b.J b61.lb~m.J L 'Umfum 'W\Ml17:Wb<LJ:W<LJ'W 0.125% 11?w1.hv!'l.Tn vi~mbrim;cJ:WeJeJn L61.ll?l~-:ihJ1 'W 

J1~1-b'mn '1~-d1 cJ'UeJ-:Jn'W1~1 '!Xri~eJ bvJmh1nvh~1cJvh1 'IX~ nff:iri-:ii1~b -l1m b'll'Wb~:w (U5cJ7 
'\J 

~\91'W1U'W'Wvi, 2544) 

.J1'1J,fo-M~~1'Wn71b\91~cJ:W.ff'W(,l'\.J~bb\91n~h-:in'U 3 15 fleJ 1~i1n71b\>1~cJ:W.ff'\.J(,l'W ~1n 1 'W'l17 bb~~ 
'\J 

mn 1 'W?111~~mmb:wnih;cJ:wr11fom 'W\91f117:Wb -ff:wi'W 0.06% m1 bfl11~~flru.n1v,~1'W~1-:i1 L~bbri 

tl1m rur111:w:ff 'W r11~' tl1mru?111tl1~ nm.1Yl'WeJ~ nJ-:im.11?1 bb~ ~?1:1.J'U&i m1b 1J'W?l71(,17'1.J eJ'W:W~ B?l1~ 
• '\J 

bb~~'\ll \?l?leJ'lJ n71cJ eJ:Wf 'lJ'\ll1-:JU 1~?11'\/li:W~?l'IJ eJ-:J~\.11fo fl~ 1'\.J 1-111:W b 6LJ:W'IJeJ-:J~ b 61J cJ1 bb~ ~ n~'W 1?1 ~1 cJ15 
'\J ., 

..:::::. f{q q V Q 

Scoring test e-J~n711bf1d7~V!ild1cJ~~belcJ\?l\?l-:J'W 

1) tl~mrur111:w:ff'W 

., ' ., 
'17n n111 bm1~~tl1mrur111:w;'W'lleJ-:J'IJ~ e-J-:J'Vl b\91~ cJ:W'U'W(;l'W~1 cJ15~1-:i 'l e-J~ m11 bfl11~~ 

.., d 
fltU.fl1V'lbb?l\?l-:J\?l-:J\91111-:J'\ll 4-1 
' 

., ' ., 
\91711-:ivi 4-1 1Jlw1rurn1:w~'W (%) 'llm'll~e-J-:ivibl>l1c.J:W'U'Uv1-u~1c.J115(;11-:J 1 

., 
..:::::.oC:ll oCll CV iJ 

15bmcJ:W'IJ'W\91'W 

l~i1 n71b\>1~cJ:W.ff 'W (;l'I.J ( ~1 el ~1-:Jfll'lJ fl:W) • 
mnluJ1 

~1n 1 'W?l71~~mcJ 

bb:Wn'Ub;m.Jmi'Um'W\91 0.06% 

7.02 ± 0.54 

7.15 ± 0.70 

5.85 ± 0.59 
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Vl~el 1-:ifl1~t1 zj,:ilim.J1 'LleJ1V111m:wu'Vi:W"1.J1~ b 'tl'U ~b;tl161Jel-:iil'n 1rn;ti1b~el-:i~1niim=rn hvJG'iJ Vl~el 
' 'IJ 

~b'Vl~el-:i ~~:w bbG'i.:;~bb~M b~el-:i~1n~6/Jel-:Jbbfll1vi'Lleltl~ b'll'Ll\>l'Ll (u5ti1 -r~'UTU'Ll'Ll'vl, 2549) zj,:i~b;ti1 

6/Jel-:J1 'U61J~t!'U di~~ 1 n flG'iel 11vJ G'iJ 1~ tl n11 b 'U~ tl'U bb 'U 6'1-:J~ bn~t'Ll1 'Llvl"1.J~ii~ b; tl11 'U 1.:;VJ11-:i 
'IJ 

n1.:;'U1'U n111 '1Xfl11:W -r el'UA el n11 b 'U ~ tl'U~1 nflG'i el 11vJ 6'1J1 'U b 'lJ'Uvl1el 1 yJ ~'U zj,:iv\'11 '!Xbn~ n11 

b 'U~cJ'Ubb'U6'1-:J~1n~b;cJ1 (bright green) 1 Ub'lJ'U~J1m6'1 (olive-brown) 1~cJn11b~~cJ:w.ff'U~'Llflel'U 

n11'Yl1bb iX-:it!w:'f1:l-l11fl6lj1cJ'rn~1fl6'1el bvJ6'16'11 'U1.:;vi11-:im1v\'1bb iX-:i11?1 (Schwartz & Von-Elbe, 

1983 ; lhl, Mon slaves, & Bifani, 1998) ~1nn111bfl11.:;~fl1~ (L * a* bbG'i.:; b*) bb6'1.:;fl1fl11:W 

bb~n~1-:J6/Jel-:J~ (bE) b 'U~cJ'UbvicJ'Ufl'U1 'U6/J~?I~ 1 'Ll61J~~-:J~bvl~cJ:W.ff w,1'U1?11 cJ15~1-:J 67 ~6'1 n111 bm1.:;~ 
'IJ 'IJ I 

flru.f11'V'lbb?l~-:J\9l-:Jv1111-:Jvi 4-2 • 
' 

v1111-:J~ 4-2 fl1~ (L * a* bb6'1.:; b*) bb6'1.:;fl1fl11:wbbvln~1-:J6/Jel-:J~ (bE) bD~cJ'UbvicJ'Ufl'U1'U61J~?l~6/Jel-:J6/J~ 
,., 'IJ 

' ., 
,:;;ii d Q.J iJ 11 ~d I 

~-:J'VlbvlW:W6/J'U~'U~1cJ15m-:J1 

., 
L * ns 15bvl~cJ:Wi'U\,1'Ll a* b* bE 

1J-1ii fl11 bvl~tl:Wi'Ll~'U 31.57 ± 1.07 0.77 ± 0.57 
a 

14.30 ± 0.24 
b 

15.86 ± 0.38 
a 

(~1el~1-:Jfl1'Ufl:W) 
' ., 

b 
18.85 ± 0.59 a 

b 
mn1'Utl'1 34.04 ± 0.19 -3.27 ± 0.25 9.61 ± 0.29 

mn 1 'U?1116'1.:;mcJ 33.80 ± 1.66 -3.06 ± 0.05 
b 

18.77 ± 1.22 a 9.19 ± 1.07 
b 

.... ., 
bb:Wn'Ub"lltl:Wfl11'Uelb 'Uvl 

0.06% 

a,b,c VllJ1 cJfi-:i f\11 'LIU i.nliY-:JU\lln\911-:Jfltlelt!1-:Jih1cJ'11Aqj'\ll1-:J?l~&i (p<0.05) 

ns VllJ1cJfi-:i f\11uu i.nliY-:i 1liu\lln\917-:Jfltlelt!1-:JiiutJG11Aqj'Vl1-:J?l~&i (p;;,0.05) 

~1nm11-:i~ 4-2 'Vi'U11 15fl11b~~cJ:Wi'U~'Uii~6'1\llelfl1m1mtl'U~b;cJ1 (a*) fl1fl11:wb'U'U 

~bVl~el-:J (b*) bbG'i.:; fl1fl11:wbbvlfl~1-:J6/Jel-:J~ (bE) 1'U61J~~-:Jbbvlfl~1-:Jfl'Uel~1-:Jii'Wm.'11r1ill'Vl1-:J?I~~ 
'IJ V 

(p<0.05) bb~1J-1ii~G'i~elfllfl11:w?111-:i (L *) (p~0.05) 1~ti'V'l'U1115n11bv1~cJ:wiwK'U~?11mw1'n~1 

~b;tJ1'lJeN'lJae.J-.'.I 1 i1Jfa.nn~i:1\71~e) n11a'lfl 1 'Ll?l11~~i;'17c.Jbblln'Ub 6ilm.Jr111'l.Jelb'Uvl 0.06% bb6'1.;fl1'j'G11 n 
'U ' 
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11.nJ1 1~cJ'Vi':il1'HlJ1':il7nA7fl11lJLL\,ln\911-:!'1l€M~ (1',.E) L'U1cJ'ULvimJni..Jlu'LJci?l~ zj,:if'i7 1',.E Vlll1c.J~,:j 
" 

fl1fl11:IJLL\,ln\?17-:!'1Je),:j~J-:ivi:iJ~LdmvimJn'U1 'l.J'LJci?l~ zj,:i~hu1ru11i1':il7n?l(,l'J 1 'Ufl1flr:.J'l.nn 'LJ-1 1~mde:i 
" " 

fl71',.E ~-:iiiri1~7LL?\~-:!11\?11eJ~1-:!'1Jcir:.J-:i1!t1ii~vhm~\ficJ-:inu L 'U'LJci?l~mn -:;i1nr:.J'1 n7'J'V1~'1eJ-:!':il~ L ~'U11 
" " 

LL\,l mh-:i'LJe:i-:i?i (1',.E) ~1 n11'1J~ r:.J-:i~hiii n7'J L\,11 cJ11'1YwKt1 e:i ~ 1-:iih!c.J i1r1 f1J'V17-:!?l il&i (p<0.05) zj,:i 

?leJ~fl~eJ-:!fl'l.J-:!7'U1~cJ'1leJ-:! Nilnakara (2006) ~'J1cM1'U17 r:.J-:!Lc.JeJ1Vl7'J~r:.J~(91':il7nn7'\JL'l.Jn~vi~1tJ~~ 

e.i1'Un7'J'11nLL'1~hie-ht1n1'Jmniiri1~ (L * a* LL'1~ b*) LL\,ln\?17-:!fl'UeJ~1-:!iiuc.Ji1ri'f1j'V11-:!?ltl&i 

(p<0.05) LL'1~(,11 e) ~1-:i~e.J1t1 n7'J'11 niifl1fl111JLL\,ln\911-:!'1JeJ-:!~ (1',.E) ~7n17\?11 e) ~1-:i~1lie.11t1 n7'J'11 n 

8~1-:iiiuc.Ji1ri'f1J'V11-:!?ltl&i (p<0.05) J-:idm':ilb ~e)-:!1J1':il7n n7"Jmn1!'U 1 'UcJ'l.Jt-:in':iJm'JlJ'LJeJ-:!LeJ'U 1'Xltl 

zj,:i-d1cJ'UeJ-:!fl'Un7'J?!mcJl?l1'1leJ-:!fl'1eJ bvJ'1~ (Brewer, Begum, & Bozeman, 1995; Heaton, 

Yada, & Marangoni, 1996; Lisiewska et al., 2004) LL'1~n7"Jmnc1'-:i'1i1m-\'1~~e:ie:in-BL':il'UeJeJn-:;i1n 

L de:i Lt e:il'i"11 ;-:im"J'1 ~'1-:!'LJeJ-:itJ~mrue:ie:in-B L':ilt11!t1v111 ~?111J1"Jt1f m11~'1Je:i-:ivl"1111i1~.ff t11i11 cJ 1~ c.JV111 ~ 

fl17:IJcJ71fl~'U'1leJ-:!LL?!-:!?l~'V1€l'Ub'U~cJ'U1tJ (Lisiewska et al., 2004; Toivonen, 1997; Yamauchi, 

Yoshimura, Shono, & Kozukue, 1995) t1e:in-:;i1nd Lioutas (1989) 11i1'J7c.J-:!7'U17 'U~eJfl Lfl~~ 

e.J1t1n1"Jmn1t1?17'J'1~mmL11n,MlcJ:1Jfl11umt1(,1 LL'1~'V17LL~-:i~aruvin:iJ 110°F (44°C) iim111fl-:i(,11 
' " 

'1leJ-:!~L;;jcJ1~~ LL'1~ Lioutas 11i1~'UcJ'U17~A7 pH 7-9 ?l71J1'Jt1fn~7fl'18bvJ'1'111i1~ L~a-:i-:;i1mn~e:i 

'LJB-:1~1-:i (alkali salts) 6111cJ'U8-:!!l'UVl~8'1~n7'JLn~Yl1a 1 yj&j'U L~c.Jn7'J?!~L'Vi'Um~~t1ntJ'1~'U'1°8cJ':il7n 
" 

vl"11Vl~e:i~Ln~.ff 'U 1 'U"Jtvi11-:imtu1t1n1'J 1 ~m111{at1 

1 blJLi;'l ~i;'l:ff 'U 1, '\Jnuv1~1fl~':ieJfl.i8i;1 (hydroxyl ~roup) ?17':i'U':i~fleJ'\JYl'UeJ~ niiriru?lllD&idJti?l7':i\>17'U 

e)e) n~!L~'li'U 11i11~ c.J'Vl 7Vl't! 1~ fl1~ ~ €l'U:IJ6'1 B?l'J~ LL6'1 ~ be)e) e)'U'LJ e) ,:j favi~~ ?\11l1'Jm ';j ,:j n7 'J bfl ~'Un n~ cJ 1 
'" ~ 

e) e) n-8 b~'li'U '1J e),:j 1 '1l lJ'Ubb6'1 ~ 111 L'1 ~6'15'U 1 ~1 cJ n7 'J 1 ~e) t (,1 eJ1l 1fl 1~ 1 b-:;) 'U Lbfl B1i¾J 6'1 B ?l'J tm.i 1-:! 11 ~ b ~1 

(11w.J tl vi1-:i L':il~ru, 2545) -:;i1 n n111 Lm1~i1tJ~mru?111tJ 1::rne:iuyj'U e:i~nJ-:ivi11~'1J a-:i'LJci r:.J-:!~ L\,11 c.J:IJ 
V \J 

.ff wKt1~1 c.J1TI\917-:! 11~cJ 1im~ LLn6'1~n L 'U'U?l716'1~mc.Jmm~1'U r:.J6'1 n111Lm1~i1rirun1~ LL?!~-:i~-:i 

"" (911'J1-:!'V1 4-3 



., 
1fib\,1;tJ:JJ'IJ'U\?l'U 

bJ:wm1b1,1;tJ:JJ.ff'U\?l'U (i1ern'i-:irn'lJA:JJ) 
' 

mfl1m11 

mfl 1 'Ll?l71i;,~mmb:JJfl'Ub~tJ:JJf'l1fom'U1,1 0.06% 

'lfi:JJ1 ru ?\ 7j'U j~ fl e)'lJ'W'U e)~ mr-:iV!:JJ~ 

(mg GAE/g) 
b 

47.88 ± 2.45 

92.50 ± 0.82 
a 

96.54 ± 1.09 
a 
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'<il7 flm11-:i~ 4-3 l'i'lJ11 1fifl11 b1,1;m.J.ff 'U\?l'UlJe.Ji;! \91eJtl~mru?111tJ1~ fleJ'lJ'W'UeJ~ m-Y-:iV!:JJ~ 1 'Ll 

"1J ~e.J-:J bb\,1 fl \911-:J fl'U eJ cJ 1-:JlJ'UtJ 611 r7 t1J '\111-:J ?I~&\ (p<0.05) 1~ tJ1fi fl11 b\,1; tJ:JJ.ff 'U \91'U ~ EJ-:J f'l-:J f flB1 

?17 j'LJj~ fleJ'lJ'W'U e)~ flJ-:JV!:JJ~ 1 n(jl:JJ1 fl~?\~ Ae) fl1 ji;,1 fl 1 'UJ1 bbi;! ~ fl1ji;,1 fl 1 'U?l1ji;,~i;\ 1 tJ bb:JJ fl'U b~tJ:JJ 
' 

m{'lJeJb'U(,1 0.06% 611-:J?leJ~f'l~eJ-:Jfl'lJ-:J1'U1~tJ-UeJ-:J Oboh (2005) vi11tJ-:i1'U11 m1mrn'.Tn 

(Ocimum gratissimum, Telfairia occidentalis, Baselia alba, Corchorus olitorus 

Structium sparejanophora bbi;,~ Solanum macrocarpon) ?17:JJ11fl'YflB7'U~:JJ1ru?111tl1~fleJ'lJ 

'W'UeJ~ flJ-:JV!:JJ~ 1{j}:JJ1 flfl17fl111~mflbb\,1 fl\917-:Jfl'UeJ ci1-:ii1,!m11ri' t1J'Vl7-:J?I~~ (p<0.05) Dewanto, Wu, 

Adorn and Liu (2002) 17tJ-:J7'U17 fl7TVJ-:J191:JJ (cooking) V!1eJ n111~r111:w{eJ'Ubb'lJ'lJbUtJfl (wet 

heating) 'Vl71~tJ~mru?l71'lh~fleJ'lJ'W'UeJ~fl1'U:JJ~b;eJb'\llPlb'Vi:JJt'U bbi;,~ Puupponen-Pimia et al. 

(2003) 11cJ-:i1'U11 fl~V1~1u~-u11~~1'Un11mfliJtl~mru?111u1~ fleJ'lJ'W'UeJ~flJ-:iV!:JJ~b vi:JJt'U 21 % 

'<il7flfl~V1~1tl~?1~ J-:ii1eJ1'<i!b-de:i-:im'<il1fl n11m fl 1 'lJV11mtJe.J'U-:Jb"llm-1bbi;1~?11'U~'U 1-ue:i-:ib"lli;,~ ?i-:ie.ii;I 1 ~ 
bn~ fl 1'JUi;, ~U~eJ tJ bbi;, ~?In~ ?111U'J~ fleJ'lJ'W'U eJ~ fleJ eJfl:JJ71{j}m flt'U (Jim nez-Mon real, Ga rca-Diz, 

Martnez-Tom, Mariscal, & Murcia, 2009). bbi;1~fl1'JmflEJ-:J-d1tJ'YflB7?111U'J~fleJ'lJ'W'UeJ~fl1~ 

b 'l1 e:i-:i '<il 7 fl fl 7 'J i;,1 fl 1 tJ EJ'lJ 8-:i fl 71'Vl 1-:i 7'U "1J e:i-:i b eJ'Ll1"1lJJ polyphenoloxidases ~ eJ ~1 'Ll~ '11 'Vl 1l ~ 
6'171U'J~fleJ'lJ'W'UeJ~fl hiflfl'Vl76'11tJ 1~meJ'U 1"1ltl (Giovanelli, Brambilla, Rizzolo, & Sinelli, 2012) 

'IJ 

6'11'J\911'U e:i'4~i;,86'1'J~ Ae:i 1:JJ bi;\ ~i;l-ue:i-:i ?111~?11m jfl~'lJ n'lJ i1 f'lJ bbi;,~?11m1t1 ET'lJ l-:iuiJ n~tJ 1 

e:ie:ifl•1lb~i'Ll-ue:i-:i 1mi;\~i;,?111~'U 11{j} (1e:iin 1'111~~t1~, 2550) 1~mt11 u ?1111911'UeJ'4~i;,B?11~?11m"Jt1 

l'i'lJ 1~ 'LJt'jjj:JJ'1J1~'<il1fl?l11V!i;,7tJ'1l'U~ b -d'U 6'111U'J~fleJ'lJ'W'UeJ~ fl 6'111U1~fle)'lJ bbi;!~ bbf'l bvi'UeJtJ\i1 

b'U'U\91'U (b'<il'U~'J1 ~f:JJcJ bbi;,~U1~?1-:lf1 ~V!7'U1:JJ, 2554) 1'Llfl1':i'\ll~?leJ'lJ?l:JJ'IJ~fl11b'U'U6'11'J\911'UeJ'U:JJi;, 
''U 

B?l'J~ :wifi~'UtJ:JJ1m'Llfl1':i'Vl~?leJ'lJV!i;,7tJ1fi b-d'U 15 Oxygen radical absorbance capacity 

(ORAC) 15 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay LLi:1~15 2,2' -
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azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) b'U'U\?l'U 11'1EJ 1fl-:i-.:J-.:J7'U1iE.Jffimti 

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay zj,.:iihll~flfll':i flel DPPH 

b'U'Uel'U.fl7fl~h'11~vlhJ b?f ~m bb~~?f 7lJ7':itlf'lJB b~fl(,1':iel'U 1~an b ~m tl~EJ'Ub 'U'U 1m~n~vl b?f ~EJ ';j b~ el 
' ' 

DPPH 'V17tl nn~EJ7fl'lJ\911el~7-.:ivlilmJU~(917'Uel'UlJ~8?f';i~ ?17':i~~mEJ DPPH 'oJ~ btl~EJ'U'<il7fl~h.h-.:ib'U'U 
':,,J '" 

?17':i~~mEJ~bVl~el-.:J bb~~?f7lJl';itl~l'lfl~'Ubb?f-.:J1(;l~vlm11JtJ11fl~'U 517 'U71'UblJ(,l';i (Molyneux, 

2004) 

.fr'U\?l'U~1EJ151,11-.:i1 ':i7EJ-.:J7'UbU'Ufl7 radical scavenging (%) 1~t:.J~fl7':i1bfl';i7~~fltU.fl7'V'lbb?fl'l-.:Jvl-.:J 

\91717-.:J'Vl 4-4 

., 
15b\91~E.JlJ"U'U!Pl'U 

hJiJ fll':i b\91 ~E.JlJ.ff 'U \?l'U ( \911 el ~7-.:J fl'J'lJfllJ) 
' 

mn1m11 

mn 1 'U?t7':i~~~7E.JbblJfl'UL;E.JlJfl71'lJm'U\91 0.06% 

radical scavenging (%) 

