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Abstract 

The objectives of this research are to study the optimal conditions for appling 

red corn silk extraction in sparkling pineapple drinks, the consumer acceptances and 

shelf life of the products. Water was used as as a solvent for extraction. The 

extraction conditions were divided for 9 conditions with different temperatures and 

extraction times. The temperature was used at 60, 70 and 80°C and the extraction 

times of 10, 20 and 30 minutes were employed. The antioxidant activity was tested 

by DPPH radical scavenging assay. The results showed that the extraction under the 

temperature of 80°C for 10 minutes provided the highest antioxidant activity and 

total anthocyanin content of 62.10 ± 0.72% and 93.42±0.09 mg/ 100 g OW, 

respectively. The red corn silk extract was applied as the mixture of three sparkling 

pineapple drink formulas. Only one formula having the highest consumer 

acceptances was chosen. The sensory testing was evaluated using 9 Point Hedonic 

Rating Scales. The shelf-life of sparkling pineapple drinks was evaluated according to 

the microbiological parameters, antioxidant activity, anthocyanin content, amount of 

yeast, mold and coliform bacteria. The product was preserved for two weeks at 4°C. 

The results showed that the sparkling pineapple drink products were able to store at 

4°C at least for two weeks. Total bacteria numbers were under the standard criteria 

limits. The number of yeasts, mold and coliform bacteria were not found. Sensory 

results showed that-the mean of appearance, color, smell, taste, tingling, feeling 

after swallowing and overall preference values from day 0 to day 14 was not 

significantly different (p:::>.0.05). In addition, the storage of product in incubator under 



4°C for 2 weeks showed the antioxidant activity and the anthocyanin content of 

40.67 :±: 0.84 % and 1,141.09 :±: 0.1 µg/250ml samples, respectively. 
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J~~'\Jfl1':ieJflb6'l'\Jbbi;'\~'\J1:JJ vh1~bbe.J'1Vl1tJb~1 (\r'U'Vl'fo, 2543) bbi;'\~:Ubel'Ll1'1l:w1'\J':i:Ubi;'\'Ll (bromelain) 

zj-::i-tl1C.Jc.leltJ 1 tJ':i~'Ll i5-::i:Um':i 1~J1~'\JtJ~':ivi 1 'Llm':iVliim-del b ~ffvh 1 ~b -dmJ:JJV1~eln1:Umm':ibbii'LlVf el-::i ' 
Vl~'1'11 n n'Ll el1Vl1':iU J~ b.fl'Vl b .Q el~ l'\l:JJ1 n 11 ~~:JJtl1~'\JU~':i VIVl~'lel1Vl1Jn-tl1 (Ji;'\ VI el1 fl1':i bb ti'UVJ el-::i 1Cil 

1'\J':i:IJbi;'\'LlcJ'l'1~-tl1 C.JtJ-r'\J?l.fl1'Y'l'IJel'lbV1m~1-::i 11'Ll~1.:imC.J1 ~b{J'Ll nm-::i bb'1~ m~~'Llfll':iVli.:i~rnn:w'Ll 



tJ 

2556 

2557 

2558 

2559 

2560 

4 

'l.lel-:il'lur:iel'W 1 ~v11-:i1'WLJ n&'i 'Wel mn nd:WmJ fl nl'.11t]VlBvn-:i u1~'iJlVlt.11 '\l'i'Ul TJ·i~'W ~,1nG4'\Jt.J~11>1iJ t]Yl~ 

IX1'Wel'Wil6'l ~6'1J~ el~1-:JBel'W i1nviia11w.b 'UA-vl b~ tJ IX1'W n1JeJnb6'1'U bb6'l~ t'J'u e-:imJ bn~ii~ b ~-:J bel'W 1'1Jtl 
' " ·1 

1 uJii b6'l'Wi1t]'Vli8elC.J1 LJJ&l'W '1!1 m virn;i :WIX1'W'Vl1'W ai'1'Wi1~ b ~-:iu1-:i'1J\J~ b 'li'W :w~ b ~-:i b\ii' 1'Ll:w bb6'l ~:w~ b ~-:i-r-:i 

1~ t'J'ue-:imJbm~n~:w'l.lv-:ibn~~b~el~ '1i1t.1~elC.JmV11J bb6'l~i111'Vl~6'l~mmJu1:wbb6'l~mJ8m6'1u mJ 

Vl~6'1el'U'Vl1-:JA~'Wn1 'W ~ u1C.J~i1v1n1JUl~b.U11~ C.J 1 ~ ~u1 C.J-ru tJ J~ Vl1'WC.J1 b~~~i1bel'W1'1Jtlu J el:Wi1 b6'l'W 
" " 

b6'l'Wb lJ'Wt.11 bbe..J'WU~~U'W b'li'W C.J1'li1 C.J ~el C.J bb6'l~ C.J1-rn~1€!1f11JeJm6'1u bb6'l~'Ul:W'l.lel-:Jb dm~B (nt]&'iC.J1 

hm'Weln, 2554) 8n~-:iLJJ~nvuhJ~1C.J 1miJ'WSS bb6'l~bbAbJ'Vl'Wvt.J~ zj,:i6'11J~-:J6'1el-:JU'Ul1bll'W6'11J~il 

t]viB1 'W fl1JIX1'Wvel n68b~i'W 

~uu ~J~ bll'W 1~~·rn bl"lJ°B\in~~611A'ru'IJel-:i'1.JJ~ b vil"11 viC.J ilu~m1i.m1Je..i~\9l bb6'l~rnJ;;1-:ieleln6'1-:i 
.... " " 

b lJ'WeJ'W~'UVl~-:i'l.lel-:J fa nfi~bll'W:w6'l1°11rnJ~-:JelelnUuV1~mi'1'Wu1'Vl~ellJ ( 81.111 bb6'l~Aru~, 2553) zj,:i 
" 

J1A1~u'1.J~J~~bn°B\91JnJe..J~\9l'l.11C.J;;1-:i 1 J-:l-:l1'WiJbb 'Ll11 i.J:w191n~16'l-:i1 'Wll 2560 bb6'1~-:i~-:i\911J1-:J~ 2.1 zj,:i 

6'1~1-:iu ruV111 ~nu bn~\91Jm~LJ6'l n~uu~J~b lJ'Wel ~1-:imn 
" " " 

V11.l1 C.J:'U1'Vl/nn. 

"" ii .CJ. :W.A. n.'l"L :W.A. b:W.tJ. 'V'l.A. n.A. 6'1.A. n.t.1. \91.A. 'V'l. tJ. li.A. 

2.96 3.35 3.70 4.06 4.43 4.84 4.66 4.90 5.07 5.44 5.58 5.688 

6.01 6.50 7.34 7.42 7.10 5.62 5.76 6.07 6.62 7.28 8.16 8.63 

8.51 9.35 9.79 9.75 9.59 10.00 10.56 10.79 11.26 11.85 12.18 10.52 

10.43 10.54 9.75 9.33 10.35 11.95 12.22 11.SO 10.89 10.69 9.96 8.34 

7.62 6.37 6.70 6.12 4.62 4.06 4.26 4.27 4.32 4.11 3.15 3.08 
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i1'tJtl~':i~~A"w5ul'l\911blCJ (Bhattavia) ~~ti~lwn~:u Smooth Cayenne iJ~'Wn11,iJ~1,~lJ8~ , 'U , 'U 

u~ n ru~ii1,1,ihl1ti~ 1,ii"llti'W i1'Utl~':i~~'W BU\91\9111,1CJ1,lJ'W~'LltJii'\.Jr;i rn~m~..:i 1 ':i..:J..:J1'Wi1'1Jtl~':i~ m~t'.J ti..:i 
' ' '\J 

., 1 tJ1,~e:J'lJ1CJ~ili'I~ zj..:it11~fori11iiiJCJ:u1,~ti..:i'il1niJ':i?1Vl11'W~1 b\nJ?ltJCJ:U'lJe:J..:JA'W L 'VltJ i1utl~':i~~'W5\1 
I '\J ' 

ffi u~ 1, ~tJ11,-LJ':u ~11 u~1'W'IJ'W\,U'Wl1m..:i1 61.ltiu 1 ui,~tJu nm..:i 1ul1ni1~1,1,~..:ie:iml1mr;i tlmCJ 1 uiJVJ'W1:u 

1,~nUe:JtJ n1'We..Jf;1i'W 'lie:i~e:iniJ~e:in~BtJb~tJbu~CJtl':i~l.11ru 150 ~tin n~'IJ~8n~~1-.'.le:Jl.l\l1\,~'W e..ir;iiJ 

'lJ'W1~1,1,r;i~':itl'Vl':i-.'.l\,\,\9l n~1..:in'W 1 tl iJ1i1..:i1,n\9ll1Vl1ne..Jr;iiJ'lJ'W1~ 1 VJrumnn'il~iJ':iU'Vl':i-.'.l bA'W 1 VJrutlmm~tJ1 \J IV '\J V 

\911 ~ 'W 1,1, n 'W Vl ~ti H1vi11) 1,1, ~1~ 1, vi '1tJ1 1, -d e:i 1 'W 'lJ e:i ..:i ~ r;i ~ 1, vt ~ti ..:i ri ti 'W vt ~ m vi~ e:i ..:i 1, .LJ :u 1 'W q ~ ~ e:i 'W 