83.35 ± 0.30 

85.15±0.12 
a 

b 
84.44±0.20 

C 

'/J~t:.J-.:i bb\91 n1,11-.:i n'U el~ 1-.:ii1um11r1tlJvi1-.:i ?tii ~ (p<0.05) 11'1 EJ15fl7':iL\91 ~E.JlJ.fr'U \?l'Uvl cY-.:ifl-.:if rnj7?flJu~ n 11 

b 'U'U?f 7':i \?l 7'U el'UlJ ~ B ?I ';j ~ 1 n(,)lJ 7 n vl?t I'] fl el n 711.n n 1 mJ1 ';iel-.:J~-.:JlJ 7 fl el fll 11.n n 1 'U ?I 71'1 ~'17 EJ 
'" ' 

bblJfl'Ub;cJlJfll{'lJeJL'U\91 0.06% bb~~ 1:wJJfl71b(,1~cJlJ,rr'U!Pl'U (,17lJ1;17vl'lJ zj-:J?fell'lfl~el-.:Jfl'lJ-.:J7'U1icJ'IJel-.:J 

Dewa nto et al. (2002) ~57EJ-:J7'Ll17 lJ~b ;m Yl\31~~7'Llm~'lJ1'Llfl711 V!fl17lJ1e.J'Lli1?tlJ'lJ'1i fl71 L 'U'U?l7':i 

till'Llel'4¾j~B?f':i~b~lJ-l1'Llel~1-.:ii1oJm11r1tlJ'Vll-:J?1ii&i (p<0.05) Yamaguchi et al. (2001) ':i7EJ-.:J7'U17 

Vl'Uel1l!~{,:i til'UVlfYlb'lJel{l'Jelfl bl.fl':iel'Vl lJ~b;elcJ71 bl.~~'V'l~flVlcJ1n'Yl~7'Ufl7':i~lJl.'U'Ub1m 5 'Ul'Vl 

JJ?flJU~ fl7 ':i I. 'U'U ?17 ':i\?l 7'Ll el'4¾j~ 8?1':i~ b 'VllJ-l1'U el ~1-:iiJu cJ 61 lrl tlJYll-.:J?f ii~ 1.-du fl'U ( p<0.05) T urkmen, 

Sari, and Velioolu (2005) 1~f1fl'tt7t:.J~'/Je.J-.:J15fl7':itl5-:J?f fl(,1°el?flJ'U~ fll'H U'U?f7':i(917'Uel'UlJ~ 8?1':i~'/Je.J-.:J 
::, , 'I 'I'll 

eYn?11.;cJ1 hfon 'V'l~fl 51 l.;!'J1 'U~elf11r1~ 1.1.~:;ern 1'1JlJ 'V'l'lJ17 fll';j(,llJ (5 'Lll'Vl) fll';j 1 'l½r1111J{eJ'U\911 cJ 

1ll1fl':ib1'¥1 (1000 w LU'Unm 1-1.5 mvi) 1.1.~~rn-:il1-:i (7.5 u1vi) V111'l½?11Ju~rn51.Ut1?17':i(917'Ll 

eJ'UlJ~8?1':i~b~lJ-l1'Ll (11.fl':i7~~~1EJ15 DPPH radical scavenoing) ~-:idm'<ill.~eJ-.:JlJl'<il1flfl7':ib~lJ.ff'U 
'" :, 

'/JeJ-.:i ?17 ':itl ':i~ flel'lJvJ'U ei~ n 1. ~el-.:J'<il1 n rn ':im n zj,:i?111't.J':i~ nei'lJvJue1~ n b U'Ll?f 1':i\?17'U el'LllJ~ B?f-:i~vlc\'1r1ru 
'\J V 
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"l.leN?f:W'\J~ fl1':i b 'U'U?f7':i~7'UeJ'U:WG'lB?f':i~"l.lel-:Jvl'1lvi~-:i"il1 nm':i 1 'l½m1:w{el'U Ael 1) fl1':iv1?11':i1>17'Uel'U:WG'l 
'I \J 'I\J 

B ?I ':i~ ~ 7 'U1'U:W 1 mi rn.J G'l ~,J~ el cJ el el n:wi "il 1 n b61lG'l ~~'11 b ~ el -:i "il 1 n rn 1:w{el'U 1 'U'Vl 1 G'l 7 cJ m1-:i b 61lG'l ~ bbG'l ~ 
SJ 

bbG'l~rn1:w{el'U (thermal chemical reaction) 3) fl1':iEJuJ-:im':ielelf1~b~i'Ll"l.lel-:J?f1':i\911'Uel'U:WG'lB?l':i~ 
•SJ 

b~el-:J"il7f1bel'UL61l&J'U':i~b.fl'Vl oxidative enzymes ~ncruJ-:iJ\'1rn•n1:wfel'Ll (Yamaguchi et al.,2001) 

fl1':i'Vl ~?I elU fl1':i cJ el:W1U 'VI 1-:i,J ':i ~?f 7'Vl i:w ~?f "l.l el-:J ~ u ~b.fl flJi'1 cJ15 Scori no test 1 -ff ~'VI ~?I elU~ 
SJ ~ SJ 

1:J~7'U fl1':i!I mJ'U~1'U1'U 15 fl'U 1 'M~'Vl~?f elU 1 'l½fl~ bb 'U'Ufl11:W b i:wJi'1'Ui1b; cJ'"J"l.lel-:J"l.lG'l
0

eN bb6'1~fn1:W b 'lJ:W 
SJ SJ 

Ji'7'Uf1~'U':i?l"l.leJ-:Jtl7?ff1~'11f1'lJ~t-J-:J 1~cJ1-fffl~bb'U'U 1-5 zj,:i 1 Vi:w1cJ'1-:J ~btlcJ1Vi~elf1~'U':i?fb'LJ:W1.JelcJ~?f~ 
SJ ' 

bbG'l~ 5 Vi:w1cJ'1-:J ~btlcJ1Vi~elf1~'U':i?lb'LJ:W:w1fl~?f~ LJi'r.JG'lfl1':i'Vl~?felUbb?l~-:J~-:Jl,11';i1-:J~ 4-5 
' 

.d i./ i.J cal ..:::,I ~ I .d ..::ii ~ 2" i./ C!t..c::,I I 

1,11';i1-:J'Vl 4-5 fl~ bb 'U'U fl11:W b 'll:Wm'U ?lb 'lJ cJ1 bb6'1~ f1G'l 'U ';j?f 'lJel-:J"l.l~r.J-:J'Vl bl,l ';icJ:W"l.l'U \,l'\.J m cJ'"JiJl,)1-:J 1 
., 

15 b1,J'icJ:W61J'U\9l'U 

1:Jilm':ib(,l'icJ:w.ff'U1>1'U (1?11mh-:imufl:w) 
' 

mn1'Utl1 

mn1'U?l1':iG'l~mmb:Wf1'Wb~JcJ:wrn1um'Ll\91 0.06% 

.... 
?fb"l.lcJ1 

't: 
1.20 ± 0.56 

b 
3.67 ± 0.62 

4.37 ± 0.46a 

a,b,c Vll.Jlt1ii-:i ri11imm\JY-:m\iln\>\1-:Jfl'WB81-:Jihrm{1At\jV11-:J?t'1&1 (p<0.05) 

ns Vll.Jltl'1.:J fi11rnLmllY.:i 1~bb\iln\>\1.:Jfl'WB81.:Jih1m{1r1t\jV11.:J?l~&l (p~0.05) 

' ., 

..:::, ns 
f16'1'U';i?f 

3.33 ± 0.82 

2.93 ± 1.33 

3.93 ± 1.27 

'<iJ 1 f1 \911':i7-:Jvi 4-5 i'lU11 15fl1':i bl,l 'it.1:W'U'Ul>l'UiJr.JG'I ~ el fl~ bb 'U'Ufl11:wb 'LJ:WJi'7'U~ b ti cJ'"J"l.l el-:J"l.l~t-J-:J 
SJ 

bbl,] fl~ 1-:J f1'Ue) ~ 1-:iihTm{1ri' qJV11-:J ?I~&\ (p<O. OS) bb~hJilm, ~ el fl~ bb 'U'U m 1:w b 'LJ:W Ji' 1'U f1~ 'U';i ?f "l.l el-:Jtl 1?1 f1 ~ 

'<il7fl"l.l~r.J-:i (p;;,: 0.05) 1~t.115f17':ib\911t.1:w.ff 'U~'Ll'ffiJ{fuflnb 'U'Um 1m i:wii'1'U~b tlcJ1:w1n'Y1~~fi el m':im n 

1 'LI ?I 7 ':i 6'I ~ 6'17 t.lbb:W nfa ~ t.1 :wm 1u m 'LI \91 ':i eM~ -:i:w 1 Fi el f11 ':i 6'11 n 1 mJ 1 bb6'1 ~ 1:Ji1 f11':i b\,l 'i cJ :w .ff 'LI 1>1 'U 

1,11mr1~u 

1~ t.l '<il1 f1 t-J l;'l fl1':i'Vl~6'1 el-:J i'lU11 fl~ bb 'U'U fn 1:wb -ii':wJi'1'U~ b ti cJ1 zj,:i b 'U'Ur11~LJi''<iJ 1 fltl1';l'Vl~?f elU 

'Vl1-:J'U':i~?l1'Vli:Wer?f ?fel~fl~el-:inuri1~1Ji''<il7f1fl1';j1-ffbfl~el-:Jilel1~Ael f11 a* bbl;,~ f11 D.E f1~11Ael 

1?11el ~1-:i"l.l~e-M~m n 1 'Ll?t7':i6'1~m t.1 bb:Wf1'Wb;t.1:wr11fu m 'U1,1 LJ\'1ufl~bb 'U'Ufn7:Wb'LJ:wJi'1'U~ b tlt.11?1-:i~?t~ 
SJ SJ ' 

':ieJ-:i6'1-:J:w7Ael 1?11e1~1-:i"l.l~t-J-:i~mn 1m11 bb~~ 1:Jiln1':ib1,J'it.1:w.ff 'U1>1'U1,11:wr;\'1~u zj-:iiJbb 'Ll11 u:w~?fel~fl~el-:i 
SJ 

nuri1 a* bb6'1~ri1 D.E Ael 1?11el~1-:i'LJ~t-J-:i~mn1'Ll?t7':i~~mmb:wn'Wb61Jt.1:wr11fom'U1,1bb~~mn1m11il 
SJ 
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Ln ru'Vll 'U n7'jf1 \91 L; el n~ n 7Vl'U\91 b 111 ~ ~v1 ~ 1 'jru 1e-i1;, ~ 1 n15 n7'j b\91~ rJj.J.ff 'U\9l'U~ el A 1fl11~ 

bb\91 n~1.:J61Jel.:J~ (6E) bbl;,~fl~bb 'U'Ufl11m 'U~v11'U~b ;c.1161Jel.:J61J~e-J,:j bbi;,~fl~ bb 'U'Ufl11j.Jb 'LJj_Jv)7'Un~'U'ji;16(Je),:J 
" 

J11;1n\91~7n61J~e-i.:i 1\9lc.1 L~eln1fin7'jL\911c.1~.ff 'U~'U'V1v111Vl'11ii'61l~e-i.:i~5.:ifl.:i~L; c.11 Lbi;,t n~'U'jl;1b llv1mn~1;1 \91 
" " ' 

fiel iJA1m1mL\91n~1.:i61Jel.:J~ (6E) ~1 Lbi;,~1v1fofltbb'U'Ufl17m'LJj_Jvl7'U~L;c.11Lbi;,~n~'U'ji;11;1,:i ~tJ11 
" 

n7'jmn 1 tJ61J~L 'Ui;11'j1;,~mc.1 bbj.JffWL;rJj.Jfl7fom 'U\91 0.06% L 'U'U15fl1'jb\91~c.1~.ff 'U\Pl'U~b Vlmt1;1j.j~1;1\91 
" ' 

L~el.:i~1n vf 11 Vl'1v161l~e-i.:i~i1r11f111mL\91n\91°7.:J61Jel.:J~ (6E) ~1~1;1\91 bbi;,t11ii'ftJfltbb 'U'Ufl11~Li~lii'1'U~ 
" ' 

L; c..111;1.:i~ 1;1 \91 ~1wfo fl17j_j L 'LJj_Jvl7'U n~'U 'ji;1,,Y'U n7'j b\91 ~ c.1 ~.ff 'LI \Pl'UJ.:i 1;11~151v1 f tJ fl~ Lb 'U'U~hJ Lb\91 n ~ 1-:i n'U 
" ' 

(p~o.os) ~.:i1j_J1m'Um'jv1~1'jru1 

Vl1bb'!X.:Jb'U'U 4 15 fiel fl1'jeltJbbV!.:Jvllc.l~ellJ~f\Jf\J1n1f'1 n7'jeltJbbV!.:Jvllc.l~ellJi;,~1el'U ll1'jf1'1LtJ61lrj 

11w1tJ n7'jeltJ Lb 'l½.:i ~1 c.1 ~ eltJ1;1ruru1 m121 LLm~ fl1'jri'1 L tJ61J~ 11w1tJ tl1'jeltJ Lb 'l½.:iv11 c.1 \91 eltJi;,~1el'U zj,:i Ld el 
'\J 'I V V '\J • \I 

i.l1m1\91A1~ L *, a*, b* bbi;,~A7'U1!1!Vl7A7 6E bD~c.1rn~c.1tJntJ1tJ61J~l;1\91 bbl;1\91.:Je-Ji;,~bvlbL1;1\91.:J~.:im'j7.:J 
" 

~ 4-6 

' ' 
\911'j7.:J~ 4-6 Al~ L*, a*, b* Lb'1tA1 6E 61Jel.:J61J~e-i.:i~e-J°1'Un7'jV11bbV!.:JbbtJtJ\91°1.:i1 

L* a* b* 

n7'jeltJbb 'IX .:J ~1 c.l \91 eltJ 39.69 ± 1.ol 
d b 

-3.74 ± 0.03 26.33 ± 0.91 
" 

muru1m121 
q V V 

.,., v b b b 
n7'jeltJbbVl.:J\911cJ\91eltJ 37.50 ± 0.26 -4.56 ± 0.04 26.88 ± 0.41 

" ., 
i;,j.J'jel'U 

fl1'jri'11 tJ61J~11WltJ 
" ., ., ., 

n7".iel'lJbb Vl.:J~1 rJ\91el'l J " -

?I ru ru 1 m fl 
q V V 

d 
41.53 ± 0.41 -4.72 ± 0.10a 

b 
26.67 ± 0.38 

m'jri'1LtJ61J~11j_JntJ 34.57 ± o.54a -3.90 ± o.ol 22.s9 ± o.2l 
" ., ., ., 

n7 'j el tJbb Vl.:J \911 cJ \91 el tJ 
" ., 

1;,mei'Ll 

~~1;~~; aa Vl:wlt.l~~ A11'U66'Ul~rlb61'1n\il7-:Jfl'UelcJ1-:l:IJ'WcJ;;17,.rruyrnaM (p<0.05) 
' V 

6E 
b 

8.97 ± 0.83 

9.47 ± 0.31 
b 

7.18± 0.40a 

13.27 ± 1.05c 
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-:u1nm11-:ii1-:i111'ULL?l1?1-:ifi-:iie1:w6'l~L~linnn111Lfl17~'\t1fl7ITT'U1~'U'U L *, a* b* 11?1f.J~ L * " ' ., 
Vll.11c.l~-:J fl1fl11:W?l11-:J i1r111?1-:Jbb\,l 0 (v\'1) ':il'U~-:J 100 ('U71) +a* Vl:W1f.J~-:J fl1fl11:Wbti'U~bb!?1-:Jbb6'1~ -a* 

Vll.11c.l'1-:J fl1fl11l.lbti'U~b;c.l1 +b* Vll.11f.J'1-:J A1fl11:Wbti'U~b'Vl~el-:J bb6'1~ -b* Vll.11f.J~-:J fl1fl11:Wbti'U~tl1 

L~'U Lb6'l~fl1fl11:W LL\91fl\,l7-:J'Uel-:J~ (bE) b'U~f.J'U Lvic.J'Ufl'U 1 'U'U'1?1!?1~'U11 1?11eJci1-:i'V1eJ1'Ufl11fY1~1:Wfl'U fl11 
" 

eJ'ULL'iX-:i~1c.1~eJ'U~qjqJ7fl1~i1fi1 bE ~7~~!?1 Ldmtl~EJ'UbVlf.J'UA7LtJ~t.lvl1cJ15 Duncan's multiple 
' ' I QJ I d I lJ i.l ii ~ I d I ii l,I 

range test ~U11 \911 e)f.J 1-:J'Vle..J1'U fl11el'Ubb Vl-:!!?11 E.11,J e)'LJ~ qJ qj1fl1Plbb6'1 ~m el f.J1-:J'\lle..J1'Ufl11el'U Lb Vl-:JWJf.J 

~eJ'U6'1:W1eJ'U :ufi1 bE 1il bb\,\ fl(,17-:J n'U;-:ii1m1mb\91 fl(,17-:J-:U7nn11ri'11 'U'U'1i1:w fl'U fl11eJ'U bb 'IX-:ivi'1 EJIPl eJ'U 
" " " 
~qjqj1 fl1~ bb6'l~fl11fY11 U'U~i1:w fl'U fl11el'ULL '\X,:i<J{1 f.J~ el'U6'1:W{eJ'U vl-:J1!'U fl11fY1~-:J bti'UiJ':il~ c.1611flqj 1 'U 

fl11 Lfil1l ~'U el-:Je.J~ \9lfi ru"t'l ~,:i bfi!?i-:U 1 ntlij fi~ c.11b:W6'16'11 {11l bb6'1 ~b 'U'U tlij fl~ c.11 fl11 bf111l~tl1\9116'1 'U'U \1l~bi! 

b~cJ1'LJeJ-:Jfl'UbeJ'U161!~ (non enzymatic browning reaction) v1Lnl1l-:U7fltl7m6'l~~h61Jbb6'l~fld!?1eJ~ii1'W 

b~el b~,r'Ufl11:W1el'U':il~ bf1!?1fl1111:W\?11 fl'U'Uel-:!Vli!fl1{'UeJ'U6'1 bb6'l~Vli!eJ~iJ1 'U ~-:J'Vl71 '\Xbiil1lfl~'Ubb6'1~~ 
" " 

tl7\9116'11 'Uel1Vl11111lc.J?li111 ~'UeJ-:J'U ri fl~c.11 b:W6'16'11{11li1-:U~ bf1\1lt'U 1 'W?t.fl11~~ijeJruvtJ7iJ?t-:J bb6'l~i1r111:wt'U d-.1 '1 '\.I '\.I 

~-:ii11'!X?11:w11t1Yl-:u11ru11~11 1?11 eJci1-:i~e.h'U n11ri'1i1:wn'U fl11eJ'U Lb 'IX-:i~1c.1 ~ei'U~qiqi1n1~i1fi1 bE 

~1v1?t \11 Ldei L 'U~f.J'UL vi c.l'U fl'U 1 U'U'1?1 !?1 
' " 

':il1flfl111bfl11~'\t1A7ITT'U1~'U'U L *, a*, b* 'LJ1-:Jlil'U ~-:i1il?11mw?11tl1J{1115fl11ri'1i1:wn'U 
' 

n11eJ'U bb ~-:i~1cJIPleJU?truru1m~ b U'W15'Y1b Vll.11~?1:w 1 'W n11'Vl1 Lb 'IX-:i\>l eJflruJ71~-ue1-:ie.J~\9lnru"11 'U'U6'1°e.J-:i ~-:i 
'\.I 'l V V 'I '\J 

Ii) eJ -:i Yl ':il 11 ru 1 i 1 :w flu n 1 d 'V1 \11 ?I eJ 'U 'Vl 1-:J J{ 1 'U tl 'j' ~ ?11 'Vl J :w er ?I 'U el -:i ~ u ~1.ll fl i 1 :w ~ 1 cJ 1 \11 cJ 1 "tj fl~ bb 'U 'U 
" 

J{1c.115 9-point hedonic scale vl-:Jbb?l1?1-:J1'Um11-:i~ 4-7 



I O i/ I 

t:Jl'Uf111'Vl1 bbVl.:Jbb 'lJ'Um.:J 1 

.::..~ 0 l,I 

1i:in11'Vl1bbVl.:J 

,., ,., ,., 
f111€l'lJ bb Vl.:Jvll cJ(,1€J'lJ 

'U 

,., ,., ,., 
f111€l'lJ bb VI .:Jvll cJ \,1 €l'lJ'1 lJ 

'U ,., 
)€l'U 

m11-Y11 'lJ"1J1;111l.ln'lJm1 
'U ,., ,., ,., 

€l'lJ bb Vl.:Jvll cJ \,1 €l'lJ 
'U 

61 ru i;1.J1 m f'1 , ., ., 

m11-Y11'lJ"1J1;111l.ln'lJm1 
'U 

I/ ii' I/ l,I 

€l'lJ~Vl.:JvllcJ\,1€l'lJ'1lJ1€l'U 
'U 

5.87 ± 1.41 
a 

b 
6.60 ± 1.22 

b 
6.50 ± 1.43 

6.37 ± 1.38 
ab 

= ns mm 

6.10 ± 1.47 

6.57 ± 1.28 

6.57 ± 1.14 

6.43 ± 1.14 

5.27 ± 0.78 
a 

b 
5.73 ± 0.94 

d 
7.50 ± 0.51 

6.80 ± 0.80 
C 

VllJlt.lbVll>l a-0 Vl:tJlc.1'1-:J fl11'Wbb'in~.:Jbb\ilfll>i7.:Jf1'W€J87.:J:IJ1.J8'111'1'1JV11-:Ji;'l'1~ (p<0.05) 

ns Vl:tJlc.1'1-:J I'll 1mb 'in~-:! 1iibb\ilf1~1.:Jf1'W€J81-:J:IJ1.Jc.1~1fl'1JV11-:Ji;'l'1~ (p;,:0.05) 
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rl11lJ"1ffl'lJ 

1 ns 
vlcJ11lJ 

5.63 ± 1.37 

6.13 ± 1.45 

5.67 ± 1.60 

5.53 ± 1.76 

'-illn\,1111.:i~ 4-7 b~€l~'-il11ru1e-mm1'l.J1tbli'Um1:1-J'/l€l'lJv17'U~"1Ja.:it11'/l1'-il1n1'lJ"1l1;1~ 
'U 

~1'Uf11'J€l'lJbb~-:J15t,11-:J1v11815 9-point hedonic scale 'V'l'lJ11 tl1'/l7'-il7n1'lJ"1l~~~1'Uf111€l'lJbb~.:J 

\911 cJ ~ €l'lJ ~ qJ qJ 1 n7 f'11v1 ·fo A~ bb 'U'U fl11lJ'/lfflJ \911'U ~'U eJ cJ ~ ~ vl 1 'W 1~ ~'lJ bQ cJ 1 '1 '1'/l€l'lJ b~ n-u €1 cJ bbt,1 

A17lJ'/l€l'lJ hi bb\,1 nt,11.:i"<il1 ntl1'/l7"<il 1 n 1 'lJ'LJ 1;1~~1'Un111-Y1 bb'1~€l'lJ bb ~.:iv11 cJJi' eJ'lJ'1lJ{eJ'U ?i1'Ut17'/l7"<il1 n 1 'lJ 
'U 'U 

' ' ' lae:,I 1 1/ I/ i.l i.l V i,I ii i.l V I V 

"1J'1'Vlt:Jl'Uf111€l'lJ bb Vl.:Jvl1 cJ (,1€J'lJ'1lJ1€l'U f11'Jfn bb'1 ~e)'lJ bb mm cJ (,1€J'lJ?f ruru1mf'1 bb'1t f111m11lJn'lJ f11) 
'U 'U 'U 'l V V 

€l'lJ bb ~'1 \911 cJ Ji' el'lJ '1 lJ fo'U 1vi'f 'lJ A:; bb tJtJ A11lJ '/l el'lJ \9111..J mjj bb\,1 n t,11-:J fltJ eJ 8 7-:J iJ'1 cJ ~ 7 fl W'Vl7-:J?f '1 ~ 
'U ., 

(p~ 0.05) 1vi cJ 1vi'fo Atbb tJtJA11lJ'/l€l'lJ 1tJ1t~'lJ'/lel'lJ b~ n-ua cJ'1.:J'U7tJnm.:i J-:i,j\ ~ €l-:J"<il1nf111'/l.:J"1Ji;1C,M1 ~ 
'U 

a cJ1 u1'l.J"1Jm'/l1{e:i'U i'1"1Ja.:it11'/l1~J.:i bn\,1 b ~tJ~.:Jf'l€ltJ<LJ1.:i 1rnK bfi cJ.:J n'U ?i-:ie.m 1 ~At bb 'UtJbQ~ m·n7lJ'/l€l'lJ 
'U 'U 

v11uffini bA f.Mn-wv11 !:J 

b~€l'Yl"<il 1)tU1e..J'1 f11)'U)tblJ'UA11lJ'/l€l'lJ\917tJ n~tJ"1JeJ-:Jt17'/l7"<il7 n 1 'lJ"1li;1~ ~1tJ n71€l'lJ bb ~-:J15 
'U 

t,17-:J1v11cJ15 9-point hedonic scale 'V'l'lJ11 tl1'/l1"<il1n1'lJ"1J~~1vi'"<iJ1nf111€l'lJbb~-:iJ-:i 4 161vi'f'lJ 

ri~ bb tJtJfl17lJ'll€l'lJ\917'Un~tJ 1lJ bb\,1 nt,11.:i nu mh-:ii1'1m=1'1fl qj'Vl7-:J?f fl~ (p;,:0.05) J-:idb ~a.:i"<iJ1n'/l1'/l.:i{au 

~~vl bl'1;cJlJ6'17Vlfo f11)'Vl\91?f el'lJ:Wn~'U f1e)tJ6LJ7'1 eJ
0

eJ'L.l eYVlvl?f €l'lJ ~-:i 1j.J?f 1lJ7'Jf;1 bbcJn bbcJ tfllllJ bb\,1 n~7-:J"1J€),:j 
'U 
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'<il1f1e-J1;,f11':i'U'J~ d'lu fl17ll'll8'\J \917'U n~'Ll'J?f \911 t.l15 9-poi nt hedon ic scale l'l'\J11 'Yl n 

\911 tl c! 7-:J b\91,r'\Jfl~ bb 'U'Llfl11ll'lltl'\J \911'Ll n~'Ll'J?fbb\ll f1 \911-:J nu 8 ci1.:ii'1'l1ma\'1fi' t1)Vl1-:J?f ~ ~ ( p<0.05) hw 

\911 B cJ1.:ivie.hu m1ri'1 L\9lf'U fl~ bb 'Ll'U fl11ll'lJB'\J \917'Ll n~'U'J?f ?f-:J n11\9118 cJ 1.:ivi1li ~ 7'U m 1r1'1 b ~ B-:J'<il 1 n n 11 
" 

ri'11'U'll1'<il~'Yl71 ibn\7l'lJfin1cJ1 blli;,i;,1{(91 zj,:i b'U'U n1;, 1m'l7flt1)vi'Yl11 ibfl\71 n~'Ll'J?f'lltl-:J 1 'U'll1 l\7lt.lb~tl 1 'U'lll 

1Ji' f '\J fll 7 ll f el'U '<il:; b n \71 f11 'j" 'Jlll \911 n 'U'll 8-:JVlli fl 1 {'U tl'Ll i;, bbi;, ::!Vlli 8 ~m 'U ~ ,:j'Y] 11 i b n \71 f1 ~'U 'j" ?f Vl 8 ll 
" " 

b0l'l1~\911'llel-:J 1 'U'lJ11\9lll1f1f111\9118 c! 1.:ivi1lJ~1'U f11'JfY1 bb\918c!7-:J 1117\ll lll b~eJyj'<iJ7'Jf;U715f11'J8'\J bb i.:ivi 

tl1m 1 i~1ll\911 cJ l'l'\J11 f17'j"€)'\J bb i.:i \911 cJ (,1 tl'\J ?f ruru1 f111'Lf17 cJVl~-:J f11'Jr1'1'<il ~'Yl11 iJ 7'lJ11Ji'f'U fl~ bb 'U'U 
'\.I '\ V V 

fl11ll'llti'\J \911'U n~ 'U'J?f ?f-:J n11m1t1'\J bb i.:i ~1 cJ;; B'\J6'lll,r8'U 1191 cJ 1vi'f '\J fl~ bb 'U'Ll m11J'll8'\J 1 'Ll'J~vl'\J'llB'\J 
" " 

1Ji'f'Ufl~bb 'U'Ufl11ll6ll8'\J l\7lt.l'J1ll 1libb\ll f1(,17-:Jf1'U8ci1.:ii'1'l1cJ 6'17flt1)Vl1-:J?f ~~ (p ~ 0. 05) 

l\7lt.l5'J'Jll6ll7~1uvh~11 'lJ?f1ll1'Jtll'l'\J?f1'J'U'J~f1tl'\J'oJ1l'l1f1vJ'U8~ n zj,:ii'J?f \ll'J lfl'J,:j?f-r1.:ivi1.:i bfli'J 
- " 

favi~(,11-:J1 (~1~ 1J1'U~bm11J bb6'1~ ~~flPltl ?1.:i1uf.:iP11116'l, 2553) 1'LI1m.:i.:i1'Ui~m1~.:i1Ji'i'Jm'J 

Vl\91?f tl'\J'U~mru?f7'J'U'J~f18'\JvJ'Uti~f1\911t.l15 Folin- Ciocalteus method l191t.l'J1t.l-:J7'Ue-J6'l 1'Uvit.bcJ 

:WG'l ~ nfll'll t),:j f1'j"(91 bbf16'l ~ fl (,1€Jf1flltl 7Vl'W f1bb i-:i ( mg GAE/ g) b vi cJ '\J '<il 7 n m1'VJm (,l'J~l'U 'J~Vl17'1 f\111] 

b 6Ull6LJ'Ll'll ti-:i m\71 bbf16'1~ A bb6'l::;r11191191 n~'Ubb?f-:ivi fl17ll cJ11r1~ u 7 60 m 1 miilPl'J'UB f1'<il7 n't1bdtivi\7l?f 8'\J'llG'l 
" " 

J\'1'UeJ'4~6'l8?f5~\911cJ15 OPPH radical scavenging assay ~1ll\911t.l l\7lcJ 1i?11'J 2,2-diphenyl-1-

picrylhydrazyl (DPPH) 1, 'U'L!El~¾JG'l 8'1':i:;~,:i bfl':il:;~viilm 7llfl-:J\il1 1,dmJ1\il1 tici7,:J~:W?fll1J~b 'U'U?f 11 

~1'U8'Ull6'l 8?f 'J~lll'Yl1'U fl n~t.l1f1'\J8'Ull6'l 8?f'J~ 1 'U?f 1':iG'l:;mcJ DPPH viii~li1wu1J b~88'Ull6'l B?f W 
'I '\J '6.J 'I 'U 'I 'U 

L~f'U8b~f1\ll'J8'U ?f1'J6'l~i;'l1t.l DPPH '<il:; b 'U~t.l'U'<illf1~lJ1-:ib 'Vllb 'U'U?fl'Ji;,:;611 cJ~ b Vl~B-:Jvi?f 7lll'Jtl\7l\7lf1~'U 
" 

bl?f-:i 1Ji'~vir111:1.1 m1r1~'U 51 7 'U7 L rn:u\ll':i l 'Ufl7':iVll91?1m 1r111:u?11m':irt 1 'Lln111, fl'LI?f1':i\ll7'U e:i11~1;, B?f'J:; 

'Jlt.l'11'Ub'U'Ufl1 %inhibition bb?f\71-:Je-Ji;'lv]-:J(,ll'Jl.:Jvi 4-8 



I .:::,I I O 1,/ t I 

'11n"V~t:-J-:JVltn'Un1'aVl1bbVl-!lbb 'U'U\,'11-!l 'l 

1fin1csV11 bb V,~ ,J~lJ1 ruG11~tJj:.! neJtJWtJ €1~ n 
(mg GAE/g dry matter) 

n7':i0'Ubb vf-:i\971tl\910'U?lruru1ml'l 126. 94 ± 6.68b 
\I q V V 

iii.I ii i.l 

n7':iffU bb'Vl-!l\911 tl \,I 0'U61:W':iffU 
" 

,., ,., ,., 
\911 tl \,'1€)'U 61:W':i0'U 

93.59 ± 2.22 
a 

b 
121.80 ± 2.22 

94.87 ± 2.22 
a 

bU0{b~'W\91n7':i~'Ut.:i 

(% inhibition) 

88.75 ± 0.52b 

81.57 ± 0.07 
a 

b 
88.58 ± 0.03 

81.50 ± 1.38 
a 
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- ..... 'IL ____________ . ·-·- -·---- ·····-- ----·· - ·------------

'\lll.J1EJL'\II\IJ a-b 'Vll.l11:Jf'i-:i ri11'uLLtnvY-:Jbb\llflvl1-:JB~1-:iih1m11r111JV11-:J'1ii~ (p<0.05) 

'iii 1 nt:-J 61 n7':iVl\91610-!l1 'W n7 ':i1.J1 ?l 7':i?l n \91 'iii 7 n"V ~ t:-J-!l:W 11 bfl ':i1 ~l-1 b vl 0Vl\91 ?l 0'UVl1U~:W1 ru 
" 

n7TeJ'U bb vf .:i\971tl\910'U ?lruru1 n71'1 bb6'l ~15fY11 'U'1J~~1:Wfl'U n7':i0'U Lb vf .:i\971 tl\91eJ'U61:W1'eJ'W 'V'l'U11 15eJ'U bb vf .:i 
\J 'I V V '\J \I 

V ' 

121.80 mg GAE/g dry matter \,'17:W~7~'U ~-:JU'W 1'11eJci1-:J"V~t:-J-:ivit'.J1-un1':ieJ'UbLvf-:J\971cJ~eJ'U 

?l ru ru 1 m Pl~ -:ii1m 1:w ?11:w 1 ':if\ 1-u m':i L u-u ?l7':i\917'WeJ'W:WG'1 B?l':i~1vi'~vl?l \91 b~eJYi'iil1':iru1'11nt,1eJUt-:ii1 
'i V V 'I 'lJ q 'U 

e) ru VI .f1 ii bb 61 ~ b 16'11 vl1 ,[fl 'Un 7 'J e) 'U Lb (,1 n (,17-:J fl 'U 'V'l 'U 17 1'11 e) ci 7-:J vl e) 'U bb vf ,:i \971 cJ \,1 e) 'U ?l ru ru 1 n 11'1 i1 
', 'U \J 'I V V 

m 1:w?11m1t11-um'Jb tl-u?111~1-u eJ'W:W6'l B ?l'J~ 1\97~ n111'11 eJ ci1-:i~eJ'U LL vf-:iv11 cJ \91 e:J'U6'l:W1'eJ-uzj-:i 1 ie:iruvi.nii 
'l'U 'U 'I 'U 

1-u n 11 eJ'U Lb VI -:iv! ?l .:i n11 vl L 'U'U L -d'U,Q eJ 1 'iii n ~ 1111i111 15'\111 LL VI -:i li11 cJ 6'1:W f eJ'U zj-:i eJ'U 1'11 eJ ci 1-:ivl eJ ruVl.n ii 
" ' " 

'V'l'U11 lJ ':i7 cJ-:J1 'U 'iil 1 n-!l 7'U1 ~ cJ~11il~ ff\fl 8Vl fi'V'l 61 '1J eJ -:J eJ WV! .f1 iivl:w \>1 e) el \,'I ':i1 n7 'J'\111 bb vf-:i \971 tl 61:W 1 eJ'U bb61 ~ 
' " 

m1-rm11?111t,11-u eJ'U:W61 B?l'J~ 1 mbe:itJ L D61 bbt'.J'U ?11ll1111 15'\111 bL vf-:i\971 cJ61:W1'eJ-uL 'U'Ub Vlfl 1-u 161 ~ n11'\111 
'" ' 

Lb vf-:ivl,0 tl :W 1-ifl 'U eJ \,I ?l 7Vl n 'J 'J:W~:W 8Vlfi'V'l6'1'\1111 vf b n \91 n7 'J?l rub~ tl "V eJ-:J ?l 1 'J \911 'U eJ 'U:W 618 ?l'J ~ eJ ci 1 -!lil1 n 
'I '\J V Ci '\J 

(Demarchi et al., 2012) zj,:i L\91tl5'J'J:W'1!1~?l1'J~1'WeJ'W:W6'18?l'J~'<il7Vnn?l11tJ1~neJ'UYi'We:J~nvl'V'l'U 1 'Ll 
'" 

'Yi'1lVl611cJ'1l'U\91 ?11m1mn\>I n7'JL tJ~ cJ'Ubb U61-:Jtl~mru 11ii't 'U'J~Vl17-:Jn7'J'\117bb vf-:i (Guan, Cenkowski 

and Hydamaka, 2005) 5nJ-:i~-:i:wm1:wb\>1eJm1:w{m.l~-:J bbJJt'.J7'Un7'J1vffl11:w{e:i-u1'U6li1-:inmi'U1 
(Ismail et al., 2004) zj,:i Lde:ir11'U1ruri1Lu~cJ'1JmtJ~mru?l11tJ1~neJ'UYi'Ue:J~n~ffi 'U"V~t:-J-:J'iil7nm1 

" 
iii.I i.1 i.l iJ I I ~I t/1/ 'V i.l I 

fflJ bb Vl-:11'\1 cJ(i1e)'lJ a:W'Jel'Ubba~\91 elU?l ru ru1 n7fl1 'W'Ul 1 '/.Jaf..1-:!Vlt:-Jl'U n718'\J bb Vl-:11'11 cJ(i1 BU a:W'Jel'Ubbi;l~'/Ja f..1-:J 
'lJ 'lJ 'i V V 'lJ 'lJ '\J 
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mg GAE/g dry matter \l11llci'1~'U ~)1fl"LJe)~i.7~-:Jfli;111bb?f(?l-:J1vfLi'1'U'J1 '1J~e.J-:J~~1'Ufl1';ie)'Ubb'Vl-:J~1c.l 

~eJ'U?I ru ru1mf'l;-:i 1 .ff muvii1il1 'U m1'V11 LL vf-:i~~ 1 n11 ihHm ru?111'l.h~ nei'Uvl'U ei~ n;-:i L 'U'U?f 11~1'U 
'U 'I V V 'I 'U 

el'Ulli.1 B?f 1~m n fl11'1J1;1 e.i-:i~~1'U fl1';ie)'U bb Vl-:1~1 cJ ~e)'Ui.,J.J{eJ'Uzj-:J 1 -ifo ruvii1m 'U fl1'je)'U bb Vl-:J~?l-:J fl'J 1 
'I 'U 'U 'U , 'U 'U 

611V!'fo m111 cJ-:11'U fl1'1JeJ-:J ?lll'\J~ fl11 b 'U'U?f 11~ 1'U eJ'Ulli.1 B?f 1~ b(?l c.115 DPPH radical 
'" 

scavenging assay 11c.1-:i1'U1'UVl'U1c.1'1JeJ-:J %inhibition zj,:ivimc.1fi-:i fn1ll'11ll11fl1'Ufl11~1'U 

e)e)fl; bWtl'U Vl~e) fl11ll '11J.J1'jfl'1Je)-:J?f1'j~?f 1J.J1'jfl cJ'U t-:iei'UJ.Ji.1 B?l';i~ '<illfle.Ji.1 fllWWli.1 e),:j 1 'W fl1';iU1?f 1';i 
q" 

1 bm1~1h1 n~1 eJ ~ 1-:i'IJ1;1 e.i-:i~1 -015fl11'Vl1 LL vf-:i~ LL\l1 n ~1-:i n'U ~'U11 '1Ji;je.J-:Jvi~1'U n11eJ'U LL vf-:i ~1 c.1 ~ eJ'U 
" " " ' ' ., 

"ru ru 1 n 1 f'1 bbi.1 ~'IJ i;1 e.J-:J'Vl ~ 1 'U fll ';j fl1 ~1 ll fl'U fll';j eJ'U bb vf-:i ~1 cJ ~ eJ'U" ru ru1 fl1 l"li1 b ,J e) 1 b ~'U ~ fll'j cJ'U cJ-:J ?f 1 ';i 
'I 11V V '\J '\J 'I QJ V 

~l'UeJ'4~i.1B?11~J.J1n~~(?l b(?lcJi1r11111Lb\l1n~1-:in'Umh-:ii1'11c.1611r1t1J'Vl1-:J?t~~ (p~o.os) ~eJ 88. 75% 

bbi.1~ 88.58% mJ.Jci'l~'U ~-:ii1'U '1J1;1e.i-:i~~1'Un11eirnL vf-:i1?11c.1~eJ'U?truru1ml"l~-:ii1r111J.J?11m1t11 'Um1 
'U 'U 'I QJ V 

b 'U'U?l1';i~1'UeJ'Ulli.1B?l';i~ 1~~~?1(?) 
'" q 

Choi and Hwang (2005) 11c.1-:i1'U1'U.:J1'U1im~eJ.:Jfl11P1m<J1-W'l!vii1~'VlB'Vl1.:im1bb~'Vltl11 

1 'U'll 1;1i1m1J.J?11J.J 11t11 'LI m1L 'U'U?111~1'U eJ'Ulli.1 B?f 1~ bbi.1 ~,J~mru?111Yl'U eJ~ nJ.:iviit(?l 1 'Ui.J~mruJ.J 1 n 
" '" 

'U e)fl'<i) 1 fl'O Bolli no et al (2010) 11?l'V11fl1'jP1 mnn'<il fl'j';jJ.J'IJe)-:J?{1'j~1'U eJ'Ulli.1B?l1~vim 'UeY fl'/!'U (?) 
::, q" 

~1-:J 1 'll e).:J,J';i~ b 'Vl 131 B'U b(?l'Wb~lc.l 'V'j'U'J1 ?f 1 'j?f fl(?l'<i) 1n1'U'll~iJfl11ll'11J.J 1';ifl 1 'U fll';j cJ'U t.:i fll';j Ln(?l 

eJ eJn;L(?li'U'lleJ-:J fl1(?) 11.11 'LIL1.1B n;.:i L 'U'U fl1(?) 1 '1J~'U 1:wtJ.J ~1'/!'U(?)Vl~-:i LL1.1~i1r1ru?tll'\J~L 'U'Ufl1(?) b '1J~'Uvi 
' 

DPPH mn~~(?)L~m'VlcJ'Ufl'U?lij'W1'\f'j15'W11m1'U1~c.11~Lbfl ~nvi11'U ~nn1'UfleJ-:J fl1"vl'VleJ-:ir111'U 

'\J1'Ufl m.rnfo fl'j"vl~'Ll\l1~'\f'j1Utl11m.Jbfl1VI~ '1Jll~'U?l1ll'Vl1-:J~,J~ bbi.1~flt\J'U1c.l~'U?l1cJ '<il1fl'LJeJm'r0'V17 
' ' " 

'UeJ~n--il1nm'j?ffl(?l\?11mJ1n'U1ut1'/!D(?l5'lJ 1~Lbn '/!lbb(?l-:J t1b~fo1 t1v11 '/11 bmbll~ t1\l1~1r1{ '/11 

b;c.111'UVl:WeJ'U '1!11u1~ '1111U'U1 '1!1b1.J1.Jbi.JeJ1:iJ'Uvi bbi.1~'1111'Ui.7fl~~u ~'U11 'IJi;je.J-:JiJ,J~J.Jlru 
" " 