(l~l'll'i, 2529) 

~'W~B'W'\ll':i:U\91 V!~e:JB'W'\11':i:Um1,~..:i (Singapore Spanish) e:i~1'Wn~ii Spanish 1,lJ'W~'W~ 
~'W1,iJe:i..:i1,ri11,1,ri'lJe:i..:i 1 mJ '\ll':i..:J~'W 1 viru1~1,~CJ nu~'W5lll'l\9111,1tJ \,\,\911 uiJ~i, ~mrie:i'W~m~ru~~1'W 1~1,u'W ., ' 
l1'W i'.ivt'W1ii1,1,vir;i:uA:u 1rn1,~e:ie:in1~1,U'W~e:i..:i 'lJe:iu1u~..:i?1miJ~1,1,~..:ie:iml1\911r;i ~r;i1,~nn11l1\9l\911blCJ ~r;i 
~e:iCJ'W'W\911~n 1,-d'mu'W~bvt~e:i..:i'Vle:i..:i ':i?1VJ11'Wrie:i'W1,1,r;i~iJ1,~'W 1tJmn iJl'l~bnc.M'IJ'W~r;i 2-7vti.le:i 1~'Vl'W~e:i 
1Jri':i11,1,{1..:i1,1,r;i~ 1~ 1, i.11 1, tl~e:in~mvt'1m 'Vl'W~Bm':i'lJ'Wci..:i 'Vl'W~e:J?lfl1'V'l~'Wbvt'1tJ1':i~'IJ1tJtl11~~ii,1,~1~ 
'Vl'W~B?lfl1'V'ln1':i'lJ1~J1 iJCJ:utlr;inmn~rl11,.fle:i'IJ1..:iri~1 ~..:ivt1~0~1,:U..:i1,'Vl':i1 (nmr~~\9),JU, 2558) 

'\J 

'\J -

~'W~'lJ11 (Selangor Green, Green Spanish) e:i~1'Wn~:u Spanish 'Vl':i-.'.l~l.lb~rn~CJ 1'1J\,bA'IJ 

1,1,r;i~i'Wn11B'W'V1':i:U\9l 'lJe:J'IJ 1ui,~:u1 tl~1tJVJ'W1:u~1f1..:i..:im .U1citlmtJ 1 uiJ~1,~~ne:imVJ~e:i..:iVJ~m~tJ11 u Hr 
'\J 

~'WB.flbtl\91Vl~e:J?ll (Mauritius Pine, Ceylon, Malecca Queen) e:i~1'Wn~:u Queen 'Vl':i-.'.l 
'I 'U 'U 'I 

~jj 1,~ n n11u \91\9111,1 tJ 1u1,1,ri'\J 1,1,r;i ~CJ 11n11~'WB'lJ111,1,r;i ~ B'W'Vl':i:U \91 1u~1, ~ CJ1rie:i'W1,1,r;i ~n 1,1,b)'IJ ~ 1,1,~..:i 
' ' 

vi11'W me:i'Uii n~'WVle:Jii 1 Vi~'Utl':i~'V11'We..ir;i?1~ '\.Jr;i n n'Wii1n 1'W~..:ivt1~mnl'l 1,1,r;i~~..:ivti'~'lll.l'V'l':i (n:ur;i 
'\J '\J ' 

~~\9),Ju, 2558) 
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~'U5rnb61 Bci°l'Wn~d.J Queen b'li'Ub~CJ1nt1nu~'U6rnnl'l i1~rn.'fru~'Yl'j'lalmbm~1uri~1CJ~'U6 
'I 'U 'U 'I 'I 'U 'I 

mnl'lmn bb\il~61'1J'Wl~b~nn'J1mn b~CJiJ~mh~mru 100-500 n~d.J b-d'BbU'U~bVl~B'lboLJd.JmB'\Jbb61~ 
'\) 

2558) 

oLJ'111'V'l~bllt1Vl'lf\9l'j::::n61vtru1 iJzjB'Yl1-:Jl'YlCJ11'11?11'l~11 Zea mays Linn elt.J1'U1-:ivi1 v v v 

Gramineae iJ1:\'1\llt1~-:J\9l'j-:J ihJ~B-:i 1 ub~m m1&l~Bcinu\ll'Uu1nrutJ~eM ~m1~BBnu1nrunm-:ii:\'1 v 

al'U \91 'j -:ioLJ'B iJ'liB~B n~tlm CJ CJ B~ ( 'U161'Wil1, 2546) oLJ'111'V'l~~'V'l'\J1 tJtJ'j~ b 'Yl Pi1 'Yl CJ?lld.JT~mb U'IBB n 1vi' 

7 'lJ'j~b.fl'Yl\911d.Jn1'j1-titJ'j~btJ'tftlbb61~~n'tfru~.fl1CJ'WBnf1e:i 1) oLJ'111'V'l~Vl1uu (dent corn) bU'U 
' 

'j?\'tf1&lvt11'W 'OCJd.Jthm1-b'vhJ1'Ud.JoLJ111'V'l~b'V'l'j1~iJ1miJ'U b'li'W 1miJ'Uuvt~-:i ll'lliJ'Uuvtn 11'l1iJt1u 

?IB'l ll'lliJ'UG/1bb61~1'WB~68'Ubb?t~-:il'l-:i\911'j1-:J~ 2.1 4) oLJ'111'V'l~rt1 (popcorn) bU'UoLJ11b'V'l~~i1~n'tfru~ 

ri B'U oLJ' 1-:i b~ n b:W ~ ~ m :viJ ~ n'tf ru ~ n 61 d.J Vl ~e:i Vl1 bb'Vl61 d.J 5) oLJ 111 'V'I ~oLJ'11 b vt-W CJ1 (waxy corn) bu 'U 

oLJ11b'V'l~~1vl~'\JA11:W'OCJ:WA~1CJoLJ11b9/'J~Vl11'Ubb\il'j?\'tf1&l:V~ hJvt11'Ub vl1tl'\JoLJ11b9/'J~Vl11'U bd.J~~'LJB'I 
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.U111'V'l~.011bVlUCJT\l:::::iJ~n~ru::::ti:w 6) .U11L'V'lY1bbU-'.l (flour corn) blJ'LloLJ'nlviY1~:W~'n~ru::::b:wav1 
' 

riBuoiJ1-:im:w~1 hh-1u'Vl~en~rn~n-UBCJ 7) .U111 'V'l~U1 (pod corn) blJ'LloLJ11 fa~~1:iJ:iJm1mhri'C\]Vl1~ 
bV'11~\in'\JU61nb~B1 mu m1Pi n~1b vi1Ju b:W~~'\l:::::iJ~1 b u~Bn-vf:wvirn:w~~ (m:w~-:ib6'1~:Wfl11bn~\911, 

dJI '\J 'l 'I 

2551) 

?11CJ~u5i1b uu.U111 'V'l~Vl11u bb\9ln~1-:i'\l1n.U111'V'l~oiJ11bVl'Llcn~:iJ1-:i1~CJ.U111 'V'l~Vl11u~ bb~-:i?11m111 

vi1u?1~ 1Ylt~CJ 1:Wb~ CJ1?1'll1~ iJ1?1~:wer?1~V111'Wmffu bb\9ln~1-:i'\l1n.U111 'V'l~bVl'Llcn~:iJ1~~iJ1?1~:wer?1~ 
b Vl'Ll CJ1bb6'1::::1:iJiJ16'1'll1~:W1 nun ~ n~ru::::'UB~.U111 vffi~ bb~~ bb6'1~-:J~-:}Jl1'\f'l~ 2 .1 .U111 'V'l ~~ bb~~ b U'W 

.U111 'V'l~fo'1.h::::vi1'We:lnM1~u51 Vl:W~BCJ1uA11:w?1'W1'\l'UB-:ieru~1rn•1m?11'\lb~B-:i6'1'Um'V'l b ~m'\l1n'V'lu11 
'I 'U '\J 'I 

~u11n!Juu~1b:w~~.U11 fa~ b'1im~CJ1nu.U111 Yl~~:iJ1-:i zj-:im1:wbll'W'\l~-:JbbrK1vY-:i~bb~-:i bb6l::::~:iJ1-:i~~:w 
bU~1CJ6'111B-'.lflth::::nBU'l.l'Ll~b~CJ1tl'WABbbB'W1Ylb61JCJ1'Ll'W (AbdeL-Aal et al., 2006) bb~oLJ111'V'l~~ 

bb~-:JblJ'WoiJ111'V'l~'l.l'Ll~1 V1:iJ\911:Wm'\l1noll111 'V'l~~:iJ1-:i ~-:iJ'Wm1Pin~1~1-:i 1 ~1'W 1'\Jjaj'V'lu1 'WzjB.iJ111 'V'l~ 
~:iJ1-:i 1~CJ'V'lu11m1u~1JlfloiJ111'V'l~~:iJ1-:i?11m1t1~~m1:wb~CJ-:i~ei11fl 1:iJ~~~m~B1-:im-:i'l.l'Ll~ 1Jl b'li'W 

hfl~1 h bb6l::::Vl61B~b~B~ hflb'lJ1Vl11'W'l.l'Ll~~ 211flfl11:W~'W fa~\916'1-:J bb61:::: 11fl:w:::: b ~-:iu1-:i'll'Ll~ bU'W 
" 