?fl'j'lh~ fleJUvJ'UeJ~ flll1flf711'1!1'/!'Ll(?l5'U 11 'U'IJ~e.J.:J:W?\1';i,J'j~ fleJUY4'UeJ~ n,J';i~lllru 94-124 mg 

GAE/g dry matter 'IJru~m 'U'/11 b ;c.11 bbi.7~'1!1v17zj,:iij,J~mru?111,J';i~fleJUY4'UeJ~ neJtjmnvi~(?l 1 'Ll 

,J~mruvit:Wbb\l1f7~1-:Jfl'U :w'll~mru?\7';i,J'j~fleJUY4'UeJ~neJtjb'Yl1fl'U 82.21 bbi.1~ 82.86 mg GAE/g dry 

matter \l11ll6'11~'U (Ah Reum Cho et al, 2013) 
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-:u1ne-J'1 n7';i'Vl~mN?!7l-l7';it1Vl11&n1';i 1 'Um';iv\'1 Lb i-:i 1 'U·1m'vlLvim:::?1m11vifo n7';i'V1~'1 m 1 'U.ff 'U 
" 

vi'e:ihJ hfori n1';i~11u-u'1°Ltlm1m 20 'Ul'Vl 11l.lnun1';ie:J'Ubbi-:i1911tJ\918U?lruru1n1flvle:iruvini1 60 
'\J \I 'I V QJ 'I \I 

eMf\1b"ilm6/ltJ?! fl11l-l~'U 40 b"il'U&ibl.l\91';i'U';ie)'Vl bti'Ubll;'ll 57 'Ul'Yl 

mu~'1~'/J'U1~ LLJ11e:i'U~1'U\91:::bbn';i-:J'Yl:W'/J'U1~bb\91n\?11-:Jfl'U 4 '/J'U1~ f)e) '/J'U1~ 50 60 70 bbl;'l::: 80 

Ll-l'1J m1LA';i1:::~rirun1'V'l~l'U~1-:i11191Lbf1 r11~ (L * a* Lb'1::: b*) tJ~mru?11';i'\J';i:::ne:i'Uvl'Ue:i~n~-:ivtl.l~ 

?ll-l'U1im';ib U'U?l7';i\917'U8'Ul-l'1~?!';i::: fl17l-l?l7m';it11 'Un7';i'1:::'17tJ (Solubility) bb'1:::'Vl~?!8'\J n7';itJ8l.lfo 
'" 

., 
hedonic scale e-J'1n7';ilbA';i7:::~ih1ti'1:::b~tJ~~-:it1 

1) Fi1~ (L * a* bb'1::: b*) 

' ' 
\911';i1-:Jvi 4-9 fl1~ (L * a* bb'1::: b*) '/J8-:J'/J61t:-J-:J'YllJ8'Ui11A'/J'U1~ 50 60 70 bb'1::: 80 bl-l'/J 

" ' 

'/J'U1~El'Ui11A (bl.l'1J) L* *ns 
a 

' 
50 36.69±0.14 

b 
-2.13±0.07 

60 35.29±0.59 
C 

-2.22±0.12 

70 34.58±0.57 
C 

-2.19±0.05 

80 40.58±0.79 
a 

-2.24±0.25 

a,b,c'V!:l-Jl tJ fi~ rl 'llWL mi~LL\il!l\il1~flt!mh~ih1c1 J1A(!J'\lll~?I~~ (p <0. 05) 

ns m.rnJfi~ 1'111 'ULL mi~ 1l-i LL\il !l\ill~flt1mh~ii'Uc1J1r1(1J'\'11~?1~~ (p ;& 05) 

b* 

18.75±0.64 
b 

18.54±0.79 
b 

17.68±0.13 
b 

25.68±0.14 
a 

-:u1nm';i1-:ivl 4-9 'V'l'IJ11'/J'U1~8'Ui11A:Wt:-Jl;'l~e)fl1fl111!?!11-:J (L*) bbl;'l~fl1A111lb'U'U~bV!~El-:J 
' 
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(p:2:0.05) 1~c.if11fl17:l.J?f17-:J (L *) bb'1~f11fl11:l.JL'U'U~b~~B-:J (b*) '1JB-:J'1J~t:.J-:Jiibb'U111J:1.J'1~'1-:Jb~B'1J'U1~ 

B'U.fl7flb~n"1-:J'<il'U'7-:J 70 Ll.J'1l Lb"1~L~:1.J:ffm~B'1l'U7~B'U.fl7flb~n"1-:Jb'U'U 80 bll'1J tl'tJAB '1J~t:.J-:iiifl11lJ 
' ' 'U 

I .c:,l.c:,I .a.I .d ~ fU ~ q 1 4 

?117-:J bb'1~lJ?lb~'1B-.:Ji;'l~'1-:J blJeJ'1J'U1~B'U.fl1flbi;'lni;'l-:J '<il'Uni~'Vl-:J'1J'U1~B'U.fl1flbi;'lni;'l-:Jtl-:J 80 blJ6/J '1J'1t:.J-:J'<il-:J 
' ' 'U 

80 bll6/J iim1lJ?117-:Jbbi;'l~ii~b~~e:i-:ilJ1nn11e:itJrnfl'1J'U1~ 50 60 bbi;'l~ 70 bll'1l '11wfur11fl11llb'U'U~ 
' 

'1l'U7~B'U.f77fl~ bbl?lrn.11-:intJ i:f-:Jt:.J"11 vf m1?f~'VleJ'U'1JeJ-:Jbb?f-:J\917-:Jn'U 1 tJ~1 c.1 1~c.1eJ'U.fl7fl'1l'U7~b~niim1 
' ' 

?f~'VleJ'Ubb?f-:Jl.J1nn11eJ'U.fl1fl'1J'U1~1mu ~-:J'Yl11Vl'1l~t:.J-:JB'U.fl1fl'1J'U1~ 80 bll'1J iifl11ll?f11-:Jl.J1n~?I~ zj-:J 
'I Ol./ '\.I 'I , 

i:f-:Jt:.Ji;'l1Vl~b~~B-:Jb~llmn:fitJ~1cJ zj,:i'<iJ1nt:.J1;'ln7"i'Vl~(;'leJ-:J?feJ~fli;leJ-:Jfl'\.J Chen, Koh, and Park (1999) 

vi"i1c.l-:J1'U11 'll'U 1 ~ eJ'U.fl 1 Aiit:.Ji;'l \91 eJ f11fl11ll?f11-:J (L *) '1J B-:Ji"i~nbb~-:J t:.J-:JB ~1-:iiiuc.1'11 fltlJ'Vl 1-:J?f ~ ~ ' ~ 

(p<0.05) 'lltU~~ Hu, Chen, and Ni (2012) "i1c.i-:J7'U17 bdeJ'1J'U7~eJ'4.fl1fl'1JB-:J6/J7b~Jc.11t:.J-:J(;'l~i;'l-:J 

i:f-:Jt:.Ji;'l1vfr11 L * bbi;'l~f17 b* Lvi:1.J:ff'U 1'LI'1lt1.J~~r11 a* i;'l~(;'l-:JeJ~1-:iiitl'c.1'11flqJ'Vl7-:J?f~~ (p<0.05) 
., ., 

.c:,I .:::0.4 vtf -=:r.l.c:!11 QJ/{Q.I Q.I 

·'UeJn'<il7n'U ~n~1 b'<il"iqj?f'U'Vl"ii"ic.l, ~i;'lc.11 i;'jl.J1-:lb"iB-:J"il?J'U, i"ii;'li;'l.fl ll'Ub~'1J1 bbi;'l~eJ1.fl?l"i1 bb?l-:J'W7fl 

(2548) fJ-:J 1~11c.1-:J7'W17 Ldm6111;'l"111;'l?ft:.J-:Jii'1l'W7~B'U.f77flb~n1;'l-:J A7fl17llb'U'W~bb~-:i (a*) bbi;'l~A7fl17ll 
'U ' 

b'U'U~b~~eJ-:J (b*) iibb'W11iJlli;'l~i;'l-:J i:11'Wf11fl11:l.J?f11-:J (L*) iiA1b~lJ:ff'Ub~B'1J'W1~B'W.fl1flb~ni;'l-:J 
' 

(p<0.05) 

' ' 
'1l~t:.J-:iviiie:i'W.fl1fl'1l'W7~ 50 60 70 bbi;'l~ 80 bl.J'll t:-Jr1n111Lm1~•1,fo?t~-:ilii'-:i1?1111-:ivi 4-10 

'U ' 

1?1111-:i~ 4-10 tJ~mru?t7"i'lh~n0uvJ'Ue:i~mY-:i~ll~ (mg GAE/g) '1JB-:J'1J~t:-J-:i~iiB'4.fl1fl'1J'U1~ 

50 60 70 bbi;'l~ 80 bl.J'1J 

'1J'W1~B'U.fl1fl (bll6/J) 
' 
50 

60 

70 

80 

113.66±1.14 

114.72±0.88 

114.53±0.22 

115.85±2.18 
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1~~\J'IJ'U1~€l'Ui11A'IJ8'1'1J'1t:-J'1m.J1 'LI'li1s1vibbA'lJ V111 i€l'Uil1A:W'IJ'U1~vi1n~\~tJ'1n'LI ~s1V111 i'lfimru , ~ ~ , 

'111'1.h~ n€l'lJYi'U €)~ n't'Y'1Vlll~vi1 bfl11~Vl1~:wrhvihJ bb\,l mh"ln'U bbl?l 8V1'111n\e11ll b U'UviVl11'lJ fl'U~11 

'IJ'U1~€l'Uil1Avib~ ml"! 'V111 i?t11'th~n€l'lJVlm tl'll'U~tln?lfl~88nm 1~m n.ff 'U b ~8'1'11n€l'Uil1fl'IJ'U1~ 
' '\J ' 

b~ n:W~'Uvie:J1imT?lll1nn11€l'Ui11fl'IJ'U1~ 1Vlru ~'1'V111 iiKlleT?lfl'lJ\il1'V11'1~mtJ 1~mnn11 bb'1~?l fl~ b81 
' .., 

' ' 
bi1€Jtl16U~C-J~viiJe1tJJ17fl6lJtJ7~ so 60 70 LL~~ 80 LlJ6l1 iJ11Lr111~~flruJ11Vi~1t1?1i1U~n1~ 

'\J ' ' 

b'U'U?l11(;11'Utl11l;J'1B?l1~ 1~tJ11tl'11'UbU'Ufl1 radical scavenging (%) t:-J'1n111bfl11~'Mbb?l~'1~-:J 

\e1111'1vi 4-11 

m11-:ivi 4-11 ?lll'lJ°1in11b'U'U?l11(;11'UeJ'Ull'1B?l1~11tl-:11'UbU'Ufl1 radical scavenoino (%) 'IJeJ'1'1J'1 
,'U ~ ~ 'U 

t:-J'1'Vl:Uel11.fl1fl'IJ'U1~ ~0 60 70 bb'1~ 80 bll'll 

'IJ'U1~'1JeJ'1eJ11il1fl (bll'll) radical scavenging (%t
5 

50 

60 

70 

80 

83.13 ±0.07 

83.43 ±0.22 

83.22 ±0.20 

83.68 ±0.20 

'IJ'1t:-J'1887-:J:U'LltJi:!1AruVl7'1?!'1~ (p~0.05) 1~tJVln\il1e:ith-:i:wr11 radical scavenoino t1tJ1'LI'li1-:i 
'\J V q ~ ~ ~ 

83. 02-83. 88% 1~ tJ?leJ~ A i1 eis1 ntJ t:-J'1 n 111 bA11~i-i'lfim ru ?111'\.J 1~ n eJ'lJ vJ'U e:i~ ni-:i'Vlll ~ vi~ 'Ul 7'/J'U 1 ~ 

eJ'Uil 7A hi:w t:-J '1 v1 e:i'\.J~m ru?l 11'\.J 1 ~ n e:itJvJ'U e:i~ n't'Y"!Vlll ~ 611-:i b D'LI?l 71(;17'U eJ'Lill '1 B ?11 ~vii 1 r1 ru viii t:-J '1 v1 e:i 
1 'l'\J Ill 

bb\,l n 1,17,:J fl'U e) 1 '1 b ~ 8-:Jll 1 '11 n'IJ '1 r,.J -:J:W'IJ'U 1 ~ eJ'Uil 1 rivi1nfl b~ tJ ,:j fl'U b 'lj'U b~ tl1 fl'lJ n1 ill'IJ €1 '1 'U~ll 1 ru 
'\J ' 
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m1:w?11m·rn 1 'LI nTrnt m cJ u 011 b 'U'U 'U'il ~ c.J~ci' 7fl 11J"tl e:i-:i t:-i ii ~.fl ru,i' t:-1 -:i b 'l'i11 t b 'U'U (111 U-:!'86/J'U 1 vi 

bbft~ e:i-:i rith~ n 81.J6/J e:i-:i t:-1 ii (91 i( ru~t:-i-:i ~76/J'U 1v1 e:J'UJl 1 A6/Je:i-:i t:-iii ~.n ru,fo-:iiJ61J'U7vl 1 vrnJiJ t:-ift'Vl71 vf 
q V 

e)'UJl7A~iJA17:WV!'U7 bb 1.J'Um n 1 'U61Jt\Jt~e)'Ufl7fl6/Je),.mii (91/( ru~t:-1-:!1T'UiJ61J'U7vl b~ nm1:W?17:IJ7'H11 'Ufl7'j 
' ' 

fttmrn1'i!t?1-:i (m~ fi'U'Uru?l:W'U~, 2545) b~e:im1:w?11m1t11 'Ufl11fttft7c.JiJfi1?1-:iiJt:-1ft 1 vf ~-:1?11m1t1 
'U 'l QJ 'U 

f fl1j7?\Jl7'1'i6/Je:i-:i ~ n~'U bb&1t1?1'1J1~1~ t:-1&1m11bm1t~r111:w?11:w11t11 'Ufl11fttmc.J6/Je:J-:!6/J~ t:-i-:i~iJ 

~111-:i~ 4-12 r111:w?11m1t11'Ufl71fttft7c.J (Solubility)(%) 6/Je)-:!6/J~t:-1-:i~iJe:J'4Jl7A6/J'U7vl 50 

60 70 bbftt 80 b:W'1J 

50 

60 

70 

80 

34.64 ±0.84 
C 

36.86 ±1.04 
be 

b 
38.93 ±1.24 

41.93 ±0.95 
a 

" 

'il1fl(917'j7,:)~ 4-12 'l'i'U17 6/J'U7vle)'U.fl7AiJt:-ift (,1e)fl17:W?l7:IJ7'jt) 1 'Ufl7'jfttm c.!6/Je),:)6/J~ t:-i-:i bb~ n (,17-:1 
' " 

fl'U e:J cJ° 7-:!lJ'U c.Jci'7 fl t1j'Vl 7-:! ?I i1 ~ ( p<0.05) Lvi m~ e:J 8'4fl 7 r16/Je:J-:!6/J ~ t:-J-:!lJ6/J'U 7vl b~ flft-:!lJ l!-Jft'Vl71 VIA 7 

r111:w?11m1t11 'LI fl11fttmm ~:wt'U Lvic.J6/J~ t:-i-:i~i161J'LI7vle:J'Uf17A 80 b:W'1J i1fi1m1:w?11m1t11 'Ufl11 
" ' 

' ' 
i;lt'17c.J?l-:!'Vl?l\?l "ae:J-:ift-:!:lJ7fleJ e:J'U.fl7fl'U'U7\?l 70 60 bbi;lt 50 b:W'IJ (917:W617\?1U 6/j-:!'l.J~t:-l-:lel'Ufl7fl'l.l'U1\91 80 

'\.I q 'l '-I 'l 

II II I I/ 1 I 1V 

'Uc.Jci'7flf1j'Vl1-:!?I~~ (p<0.05) i-:ium'il b Ue)-:!:IJ7'il7n eJ'4f11fl'l.l'U1\?l b~ ni1Yi'U'V1~1 if:wir?1V1i1':wir?1n'U'U7 

mnn17eJ'Ufl7fl'l.l'U7\?11V!ru ~-:!?17:IJ7"atlftt'17c.Jb~mnn11 ei-:1?1eJ\?lfl~e),:)fl'LJ'l.Je),:) Zhao et al. (2009) ~ 
' V 

n ~ 1111'l.l'U 1 \?l e:i 11m fl b tl 'LI fl ru ?1:wu'~ VI~ -:i~il r111:w rl 1 fl tY, v1 eJ fl run 7Y-l'l.l eM t:-i ii~ .ri' ru ~t:-1-:i 1vi c.J'l'i'U 11 bd eJ 

eJ'Ufl7At:-i-:iil"V'LI7\?l b~ nr;1-:i'Vl11 vf m "a\?lvl 51foJ1 bbi;lt m1r;i~r;11 c.Jtl1 b ~:w('U 5ni-:i'l.l "1 t:-1-:i c1-:ii18-:1 rill 1t n eJ'U'l.l eJ-:1 
' " " 

tl~mru6Um 1c.J mV111~hJr;1 tm c.Jtl1r;i-:i 1Ji' zj,:iiJt:-i ffV111 vf m1:w ?11m1t11 'LI m1r;1tr;11 m ~:w('U ( meJ'LI-:iri 

'Uc.J1fl&1, 2540) 
' 
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b~B'U1"1J~e.J-:i~i1a'LimA"1J'U7~ 50 60 70 bbrt~ 80 b:i.J"/1 (?]:i.J1m11b~B~btl'Unr11 5 'UTvfo~1 
" ' 

ma-:ic.i1'U m~~7~ma-:i 11ii' b umJ 7?1 fl~'<il 7 fl"(]~ e.J ,:j bb~1'U 1:l.11'\ll~?f e)'U fl1'H.18:l.Jf 'IJ'Vl7-:!'lh~?l1'Vli;1:i.JeY?l 
" 

Vi'U17 "(J'U7~8'U,fl1fl"(Je),:j"(J~e.J-:!i1 e.Jrt \918 A~ bb 'U'UA11:l.J"/18'Uli17'U~ bbrt~li17'U fl~'U';j?f (p<O. 05) bb\911lli1e.Jrt 
' " 

"1J'U7~ 50 60 70 bb'1~ 80 b:l.J'1J 

"1J'U7~8i.l.fl1fl (b:l.J"/1) "' = ns 
flil'U ';j?f ?f flrt'U 

' 
50 6.37 ± 0.61 

d 
6.87 ± 0.68 5.03 ± 1.75 

60 7.33 ± 0.71a 6.93 ± 0.98 5.27 ± 1.70 

70 6.57 ± 0.77 
C 

6.90 ± 0.88 5.17 ± 1.56 

80 7.11±0.66 
b 

6.90 ± 1.21 5.80 ± 1.58 

' a,b,c,d VlmfJ(i,:i 1'111t!bL'W'J~-:JLL\,lf1~1-:Jfl'W€ltJ1-:iiJ\Tm11fl'lj'\111-:J~'1&i (p<0.05) 

ns Vl:l.Jlf!(i-:i 1'1111.JLL'Wl~-:i1:wLL\,lf1~1-:Jfl'WBc.J1-:JlJ\Jm11fl'lj'\111-:J~'1&i (p;,,0.05) 

m1:i.J"11t1'U 1~tJ';i1:l.J 
ns 

b 
6.27 ± 1.01 

b 
6.33 ± 0.88 

b 
6.40 ± 1.32 

a 
6.37 ± 1.07 

'<il 7 fl~ 7';i7-:l 4-13 '\i'l'U11 "(J'U 7 ~ tl'U.fl 7 Ai1 e-J rt \918 A~ bb 'LI 'LI m 7:l.J"/18'\J li11i.l ~ bbrl ~li17'U fl il i.l';i?f 
' 

bb~ fl \911-:l nu e) cl 1-:ii1i1tJ 617 A ~'Vl7-:! ?f ~ ~ (p<-,0. 05) bb\91hJi1 e.J '1 \91 e) A~ bb i.l'U m 7:l.J'1J e)'U li17'U fl~'Ubb'1 ~~7'U 

fl17:l.J"/18U L~ tJYJ:l.J (p:::.0.05) b~elvl'<il7';iill1A~ bb 'Ui.!A17:l.J'1Jel'Uli17'Ui'1'\i'lU17 "1J'1°e-.i-:l~ije:Ji.l.fl1A"1J'U7{?1 60 
" ' 

L:i.J'1J 1v1fuA::;Lb'LI'Wm1:i.J'1Je:iulii'1'LI~?1-:i?1~ (6.62-8.04) 1 u1~1>1u'1Je:irn~m'.f e:itJr1-:i'1Je:iumfl 1~tJ~"1J~e-.i-:i~ 
" ' " 

i1a'LI.fl7A"1J'W7~ 80 70 bbrt~ 50 b:i.J'tl 11ii'foA~bb'U'WA17:i.J'1JeJU';i8-:!'1-:im mm=h1>1u 61Tvtfom1:i.J"11BU 
' 

\?ll'Ufl~'U';ii;f '\i'l'U17 'UG'le-J-:J'V1iJeJ'Ufllfl'U'U1{?1 80 b:W'1J 11?11Ufl~bb'U'Ufl11:l.J'1J0U:lJ7flv1i;f\,1 (4.22-7.38) 1'W 
" ' ' 