19i''W (Tsuda et al., 2003; Jone, 2005; He and Guisti, 2010) 

1 V1:w.U111 'V'l~ 1, umn?11"11biJCJ'UB-:JoLJ111 'V'l~ :iJAmoJru::::ArK1m~'W 1 Vl:W iJ~ b ~CJ1BB'W 1?1u1~b~B 
t'J-:i ri B'Wbb61:::: ~ B:wl b tJ ~CJ m U'W~:W1 ~ bb~-:J b Vl~ B-:J Vl~ ml1 \91161 ri B'W 1 bb\91n~1-:i n'W \911:W 6'11 CJ~ 'W ~ 1 m..1 

.U111'V'l~i1?111mV111;;11ri'P.JV1mCJB81-:i b'li'W 1u1~'Wm~1u1m~1\91 119l1:D'W 11:wvY-:i?111;;11ri'P.J~'W 1 

b'li'W ?111'rl61111'WBCJ~ eJ61fl161BCJ~ Yl'WB61 (Ebrahimzadeh et al., 2008) iJ.iJB:W61l1fl111111Vl:w " 

bflWiJ1flb\9leJflb6'i'lJ bb6l::::bbn1::::uuuBCJB1Vl11b:Wtln~1Jl (Hasanudin et al., 2012) 

2.3 bbB'W1'V116lmTW'U (Anthocyanin) 

1'W1rn61~61tl1:::: nB'lJ J11 CJ1-:J bb '(Jj1'\.Jb'lJ'W 161lb 'V'l bb 1'W (benzopyran) 2 1-:i~ B n'lJ1-'.lbb Vl1'WYl'Ll61 (phenyl 

ring) bU'WB11~'WB'UB-:Jbn~m'rl61lb~CJ:W (flavylium salt) tl1::::nBuJ11CJ~1'W~bU'W aglycone 

(anthocyanidin) bb6l::::J1\911~ 1 Vl~B 2 "111~mJn~'\l::::'V'l'lJ free aglycone 1'Wm'\Jj11-LlBCJmn bb~'W 
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1'Vl16lrnTu'WblJ'U'j~fllV!t)~'1:::'11tnl11~ bb~1JJm;mu1'Ll non-hydroxyl solvents b<d'U Bb'VleJ~ eJ:::~ 

1vi'Ll fl'1e:Jh~eJ~jj bb'1:::b'\J'U;'U 1JJb?l~tJ'j?\'11tJWi11~~1CJ~1tJfl11jjfa'U e.Je.Jfl'8b"il'U bb'1:::bb?I~ (b~eJ'Ub~'U, 

2544; -rvit!1bb'1:::'j:::jjt!, 2532; mTivi, 2531) 'LleJfl"il1fl,j'cJ'~bllt!?11J 1Vl~\911jjo'j'jjj'1J1~~Yl'\J1~vf11 u1 'LI 

\?le.Jfl 1~ e.m 1~'\J1~'1Ju\711 'IJ vi'1eJ~1~'U'UeJ~Yl'1J'\J1~'1Ju\?l~n~..J'\71 zj~n~~~bb~~bb\?l~i:i~~tl1b~m-V'jj'1:::mtJ 
eJ~1'Ll vacuole sap 'UeJ~Yl'IJ b'li'Ll B4'Ll bb'\J~fl'j1?\b'IJeJ1~ b'j\?l'j1?\b'\JeJ~ \?leJfleJ~oU'U b8b1e.Jfo~'Ll 
fl:::vi~1JJ1~ 'IJjjvJjj:::bvidm bb'\J'1f1b'IJB1~ '\J'1b'IJeJ1~ m:::b~CJ'\Jbb\71~ bb'1:::'1fl'Vll1 bll'Ll~'U (bfltJ'j~l3i'fl~, 

'\J '\J '\J 

2535) ?\1'jbbe:J'U 1'Vlhmu'Llii?tjJU~blJ'UCJ1bb'1:::t11m1 otlb lJ'Llm-rm~n hfl'UeJ~jj11~tl (Lila, 2004; Yang 

and Zhai, 201 O) 'LI e.Jfl"il1 fl,1?11J bb eJ'Ll 1'Vl1sirn 1u'U ?11mdt1'1i1 CJG'1~ b?\~jj fl1'jvl1~1'Ll 'UeJ~ b~\71 b~ eJ\71 bb\71 .:i 

'111 CJ A1'\J fljj d::: ~'\J J 1vi1'11'Ue'.i'll1m'\J1vi11'U '111CJ'/J:::'1eJfl1dbn(?)1 'Uir'Ll eJ (?) ~'U 1 'Ll vi'1 eJ (?) b~ eJ\71 '111 CJ '1 (?) 
' '\J ' 

1B m ?Im d bn \71 jJ::: b ~ .:i bb'1::: cJ'\J t .:i b-d e:i.:i eJ fl <ti 1m?l~jj1Vi~1-:i m CJ~ eJ ~ 1m ~ eJ 1 d fl bb'1::: ?I mmbt:-J '1 b?\~jj 
nil~j_Jn'Ll 1'Ll~1.:Jfl1CJ1 Vl~~'Ll'1\?lm1:::b~m1'Ufl1Jbll'Ll1 'jflVJ11"il b ~jjfl11jj?\1mdti 1 'Llfl1'jjje.J.:Jb~'Ll '1J:::'1eJ 

'\J ' 

fl11jjb~eJjj'UeJ.:J\711.:JV\1 bb'1:::'1J:::'1eJfl11m~e:Jjj'UeJWl.1'1~ bll'Ll~'Ll (Lila, 2004; Shipp and Abdel-Aal, 

201 o) L1fl1 ~CJ vim CJ fl~ jJ ~.:it! 1 b m ?11 d bb B'U 1'Vl161l CJ 1\1 '\.Jjj11 otl1 'LI eJ (9l ?11vi m 'jjj eJ 1vi 1d bb'1::: bfl ~ eJ .:i ~jj 
' ' 

(Ramos-Escudero et al., 2012) 

u"ii..J' CJ~iit:-J'1 ~eJ~ bb'1:::fl11jjb?l~CJ'j'UeJ.:ibbeJ'Ll 1 'Vl L61lCJ1u'UAffu"ii..J' CJ'Vl1.:i bfllibb'1:::YJ~fl~ b <ti'Ll fl11jj 

bll'Llm\71-~1.:i muvinil bb?l.:J m\?lbbeJ?lfleJ1ufl bb'1:::u"ii..J'CJ~'Ll ., (Anderson, 2006) 
' " I 

pH ~ 1.0 red flavylium salts 

pH = 4.0-5.0 non-color pseudobases 

pH = 5.0-7 .0 purple quinoidal anhydrobases 

pH = 7.0-8.0 dark blue ionizedal anhydrobases 

pH = ;:., 12.0 brown chalcones 

i'l'\Jl1bbeJ'U 1'Vl161lCJ1u'U"iJ:::iib?1~CJ'j[l1i'J~bneJeJ~1 'Ll?t1J'1:::mCJ~iiri1 pH ~1 bb'1:::~~i'l'\J 1 'Llt:-J~vinru"Vi~ 
1~"il1 mb eJ'U 1'Vl161l CJ1u'Ll AB ~ bb\71.:ii:i.:i~:W1.:i zj,:i b llt! ~'U eJ .:i bbeJ'U 1'Vl161l CJ1'Ll'Ll 1 'Ll pH ~ b llt! m \71 ( L1 CJ1'Vl tl, 
2538) 'UeJfl"il1flfl1'jbU~CJ'UbbU'1.:J'UeJ.:J'j:::~'\J~VJ1jjA1 pH bb~1 A1fl11moVjj'UeJ.:J~ (color intensity) 
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' ' .. 
LiJBA1 pH iif11'5bYl1.l~~:LJu 

'El ru'Vl JJi1 (temperature) 'El ru Vl JJfa U'U u lil ~ tJ~ 611 A t\j u lil ~ tJ'Vl~~~ v\'11 ~1,1, B'U 1Vl161J tJ 1u 'U 

?1~1tJvl11~ tJ~'\Jll bbB'U 1Vl161JtJ1U'U~1~foA111.l~B'U lil~btl~ tJ'Ulilln~1,1,~~1, lJu~J1~1~ 1~tJiJA1A~~ 
~1~~Wl'IJBru'Vl.ni1 1,1,~~f11'5bfl'IJ~mn ~~~(Francis, 1989) ~ -3.5 B~l"\11,6/Jm~tJ?l 1,vi1n'\J 1,536 

' " 

e:iruVlJJi11Uf11'5Lfl'IJ~m~1 (Nuzhet and Erdogdu, 2006) ~mdmn'IJ?l1'5i,i,B'U1Vl161JtJ1U'U~~ruVIJJi1 
~11il~iJA1A~~~1~m nn11f11'51,rl'IJ?l1'51,1,B\J 1Vl161JtJ1U'U 11~Bru'Vl.fli1?1~ 1 'UeJ~?ll'Vl nJ';jiJ~~AdJ 1,rl'\J?l1'5 , 'U 'U , 