1~1>1u1li'1le:irn~m.'.fm.1r1-:i'1Je.Jutl1'Uflm-:i 1'W'Uru~~'U~e-.i-:i~i10w11A'1.li.l7~ so 60 Lb'1~ 70 L:W'1J 1~fu 
" ' 

fl~ bb 'Ui.lfl17:l.J'1J0U hJ Lb~ fl \917-:J fl'U 0 cl 1-:ii1i1tJ 617 A ~'Vil-:! ?f ~~ (p:::. 0.05) 617Vlf'U A~ Lb 'U'UA17:l.J'1J0'U vl7'U 

f1~i.lbbrt~A17:l.J'1J0U L(?ltJ';j'J:l.J"(Je),:j"(J~e-J,:J Vi'U17 'Vlfl~-:J'\11~6'10-:J 1v1fof1~ bb i.l'UA17:l.J'1Je)'U hi bb~fl\911-:lfl'Ue) ci1-:i 
" ' 

i1i1tJ617rltlJ'Vl1-:l?f '7~ (p:::.0.05) L~tJ 11ii'foA~ Lb 'U'UA'Jl:l.J"/10'\J 1 'Ll';i~~'LJ"/je)lJb~ fl'lje)tJ r),:j"/je)'LJU7'Ufl6'11-:J 

1~tJ~m7:i.J"tl8'Uli17i.lfl~i.l 1v1{uA~bL'U'U 6.87-6. 93 Lb'1~fl17:W'1JeJ'U 1~tJ11:i.J 11ii'{uA~Lb'U'U 6.27-6.40 

"" C, 

fl 1 'ab~ 8 fl'U'U1 ~8'U.fl1fl'Vl b 'Vll.11 :::a:i.J 
' 

bflru•vrl 'Ufll';jfl ~ b~ e)fl~ f71Vl'U~ 1111'<il ::;v)~ 71ru1e-.i'1"1Je:l-.'.1'1.l'U1~'1.leJ-.'.leJ'UJ77fl\91 e)fl17:l.J?f 7:l.Jl'Hl 1 'Ll 
' 
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bbG'1~Fl ~ bb 'W'WFl11:J.J"l!eJ'U "17'WFl17:J.J"1! e:iu b\91 cl11:J.J'!J e:i-n11?1 fl\91'<il1 n'!J~ t:.M b\91 cl b~ e:i n'!J'Wl\91eJ'W.f17Fl~'Vl71 vf 
'\J ' 

'!l~~-:ijjm1:J.J?11m1t11 'W m1G'1 ~m cl u~mru?111'1.h~ne:i'UvJ'WeJ~ n~-:JVl:J.J\91 ?l:J.J'U~mwth.J?l711'77'W 
'\J 

eJ'W:l.JG'1B?l1~ bb~~ 1~-r'UFl~bb'W'WFl11lJ"l!eJ'U"11'WFl11:l.J"l!eJ'U b\91cJ11:l.JG1-:!~G1\91 'V'-l'U'J1 eJ'W.f11Fl'U'W1\91 80 b:l.J6tl 
'\'\J \I 'I , 

b 'U'W'U'W1\91~b Vl:l.Jl~G1:l.J~G1\91 b~ eJ-:J'<il 7n 'Vl71 lli"1'1J~~-:i~jjFl17:l.JG11:l.J11tl 1 'Wn71G'1~G11clG1-:!~G1\91 '11Vl,r'U 
'I \J '\J , 

Fl17:J.J"l!eJ'U L\91 cl11:J.J 'V'-l'U'J7eJ'¼.f17FlJ-:i 4 '1J'W7191j'jfi1b vi~1d1~ bb(9ln19h-:in'W (p~0.05) ~-:i 1~1-b1 'W m1 

'Yl'<il71t\J1 

f mn 1 'W'lJ';i';j'<i) .nrusn~b Vl:l.Jl~?l:l.J b yj e:if mn Flt\J.f11'V'-I bbG'1~Fl ru ?l:l.J'U~~~'Ue)-:J~~ (91.f1 t\J"neJ1Vl11beJ111 b\91 cl 
' ' ' 

'U11'<il.nrusnffiiF111~'<ii~G11m1t1ue:i-:in'WF111:J.Jt'W bbG1-:J mm\31 ~'WG'1~e:ie:i-:i '<il~'W'Vl~EJ bb:J.JG'1-:J bbG'1~~-:i 
' ' ' 

fl'U"l!U\91'UeJ-:!~~(91.f1t\J"neJ1Vl711T'W6] (b"l!Flicl fi'i~mncl<a&i, 2550) 

tl7'1J~ ~ -:i~~·1'W n7'ib(91 ~ cliJi'W fil'U li11 cl m<am n 1 'W G17'i~ ~~ 1 cl bb:J.J n'Ub6/J cl:J.JFlTfo e:i b 'W\91 Fl17:J.J 
'\J 

b-U:J.J-U'W 0.06% bbm:de:i'We-l7'U(9l~bbm-:i1eJ'W'!J'W7191 80 b:J.J"l! m~n'tf7"1!'U\91'1JeJ-:J'U11'<il.flru-nvibvi:J.J1~G1:J.Jl'leJ 
' 

m1bn'Ufn'tf1 L\91mn'Ufn'tf11'W'U"J1'<il.flt\J'7~bb(9ln(?l7-:Jfl'W 2 "l!U\91 11i1bbn m'V'-IG'17G1~n1G1"1!til911'V'-I~ 
' ' 

1 'V'-l'i'Yl~'Wbb'U'UVl'W1U\91~'Lln (PP) bbi;'l~f;l.:Je)~G'1:!Jb um.J'YJeJmfo1fo 'W(9llJ\91~'Lln (ALU) ~e)t\JVl.f1ii'VleJ-:!b 'U'W 
q '\J 'I 'U 

b1G11 8 Jum~ b\91clfl1Vl'Wl911Vl')'Wb~:l.J(il1..ln7'ibfl'Ufn'tf7AeJ 0 J'\.J1917~ bb~t1'WG1\?l'Vl1cl'1JeJ-:!n7'ibfl'U-rn'tf7 
' 

f17~ f11 Water activity (aw) bbi;'l~'Vll'l?leJ'\Jn71c.leJ:!.J1'\J'Vl7-'.1'\.h:;?l7'VlJ:wil'?l'UB-'.l~'\J~b.flFl~7'LI ~ n~'W 

n~'W'i?l bbG'1~Fl17:J.J"l!eJ'ULl'lm1:Wli11cJ15 9-point hedonic scale ~G'1n711bFl17~~ih1m:1~bBcJ\?l\91-:Jd 

'U';i'i~J1n7\31G1-:Jn171'WeJ1Vl1';i ~wh 1vftl7'<i17n.f11cJ'WeJn\91\91;:l.Jb'V11 u1 'WeJ1Vl7'i 1~ ~-:!~G'11 V!eJ1Vl1'ibf1\'lnl';i 
'\J '\J 
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(PP) bb6i~mt1~61:wb'WcJ:1.JvJt1tJ~mi'kwt,1tJ~t:-.1i1fl (ALU) ~t1ru'Vl.ni'J~mdJt11~cJ~b1611 8 ~\J~1't,4 t~mfa.J 
, '\J 'I '\J , 

\il1eJci1~Vlfl 2 61'Um't,4 t:-.16ifl111bfl11~'t,4flfl.!.fl1Ytbb?l~~~~\,l111~~ 4-14 , , 

\,1111~~ 4-14 tJ1mrum1:wtt1 (%) 'LJB~'LJ~t:-.l~~bfl'Uf mn 1 'UmYtm?l~fl 1?t'1Ji1~ b Ytm Yt1~~'U " , 
( PP) bb6i~mt1~6i:wb'UcJ:1.JvJt1cJimfat1t,1 (ALU) ~e)fl.!Vl.flil~e:i~ btlm1m 8 61'U~1~ 

'\ '\J 'I '\J 

~ .., 
tl1mrur111:wtt1 (%) 1~ cl~ b 16'11 fl11 bfl'U 1fl~1 

(61'U~1't,4) pp ALU 

ans 6.90±0.09 6.81±0.04 

is 8.29±0.09 7.64±0.21 

4 8.98±0.04' 7.79±0.19b 

6 9.80±0.11' 8.30±0.81 b 

8 9.44±0.40 
a 

7.35±0.19 
b 

a,b,c VllJltl(i~ fl11 tJLL 'U1'1.Jtl'ULL\Jlfl~1~f1'1..1mh~i111tiG11fltlJV11~i.'1'1~ (p<0.05) 

ns VllJltl(i~ f111tJLL'U1'1.JtltJLlJLL\Jlfl~1~fl'l..ltl~1~lJ1J8'11fltlJV11~i.'1'1~ (p:&05) 

~1 fl11'1J~t:-.I~~ bfl'U'fo~11 t!tMYt6'11?1~fl 1?1'1J'l1t,1 b Yt~b Yt1'Yl~'Ut,16i e:im~cJ ~ nm fl11bf1'Uf fl~1 bb6i~:Ufl11:l.J " , 
bb(,lfl~1~fl'UeJ81~:U°LJcJ~1At1)Vl1~?1~&i (p<0.05) bdmn'Uffl~1btlrn1m 4 61'U~1~btl'U\9l'U1tl bt,lcJ 

'lJ~mrum 1:wtt1'1JeJ~'1J~ t:-.1~~ bn'Uf fl~11 'LlmYtm?I ~ fl 1?1'1J1Jt,1 l v-1~1 v-11-vl~mL6'l ~fl~ B~6ii'1 b 'WcJ:wvJe:icJ ~ 
'U 'I '\ 'U 

mfo'Ut,1:Ubb 'Ll11 um~:w:ff'Ll bdm1m 1 'Llfl11bn'Uf fl~1'W1'Ll:ff ti zj~?fe)~fl~ B~nrn1'U1~cJ'1Je)~ Pua et al. 

(2008) ~11cJ~1'Ll11 '1J'Ll'Ut:-.i~~bn'U{fl~11'Ll'U11~.flru'vl'iJU~ ALP bb6i~ BOPP/MCPP :U'U~:1.J1ru , , 

r111:w{m ~:w:ff t1 bdm 1m 1 t1m1bn'Uf fl~1m-u:ff 'Ll b ~m~1 fl fl 11 bfl~ B'Ll~'LJB~ 1ml 1~ 1 fl?l.fl1Yt Lb 1 t,1~ m.J 

dh1'lJ1'U'U11~nru'vi bb6i~ Kumar and Mishra (2004) 1Ji'11!'.M7'Ll111m/Ht,1t:-.1._:ib?f~:1.Jt1b'Vl~mbb6'1~ , 
:w~jj1._:i~bn'Uffl~11'U'U11~.flru'1'1J'lJ\,l High-density polypropylene (HDPP) bb6i~ ALP 1t1?1.fl11~ 

d._:i (38±1°C Lb6i~ 90±1%RH) :u'lJ1mrur111:w{m~:w:fft1 bdm1m1t1m1bn'Uffl~1-u1t1:ff'Ll 1~cJ 

Y-1 'U 11 bcJ bfl {t,1 ~H b?t1:w t1 b Vl~ t1._:i bb6i ~:l.J ~jj 1 ~~ bfl'U f fl ~71-u 'U 11~ .fl ru'1'1JU~ High-density 

polypropylene (HOPP) :utl1mrum1:w{m ~:i.J:ff 'Ll~,'.lfl11 btJ b/Ht,1 ~ ~ b?l~:w51 b Vl~eJ,:i bb61~:1.J~jj1._:i~ bfl'U 

-r fl~11 'W'U 11 ~ jl ru"v1 ALP e) ci1~:u1Tm:\11 A t1JV11 ~?!~ &i ( p<0.01) J~t e)1~ b ~ B~m ~1 fl fl11~ tl ~ 
e:i~~fo utJ:wvJei tJ~mil b 'Llt,1?11m1fl'\Jm n'Ll m16/l:W~1'Ll'1JeJ,:i 1mJ1 bb6i~n161l~ 1~ 1 1~~ fl11~~ 1 v-1~ 

1 V,j1'Yl~'W bt,1 t1mei~6ifo ut1:wvJeit1~imfo 'Llt,1:UeJt,111 m16/l:w~1mrn~ 1m11 b vi1n'U 0.1 flf:w/m11._:i , " 
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tl1Lvilfl'lJ 0.7 n1:JJ/t,1111-:Jb:lJ\91'J/1'W .yj 38 el-:Jl"llb"lfflb;E.161 fl11:lJ:ff'W~m~'V15 90% ('U'W flWil~WbflcJ"a~ 
' V 

bbr;'I:; ?l:lJ'\!'-l"a f1Wil~t!Jbf1cl'J~, 2541) 

'<i11nn7<a1bfl')7:;'lrif17~ (L * a* bbi;'I:; b*) "IJe)-:J"IJ~~-:ivlu1'lJ1'n~11'U'lJ"a"a'<ilJltU6nl'1bb\91n\911-:Jfl'W 2 
~ ' 

61JtJ~ 1vlbbfl tl-:J'\!'-li;'ll?\~n 1?161111~ b'V-lfil'V-l"Jvl~'Wbb 'lJ'lJV!'W1U~~un (PP) bbr;'l~tl,:Je)~r;'l:wb1fom"1rJmfo1fa 'U(,1 
' ' ~ 

u~~un (ALU) ~rJtUV!.fliiirJ-:Jb'U'W"a~cJ~b1r;11 8 J,J~1'1A 1~c1~m11mh-:ivin 2 J,Jm'JA 
'\ 'U '\ '\ 

.. .., 
1~e.i:;nmm<aLn'lJ<an~1 

(61,Jm'JA) 

6 

8 

pp 

36.80±1.53 

37.68±1.40 

39.94±0.60 

40.92±0.36' 

43.30±0.16 
a 

L* 

a,b,c '\11:!Jlt.Jii-:i f\11ml 'Wl'WeJ't.m\iln~7-:Jfl'WelcJ1-:Jih!mi'1r1t1JVl11?1CTITT (p<0.05) 

ns '\11:!JltJ(ll ri11ml'W1'Wel'W 1~ll\iln~7-:Jfl'WelcJ1-:Jili1mi'1r1qJV111?1CTITT (p~0.05) 

ALU 

36.32±1.87 

37.49±0.59 

37.90±0.64 

39.04±0.44b 

41.39±0.lSb 

m11-:i~ 4-16 ri1 a* "l.leJ-:J hJ"IJ~~-:i~Ln'lJ1n~11 'Wm~m?l~n 1?161JiJ~ 1 'V-lfil Y-11vl~'W (PP) bbr;'I:; 
~ ' 

.. .., 
1:;e.i:;nmm1Ln'lJ1n~1 

(J,J~1'1A) 

4 

6 

8 

a* 

pp 

-2.60±0.48 

-1.39±0.13 

-0.24±0.04 
a 

0.43±0.07 
a 

1.15±0.07 
a 

a b,c '\11:!JltJ(ll ri11ml'W1'Wel'Wll\ilf1~1-:Jfl'WelcJ1-:JlJi1m11r1t1JV11-:J?1CTITT (p<0.05) 

ns vHJltJ~~ A71rnl'U1tieJ'U1l-Jll\ilf1\i11~fl'Llelt.ll~l1,r8i:11Af1J'Vl7~?1CTITT (p20 05) 

ALU 

-2.58±0.42 

-1.61±0.04 
b 

-0.60±0.07 
b 

-0.28±0.07 
b 

0.47±0.04 



~ .., 
1:::tJ::: blfl7fl71bfllJjfl1j7 

(~'tJm~) 

6 

8 

pp 

19.36±0.12 

20.60±0.26 

22.74±0.14 

24.05±0.28 
a 

25.41±0.03 
a 

b* 

a,b,c Vll.J1tJ~,:J fl11 'WLL 'Ul'UeJ'ULLl?lf1~1-:Jfl'UeJ~1-:JlJ'IJm'lll'lq.JV11-:J?l'1~ (p<0.05) 

ns Vll.J1tJ~,:j fi11 'WLL'Ul'UeJ'U 1lJLLl?lf1~1-:Jfl'UeJ~1-:JihTm'1'1r1q_JV11-:J?l'1~ (p:&05) 

ALU 

19.16±0.08 

20.34±0.20 

22.76±0.11 
b 

23.04±0.43 
b 

24.18±0.09 
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'17fl\9l717~~ 4-15 'WlJ17 fl7fl17~~17~ (L *) 'lJeWIJ~e.J~~bfllJ'ffiljWUm'Wfl7~&iflL~"l1tWlb'W~ 
'\J ' 

1 'W1'W~'Ubbfl:::m8:::fliktfo~vJBtJJfa'U\9llhb'U1 b 'U~b ~~t'U Ldm 1fl7 L 'Ufl71bflUrfl1j7'U7'Ut'U b"1tJ'lJ~e.J~ 
' '\J " 

1~"1l'Ll"1 b 'W~b 'W1'W~tl\,li;'l 8'911::: tJ::: b 1m fl7j bflUrfl1j7 bbfl::::Wf117:l-Jbb\9l fl(,17~ fl'U el 81~ih!m=hflt1J'V17~~(1 &i 

(p<0.05) Ldmnurfl1j7bU'Ub1m 6 itlm~LU'U\?l'UhJ 

J1vrfori1 a* V!mt.Jfi~ ri1~LL~"1~m1mtl'U~LL"1~V1~8~L~fo1 b"1tJ +a V!mtJfi-:i LL~"1-:Jfl17~ 

LU'U~bb"1-:J bbfl::: -a V!mtJfi-:i bb~"1~fl17:l-JbU'U~L;tJ1 lil7fl\9l717~ 4-16 'WlJ17 ri1 a* 'IJeJ-:J'lJ~e.J-:J~LfllJ 
" 

L'Ufl71bflUrfl1j7'U7'Ut'U V!mt.Jfi-:i 'lJ~t:-.J-:J:W~b;tJ1;"1'17-:Jfl-:J Ldmnuffi1j7'U7'Ut'U b'91tJ'lJ~t:-.J-:J~bfllJ1fl1j7 
" " 

1 'U~-:J'e):::flfa UtJ~vJBtJJmfa 'U(?li1fl7 a* ~7fl17'lJ~t:-.J-:J~bfllJ1fl1j71 'U~-:J'Wfl7~&ifl 1~"11tJ"11-wm-w1'W~'U 
'!. 'U 'U 'I 

(?lfl'eJm::: tJ:::nm f17jbfllJ1fl'l,7 bbfl::::Wf117:l-Jbb(,] fl(,11.,:jfl'\.Jel87-.:iilifo~7flt1J'Vl1-.:i~~~ (p<0.05) bdmntJ 

1fl'l,7b U'Ub 1fl7 4 iKtlm~bU'U\?l'U 1 u ii'WfiB 'IJ~t:-.J-.:i~bfllJ1fl1j71 umB:::flfa UtJ~vJ8tJ~mfa 'U\9l:W~b;tJ1 
" ' " 

mflfl17 

617V!1lJfl7fl17:l-JbU'U~bV!~el-:J (b*) '17fl\9l117-:J 4-17 'WlJ11 A1fl17:l-Jb'U'U~bV!~'e).,:j (b*) 'lJ'e).,:j 

'lJ~ e.J-:i~ bfllJ1fl1j71 'U~-.'.J'Wfl 7?1 &i fl 1~"11'Ll"11-wm -w1-v1~'U bbfl:::~-.:i8:::fliJ b t1 tJ~vJ 8 tJ Jfl 1:i'J b 'U (,]il bb 'U11 ii~ 
'U '!. "I 'U 

'lJ~e.J-.'.J~bflUrmn1'Wm8:::fl:WbUtJ~vJeJtJJm:wb'U\9lilfl7fl1fl17~bU'U~bV!~'e)-:J (b*) ~7fl11'lJ~e.J-:J~bfllJ 
'U 'I 'U 'U 

-rfl1j71 'Wm'Wm~&ifl 1~"11'Ll"11-w~1-w1vl~u\9lfl eim:::tJ:::nm fl71LfllJ1fl1j7 bbfl~ilm1~ bb\9l fl(,17-:Jfltl B81-:ii1 
' 

'UtJ617AtlJ'V11-:J~(l&i (p<0.05) bdmntJ1fl'l,7bU'Ublfl7 6 J,Jmt,jbU'U\?l'U1iJ ,i'UAel 'lJ~t:-.J-.'.J~bfllJ1fl1j7L'U 

'1-'.leJ~flfo i1mJ~mJin1fo 'U(i1iJ~ L V!~eJ-'.l'Uflt.J fl17'llar.J-:i~u'\ufo1j71 'Ut:1-'.l'VH:11(1~ fl fa61J'Ll~ 1 '¥1~1 '¥1~'W~t! 
'I 'U 'I.I 'I 
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?le.J\11flie.1.:in\Jt:-Ji;,n1''5'Vl\11i;,e.l-:J'1Je.l-:l Kumar and Mishra (2004) ~j1c.J-:J1'W11 '1J'U\11'1Je.l-:J'\Jjj":iJ.flt:W'1:lJe.Ji;, 
' 

~e.Jn7jb 'IJ~ c.J'Wbb 'Ui;,-:Jfl7~'1Je.J.:i 1v bi'H\ilt:-J.:ib?l~l.!51b'V!~e.J.:ibb6'l~l.l~lh-:i~ bfl'Uf mn 1 'WMl11~ b 1-:i (38± 1 °c 

bbl;,~ 90± 1 %RH) e.1~1-:iiJumh•i'qJ'Vl1.:i?I~~ (p<0.01) L\11c.Jfl1~ L a b 6/Jm 1mM\ilt:-J-:Jb?l~l.!51bVt~hn 

bb6'l~l.l~J.h.:ii'lri16'1\11i;1-:J 1 'Wj~V11°1-:imjbfl'Uf mn L\1\t.11t.1 biH\ilt:-J-:J b?11l.!51 b Vt~e.1-:i bbi;,~lJ~J.h.:i~bn'Uf n~11 'W 

i;i,:i HOPP i'Jmjb 'IJ~c.J'Wbb 'Ui;,-:J~l.!1nn111mM\ilt:-J.:ib?11ii51bVt~e.J-:Jbbi;,~l.!~~1.:i~bn'Uf n~11m1-:i ALP 
' ' 

e.1~1.:iiJ-um11r1qJ'V11.:i?I~~ (p<0.01) bbl;,~ Pua et al. (2008) j1cJ,:J7'W11 '1J1i'Wt:-J-:J~bn'Ufn~11m1-:i 

ALP :lJn7jb'U~cJ'Wbb'Ul;1-:l~'Ue.lc.JffJ1'1J'W'Wt:-J-:l~bfl'Ufn~11m1.:i BOPP/MAPP e.l~1,:J:lJ'Um11r1ru'V11-:J?I~~ 
q q V 

(p<0.05) b ~e),:J":i)1 nfl11lJ?l1111jfl 1 'Wn7jc.Je)lJ 1 ie.1e.1n6/lb":il'Wbb6'1~ 1mJ1;lJ~1'W'1Je.J,:J'\Jjj~.fl t:W'1 bb\il n~1-:Jfl'W 

'We.Jn":il1nd e.11 n1P1~ b VI~ e.le.l ~1 'W'l.Jjj~.flt:W'1e.l1":il":il~V111 ibn\1\'IJ5n~cJ1e.l eJ n6/lb\11'tl'W ~,:Jt:-JG'l 1 ibn\11 n1j 

b'U~cJ'Wbb'Ui;,,:J~'1JeJ,:J'1J'W'Wt:-J-:J1'Wj~Vf11,:Jn1jbfl'U'fo~7 zj,:i?leJ\?lf\~eJ-:lfl'U 'U'W f\-:Jb":il1rubflc.Jj~ bbi;,~ ?llJ'V'lj 
q q V 

f\,:j b":il1t1Jbflt.lj&i (2541) ~rn111111J":ili c.JV!«n~i'Jt:-Ji;j~e)n7jb 'U~c.J'Wbb 'Ul;1,:J~'1Je),:Je.J1Vf1j 1 'I.Jj~Vf11-:Jn7j bfl'U 

f n~1f1e) bb?l,:J bbl;,~e.JeJn6/lb":il'W b\1\c.J~,:J?le.J-:J1J":il~c.Jd":il~ 1 'IJ d.:i1 ibn\1\'IJ5n1t.1100n61lb\11'tl'W v\'11 i bfl\11n7j 

b'U~t.1'Wbb'IJ6'1.:iffi'Uj~V111,:imjbfl'Ufn~1 b\1\t.1n1j~i1e.1~1-:i'1J~e.J-:iiJm1l.!?111-:imnt'Wbbi;,~:lJ~~\11":il1.:ii;,,:i 
" 

(fl1 L * bbl;,~ a* b~l.Jt'W) 1'Wj~Vl'J1-:Jn7jbfl'Uffl~1 01":il":il~bfl\11'<il1n n7jb'U~c.J'Wbb'Ui;,,:J'1Je),:Jf\l;,e)bjyjl;j~~ 

b~t.1n11 chlorophyll bleaching b\11t.1~b;c.J1'1JeJ-:Jf\i;,eJ b¥Ji;,~'<il~~\11i;,-:J'<il'Wii-:i-&'W'<il1-:JV!1c.J 1 'IJ zj,:ibn\11'<il1n 

'IJ5n1t.1100n6/lb\?l'd'W b\1\cJ:lJbb?l.:Jb'U'UiJ'<il~cJ?l1flqj 1 'Wn7jV111 ibn\11 chlorophyll bleaching 'LJe)e)fi'U1cJ 

'1Jmn7jb'IJ~t.1'Wbb'Ul;1.:Jd01'<ilbn\111191'<il7nmj~b611l;1~Yl'11bbi.:il;1-:ib'U'Wt:-J6'11 i(,11~ (plastid) Vl\11\,11m m.T-:i 

b\11 ~ j eJ'UV!lJ\11 f\111Jfl,:J (;11 ~ ,:i 1~ ?11lJ1 jflf\,:J f\11lJ b 'U'Wfil i11i1 

'WeJn":i11ndri1 aw cJ,:J:lJt:-Jl;j~e)n7jb 'U~ c.J'Wbb'Ui;,,:J~'1Je),:Je.J1V!1j 1 'Wj~V!11-:Jn7jbfl'Uf n~1 b\11c.Jfl1 aw 

1 'W 01V!1j bb i.:iiJt:-J i;, ~ el n7j?li;,7 c.J{;11'1Jel-:Jfli;, el bj'Wi;,~ ~fl 11~ aw ~-:J'<il~V111 i~~m'l~tl b'<il1qj bbl;,~ bfl\11 

'U!Jfl~!:J1~b~-:J\i11tHe)'W 161l1111i1~1tJ V!1nel1V!1jbbi.:iiJri1 aw ~1 '<il~v\'11 m~ihl1b'vlm'V'leJ 1 'W'Ufin1t.11n7j 

L 'IJ~ tJ'Wbb 'IJ i;j.:J f\6'101 j'W6'J6'11 ib lJ'W?l1j'WbeJ 1 ~&\'LI t:-J1.'1 n1j~ n~1n11?11;11 cJ i1'1Je:i.:ifl1:1el 1 jvJ1;1~1 'W~ n L '11:W 

'V'l'U11b~el aw elc.Jb'W'll1.:J O - 0.32 f\i;jelbj'Wffi:i'<iJ~i'Jfl111Jf\,:J(,11&h~Vl11,:Jn7jbfl'Ufn~1~elt:WV!fliJ 37 
" ' " 

el.:JP11b61li;,b{lc.J?I b~el aw b-vtlJt'WbU'U 0.52 - 0.75 '<iJ~i'JyJfa1yj&\mn\11t'We.1~1.:i11\11b~1 ('U6c.J1 

f\il'W1'U'W'Wvi, 2549) zj.:J?lel\?lf\~el,:Jfl'\Jm1n7j'V1\111.'1eJ,:J~1\i1b\11cJ '1J~t:-J,:J~bfl'Ufn~1'W1'Ut'W '<il~lJfl1 aw 
" 

b ~l.Jt'U bb1.'1 ~jj n7j b 'U ~ c.J'Wbb 'U 1.'1,:J'1J e),:J~ bfl\1\t'W \i11 cJ zj,:i'<i] 1 n n7j'Vl \111.'1eM'V'l 'U11 6/J~ t:-J,:J~ bfl'U fo~11 'W 
" 

m0~1;1i] b 'Llc.Jl.l'YieJmimfa 'W\il iimjb tl~ c.J'Ubb 'IJ1;1.:i'1J0.:i~ue.1 cJ n11'1J~t:-J.:i~ bfl'U f n~11'Wm'V'l1.'11?1&\ n 1?1'll'U\11 
<I 'U 'I.I <I 

b 'V'l~1 vnvl~'W b ~ 0.:i'<il 1 nt1.:iel~1:1il b 'Llt.1lJ'YieJmfo1fa 'U\ilb 'U'Wl?l\1\vi'U bb?l-:izj,:i 1~rrn:w1 i bb?l.:i~1'W ?1'1vif 'U 
' " ' 

m'V'lm?!&\n 1?1'll'U\111 'V'l~b 'V'ljvl~m 'U'W1M11 tl1.:i 1?1 zj,:it.10l.l 1 ibb?1.:i~1'W 1 'IJ1191 ~~J'W '1J1:1°t:-J.:i~bn'Uf n~11 'LI 
' ' " 

fl~ el ~6'lil bu tJ 11o/Je:i mfo 1fo 'U(,l~ .:i bf1\11 n7jb 'IJ ~ c.J'W bb tl6'1~6il e:i~~ b ~ el .:J'<il1 n bb?I ~'Llel cJ n176il~ ~M~ bfl'U 'fo~11 'W 
' " " 
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fl.:J'Yffl1'1\ll n 1'16/l'Wvl 1 'V'l~1 'V'l1~~'W zj-:l'W6c.11 f l,l'W1'U'U'W'Vl (2549) mhTJ1 rrrnbvi'-:J~'U11'11 'WJl1'1J'U::: 11;1 
' ' 

liJ:::Lnvi b 'Yib\,lBBn~hvii'U (photooxidation) bbi;'l:::i1n11~qjb~81-:Jfll\9l'Vl11 vi'~b'U~8'U 1 tJ1~ 'WBnlil1nLb'1-:J 

bbi1 BB n; b lil'W fl cJ-:Ji.i t:-J i;'l ~ B n11 b 'U~ 8 'Wbb 'Ui;,-:J~1 'W1 :::'Vil 1-:1 n11 bfl'U f n~1 1vi 8'\1111 ,Ji' bfl vl'U ij n~ 81 

aan;Lvii'W zj,:idJ'U'11b'Vl\,l'UeJ-:Jn11b'lJ~mJbb'Ui;,-:J~ 1v18mB:::i;,faumJ'Wamfo1iku\,l iJB1?111m1;~eJ1'W 
' ' '\J ' ~ 

'UB-:Jfl16ilernn;blil'W 0.09 i;,nu1f"!t1b6il'WMb~m/\,l111-:ib~\,l1/1'W vi 23 B-:if"!1b6ili;'lb~fo'1 r111~;'Wir~~'Vlfi 
'\J 

0% zj,:i~1n11C1-:J'V'li;'l1'1\lln1'1'11'Ll~ 1'V'l~1'V'l1'W~'U~:WeJ(9)11n11;~e.J1'U'UB-:Jfl16i!BBn;blil'W 240 i;,n'U1f"!n 
' '\J 

,c;:i. v.d .:::,1 Xa.,,v, .::::,,,~ ,c;:i., 

b6il'W\,lb~\,l';i/\?1111-:lb~\,l1/1'U 'Vl 23 B-:lf"l1b6ili;'lb61!8'1 fn1~6/l'Wi:l~'V'l'Vl5 0% ('V'l~'V'lb'V'lqj 'V'l1b~i;'l~'V'l-:Jf"! bbi;,::: 

'W6c.11 f l,l'W1'U'W'U'Vl, ~- tJ. tJ.) 'U~ t:-J-:1~ bfl'Uf n~11 'WCl-:Je):::i;'lfa U8~'Yie) mfo1fa 'lJ(,l~-:J bn~ n11 b tJ~ 8'Wbb 'Ui;'l-:1 
'\J ' '\J 

'UB-:J~ b~B-:11ii1naan;blil'W'WB8n11'U~ t:-J-:J~bnutn~11 'Wm'V'lm(l\ll n 1'1'11'W~ 1 'V'l~b 'V'l1Yl~'W 
'\J ' 

3) fl1 Water activity (aw) 

ri1 Water Activity b 'U'WUlil~8~J1ri'qi 1 'Wn11r11u~mbi;,:::1JB-:Jfl'W nTH~B~ b~8'UB-:Jt:-J~(,l.fl ru"Vl 

mV111 ~-:ii.it:-Ji;, 1vi8(,11-:J~Bm1n1V1'W~B18nT:ibfl'Uf n~1'UB-:Jt:-J~\,lilru"VlB1V111 L tie1-:ilil1nri1 Water 
' 

Activity b 'U'WUlil~8~t1:::~utJ~mruJ1~1~~1 'WB1Vl11~Lta-.;i~'W'Vl~tl1;11~11t1tl11 tJH1 'Wn11 

blil~qjb\ll'U1\,lbbi;'l:::H1'Wn11bf1~'Uijn~81bfl:W~1-:I 67 (i-:iwn 'V'l-:Jf1'11'1~m'Ll\,l bbi;'l:::1'V'lf"l1i;'J l~'il1'W-:Jf1, 

2545) lil1nn111bfl11:::'l,4fl1 Water activity (aw) 'UB-:l'U~t:-J-:J~bfl'Ufn~11'W'U111ililru"Vl~bb\,ln~1-:lfl'W 2 
'\J ' 

6/l'W~ 1~bbri fl.:J'V'ji;,1(1\lln 1'16/l'W~ 1 'V'lm 'V'l''.i~~'Wbb 'U'U'Vl'W1tlv"lt:-Ji!n (PP) bbi;'l:::fi.:JeJ:::i;'l:wbU8~'WBmhnfa'U\,l 
' ' '\J 

tl~t:-Ji!n (ALU) ~e1ruV1.niJvi'e1-:1L'U'U1:::8:::nm 8 trtJ~11,4 1~mfo1,11e1~1-:i'Vln 2 irtJv111,4 t:-Ji;'Jn11 
'I '\I 'I q 

.::::,, ' v d 
1brl11:::V1r1ru.fl1'V'lbb'1~-:J~-:l\?11''.i1-:l'Vl 4-18 

' 

\,1111~~ 4-18 ri1 Water activity (aw) 'UB~'U~t:-J-:J~bfl'Ufn~11'Wm'V'lm'1\lln 1(16/l'Wvl 1 'V'lfil 'V'l1~~'W 
'\J ' 

(PP) bb1:1:::me1:::6'lfa'L!8~'We)8~mfa'W1?1 (ALU) ~BruV1.n:Dvi'e1-:i b'U'Wb1m 8 61'U~1'\,4 
'I 'U 'I 'lJ 

« ., 
1:::8:::nmn11bnu1n~1 

(irtJ~11,4) 

2 

4 

6 

8 

pp 

0.29±0.10 

0.48±0,00 
d 

0.52±0.00 
il 

0.53±0.01 
a 

0.56±0.01 
a 

a.be Vld-JltJQ~ fi1 lubb 'Ult!eJ'Wbb\i1n~rnr'Wmh~iJ'Uf.J~lfl(\!Vl11~~~ (p<0.05) 

rs mJ1cJn1 r111ml'Wl'UB'U1:iJu"1n~711l'UDch1i.J'LltJ?11flq)Yl1~?1D~ (p.c0.05) 

ALU 

0.28±0.10 

o.41±0 ooh 

b 
0.42±0.00 

b 
0.43±0.02 

b 
0.41±0.00 
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~ln\•1117-:J~ 4-18 YfU17 Al Water activity (aw) '1Je)-:J'LJG'1~-:J~Ln'Uffl'l~71'Ut1-:JYH;1l~~n1~ 
V 1 

"ll'U~ 1 'V'lffi 'V'l1'Yl~'l.JLL'1~tl-:Je)~l;'jlJL umJyje:imf mD b 'U\9lil bb 'Ul 1 u:w b ~:w(mde:i b 1m 1 'U nl'Hfl'Uf n~1'U1'U('U 
1 V 

1~tJ'LJG'1e.J-:J~bfl'Uf n~11'Llti-:ieJ~'1lJLUtJ:wyjm.1'1mfa 'U\9lilr11 Water activity (aw) 1>hn116lJ~e.J-:J~bfl'U 
'\l , '\l \I 

f n~11 'Llti-:i'V'lm?I~ n 1?i"ll'U~ 1 'V'l~1 'V'l1vl~'U(9ll;'1e)~'j~tJ~b 1'17n1Jbfl'Uf n~l bb'1~ilm1:Wbb\9lnl>11-:Jfl'Ue) ~1-:iil 
' 

'Utl'11flfkj'Vl1-:J~~~ (p<0.05) bdmnufn~1bU'Ub1'17 2 Jtl~1'\t1bU'Ul>l'UhJ ;-:i1~tJtln~ri1 Water 

activity (aw) bb'1~tl1mrurn1:w-€wJnilm1:wi:wiwfrfo 1~mde:iri1 Water activity (aw) b~:w('U 

tl1:w1rurn1:w-€'UnL~:w('U~1tJ bbl>lb U'Un71L ~irnuuhJL umi'Llm-:i (~-:iwn 'V'l-:Jf'l~1~~l-17'Ll\91 LL'1~ 
' 

1'V'lf'l1'11~'<i\'1mfl, 2545) 1~tJ~1LV!\91~'1J~e.J-:J~Lnufn~11'Uti-:ieJ~'1fatfo:wyje:imfo1fa'U\9llJA1 Water 
" 'I, '\l , '\J 

activity (aw) ~1n116lJ'1e.J-:J~bn'Uf n~l 1 'Uti-:J'V'l'17~~n 1'1"11'W~ 1'V'l~1 'V'l1'Yl~'U fleJtl-:Jel~'1lJL'lfo:J.JyjeJtJ'1 
'U , " '\l 

'11lJL'U\91?11:w11t1'Ue:i-:in'Llm1;:we-J1'U6lJ e:i-:i 1m11 LL'1 ~ n1"tll>l1-:i 11~~n11~-:i'V'lm?1~ n 1~'1l'U~ 1 'V'lffi Y11vl~'U 

b"1l'Ub~tllfl'U'tJ1:J.JltUfl11lJ.;ff'Ut{'l.JbeJ-:J (~'U fl-:Jb~1fk!LntJJ~ bb'1~~:J.J'V'l'j fl-:Jb~1fk!Lntl'J~, 2541) 

n7J'Vl~?leJ'UnTrneJ:wfoV11-:J'tJ'j~~1V1JlJer~6lJel-:J~'U1lnfl~1tl15 9-point hedonic scale 1-u 

er'Vl~~el'U~hfoh'Um1rlmJ'U'<iJ1'U1'U 30 fl'U 1 'l-4er'Vl~~e)'\J 1 'l-4fl~bb'U'Wfl11lJ'/leJ'Uv71'U~ n~'U n~'Ud~ bb'1~ 
V V 

V!:J.Jltlrl-:J 'llel'U:J.Jln~~~ 1Ji'e.J'1n11Vl~~eJ'Ubb~~-:J(?l-:J(917'j7-:J~ 4-19 rl-:J 4-22 
' 

\911'j7-:J'Yl 4-19 fl~ Lb 'U'U rl17:W'/lel'U~7'U~6lJel-:JtJli;f 17~~1 n'LJ~ ~-:J~ bnUrn~l 1 'Uti-:i'V'l'17~~ n 1'1'1l'U~ 1 'V'l~ 
V ' 

1'Y-ld'W~'U (PP) LL'1~ti-:ieJ~'1fo'um-1~e1mimfa'Ll\91 (ALU) ~e:iruVl.fliJ'l-4eJ-:i L'U'Ublm 8 
'I '\l 'I '\l 

Jtlmv1 

~ V 

'j~tJ~b1'17nl'jbff\J'jn~7 

(~tl~1v1) pp 

7.27±1.14 

7.00±1.05 

7.47±0.86 

6.57±1.43 

7.03±1.07 

V d 

fl~ Lb 'U'U rl11:W'/leJ'U~1'U?I 

ALU 

6.87±1.36 

7.13±0.94 

7.37±0.93 

6.90±0.88 

7.27±0.74 
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~1'a7-:J~ 4-20 flt bb 'U'Ufl11il6/JeJ'U~1'Un~'U'lJeJ-:Jtl1?f f1~1il1n'lJ~e-J-:J~bfl'lJ'rmn 1 'Ut1-:J'l"H'l1?f ~ n 1?16/J'U~ 1 'l"-l~ 
~ ' 

1~-avl~'U (PP) bb'1ttl-:JeJt'1faijcJiJ'WeJcJJmfa'U~ (ALU) ~eJruVl.ni1'1XeJ-:i b'U'Ub1f;l1 8 
'I \J 'I 'U 

"' ., -at cJ t b 1 '11 m-a bn'U-a n'lj1 

(61\J~1~) pp 

6.33±1.82 

7.10±0.88 

6.80±1.10 

6.67±1.09 

6.90±1.12 

,., .,. 
flt bb 'U'U r111i16/JeJ'U ~1'U mm 

ALU 

6.73±1.62 

7.10±1.12 

6.90±1.06 

6.83±1.66 

7.10±1.06 

~1'a1-:J~ 4-21 flt bb 'U'Ufl11il6/JeJ'U~1'Un~'U'a?f'lJeJ-:Jtl1?f fl~liJ1n'lJ~t:.J-:J~bfl'U'rn'lj11 'Uti-:i~'11?f~n 1?16/J'U~ 
~ , 

1~m~-aYl~'U(PP) bb'1tt'l-:Je)t'1faijcJiJ'WeJcJJmfa'U~ (ALU) ~eJtUVl.ni1'1Xe:i-:i b'U'Ub1f;l1 8 
'I 'U 'I '\J 

"' ., -at cJ:;b 1mm-abnu-an'lj1 

(61\J~1~) 

ons 

2 
ns 

4 
ns 

6 
ns 

B ns 

pp 

6.17±1.88 

6.40±1.38 

6.00±1.84 

5.90±1.88 

6.10±1.47 

,., .a: 
flt bb 'U'U fl11lJ6/JeJ'U ~1'U n '1'U'a?f 

ALU 

5.73±1.82 

6.47±1.28 

6.37±1.97 

6.00±1.93 

6.67±1.58 



t,11'j1.:i'Yl 4-22 fl~bb 'Ll'Llrl11:l.J'1!0'\J\111'Llf111:l.J'1!0'U 1191 tJ'j'J:l.J'1Jmtl1?1fll91~1 n'1J1;1~.:ivl bnu1n~11 'Ll 
" 

m~m?t&in 1?t'1l'W1911'1"iill ~'j~~'Ll (PP) bbG'l~me:J~G'liktfom~e:icJ~mfa'U(,1 (ALU) v1 
' ' " 