1,1,Bu1Vl161JtJ1U'U~11!.ue:iruVlJJi1~1n11 8 e:i~l"11L6/Jm~tJ?l (Brouillard and Delaporte, 1977) ~mn 

e:iruVlJJi1~Bf11'5?lmtJvl16/JB~l,1,eJ\J 1Vl161JtJ1U'U 1~tJ?l~tl11tJ5n~tJ1?11.l~~6/JB~ 1ri'5~?1~1~1,1,eJ'U1Vl161JtJ1U'U 

1 mtl ~1~ ., ~un'IJBruV1.niJlil1ff~l"1Vl1~i1tJ 1 tl61J11~~~ 
'U I " 'U 

blue quinonoid > red flavylium > colorless carbine > colorless chalcone 

eJBn681, lil\J 1,lJ'UUlil~ tJVI~~~ 1,~ tJ1oLJeJ~n'\J A111.lA~vl16/JeJ~ 1,1,e:iu 1Vl161JtJ1tJ'U 1~ tJBeJ n681, lil'U~iJBtj 
1u?11'5~~mtJ~iJ1,1,Bu 1Vl161Jmilulil~Ln~tJ5n~me:iBn~h~-B'm ~ii~u 1~tJBe:in681,1i1ulil~ 1 tJvhtJ5n~tJ1 
nrnrnu1Vl161JtJ1tJ'Ul'Ul'i'1bl,VI~~ C-2 6/JB~Vl~1~~'5Bn68~ 6/JB~ 8-ring lil~1~1,llu carbinol base Vl~eJ 