~ <V 

'j~cJ~ nmm'jbn'LJ'jn~1 

(~\Jv11~) 

ons 

2 
ns 

4 
ns 

6 
ns 

8 
ns 

fl~ bb 'Ll'Ll fl17:l.J'1!0'U \111'Ll f111:l.J'1! 0'U 1191 tJ 'j'J:l.J 

pp ALU 

6.40±1.63 6.23±1.50 

6.37±1.55 6.53±1.36 

6.40±1.33 6.70±1.42 

5.97±1.73 6.20±1.95 

6.63±1.19 7.03±1.19 
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~1n(P11'j1.:i~ 4-19 fi.:i 4-22 'l"l'U11 fl~bb 'Ll'Llf111:l.J'1!0'U\111'Ll~ n~'Ll n~'Ll'j?I bbG'l~fl11:l.J'1!0'U 

fa tJ'j1:l.J'1J0.:itl1?1 fll91~ 1 n'1J1;1 ~.:i~ bn'U1n~11 'Llm~G'l1 ?I &in 1?t'1l'W1911 'l"l~L '\"l'j~~'WbbG'l~tM€i'~G'liJ b i1m..1'\"J0 cJ~ 
'U 'I .. \I 

mfa 'Ll\,l hJi1A11mbt,1 n~1.:inu081~i11.Jm'11Aqj'Vl1.:i?t~&i (p~0.05) (,1G'je)l91'j~tJ~b1i;'l1n1'jbn'U1n~1 8 

~,Jm~ L191cJ'l"l'U11fltbb'Ll'Ufl11:l.J'1!0'U\111'U~ n~'U n~'U'j?I bbG'l~fl11:l.J'1!0'\J L191m1l-1'1J0~'1J1;1~~~bn'\J1n~1 
" 

1 'U'LJ'j'j~Jlru6r'1J~?l0~'1l'U191i1 bb 'Ll1 L 'Ul-1 b ~:l.Jt'Wb~e) b 1 G'l 11 'Ll n1J bn'U{ n~1'U1'Llt'U zj.:i~1 n-ve:i b?f'Ue) bb 'U~'1J0.:i 
' 

i,/ I i,I l ~ V I ,dq c:; Cl.I I ~ Q.J 

~'Vlvi?tffU 'l"l'U11 ~'Vll91?10'U?l1'Umn'lle:J'U'Ll7?tnvi·;;nn'1JG'l~.:i'Vll-107cm1'jbnu·rn~1'U1'Umnm1'U1?1nl91 
'U 'U 'U 'I 

I dq c:; V ii -=>I ~ d I I d I .dd d 

lil 1 n'LJG'l ~ ~'Vll-1 m cJ m 'j bn'U 'j n~1'U e:i cJ b 'l"l 'j1 ~:l.J nG'l'U 'j?f'VI e:i e:i'Um nm 1 b 'U 0.:i~ 1 n'LJ G'l t:-J~'Vll-1 m cJ n1'j bnu 
'U 'I 'U q 

f111l-1'1!0'U1'l.J'Vln\117'Ll1:Jbb(9]n~7~fl'Ll (,]G'le:J\9ln1Jbn'Ufo~7 8 ~,Jmvj b~0.:i~1nb'l]'l.Jn1'j'Vl\9l?f0'U 
' 

fl11l-1'1!0'U ;~fl11l-1'1!0'U'1Je)~ bb~G'l~'\Jflflm!'Uij fl11l-1 bb(,] n~1~ fl'U 1 tJ ~'Vl\9l?le:l'\J'U7.:ifl'Un'1!B'\Jtl1?tfl\9l~1n 
' " 

I dci i,I ~ c:; ~ V l d-=>1 i.l i,I ,d • I I d d 

'1J'1 t:-J~'Vll-1fl11l-1 b '1ll-1mn 'VIJ'El'U1~fl'Lln'1!B'\J'U1?tn1Yl~1n'1JG'l t:-.1~'Vll-Jfl11m '1Jl-1'Ll'ElcJ 611~ bb 'Ll'Ll'El'U11'1l'1~~'VI bn'\J 
" " " 

f n~11 'U'LJ'j'j~Jl ru6r'1J.:i?t e:i~'d'U\918 e:i:l.Ji1m 1l-1 bbt,1 n ~ 1.:i n'U fl~ bb 'U'Ufl11l-1'1!BU'Vl1#i'frn!'U~.:it'U e:i 8 nu , " 

Ii) 1 nt:-.1 i;'1 n 1J'Vl\91'1 m?f 1:l.J 1JtlrlJUhi'11 'LJ'j'jli] Jl ru6r'1~ b 'V!l-11~?fl-16'11'V!1'U n 1J'UJJ~ bb'1~ bn'U1 n~1 
' ' ' 

~ ~ 1,1 J ru6r'1'1J'1°~~ fi e:i t1.:i e:i ~1;1ih ifom-Je:i mfo 1fa 'U t,1 b ~ e:i~~1 n ?f 1l-11 'rn'Ue:i .:i fl'Ubb?f ~ e:i 0 n~lb ~ 'U bb'1t 
" ' " 

fl11l-1,'U 1111~n11rn'l"lmr1&in 1?t'll'U\91 b 'l"l~L 'l"lT~~'Ll L\91 t.lvl1€l81.:i'1J~t:-.i~~bn'U{ n~11 'Llme:J~'1fa i1t.Jl-J'l"Je:lmi 
'I 'U '\ 'U 
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l.171 "tl'1~ B~ ~ ii b 'W tJlJ~ B tJ i ~ 1ii b 'Li \,1 €)7 ~ 'VI 11~;;'UV!'Uf17 'J e-J ~ (?) ?{ ~:n'U Lb~ Ld B b tl~ tJ 'U b vi tJ'U fl'U 1 'W ~ 7'U 
'I \I , \I 

fl ru.n 7'V'I bbl;l1'V'l'U17 '1~ B ~~ii b 'W tJ lJ~ B tJ i ~ 1ii b 'U(?) ?{ 7lJ 7 'J'1 -r mn fl ru.n 7'V'l'lJ B~ e-J ~ (?) i{ ru,i'1~~ f117 
'I 'I '\J 'I 

€)~~fa 'WtJlJ~BtJi~1ii b 'W(?) 1~ 'Vl71 ~b 'U'W~~~~~~ m!'U~1m1 bb'1~ ?f 7l.17'Jm vilJlJ'1fl7 bb'1~'J7 fl7'lJ7tJ'lJB~ 
\I \I \I \I 

e-J~(?)Jltl.J~1~lJ7f1:ff'U~f1~1tJ 

, 



d 
'U'Vl'VI 5 
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~ ' 
'<il7 fl m 1 ~ fl1s1 e.J G'l'llmlfi fl 11 b~ ~ m.J'LJ'U iJf 'Un el'U fl 11v11 bb vf -:i ~ el fl ru6'i' fl1sru~ ~1'U ~ b; cJ 1 bbG'l ~ fl~'U 

' 
"J61'1lel-:J'll"1 e.J-:J "l"l'lJ17 15m1 b~~m.J.ff 'UiJf 'Ub 'U'U'U'<il ~ cJci'1fi'ru~ij e.JG'l ~ elflru6'i' fl1sru~~1'U~ b; cJ1'1l el-:J'IJi;je.J-:J 

'\J V 'I 'U 

bbG'l ~ 1:iJij e.J G'l ~ el fl ~'U 161'1l el -:J'll "1 e.J-:i 11'1 cJlfi m 1 b~ ~ cJ :w.ff 'U iJf 'U ~ 1 cJ m 1m fl 1 'Ll 617 'JG'l ~ m cJ bb:W fl'U b; cJ :w 
" 

'llel-:J~ (..6.E) ~1~611'1 bbG'l~ 1~f'lJfl~ bb'U'Ufl11:l.Jb 6U:W~1'U~ b ;cJ161'1~611'1bb~fl~1'1tl'Uel ci1-:iij1.JcJ617AtU'Vl1'1 
q 'U 'I 111..1 

61~&i tl'lJ15fl1'Jb~~cJ:W.ff 'UiJf'U~'U (p<0.05) 

1ism11'Um1vi1bbvf-:i1'lJ'IJ"1vlbVl:l.J1~61:w 1~bbn m1ri'11'lJ'll~btlm·rn·1 20 uTvi fJ:wtl'lJffla • • 
" " 

ill/ ii ~ .c::i. Q V ..:::i., ~ 
el'lJbbml'11cJ~el'lJ61ruru1fl11"1'V1elf;UVl.fl:W 60 el'11"11b'1.l'1b'1.lcJ61 fl11:W\Y1'U 40 b'l.l'U~b:W~'J'U'Jel'Vl b'U'Ub1'11 57 

'\J 'IV V 'I \j 

'U1'VI ~-:J'<il ~vi11 Vl1~ t,J~~Jl f;U6;1'1JG'l°t;J-:J~:Wfl11:l.Jbb~ fl ~1'1'1Jel'1~ (..6.E) ~ 1~611'1 b~elb 'U~ cJ'lJ b vi cJ'lJ tl'lJ 1 'lJ'IJf;l611'1 
" ' " 

'U~mruyj'Uel~fl 121.80 mg GAE/g dry matter bb'1~:Wb'Uel{b61l'UIYlfl1"Jifot-:i6111iJf1'Uel11¾JG'lB61'J~ 

88.58 % 

'<il7fl m1Pi fl1s7e.J G'l'll~M'll'U 71'1el'U.fl1fl ~·rn'l:wU~'lleJ -:J'IJi;j t:-J-:J "l"l'lJ17 'll'U7 l'1 el'U.fl7fl b 'U'U'U'<il~ cJ~:wm, 
' " ' 

d .c:. V 6'1 I I ~ Q../ I 

'<il 1 fl fl 11 l"1 fl1s7 e.J G'l 'll el-:J '/J'U 1'1'1l el -:J'lJ 'J'J'<il .fl ru'o/1 ~ el fl ru.fl 7"1"l'll el-:J'll 1;1 t:-J-:J 'J ~vn 1-:i n 11 bf1'\J 1 n1s1 "l"l'lJ17 
' ' " 

'U~:l.J1f;Ufl17:W;ff'U Al Water activity (aw) ~7fl17'1J~t:-J-:J~bfl'lJf fl1s71 'Llm"l"lm61~fl 161'1J'Ul'1 b "l"l~b "l"l'J~~'U 
" ' 

bb~fl~1-:in'Uelci1-:iij,!mf 1fi'ruV11-:i61~&i (p<0.05) ci'1Vlfor11~ "l"l'lJ17 'IJ~t:-J-:J~bfl'lJf fl1s71 'UtMel~1;1fo UcJ:W 
111..1 \J 'I 'U 

~mJ~=hnfo'U~ijr11m1:w6111-:i (L *) r11m1:wbll'Ll~b;cJ1 (a*) bbG'l~r11m1:wbll'Ll~bvt~el-:i (b*) ~7fl17 

'IJ~ t,J '1~ bll'lJ { fl1s11 'U ~ '1"1"l'1161 &i fl 161'/J'U 1'1 L "l"l~1 y.j'j~~'Ulb~ fl~ 7-:J tl'U el~ 7,:iij,! cJ '17 A ~'V11'161 ~ &i ( p<0 .05) 

ll~ ~ l~ '8 ~ -;;i 15 ru 7 f1 ill.fl 7'\!f\/11'1 i{ 1 'U 'U 'J t 617 'Vl ~ :W e'.J ~ 'f,j'\J'"J 1 fl~ bb 'Ll'Ll fl11ll"/1 eJ 'lJ \il 1'U a fl~ 'Ll l7 ~ 'Ll 'J ?1 bbi:1 ~ 
' 
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Ill 

5.2 "tlelb~'Uelbb'U~ 

.. 

b Vl'11ffi 'l½r1~eJVVl1n-u11 'U6lJ'11rnhum~uTurn'j bb '\.J'j'j'U 
'U 'U 'U 
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ntJ'r!GJ1 fn~1-:i?i', mJnTfH1.l ~\9ll?!fl611-:IP1, ~flT\•'fa ~'Vl55'a'ail bb'1~el'U61{\91'U ~~Jl'Vl'a11"a"aru. (2549). 

Nfl'lleJv ff'LJl9! 'U 'J'Jv iJ flJ'7~"JeJ n 71l tf d cl'IJ U Vflv fl flJfJ 7 WV eJvNfi '97 iJ flJ'7ff 7'11TJ 'Viv llll:f m 'U'V!1iv1J. ' . 
fl1fl16/l1b 'Vlfl 1 'U 1'1~'Vl1-:JB1'V11'a, fltU~1'Vltl1f'11?!\91{ '1W761-:Jn'atUill-'111'Vlti7JE.J. 

' 
nru'1tl-vr611{ B'U61~ff\J. (2553). nnW~'/J7n1:f'U?'/Jn71Nfi'9JNfi'9JJJflJ'fli, 'Ul'9JVfJ'UU '11v. ?!16/Jl ., ' 

el\91?!1Vlm"amn'r!\91'a' fltU~b 'Vlfl 1'LI fa~ f11'j bn'tWl'a' il'Vl11'Vlti7JE.J"a16/l.!l!i1iE.J-:i 1 Viii. 

Ln'rriJ ~1-vrwfoi-:i. (2554). ~l-lfl1'r!ru. 
' 

6/J~. (l-l.t.hU. 1'U~A'U'Um;J'1 15 'V'ltjf'l~f118'U 2555, b'U7ri-:i1M'17n http://www.phargarden. 

com/main.php?action=viewpage&pid=24 

-:i1iivi'V'l8 .ril h~ii. (2549). V1u1E.J~ 13 n11tJ11'1e.J~\>1.!lrueri'mV111. 1'LI, wnanm1avUffl9!?ff7nn 
'IJ ' ' 

f)'/JfJlJUfl:fn71UV11VfJ7'Vf71 uuwr/ 8-15. (Vl1.J1 205-208). 'U'U'Vl'Ul il'Vl11'Vlti7JE.J 
'1 ' 

. (2550). m1v1111v7'V!71. m-:ib'Vl'V'l"'I: u~,;''Vl LB?! ~ bBl-l m1~ii-w -.S1n~. 
------ ' ' 

b'1'U~'a1 ~{iJ8 bb61~t.h~?f-:Jr1 ~Vl1'U1il. (2554). B'Uil61B?f'a~bb61~?!1'a(i)1'UB'Uil61B?f'a~: bb'Vli;l-:J~illbb61~ 
'l 'U , 'U 

n'1bnf11"abfl~tJijfi1m. J7';fff7';f?ff7n7W'Vf7?YJV769V17ffJJ{]n7Wfl'JJef, 1(1), 59-70. 

16/lri·ifo B1nmrfo1~. (2550). V!U'W~ 8 f111fl'UBl-Jbb61~bbD'a1DB1Vl1'aM'Wf11'a'Vl1bb'Vl-:J.1'U, wnm1 
' 'IJ 

n71fffJ'/Jffl9J?ff7n7';ff/'/JfJlJUfl:fn71w...h1tfv7'Vf71 uuwr/ 8-15. (V!1.J1 31-33). 'U'U'Vl'Ul 
' '1 ' 

:IJ'Vl11'Vl81J 8?! 161J'Vl85'a'ail75116/l. 
' 

DEm 1\97'U7D'U'U'Vl. (2544). uifnm1ut111tfv7'V!71lifvvlu. m-:ib'Vl'V'l"'I: 1m~E.Jml1\97{ 
'1 ' 

iJ5m 1\97'Ll1D'U'Ll'Vl LL6'l~r11~1.Jm.J. (:1-J.tJ.tJ.). m16'11n. 1'U~A'Ll'UBl-l6'1 10 'V'lf1f'l~f11m.J 2555, L-u1fi-:i1M 
'U'U ~ 01 

·'inn http://www.foodnetworksolution.com/vocab/word/797 /blanching 

'U'U fl-:Jb'1~rubfl81~ bb6'1~ ?fil'V'l'a fl-:Jb'1~rubf18'a~. (2541). 'U'J'JviJflJ'7fJ7'V/71. n'a-:Jb'Vl'V'l"'I : bb'V'lflbl-l'Vli. 
'I V QJ 'f 'I 

'V'l'a'atU56/l1 ~1-:J'Ulfl. (254 7). n71?lf/17:i't1ff7107'/Jfl'IJ3jfl5ffW. 1'UviA'U'UB&,j61 15 'V'ltjf'l~f118'U 

2555, b'U7~-:JbM'17n http://pirun.ku.ac.th/~b4755242/7.htm 

~iivhvlru 'V'l"ab~~iJ'V'l-:JPl bb'1~ iJ5m {\97'U1D'U'U'Vl. (ii.tJ.tJJ eJ\9111n11il-l~7'U6/JB-:i1m11.1'U~A'U'UB:1J61 
., 'IJ 

26 bil'rr78'U 2556, b'U7fi-:i1h1nhttp://www.foodnetworksolution.com/ 

wiki/word/0463/water-vapor-transmission-rate-eJ\97J7f111;:IJ~1'U6/JB-:J1m11 
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.., 
~nl911 b~~qj~'U'Vl-rV'l~, f"l'9EJ1 ~:wi,:iL1€l-:Jft,J'W, ~'1'1.fl :W'UW1"1f7 bb'1:::€17Jl?fj7 LL?f-:l'U7f1. (2548). t:-mirn-:i 

'llmv1€1'4.fl1flt,10 ?f:wu~ L :S-:iVltJ7~'1lm L 61.!'1~ fa ?f t!J-:1~1 nvh-:i-u11. n-rmW'V/7? nmric.1nn~ru, 

8 (1), 47-59. 

~-:ium V'l-:Jl'l?f1?1~mih1 LL'1:JrH'17'1 1~-.S1u-:i. (2545). n7jtb:::dJ'Umcm7jLfl'Ufn~1t!J~t,1J1ruen 
' ' ' 

€17Vl7j _ ?7'Sff7'J'il7fW7, 9 (68). 

Jn~ru1 L~~ruh. (:w:u.1.J.). vfl. 1u~riu-u0:w'1 25 t,1mfl:w 2555, L-u1i:i-:i1~~1n 
v V 'll 'I 

www.phargarden.com/.../article-20110302101013 

1'VlcJ7 i-:ine.l?f rn,. (2543 ). Wf/7fl~nl iif vn75ln11(,}). m-:iL 'VlV'l i: Pl~1~'U7~'Ub\,l 0{V'l{w,1-.S 717191. 
' ' 

1f'l'U ?f1Jj:::~~:ti€J7.fljru LL'1:::Uj::::l.J1'1 f'11n7Vl'1-:!. (2554). Mn1!J7n75CJ~(,}Ufi:m75trfufm17'll7?ref? 
' "' 

m.1u l W'S 1 UWvJ'I.Je](,Jff7'Vfn'SW'neJ-Jii'w iif m rJ3.J3.JfWJ7U6'1:ffJWYJeJl'Jl Y)f) Tu foflfi'lf3.J'lfUl u 
'I 1 V V 'I 

-J'-mfv1tic.1-J 7 ml. :wV111V1mJ1:Jj7"1f.ll!J L ;cJ-:i 1 mJ. 

11~tl Vll-:JL~~ru. (2545). 'UVl'U1W1rn-:i?f1j1Jwn0'U~'U8'1t,1eJ?f'IJ.f11YL ?7-rff7W7'Vl7-r, 32 (4), 
V S 

245-253 . 
... ~ ., r 'f <> • / • / ... , t .J ... ., a , 
1 bc'l 1.:J?!7vl'Vltl.:J. (2546). lYJf/ Ubf/On75ttu5fou7H7J (V'l~J'Y'jfl'j.:J'V] 3). m.:JL'VlV'l"'l: 'UTl~'Vl L'Vln'Y! 

'I.I ' 

Lbe:l'U~ L~€11'Ll'1 ~LJ~Lfl°ti'U lil1flvl. 

f'!Pl:W'U D11917 bbc'l :::1 '1Jf16til:J Tijn'1 Ln l:Ji~. (2550 ). VlU1 l:J~ 2 n7jLt,111:JlJ1t,J'1~rn~7Vl'fo n7j bb 1.Jjj,J 
' ' " 

€17Vl7j _ 1 u, wnmrm-ravu'lfv/°J'lf7mwuv3.JUfl:fn75m.h-stfmm-s uuwi1 8-15. 
' " 

(VltJ7 68). 'U'U'Vl'U1: :wVJ11V11:J1Jm:11'1JV11:J'Bjj:J.J1fij7"1f. 
' ' ' 

Lf'li~:tin7j 'U'1ltJcJ:w. (2554). n7jt:-.1~t,1J1\>l1~-:it:-.1-:i 1v11:Jn7j'Vl7LL vf-:iLL'U'UL~€JmL ~-:i. n-sm-s5nmf!W(,}1 
"' ' 

Ufl:flYJflfofofl, 19 (2), 51-63. 