chalcone Vl~B quinoidal base zj~iJe..i~v\'11Vf flavylium cation~~~~ ~1,1,~~6/JB~?l1'5~~mtJ~~ 

~~~~ B~l~ 1 ';jfl~11.JB~'51f11'5bfl~eJBn68L~-B''U~'UeJ~n'\JeJfiJVl.fli1 pH l,l,~~Ad11.JboLJ1.JoLJ'U6/JB~bbB'U 1Vl161JtJ1 
" ' " 

-Wu (Saint-Gaulejac et al., 1999) 

1,1,?1~ Llluv11~v\'11Vibn~m'51,~e:iii?1mtJ6/JB~1,1,e:iu 1Vl161JtJ1ilu 1~ 1~mn~m~'IJ1'Uf11'5 photo-

oxidation 1~t1iJri11ii~Bmlluv111, ~~ 1~mLB'U 1Vl161JtJ1tJ'U~b~Bii?lmtJ~1 tJA111.l~B'Ulil~b tl~tJ'U'5tl1 tJ " 

BBn681~61J1~ u?1.n11~~iJ e:iBn68Llil'U rie:itl 1, tle:ii 1~ 1m1,1i1mtlBiBBn 161J~ zj~i, U'UUlil~tJVl~~~v\'11 Vi~ 
6/JB~bbeJ'U 1Vl161JtJ1tJ'Ulil1~~~ 1,~B~lil1mn~ condensation nmi,e:iu 1Vl161JtJ1tJ'U 1~1,'\Ju 1ri'5~?1~1~ 1liiJ~ 

(Markakis, 1982) 
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'i:Jlil~CJ~1~ 1 b6liii 'UtJV1'Um~1Y11~:::mCJ Bl'l':l1~1m:::vi11~~1'tlcl1~bb~:::~1Y11~:::mCJ ':il:W~~'UuVl'Utl~ 
mV1bb~:::ri1A11:wblliimV1~h.:i m':l?lnVlbb'tltJ 1'Vl\"IJCJ1DiiuCJ:w1-if ~1Y11~:::mCJ b6liii b'tl'Vl1\J'tl~ b:w'Vl1ii'tl~ 

bb~:::'tl:::;11'lii (Kahkonen et al., 2001) l\!1n'1i'tl:w~~~1ii:w1i1m':i?ltlV1?11':ibb'tl\J1'Vl\"IJCJ1tJ\Jl\!1ffY'1'1l 
" ii I \I 'LI 

Vl~1CJ'UUVI b6li\J Metivier et al. (1980) vhm':i?ltlVlboLl'tl'U'tl~'tlfoVlbVl~'tll\!1nn1':iA\J111~1CJ~1v\'1 • 
~:::mCJ b'tl'Vl1\J'tl~ b:W'Vl1\J'tl~ bb~:::J1 ·vru11b:w'Vl1tJ'tlmllii~1v\'1~:::mCJ~i1'\J':l:::~'Vl5m'V'l 1 iim':i?ltlVI 

\~mn~?IVI 1'11:W~1m'tl'Vl1\J'tl~ bb~:::J1 'Vl':i~\31~ bb~:::Aru::: (2552) v\'1m':i?ltlVib'\J~'tln'tl~tJ1VICJ1-il~1v\'1 • • 
~:::(11CJ 3 'UUVI Atl J1 J1~'tl\J bb(l:::b'tl'Vl1\JtJ(l1\JBl'l':i1~1\J 10% 20% 50% bb(I::: 80% 'V'l'Ul1b'tl'Vl1 

\J'tl~ 50% bb(I::: 80% ?11m':iti?ltlVlbb'tltJ1'V1\"IJCJ1U\J\~mnn11J1 '1-:i 3 bvl1 Wrolstad and Durst 

( 1999) v\'1m':i'VlV1(1U-:Jb'\J'1CJrn VlCJ'Un1':i?ltlVl~1CJ'tl:::;11'lmb~:::fl(ltJ 1 ':li'l'tl~:W bb(l:::n1':i?1nV1~1CJmV1~?1:w 
n'IJ b:W'Vl1\J 'tl(I 'V'l'Ul1 'tl:::;11'lii?11m':iti?I nVlbb'tl\J 1 'Vl \"IJCJ1U\J'tl'tlnm \~mn n11mV1~?1:wn'IJ b:W'Vl1\J 'tl~ 
m':l1'11mV1~1:wn'IJ~1v11":::"1CJ b'llii J1 b'tl'Vl1\J'tl(I vi1m:w'Vl1\J'tl(I b~'tl?lflVlbb'tltJ1'V1\"IJmilii\~-r'\.J 
A11:wu CJ:W 'tl cJ 1~ bb 'V'I ~VI~ 1 CJ b ~ 'tl ~ l\!1 n bb 'tl\J 1'Vl\"IJCJ1u iiiJ A11:W fl .:i ~1?1.:J~ pH ~ 1 b 'V'l':i 1 ~rn cl1 ii ':i'\J'U 'tl ~ " " " 
Flavylium cation mV1~uCJ:w1'11~1:wn'U~1v\'1~:::mCJ b6liii mVi\e-J1Vl':lfl(ltJ~n bb(l:::mVli'l'tl~iJn b'llii 

n1':l~n~1'U'tl~ Fakngoen and Meerod (2017) \~v\'1m':l~mnvi1'\J~:w1tubb'tl\J1'V1\"IJCJ1tJ\Jl\!1n 
:w:::~1~vi11:w:::ii111'Vi1VICJ1 '11 b:W'VlTtrn~ ~?l:w mVI \e-J 1Vl':lfl(I 'tl~rnlJu~1v11":::mCJ 1 u~l\J'U'tl~" nvii'1 " 

'V'l'Ul1?1nV1~1CJ?11':l(l:::(l1CJ1 ub:W'Vl1't.l'tl(l~~?l:w mVI \e-J 1Vl':i A~'tl~n~'tlruVl.niJVi''tl~ b llm:::t.J:::b 1m 8 i11:w~ . " 
bU\J 1\5m':l~~~?IVI u'tlnl\!1n-d ru~\im (2561) \~~n~1~1":::mt.J1um':l?1nV1:w:::~1.:ivi11:w:::u111'Vi . ~ 

n--J1~1Y11~:::(11t.J'UuV1~u tJcJ1.:i \ ':lnl'\1:w 1 m~'tl~'UmA11:wbllu~~ 'tl:::;11'lmb(l:::b:w'Vl1u'tl"i1m1mtlii 

~~mnn11b'tl'Vl1'W'tl~ ~.:iJii b'tl'Vl1'W'tl~ bb(I::: J1~~b uu~1Y11~:::mCJ~uCJ:wtl1m 1'1ib uu"i\'1u1umn 

2.4 mca~1'UB'Uil6lB~"a::: (antioxidant) 
'" 

?\1':i ~ 1'W eJ'4lj" 8?1':l::: b U\J?\1 ':i~n ~'VlB ~J"U B~vi 1ei'U::: m)'\Jl) n~ !'J TiH) n'll bVioU'W m !'J 1 u~1~n1 CJiJ 

n1':i?l~1~?\1':i~1'WB'4lj"8?1':l::: b'li'W ~Ub'\J'tl~B'tln\"IJ~~?liJlbl'l?I (superoxide dismutase) fl11'11b(I?\ 

(catalase) n~ 1'11 \15 fam '\J eJ~Btl nG/1 bVl?I ( glutathione peroxidase) b~ tl~ I\! :::fll'IJ flllbb(l:::lJ 8~ fl\J 

\~1Vi'8\J:W~8?1':l:::t!ui1mn bn'W \ '\J l\J'Uvl1mCJ b"IJ~~ bb~::: b t1' tl b~ tl tl cl1.:i \ ':i nl'l1:W?\1':i ~1'W-'tl\J:W~ 8?1 ':l::: 
'\ '\J q '\J 
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~n~vil'ie:in'Ll'U1'U 61 n1J~\J'l.b~Vl1'Utl1~iJm16'1V1 antioxidant enzyme Vl~€l?l.fl11~bJfll'i1.:J 1 n 
€l1"il"il ~vh 1 Vi' n1J?I ~1.:JeJW.J6'18 ?IJ~ b ~:w~'Ll"il'Ll b~ t1?1:WVJ6'J'j~Vli1.:i ?11J a11'U €l'Ll:W6'18a J~ bb6'1~€l'Ll:W 6'l B?IJ~ 'I 'V , , 'U , 'U 

rirua:w'IJ'~~-:il'ie:i1u-d'~1ii~'rn fie:i ue:i.:in'Lln1JbnV1~'U'U€l.:J reactive oxygen species (ROS) 1~ 
?11:w1Jb\~'1.Jtl'IJ ROS ~bnVJ~'UneJ'U~ ROS J'U"il~1uv11eJ'Um1tlb.nm~e:i\911-:i 61 ale:i.:i1lJb~j.Jfld1:Wbb'j.:J 
6U€l.:J€l'W:W6'1B?IJ~Vl~e:i1lJb'IJ~t1'W ROS ~iJfl11:Wbb'j.:J~11'1JbU'W ROS ~iJfl11ilbbJ.:J?1'1 b'li'W 1lJb'IJ~t1'W"il1n 

·~ ~ 
super oxide 1'\JbU'U hydroxyl radical bU'U~'Ll vh1vtbnV1?1.fl11~~b'VliJ1~?1:Wl'ie:imJv\'1.:i1'W'U€l.:J 

antioxidant enzyme Vl ~e:i?11Jal1'U €l'4~6'l B?I J~\i11~'W 1 bb6'1 ~ b ~:w n1J bb?I V1.:J€l€l n'Ue:i.:i8'W ~1 off a ~1-:J 
antioxidant enzyme bb6'l~'li1ti1 'W n1'j~'Ll'Wfl11:W b~ tl'Vl1tl'U€l.:J b6ll6'l~Vl~€l b -d'e:i b~ €l"il1n n1'jb\ nv11mt1 ~ ~ 

~1t1e:i'Wii6'l8a J~ zj,:i b J 1r11ii1Jmb LJ .:ia 1J al1'W e:i'Ll:w 6'18a J ~ .n 1t11'W~1-:imt11~ bU'Ll 4 u J~ b.n vi lii'.:i-d' 
'I 'U 'I \I 

tb~b.flVl~Vl~.:J Intracellular antioxidants (antioxidant enzyme) 1~bbn beJ'W16lliil'i1.:i 61 ~1m'W 
n1Jal1'W€l'4~6'1B?IJ~ b'li'W catalase glutathione peroxidase superoxide dismutase U'j~b.flVl~ 
ae:i-:i Extracellular antioxidants 1~bbn Vitamin C ?11J~iJn~:w sulfhydryl groups UJ~b.flVl~ 
r11:w Membrane antioxidants 1~bbn Carotenoids Ubiquinone Vitamin E UJ~b.flVl~~?11J~ 
'<il1bU'Lll'ieJn1'j~.:JbflJ1~~beJ'W16llii~Ha11'WeJ'4~6'lB?IJ~ 1~bbn Copper Manganese Selenium Zinc 