?fj1f'l bb~:Wlil1~qj, ~t,Jt,17 ?f7t,J'frY~"1f{ ~~(,lj7 b~t.l:w111, V'liV'ljjtlJ ~'UL'Ut.l:W, 5qj1-r\,ltl n7~?f-:Jflj71J 

LLfl:::V'liJv11 '4t1J'l'Vlin-:i 1"1ft.J. (2552). t!J'1"1rn-:imj€J'lJLLVl-:JLL'1:::.n1"1f'U:::'\Jjj~ 1 umi~v1m~mj 

LflUfo~1n:::LV'li1U\Y1-:I. ?7W7'S?Ylc.17fl7ff(,}ftn'/<J(,}':i, 40 (3)(fof'l~), 249-252. 

m1 'B'U'4t1J?1:willi. (2545 ). mflilmhufvnn:'Jtfl-r7:f'l16l/U7WlfeJ-Jvifn7fl. vf m1Jijilli mi1Lm1~.J 

Jn~ru~LQ'Y'l7~'1Je)-:Jt!J~, f'l'UtlL'Vlfl 1u fa~fa'Vl~bb'1~1?fvlLL~-:1"1f7~ (MTEC), (17tJnnu~~'U7 " ' 

1Vlt.l7f'17?ft,J{LL6'1~L'Vlf1 fo 1i;l~LL~-:1"1f7~ (?f1'Vl"1f.) 

mamri 'Llt.J1n6'1. (2540). inmg: ?YJc.17fl7ff(,}1ttf1:flYJflfufofJ (Yim{ri!-:i~ 2). m-:iL'Vl'V'j"'l: 
' ' ... ., , 

:wm1V1m6'1mn~mf'11?f(,li. 

le:im 1"1fi~r11Jv1, 1J1'111 'Uru~-:i, ~'U'Vl'U7 urut.J~f(oltl, m~fniJ eJ(,lvl~'U'VleM. (2550). 
'I <j V 'lJ 'I 

mrir7UvU3.JfliJflJ:f. m-:imvn D11'Vlt.J:wmmi'Ylm{ 
'" ' 
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n1~~-w1n n 

Q tfn r';! JI 
n-1 nTa'Jbf111~'Vlu'al.11NFl11l.111'W (AOAC, 2000) 

1. l?le.J'Uf'llJfm.itJi''Ue.Jruvt.flilt~ (Hot air oven) 
V S ~ 

" 
2 . .fl16/1'U~mmikuc1:lJi1vifovi1m1:lJ;'U (Moisture can) 

V 

3. 1t1v1v1r111:lJ;ff'U (Desiccator) 
V 

' " 
6'1\?16'1-:J l 'Vl1fl'Ue.JruV!Jlih½0-:i ll~1'1l-:Jtl1wun 

q V 

3. -a'-:i(P)1eJ81-:Je.l1Vl1':i~l?le.J-:JnTrv11r111:lJ~'l..l 1 vt'1(;1J1vitl'n~mJ'l..leJ'Ll 1-3 nflJ 1~6'1-:i 1 'LlJ71'tlW~ 

e.Jf'lih tit:.mi1vii''Uvt1r111:lJ;ff'I.Jzj-:ivl'n'UJ1vitl'n~hl~1 u11 tJeJu 11.Jl?i e.JUf'llJfeJ'I.J~e.Jruvin:iJ 105 ml'l1 
~ ~ , ~ 

l"l!f'll;t:.J?f 'U1'1.J 5-6 -a'1 blJ-:J tl100mnrn,10u 1~1 it 'I.J fov1v1r111:lJ;ff'I.J i-:iJ1vitl'nn16/1'U~~fe.JlJ(P)le.Jci1-:ii!'U 
V V 

~ 1 ni!-utl 1 mru 1 tJ l 'LJ1 \?1 e.JU Bn llf'l ~ n'i~'V11 l 6/l'U l~lJ ~ 'U 1~ ~rn \>11-'.l'LJ e.J-:Jtl 1Vl'W n ll vf-:i~-a'-:i~ -'.l?f e.l-:1 ri#-:i 
V 
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m 1 r1 Tt.n ru 

M= 
CW{ - \.-Y-) 

w. .. X 100 
1 

., 
'Ul'Vl'Ll ni1el81-:J f1el'l.J ff\J 
., 

tl1'Vl1!ni1mh-:i'Vl~-:im.1 

n-2 
., 

n1':i1bR':i1~~tfh11ru~1':i'U':i~neiuo/Jt.1ei~Ri~V1~~ (Total Phenolics 

compound) 

1\7lcJ15 Falin- Ciocalteus method (Zhou and Yu, 2006 ) 

fl'IJ?f11lJ1m~11J Folin-Ciocalteus reagent 0.5 ml 161mlel\71Vl\71G'lel-:Jbb(91'1~'Vl'1el\7lc.J?fl.11~\'LJ1n1J 

bbG11~-:iv1-:iH 30 1J1vi ~1m!m&il.l?f11'1~'11cJ sodium carbonate 20% (w/v) 3 ilG'l~~\s11 ~-:iv1-:iH 

15 1J1'Vl bbG11b~l.11.J1ni1J 10 iJG'l~~m n1el-:J~1cJn1~\711~n1el-:Jb'UeJ{ 1 ,l1?111'1~'11cJffivi'ltJ1\7lf11fl11 

\71\7ln~'l.JLL?l-:i~ 725 1J1h.!Ll.l\s11 bLG11'U1A7fl1117l\7ln~mb?l-:J~1~m?l{1-:im1-wm1,11ij11J Gallic acid 
V V ~ 

.., "" bb?l\71-:J\71-:J.fl191'lVI n-1 

2. ULD\,l?f11?fnvii1eJ81-:J 1 lJG'l~~\,11 c.J?l:l.JflU?f11lJ1\,113j11J Folin- Ciocalteus reagent 

0.5 iJG'l~~\,11 161'VlG'leJ\71Vl\71G'leJ-:Jbb(91G'l~'Vl'1eJ\71 c.J?ll.11vfL.if1n1J LLJ1~-:i~-:iH 30 1J1vi ~nm!1J,J'1mb&il.l 

?f11G'l~mt.1 sodium carbonate 20% (w/v) 3 iJG'l~~\,11 J-:ivi'-:iH 15 1J1'VibbJ1b&imJ1ni1J 10 

iJG'l~~1,11 me:i-:i#\'1 t.1m~V11'jjmeJ-:iLue:i{ 1 ,l1?111G'l~mt.1~1Jilu1V1r11m<aV1V1ni'1uLL?1-:ivl 725 u11 u 
V 

L:i.Jm LLJ1tl1fi1n11~\7ln~'l.JLL?f-:J~1~m b vit.1'\Jfl'IJ m1-Wl.11\,113j11J ga llic acid b ~ m,nm 1m 'LJl.l'LJ'l.J'tl e:i-:i 

phenolic compound 1u?l11?fflV1'tl1n'tl~c.J-:J 
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scavenging (DPPH assay) l>l~Lbtl~,Pil1fl1TI'Uel-:J Brand-Williams, Cuvelier LL~~ Berset. 

(1995) 

1. L\911cJ:W 2,2 diphemyl-1-picrylhydrazyl radical ( DPPH) fl11:JJL'LJ:W'LJ'U 0.1 D~fi1:w~ 

L~cJ 0.004% DPPH lu Ethanol bLi1tl11tl~?1:w~1mfl~el-:J Vortex li~~1cJ'VJeJcJ~bfl'\JHvlm1.1vi.nD 
q 'lJ 

4°C 

2. 'Vl~?lel'\J\,11el81-:J?l1i?lfl~L~cJ~~?l1i?lfl~ 0.1 D~fifi\91i1'WVl~el~'Vl~~e)-:J el81-:J~~ 3 Vl~el~ 
'lJ 

~nm!'Ulibli\91?l1i~~mcJ DPPH vlL\911cJ:W11b~Vl~eJ~'Y116'1?l1i?lfl~(,11eJ81-:J1tlbLi1Vl~el~~~ 3 ml 

b~eJ1vfvhtlfin~cJ1fl'U LLiTYl1fl1ib'LJ81 i-:i1il'Uvlij~bU'Ub1m 30 'U1Vl '<il1m!ml11tl1~fl1fl1il9J~fl~'U 

LL?l-:i 1~cJ1~fi1mi~~n~'WLL?1-:ivlm1:wcJ11fl~'W 517 'W11 m:wm 
'U 

3. f11i.J1rufl1bQ~ tl1J8-:Jfl1fl1"j~~fl~'Ubb?I ~~1~ 1~1 'WLb\,\~ ~~10~1~ Lbii'1ti1m bb 'Vl'Ufl11 'W?ll'li 
~ 'lJ 

vi1tl i~~'Vl E .fl 1'\"l fl'Vlin 1i \911'1.J eJ'W:W ~ 0?li~/l 'W \i11eJcJ
0

1~~'111:w 1'Vl (71 ?l e:i'\J 
• I ' <u 
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% radical scavenging = 

(ADPPH -AsAMPLE)x10 0 
ADPPH 
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n-4 n1'l1~~1 Water Activity 1~mfl~e1.:ivi1~1 Water Activity g~el NOVASINA 

15 Set-up Calibration 

1. 'W7\9l~ll Salt Standard SAL-98 (98%ERH) 

2. tJ~e-hr11e:it11~\~tJt1{mJ 

3. 1 Vl'Vlll'Ui.h.J~b Vl~e:i.:im-whui1tJjje:i"Um bfl~e:i.:i 1 '\.Jff~Vlll7mfl-u 2 
' ' 

4. 1eJ~'UeJ111Vl.flD1n~bAtJ.:Jflllvi~:;1~bbfl:;fi1 aw 1n~bAtJ.:Jflll~~:; Calibrate bb~1:5.:ifie:itJ 
' 'U 

n~Ull~~1 ENTER bb'1l~'U 98 CAL m:;~1llbb~1'\.J~e)tJ 
' 

5. n~ull~~1 ENTER Einr1{.:i~'Um:;sX.:i-ue:iA111Jt1'U~eJVltJ~m:;~1t1 
' ' 

d o . ~ : 
6. br11e:i.:i~:;vnm1 Calibrate ~'Ub?l1Wl'Um:;t11'Um1 

7. Vl~.:J~1m?t~~i'Um1 Calibrate bb~1 bfl~e:i.:i~:;fi'U~?lm~'\.J1n~fie:i~{e:i1J~~tl~LLm: 
'U 

bb?l~.:JflleJtWVl.fl:wbbfl:; %ERH (aw= ERH/100) "UeJ.:JM1eJc!1.:J 
' 'U 

15n1'lLibfl~B.:Jb~e1vi1n1'l1~~1'l~1e1£i1.:i 

1. VllJ'UUlJ~b'Vl~eJ.:J"UeJ.:Jbfl~e).:J AWC 1'Ll\?11bb'VliJ.:J~ 2 
' ' 

2. 'W7\9l~t1~m?1~n m1~?1111911e:ici1.:i1VJ'119i''\.J1m\911'\.J1:;mru 80-90% 

3. 'W1\9l~llM1eJt!1.:Jll11~1i1'U Measuring Chamber 

4. D~e-J11vfb~tJ'l..l{eJtJ 

5. i.:ie:iru'Vl.fllJ\917llyj\9leJ.:Jn71 b'1l'U 51\9leJ.:Jn71fl1llfllJM1eJc!1.:J1Vlb\9l 25 eJ.:Jf11b'1lflb~jtJ?I filvf 
' 'U ' 

i.:itJll~~7\911.:J"U11jje) 1Vtb\il'VllJ1tJbfl"U 190 b 'U'U~'U 
' 

1~ 1ie:itJ1 'U?l.fl71t~?llll>lflilll?l71M1eJt!7.:J ?1m1:;'i1b 11b~tJffJ1 Equilibrium Relative 
'U ' 

Humidity (REH) b~eJ'Vl71\i11tJ 100 n~:;11i1fl7 aw (Water Activity) \911ll~eJ.:Jn71 
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.n1fl~tJ1n ~ 

""' ti """"' n 111 bfl 11 ~Vi~ 11u \9l'Vl 1.:i n 1 t:.1.n 1 cw 

"ll-1 n1':i1~fi1a~1mr1~e1.:i1~a Hunter Lab -i'W Mini Scan XE Plus (lici1~n'U 
q 

b'U':ibbn':i~ Universal) 
V ' ., ' "' "tl'WIPleJ'Wn Ti\9lel bfl'·rn .:i 

1. b~ tJ'IJ617tJeJ'IJ rrrn1~Bn'\J bfl~eJ.:i 1 ib~ti'Ule:iti ne1"U'Y11il~'Vl7fl1':ib~tJ'IJ617m-u1n'IJ'IJ~n 1 ~ 
' 

2. b-U11'U':ibbmd-l 

Vl1n1'a Standardize bfl~ei.:i 

1. b'U7 Menu Bar Standardize (Cal) 

2. b~eJn Port Size b'U'U 1.25 -6'1 n~ OK 

3. bfl~eJ-:Jlil~tlld-1'\/llbbe-!'U Black Glass 1iX11..:ibbe-!'U Black Glass ~ Sample Port n~ OK 

4. bfl~eJ-:J~~trUJ'\Jl"lbb~'U White Tile 1iX11..:iLL~1J White Tile ~ Sample Port n~ OK 
., 

5. n~ OK Einfl{..:i 

6. 'Vl7fl1':i1~f17b'VltJ'\Jfl'\JbLe-l'U"tl711~ti1i Scale XYZ l~b'Vltl'\Jf17fl'IJ Scale ~7'U'Vl~.::ibb~'Uf17 

fl11:W~1..:I Delta XYZ \91e)..:Jilm1d-1~7..:Jhlbn'U ±0.3 Units tl1bfl'Ll1iXvf1m1d-161~eJ1~bbt:-.i'U Black 

Glass bb~~bbeJ"U White Tile bbJ1vf1fl1':i Standardize 1'Vl:wBnflf..:i 

'WU1'1eJ"tleJ.:J 1 'U'abbn'a:U Universal 

'\/l\J11ileJ"tleJ..:Jhbbbmd-l Universal iJJ..:i'Vld-1~ 9 '\/l\J71ileJ bb~'\/l\J71ileJvfti~ Scale f1eJ Master 
'U 

Color Data 

nTa1~ri1 

1. L ':i7i:f11J1':it1V11n111~ri1 L~b~tl 1~m~eJf1b6U7'\/l1.J71ileJ Master Color Date 
' ' 

2. l:11\91eJ..:Jfl1':i1~A7 Standard n~ Read Std vi Menu Bar bfl~eJ.:Jlil~V17fl1':il~bb~~bb61~..:i 

1-11 Standard 
ii ti Q.I I d ~ 0 QJ I 

3. t111?1eJ..:Jfl1':i1~fl7 Sample n~ Read Sam 'V1 Menu Bar bfl';ieJ..:ilil~'V17fl1':i1~bb~~bb61~..:Jfl1 

Sample 

n1'ab'U~tJ'W Scale 

1. 1'Ll'Vl\J71ileJ Master Color Data 1iXn~ Active View~ Menu Bar 

2. 'Vl7n1'~bbm"tl Scale 1"U'lleJ..:i Scale bbJ1n~ OK 

3. 1lhLLmlJ~~Vl7n7':ib'U~tJ'UA7 Scale 1iX 
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n1'a' Upload "!JB116'1 
'IJ 

1. b-U7 Menu Bar b~eJfl Upload Mini Scan Sample 

2. 'Vl7fl1';i Mark 6VellJ'1~"ilt1ivi~m~e:in Select All '171?1el-:Jfl71J-:ivi11~ 
" 

.6.E = 
J 2 2 2 .6.L * + .6.a* + .6.b* 

1~tl .6.L * = L*t • L* • \J'!J~.1~ - '!l~i.J1 

.6.a* = a* 1u'!l~.i~ a * ' - '!l~t-1, 

.6.b* = b* 1u'll~.i~ - b * ' '!J~i.J, 

"!.1-2 n1-a1~r111~a1~Trn1cun1-ai;l~i;11£J (Sanphakdee, 2007) 

-B'-:iM1ei81-:i~-:i 0.5 nfo bb'1t~?111n1JJ1mt'UtJ~1111,11 50 il'1~~m (25 ei-:i1"11b'llm~m;1l) 1'W-un 

bfle:ifu'U7~ 100 il'1~~1,11 "il7flil'Um'U1~cJ1offbbV1-:Jbb~b'Vl~fl (magnetic stirrer) ('1J'U7~ 2 m.1.x 7 lJ11.) 

~m1m11 600 rpm b'U'Ub1m 5 'UTVJ me:i-:i?i1'U~1~'1t'17cJ'U'Umt~1~mei-:ib'UeJ{ 4 1~cJ1off~11 

?1ruru1m1"1 bb~1tl1mt~1~me:i~'Y'lfe:i11611'U~1~'1tmcJ1'lJe:i'U1'W~eJ'U'1lJfe:i'W~e:iruvi.nil 102 ± 2 °c 
q V V \J q \J 

"i!'Utl7V!'Uflfl~~ f11'U1ru % solubility 1'1-:J?llJfl11 

ml - 1n2 
Solubility (%) = ( 1- 11'1 ) xl 00 

.., 
m fie:i tl1vi'Un'1Jei-:iM1e:i81-:i~-:i 
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fl-1 bb'U'U'Vl~6'lel'U'Vl1~th~6'11'Vlil.le'.r6'1 15 Scoring test 

' ' dil aJ..::::il i./ 

6/Jele.JVl~?lel'U ................................................ 1'UV1Vl~?lel'U ........................ ~ll1E.I b"'Ve.JVl~?lel'U ............... . 
~ ~ 

., ., "" 
~~'U 

"""" 
.., .., d 

1 = ?lb 'V cJ1 b 'V:W'U el cJVl?l ~ 
' 

2 """" 
.., .., 

= ?lb 'V cJ1 b 'V:W'U el cJ 

3 = ~b ;m b -u:w'\J1'U nm~ 

4 """" 
.., 

= m 'VcJ1 b 'V:w:w1 n 

5 """" 
.., d 

= m 'VcJ1b'V:WmnVJ?l~ 
' 

r 

II 

'tlelbS'Uelbb 'U::: 
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fl-2 bb'U'U'Vl~&'lel'U'Vl1.:i'lh~&'l1'Vla'l.l~&'l 15 Scoring test 

' ' Ciltl CV.<:::il II 

"lleli:.JVl~?fff\J ................................................ 1'UV1Vl~?f 8U ........................ ~mt1L'161Ji:.JV1~?f 8'\J ............... . 
~ ~ 

' ' d II .c:a. i.ld 

1 = :!Jfl11lJL61J:!J61J8-:Jn'1'U1?f'U8tlV1Ml .. ' 
d II ..::::i.. ii 

2 = :!Jfl11:lJL61J:lJ61J8-:Jn'1'U1?f'UeJtl 

' ' .c:::il i.l .:::::. .c:::il 

5 = :l-.lfl17:!JL61J:l-.l61J8-:Jn'1'U1?fmnvir1~ 
' 

., 
r 'tlelb~'Uelbb 'Ut 

'UB'UBUf'lruffiif'l11lJi1lJiiei . 
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Fl-3 bb'U'U'Vl~~el'U'Vl1.:i'lh::~1'Vli:uer~ 15 9-point hedonic scale 

~1.1 Q.Jd v 
"llel~'Vl~iii el'U ................................................ 1'U'Vl'Vl~'1el'\J ........................ Vll.118 b'1"ll ~'Vl~i;i el'\J ............... . 

\,le)'\Jvi 1 fl1tU1\91el'\Jfl1tlllJ(,11lJf111l.lb'U'U'<il~-:J 

'U !l~'Vl1'U"llel'\J~l.l"ll1f eJ'UVl1el hi 

0 "llel'\J 

o hi"lleJ'\J 

\9leJ'Uvi 2 1-11tLL '<il-:J mru1'Vl~?leJ'\Je.J ~1,1.n ru6Vl'<il7 ni1 EJ hJ,11LLm; 1 '!Xr1::: LL 'U'Ufl17l.l"lleJ'\J 1 'U~7'U ~ n~'U 
' 

fl1Vl'U~ 1 vf 1 Vll.118fi-:i1~"llel'\Jl.11!l~i;1~ 6 
.., ~ ., 

' 
Vll.118fl-:J "llel'Ub'1fl'Uel8 

2 Vlll18fi-:i W"llel'\Jll1!l 7 Vlll18fi'1 6tlel'\J'U1'l.J!l'17-:J 

3 Vll.118fi-:i1~"llel'\J'U1'Ufl'11-:J 8 
.., 

Vlll18'1'1 "llel'\Jll1!l 

4 Vlll18fi-:J 1~"llel'Ub~!l'Wel8 9 
.., d 

Vl l.11 8 '1 '1 6tl el'U lJ1 fl 'VI ?l ~ 
' 

5 
d 

Vlll18tN bUE.11 

., 
'llelb'61'1Jelbb ti::: 

'tJB'tJB'Urlruvit~fl11lJ'i11liiB 
' 
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fl1fl~tnn ~ 

fl1«wthi~ne:iu 
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n) Control 

If 

"1':ifl~fl1mL:1..1n-uL'lim..1fl11umw,1 0.06% (fl) 

Control+ R1 

y 

fl) fl1f11 'I.J(f1';i(f1';ifl~fl1EJ 

MgCO30.06% 

98 

fl1f11 'I.J(f1';i(f1';ifl~fl1EJ 

MgCO3 0.06% + R1 



Control 

Control 

' 
il1Vfvi .:J-6 ~n~tu:5'LJ'EJ.:j6lJ~~~v1~TUn1~ll~"~4l.ltJ1~ 

" 

~1n1u~11~11~~~1~ 

MgCO3 0.06% 

'11f11 U~11~11'1~'11~ 

MgCO3 0.06% 
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J 100 

fl) 50 LlJ'1l 'lJ) 60 LlJ'1l 

A 

fl) 70 LlJ'1l ~) 80 LlJ'1l 

~ ' 
.fl1'1"fl'l ~-7 "'fl~ru~'lJeN'lJ'1t:-.1~vi·frru~1'UvJ~LLm~'lJ'Ul\11 50 blJ'lJ (fl) 60 blJ'lJ ('lJ) 70 blJ'lJ (fl) 

" 
bL'1~ 80 blJ'lJ ( ~) 

y 



• 

• 

fl) Control 'll) mflhnl1 

fl) 50 L:l.J'1J 'll) 60 L:l.J'1J 

~)~1n1u~11~11~t~1~ 

MgCO3 0.06% 

~) 70 L:l.J'1J ~) 80 L:l.J'1J 

.tj I,' I 

.fl1Vf\11 ~-9 '1fl'l!lt\Jt'lJeN'i.J1~fl~'<il1fl'lJ'1e..J~vifeJU~1W•ltLLf\1~'lJU7~ 50 L:l.J'tl (n) 60 L:l.J'1J ('ll) 
'U 

70 L:l.J'tl (~) Lrnt 80 L:l.J'tl (~) 
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103 

mvfvi ..:i-13 bfl~'El..'.l'El'Ubb iX..:imuru1mr'l (Vacuum oven) 
' u u 
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