(Mason, 2011) 1vit1?11Jal1'UeJ'LliJ6'1B?IJ~iJn6'11n 1 'WmJal1'LleJ'W:W6'1B?IJ~bbD.:JbU'W 4 n6'11n 1~bbn 
'l'U 'l'U 

1. Free radical scavenoino ?11J~1'W€l'Ll:W6'1B?IJ~"il~1m~1viwv'W'Vl~€lfo~n\91J€l'Wbbne:i'Ll:w6'1 :::> :::> '\'U 'I 'U 

8a J~ bl.6'1 ~v\'11 vte:i'LliJ6'1 B?I J ~iJ f111:w b?I~ t.J'j:W 1 n~'Ll bde:i r11 J c1:1'U €l'W:W6'l B ?I J~ 1~ Vi' 1~ b\91 d b'<\J'U "v1~ B 
, 'U 'I 'U 

J1:W \!11 n'Ll n'IJ e:i'Wii6'18?1J~ B n 1m6'1 n6'1Vl~.:i bnvit:..1 ~ \91Jl ru.n~ b?I ~ t.J'j Vl~e:iiJa 1Jal1'W e:i'W:w6'18a J~ \i11~'Ll ., 'I 'U , , cu I 

m 1Vi'fo~n\91'jeJ'Ll'Vl~e:i1~1viJb"il'Wb~mnV1t:..1~\91Jl'ru.;i~b?l~t1Jl'ie:i 1 u ?11J~iJn6'11nmJe:ie:in11vi~~1'Wn6'11n-d' 
b'li'Ll Butylated hydroxyl anisole (BHA) Vitamin E (alpha-tocopherol) bU'Ual'U 
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2. Singlet oxygen quenching (102) eJe:Jnt)Yl~h1e.11tJ8u6.:in1'avhnu'U'i.l'I singlet 

oxygen b~CJnl'HU~CJ'U Singlet oxygen (102) 1vi1tJeJ~1'U~U triplet oxygen (302) bb6'1~U~8CJ 

'1/1 ~ .:i.:i1'U ~1vl'-ru 8'i.ln1 ulw ~u A11ii ~ 8'\.J ?11a~ 88 n ti VJ B~1'U n6'11n -d b'li'U carotenoids l~ CJ 

carotenoids 1 l"-lb6'1~6'1 ?11"-llab1VhtJBn~CJ1n'U singlet oxygen 11911,000 b"-lb6'1~6'1 

3. Metal chelating favi~vitrm'liu Fe2+/Fe3+ bb6'1~ Cu2+ iJt:HH~.:i1vi\n~tJBn~CJ1 

oxidation 1 'Ll~1'ln1CJzj'l favi~vitrnv1.:in~11\I~ 1 tJ b ~.:Jn1'abfl~8~~6'1Bff~~V1mCJUa~b.f1Ylb 'li'Ll peroxyl 

radical, hydroxyl radical bb6'1~ alkyl radical a1iit"i.:i singlet oxygen v1.:iJ'Uma~lJ?11alU~'Un'U 
favi~vitr n b'Vl~1-d' \1~'111CJ'IJ~6'18 mabn~8'U"-!6'1B?1':i~1'Ll~1.:JnlCJ1vl' ?11a~88nnVJ~~1'U n6'11n-d' 1vl' bbn 

' '\J • 1 

flavonoids, phosphoric acid, citric acid bb6'1~ ascorbic acid bU'Ul'i''U 

4. 8ut.:in1aYl01'11'U'IJ8.:Jb8'Ul61l~~d'ltJBn~CJ18~~6'1B?1':i~ (enzyme inhibitor) 

?11aUa~n8'U phenolics 'Ul'l'IJtJ~ b'li'Ll flavonoids phenolic acid bb6'1~ gallates ?11"-!l':iblfJ'Ut.:i 

n1a'\lh.:J1'U 'IJ8'1b8'U1611~ lipoxygenase l~ CJ 6'11"-!l':i blboLJ1~'U nu l8 88'\.J'IJ 8'1 b 'VI~ nzj'I b lJ'U cofactor 

~.:imi l1~b8'U l61l~lii'.:in~111:J?11mab\vl1'11'U 1vl' (Silvia et al., 2004) 

2.5 bfl~ei.:i~~J1~&11:ii (Fruit Juice) ('lieJ~~m. 2551) 

ua~bYJV'l l~mo'V11~8ci1.:i~.:i1 'Ll'li1'l~iJr..J6'11:Wmrnn'Um1iil'18.:ima'IJ8'l\l1m~ zj.:in81 ~bn~u~vi1a1m 
\l1n\9hm1~m1iim:ubtJ~1\11nmab tl1b~t.1 1'1.:iJ'Um':i'th~.J~ 1:W?1~"-!1bbUa':iUb tJml1r..J6'1 l:W' ~.:ib lJ'Uma 

'\J v '\J 

tl1r..J~ 1:W 'VlmCJCi.:i 'IJeJ.:irnm~?1n~\11nr..J~ 1:W~1u~u~l.f1A 1191 l~CJ16iJu~'Ll'Vl~81 '1l'm':iii16 

b :a.:in6'1~'U 1 l~mt11utl1r..J~1:W~1191\l~~'W b ~8'1\11nlJ8.:JAUa~n8'U'IJ8.:Jb61l~~~b U'UA86'16'18CJ ~m~\11CJ 
8ci bb\l1n\911.:in'Ll1 um ii~ n'l:H\l~'IJ8.:Jb '\18 b~ 8'1Jmir rnb~ ~r..J~l:W bb\91~~'1111~ 'U8n\11 n.QtJ"'.:iiJ~1'W~b tJml1i!'U 

'\J 

'Vl~816UiJ'U b~~~ b.j'8 'Vl~mtJ~8nr..J6'1 L:W'tJ'W8civl'1CJ tl1r..J6'1l:W'm.:i'IJiJ~?11mab\'U~b.f1A1vil 'U~mm.i~bb'U'U 
'\J 

1. tl1r..J6'1 l:W'b oifiioifu (:.J~\l1\11nm':it!1r..J6'1 l:W'bb Vf \11rn'i':iaiJ'IJ1~1tJl'i'iimt.111'1~~~1rnmvlm~b V1CJ 

tl1'U1'1~1'\.J88n\l'U1vl'tl1r..J 6'1 L:W'~ boLJ"-loLJ'U b~ 8\1 ~t11mu~lnri1'18.:Jtl1"-llr..J ?1iitl1 b v1 'i.l b~ 'i.l\11'1 n 'i.l'U J1 



13 

~rn b'.hJJ:; 1,nvi~'Lit.111~~\?l 1, ~B n1J~'lBB m U'WVl~ n 1, ~ B'l~1rn~:;m nv1 Bm"Jtl1l tJ1 oiJ bb61:;'\J "J:;VlcJV1~1 

'U'tJ ?i-:i vr -:ii1J 1~ 611iJ b oLJ/.JoLJ'LJ~1'W 1Vl111~:; ~ ntl 11 tJ1 <ff b U'Wl (?) ~ ~LJ 1'W~~~1'\ll n J "JlJ'i) 1Vl1"J bb61:; bA~ B'l ~ 1J 

~1'! 1 

2. J1~611i!Y1~B11~11 1,u'WJ1m11ii~~1111"Jt;1~111ii'Vi'WVi zj,:ii1?i1'Wt:-J~11'Uei-:iJ1m11:iJ'1,1,(?ln~1-:in'W 

1 tJ ~'WBcinLJ'll'Ll\91'UB-:im11ii~tJ11111,u'Wl'~t;1~LJbb6'J:;15m"Jt:-J~~ zj-:i~1111Jm1, ti-:iBBn 1ili, U'W 2 '\JJ:;i,nvi 
~ ' 

ciBt.1 AB J1t:-J611ir 100% 1,1,6l:;J1m11ir 25-50% zj-:i1d.J~1111"Jt;1t:-J~l'lbU'WJ1t:-J611:W''W~B11~11 100% 1il 

c;l B-:itl 1111b~8~1-:J bb61 :;'lJ J 'l bb~ 'l"J ~ b~ tJ riei'W 
' 

i~1:IJ'W;g (nJ\91bbB~AB~un) bU'W?i1'WbVl'lJ L\91t.J~:;i11~1:1J'W;gJ:;Vll1'l 1-3000 :D6l~n~11/100 nfa 

~'WBcinLJ~'WBbbvl6'J:;'lJ'Ll\91'LJ'i)-:J~nt:-J611iJ m:;LJ1'Wn1Jt!-J~~ b'li'W Bru'Vln:D "j:;t.J:;b16111 'Wn1"JbnLJJ1t:-J611:W 
'U 'I q '\J 

m"J b~B11 b~ t.1'Uei-:i.J'1t:-J611:W?i1'W 1 Vl'lJbn\91~1 n'lJi]n~t.11vi1-:i;s1 bAi1~m~ bn\91~'W 1ii'b ~m~1n 

~~'WVl~~bb6'J:;beJ'W 161111'1 'WJ1t:-J611:W'Vl1ei11'lmb'lJ6ln'lJ61Bll b'li'W Y11n faV1:;~1mri~ei-:i:ifo Vl1ni1m"Jt:-J~~ 
' ' 

~1m"JmnLJ~ m~11ilm'W~:;i115m"Jt;1'Wei11~mn.J'1t:-J'11mii'Vlm t.115b 'li'W m"J'W1m ~eifl "J~ m"Jb&l11 

~1Jn'W\]\91~ b U'W~1"J 1,rii1 (chemical preservative) n1J 1,nut;1'W B11~m~n.J'1t:-J61lm\91t.11-lim1111,~'W 

n1JbnLJt;1'WB11~mn.J'1t:-J611m\91t.11<ff m1111,oiJ11oLJ''W'UB-:iJ1m61 1 'W~i1~:;'UBn~111,um:;15'W1m~Bfl J~ 
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'Y'l1?H."ilB~1 ';ii;1 (pasteurization) blJ'LlnW~Jlb~B 1~rn 1iA11lJ~ffW f11')'.iJ1b~e:Ji5dblJ'Llf11';i 
v11mme:iu 1"lfii~1~ I 11lJvr~~~'WYl~~~v11 li~\n191 bfl vr~dQtuyjJJ:W~1m'Wf11';i~1b~e:i~ei~1~bn'W 100 

0 c 1191tJ~e-J~\91?11m1m~ein 1 -de:iruyjJlD1~~1n11 63°C bb~~A~mJ~e:iru·1 .. rn:Wd1~tie:itJ n11 30 uTVi 
'U 'I 'U \I 'I 'U 

e:iruyjJl:IJd1~tieitJn11 1s iu1Vi bb~1v111~b~'W~~VluVi~eiru'Vrn:IJ s0c yj~ei~1n11 mJ1~hnmll 
'I 'U 'I 'U 

~'Wtl'\Jfl11iJbll'Wm\91~1~'Ume-J~t'1nru"Vi ~beJ'll rnn bb~~eJDJyjJl:IJ~b~cM'Y'lB 1 um';iv11mtJ"il~'WVl1~~ ' " ' 

'Y'l1f1bb'IJAVib~tJm\91bb~fl~n"il~rinv11mtJ\9i'1tJe:iruyjJl:IJ 75°C mu 2 mVi ~1u?1tle:i~'UB~"il~'WVl~tJ'1il 
'U 'I 'U 'I 

?11d-Jl';jflfl nv11mtJ 1\9i'\9i'1tJm1ii~ei'W~ 80°C bb~b~ei~J1e-J~ 1:Wvi'11 tJiJ?lm'Y'lbll'Wm\91 ?l'Llei~~bll'W 1 Vl~ 
" 

b~u\9i'1tJf111bb-db~'W\91~e:im~"il1f11';im~"il1tJ~'WA1"il~?11m1ribnu~n~1';i?l'll1~'Umtl1e-J~1:W111~~1~11 
J1~m 1:W"il~b\91~tJiJ"il1f1f11')~'We-J~ 1:W'?l\91 I yj~m ll'Wf11';ie-J?lii"il1ntl1e-J~ 1:W'boifiioifu byjlJ1~~1yj~'IJJ1e-J~ 1:W 

~iJAruA1Vl1~eJ1yj1';i bb~~AD.!Jl1'\l'l~?l~b ~B~"il~'U1tJ 1~';i1fl1 tl~mru f11';j'IJ';j';j"iJ~'DtJii 1 iiJe:i~ 3 'U'W1\91 
'I 'I 'U 'I 'U 
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15d'Wt.J:w 1inutl1e'.Jnt:-J~ 1:W~m".i~ 1 um:::ue:i~1.A~mm~mne:i~ zj~".i:::tJ:::nm1 um".i 
' 

'J111.~e:i~umJnuAru?1:w'IJ'~'Ue:i~tl1e'.Jnt:-J~1il~u 'l 1.'liu tl1m11il~:W?1m~m1:w1.uum191~1~~1 f1e:i fi1 
" ' I 

m1:w1.U'Uml'1~1-:i ~1ffJ1 4.6 ?11m".lb11oifm1:w~e:i'U~~ruvuJiitl11.~e:i191LJn~ 100 e:i-:im1.'llm~CJ?1 1.U'U 

nm 15 - 30 1u1V1 1'Wm".l'Ji11.~B1~ ~1'Utl1e.1'ne-J~ 1il~:Wfi1A'J1:W6U'Uml'1~1-:i?1-:iffJ1 4.6 t'i'e:i-:i 1 off " 

t'i'B-:i1~~u~-:i1.1.LJ~nLJ~e:i:w~1:w"l'li~1'U°LJ".l:::nBum.ff 1.'liu 1.~ue-J:w 'U'Ur;rl'11 ~u vi".i1CJ 

m1\91 ~'U~1'UV1~e:i~-:iLJ5~~~1nr;11'11 

- ~?1~66~:::".11 li1B-:ii1°e:iCJffJ1 10 CFU/ml 
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'\l'-le:J 1"11 '\Ji] n~CJ1vl1~ 'l lumV11'J~bn~~m::;'\llrJ1~f11'Hb 'lJ'J~'lJ bb'1::;f11'Jbtl'U~ffl':l1"iJ::; bn~~'Uvl1CJeJ~'J1~ 

bb~nvi1~n'Ll f11'Jb'lJ~m.m'lJ'1~'llme.J~~.nru'VimV11'J611m'JmbCJf111'i' ~~-d (Man and John, 1994) 

~ ~ f11'Je:J1VI1 'J 1 'LI ~'LI~ e:J'U 'lJ e:J ~ f11 'J btl'U b~ CJ1 f1'J::;'U1'U f11 'J e.J ~ ~ bb'1::; f11 'J'IJ'U ~ ~ \?) 1e:J~1~'1J e:J ~ f11'J 

b 'lJ ~ CJ'U bb 'lJ '1~~~n~1111'1 bbn m 'J.J1'l.le:i~ ~ n e..1'11~ n1'J bb~ mX n'lle:i~ e..1~ ~.n ru'Vi'll'LIJJ e:iu me:iu V11e:i n1'J 

~t1,Jb~CJm1JJme:iu'lJe:i~e..1~~.nru'Vi m'J b 'lJ~CJ'U~ m'JbbCJn~t1'1Je:i~fl~Jj b ut11'i't1 

f11'J b 'lJ ~ CJ'U bb 'lJ'1~Vl1~ bfliJ f11'Jb 'lJ~ CJ'Ubb 'lJ'1~.nbn~~'U 1~vr~~'U ~e:J'U f11'Je.J~ ~ bb'1::; f11'J btl'U ~ f1~1 

1~ CJ'lJD n~ CJ1 bfliJ~1t1m n b~ CJ1.LJ'mnu e:i~fi''lJ'J::;ne:iu1nCJ 1 mrn~e:i1V11'J ~iJU"ll~ CJ~~ bb 1~~e:iw11 CJ'Ue:J n 
b lJ'U ~1'U61i1CJ1 'LI f11'J bn~'lJ 5 n~ CJ1 vr~LJ5 n~ CJ1bfliJ~ci'1fi't1,J1 'LI e:J1'\111'J 11'1 bbrl LJ5 n~ CJ1"111f1be:J'U161Jii 

'lJ 5 n~CJ1e:Je:J n'Bb~oU'U 1~ CJ bu'\l'-l1::; f11'J bn~e:i e:J n'Bb~oU'U'lJ e:J~ 1 'lJ:iJ''U 61°1V1fo 1'11e:i ~ 1~'1Je:J~f11'Jb 'lJ~ CJ'Ubb 'lJ '1~ 

"111nLJnn~CJ1bfli1 11'i'bbn m'Jbn~n~'U~'U m'Jbn~~J1m'1 bll'Ul'i''U 

1°111 e:i b~ e:i fae:i fl ~1 ~ t.1 e..1 ~ ~ .n ru'Vi mV11'J fl11:w b-U:woLJ't.1'1Je:i~611'J'1 ::;'11CJJ1~1" m1JJ b llt.1m~-<ii1~'1Je:i~ 

e..1~~.nru'Vi bb'1 ::;e:iru'Vlnil~1 m t.1m'Jbnu~n~ 1b ut.11'i't.1 ~n~ru::;m'Jb'lJ~CJmb 'lJm"i11n"iJ~t.1vi~~ 1~ bbn 
' " ' 

n~m61 (~~'Uil1, 2548) 
' 

mt1 20 t.11Vi e..1'1m'Jfin~1'V-l'U11 bfl~e:i~~:w~b~~CJ:w"ll1n1V1:w-U111'V-l~bbVf~~er~d1~1t1 1:40 :WLJ~mru 

611'J'lJ'J::;ne:iuYlt.1e:i~flmn~~~ (4. 9 il'1~n~:wm~bbf1'1~fl/100 il'1~~~'J) :W11vi~1'11t.1e:ie:in'Bb~oU'U 1~CJ 

16 DPPH 61.35% bb'1::;fl11JJ611:w1'Jti1t.1m'J~~15/l Fe3+ (FRAP) 1.3 il~~1JJ'1/~~'J bfl~e:J~~JJ~ 
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bl71~CJ:W\11n 1 vi:w.U111~vi?lvi1~fomm'Ll'UCJe:J:W~'\J~1'LI~mnn--)1bfl~eN~:W~bl71~CJ:w\J1nl vi:w bbVl'l bb~hl~'\J 

m1:w LL\71n~1-:imh-:iih.1m"1A'1111 'Ll~l'U n~'Ll j?\'IJ1fob~~f111:w'ile:iu·n:w (p>O. 05) 

1~jl'Yl c1 bb~~fl ru~ (2558) ~\91J'U1?1171j~~\Plnrusv'i bfl~e:i-:i~ml1vi11m oiJ:woiJ'Un~'U e:ifo 1viCJ 1-U'~N 
~ ' 

'iJUV1boLJ:W.LJ''U~~\9bJ'Lllbl'liJri1~ m1:w ?111-:i (L *) 26.53 fl11:W~:W~1'LJB'l~ (C*) 66.61 bb~~ri1:w:w'LJeN~ ' 
(h 0

) 34.87 eNl"11 iJri1m1mll'UmV1b'\J?1 2.3l 1Bbl71eJ1bbeJflVil~ 0.81 'l.J~:wlf11bbeJ'U1ub61Jt.J1U'Ubb~~Yl 
' ' 

'UB~flj'J:W 15.55 bb~~ 100.00 :n~~n~:w/100 :n~~~l71j 1711:wG'11~'\J ?l\PljVibvim~?l:wbilm~e:i\11-:i 1:4 
~ 

Manonun et al. (2013) ~rn~n nlj~~ 171 bfl~B'l~:W\11 n.U11 ~11vit.J1oUbeJ'Ub61J:J°\11n:w e:im1 

.LJ111 ~vi ~tJ11nj~tJ1'U nlj b\71~CJ:W?\1j?\ nvi\11 n:we:i~'Vi'.LJ'111 ~vi~1 i B\Pl j1~1'U~?J:Wj~Vl11-:i:w e:i~'Vi' 

.U111~vinrnl1 b'Yi1ntJ 1:4 ?Jnvi~e:iruvi.fl:W 60 e:i-:il"11b61Jm~CJ?1 bll'Lln~1 180 mVi b~e:i'Ylvi?Je:itJ'Yl1-:i ' ~ 

'l.Jj~?J1'Yl~:wer?1~~171nrusv'ibfl~eN~:w\11noiJ11~1 '"51'U1'U 4 ~1e:i~1-:i ~iJ'l.J~mru.U11~1~eiCJ~~ 5, 10, 15 

bb~~ 201viCJ:W1~ 1viCJ15 9-point hedonic scale 1-U'~'YlV1?1eJ'U~:W '<il1'U1'U 50 fl'U~'\Jllbfl~B'l~:W 

\11n.U11~1~iJj~~'\J m1:w'iJe:itJ 1vic.Jj1:W?l'l~?Jvifie:i bfl~e:i-:i~:w\11n.U11~1~e:iCJ~~ 20 1viCJm~ 
~ ' 

\Jjvi1 bb~~flru~ (255 7) ~rn~n~~~ e:i-:i15mj 1Vfbbn?Jfl11rn:i'LI1vie:ie:in 161.f li1bbnJ1~'U~iJvibbn?J 

(~1'Un1j ~ ?J:wl'l1 CJJ1iJvi bbn?l (l~161JV11) bb~~J1 bb ~'l bb Vl'l) bb~~B\71j1~1'UWVll1'lU~m f11'()eJ'l bb Vl~'l'LJeJ'l 

bbn?Jfl11rn:i'LI1vim:in161J\il~ei'l.J~mruJ1~'U~ (1:2.5, 2:2.5 bb~~ 3:2.51viCJ'l.J~ml71j mru~m.Jl'l1CJJ1 

iJvibbn?l 1:1, 1.5:1 bb~~ 2:11vic.JJ1viirn~e:i'l.J~m\71j mru~m.J1'11CJJ1bb~'lbbVJ'l) ~e:iflru.fl1~'LJe:i'lJ1 ' 
~'LI~ if vi bbn?l ~~ mj~ mn~tJ11mj b ~:w'l.J~mruJ1iJvi bbn?Jfl11'U ffw 1vieie:i n 161J\il\J~v111 VfiJ'l.J~mru mvi 

.Jf-:ivi:w vi bb~ ~'l.J~:w 1ru n jV] bb ei?J flei 1D n~ vi~ -:i bb~~iJ ri1fl ~Lb 'Ll'U fl11:w'll e:i'\J j'J:W b Yi 1 ntJ 5.42 nlj b ~:w 

'l.J~m ruJ1 bb ~-:i bb Vf-:i hJiJ~~ ~e:i n1jb 'l.J~ CJ'Ubb 'l.J~-:i ~ru.fl1~'Yl1'll'l1'U n1CJ.fl1~ bb~ ~ bfliJ (p>0.05) 1vi CJiJ 

u~m ru bb n?J f111tJ eiu 1vi e:i e:i n 161!\il b Yi 1 n-u 15.o u e:i'U <i1~e:i171lj1'l'61 bb~ ~iJri 1fl~bb'LI'LIfl11:w'll e:i'\J j'J :w 

bYllfltJ 7.1 
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'lJ~:w1ru?111bbB'U 1'Vl1"1ltJ1umnn.LJ11 b vru~n ~1 'Y-l'Ul1b~B1~tJ~ ni;:i11 'Ll m1?1n\91b~:W~'Umnn11 60 

'U1Vl iJ~ffvh1~'lJ~mtubbB'U1'Vl1"1ltJ1U'U~\lVl:W\91'"11'1'"1\l 

-r\il'U1 bb'"1~flru~ (2557) ~m:fl'Vl\91'"1B\lbU~tJ'UbVltJ'U ni;:i11'Um1?1n\91?11'HbB'U1Vl1"1ltJ1U'U-;u1 n 

o/J\l?l\91'lJB\loLJTJ1'Y-11'1~lJ1\l 11'1tJ1~tJ~b1'"11~1oli'?ln\91b~:W~'U (15, 30 bb'"1~ 45 'U1Vl) ?11:W1'H1?itl\91bbB'U1'Vl 

1"1ltJ1U'U 1~?1\l~'U bb~ b~Bl~tJ~nm 1 'Um1?1n\91b~:W~'Umnn11 30 'U1Vl i'J~i;:iv'h 1~'lJ~mru?l1'HbB'U1 VJ 
" 

1"1ltJ1u'U~\lvi:w191i;:i191i;:i..:i 

n1ru-;u'U1 bb'"1 ~fl ru ~ (2559) ~ n~1e:i ru vi fl :W~iJ ~ e:i'lJ~:w1 ru ?111?1 n\91 bb B'U 1Vl1"1l tJ1U'Ll1 'U 
v ' " 

1~'lJ~mru?111bbB'U1'Vl1"1lmU'U~\lVl:W\91'"11'1~\l 

Cabrita et al. (2000) ~m~1fl11:WA\llii'1'llB\lbbB'U 1Vl161ltJ1U'Ubb'"1~ n11b 'lJ~ tJ'Ubb U'"1\l'lJB\l~1 'Ll 

?111'"1~'"11(111'1tJ1olif11 pH 1-12 bnUHbll'U1~tJ~b1'"11 60 l'U ~BtuVl[llJ 10-23 B\ll"11b"llm~tJ?I bb&'l~ 
' " 

\il11-;u?1e:iu m1 b 'lJ~ tJ'Ubb U'"1\l'lJB\l bB'U 1'Vl1"1ltJ1U'U 3-glucosides 6 'IJU\91 ~1tJtl'U 'Y-l'Ul1 m1 b~B:W'llB\l 

bbe:i'Ll1 'Vl161ltJ1'Ll'Ll1'U?111r;i~mmbe:i'U1 'Vl1"1ltJ1um~:w~'U-;u1n~e:itJr;i~ 30 bll'U~e:itJr;i~ 60 vi~\l-;u1mnu H 

60 l'U bbl9i bB'U1 'Vl1"1ltJ1U'U 3-glucosides 'U1\l'IJU\91?11:W11tl'Vl'U~Bfl11~fl11:wbll'Ub'U?llt;l' b'li'Ll 

malvidin 3-glucoside 



'U'Vl'Vi 3 

1. Autoclave 

2. Beaker 'lJ'Wl(?I 250 :Wr;i~~~'\'';i 

3. Cork borer 

4. Cylinder 'lJ'Wl(?I 10, 25, 50, 100, 250, 500, 1000 :Wr;i~~V\~ 

5. Erlenmeyer flask 'lJ'Wl(?I 125, 250 :Wr;i~~m 

6. Hot air oven 

7. Laminar air flow 

8. Loop 

9. Micropipette 'lJ'Wl(?I 20~200 µl, 100-1000 h11fl~~vi~ 

10. Microtube 'lJ'Wl(?I 0.1, 1 :Wr;i~~m 

11. Spectrophotometer 

12. Test tube 

13. Vortex 

' ., 
14. n1'W~1~i1~1'Wm~'JJ1b:Umb~1 

15. 'lJ1\9lbV\~~:w Media 'lJ'Wl(?I 250, 500, 1000 :Wr;i~~vi~ 
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v ,, 

17. "il1'Ll81'Vl1'H~ENb~eJ 

18. odeJ'U\ilf1?111 

19. \91~f1~1 

20. °v'JeJ~ 

e)19111~1'Llb'Vl~oif11l'V'H•1 1 g \>leJtl1 50 ml 1vimbu~bU'LJ 3 ?1J111~~~.Q AB 1-d'A11~~eJtJL'Llf111191~~ 
Bru'Vl.ni1 60 10 bb'1~ so 0 c 1tJ1~CJ~b1'11 10 20 bb'1~ 30 tJ1Vi 'li1tl1?1nvi~11?ilLJVJvi?IB'U 

' 'IJ 

A11~?11~11t1l'Llf111bU'Ll?l111911tJm.p;J'1B?IJ~vl1CJ15 DPPH radical scavenging assay bb'1~'Vl1 

LJ~m ru brn'Ll 1VJ1•1.rn1Dt!vl'1 CJ15 pH differential method b~Bn?1.n11~~1 Vf ?111?1 nviJ1~1vl':WtiVJB 
l911t!eJ'Ll~'18?11~ bb'1~LJ~mrubbeJtJ 1VJ1"'llmiJ'Ll?l~~?lvi 

'U 'U 'U , 

VJ vi ?I eJ 'UV11~LJ 1~ ?11 Vl ~~ e1 ?I b ~ eJ fl vi b~ eJ f1?I\911~ ~ '\J ~1.n A CJ eJ ~ -r'\J ~ 1 f1~ ?I vi 11~ bb~ 'Ll f111Vl vi '1 eJ ~ bb '\J '\J 'U 'U , ~ 

'U~eJn~~?l~\Jdru (Randomized Complete Block Design, RCBD) (?11CJ'1J'1, 2546) 1viCJVJV1?1eJ'U 

m1~'1JeJ'U (9 Point Hedonic Ratino Scales) Hn~~bU1'VlmCJ~Vlvi?leJ'U"ii'1'Ll1'LleJci1~tleJCJ 30 A'Ll 
:> ' 'IJ 

(Nicolas et al., 2010) bb~ TU 1 ~ '1 ~1vl1 tJ1 bA'J1~~Vl1~ v11'Ll ?1'1 ~ b LJ~ CJ'Ub Vi CJ'\J A11mb\91 n \>11 ~'lJ eJ ~ 

fl1bu~CJ1V1CJ1m5 Tukey's multiple comparison test ~1~~'Um1mzjeJ~tJ 95% "illntlt!'l11~m~ 
AV1 b~ eJ n~ n~1~ n~ru ~VJ1~ m CJ.fl 1'V'lVJ1~v11'Ll~ n ~'Ll ~ n~1VJ1~ bAiJ1vi CJ'l11\il1 eJ ci1~ m1 V1LJ~m ru 

'(JeJ~bb~~~'1~'11CJbvl~~'Vl~vi rl1A11~bU'Llf1dV1-~1~ (AOAC, 2000) LJ~mrumV1bbeJ?IAeJ~Uf1 (AOAC, 

2000) bb'1~LJ1~1rumvi~~'Vl~V1 (total acidity) l'Ll~D'lJeJ~mV168\91~f1 v11CJ15m111Y'lb\911Vlvl1CJ 0.1 M 

NaOH (AOAC, 2000) 
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70:30 bb'1~ 80:20 

iii1'We..im.1 
.d 

61~1'VI 1 
.d 

61~1'VI 2 .d 
61~1'VI 3 

" " " 

(g 'Vl~B ml) (g 'Vl~B ml) (g 'Vl~B ml) 

.J1~\JLJ~J~rt'U~~ 1000 1000 1000 

" U1\i11ffV\'j1tJ 160 160 160 

m~611\i1~n 3 3 3 

J1bLJ~1 150 150 150 

.. 6 6 6 bnmi 

J1~e1'~bbn~ri1~'Uel'Ll1~e:iein161J~ 850 850 850 

(J1161Jm) 

~1J~n~'<il1n 1 'Vll-1oLJ111 'V'l~~bb~-:i 60:40 70::30 80:20 
" (e1'm1~1'Llu16"LJLJ~J~:m'j~n~ 

J1'<il1n 1 V1l-JoiJ'111 'V'l~~bb~-:i) 
v - v 

3.4 n1'jb\i1~£J~1nl1&Y'1.J'll~1~61'lh1fln~~ 

fi'~b~e:irnrn6"LJLJ~J~~rn~n ~~ ~1-:iJ1~-:ibLJ~e:in1~~~m~ LJe:irnLJ~e:in6"LJLJ~J~ bbn~\i11 6"'U 
' 

i111 'V'l~~ bb~-:i (l~.n1tJV1r;r-:i~e:iruV1.niJ~bV1m~~lJ'<il1nmdfi'~b~e:J n 1'UmJ~n~1191mzj,:i~1Jlii'1'Lle:i'Lll-161 
q 'U , 'U 

B~J ~l-11n~~ ~) vhmd1 ~LJ~l-11tu'lle:J-:J bb ~-:i~-:JV!l-1 ~~61~611 tJ e:i ~ij ri1 b vi1 n'U 14 e:J-:JY'11'U ~ n61l (Brix) 
' " 
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~1'1 1 1'11:W15n1''.i'll8'1 AOAC ~'lbbU~ntJ~B:W ~ n~'U bb~::::".i?l'll1~ hrnn1".iV1\91?18LJ~bU.f11'WV11'1 

tJ".i::::?11vii1:w~?1 il1-:iB-:im:wml'"l".i\il'Ut:-i~l'"l.ilru"V1'll:w'll'Wtl1i1LJtJ::::".i\91U".i-:i :wt:-i'll. 126/2546 n1Vl'U\91 bb~:::: • • • 

1'Ll 1'Wi1tJ~n~~ 2 ".il:Wbtlm::::~::::b1m 2 i1tJ\911~ zj'ln1".il'"l".il"illbA".i1::::~t:-i~l'"l.ilru6'1J1i1LJtJ".i::::".i\91?1tJ1~A 

n~-:i ih1~~::::bB~\91~'1~B1tJd 

- m1:w?11:w1".iti1'Llm".il'i'1'WB'U:W~B?l".i:::: (Srisayam et al., 2010) 
'" 

- tJ~mru?l1".ibbB'Ll1V11'1m1iJ'U (Lee et al., 2005) 

1'1".i1"illbA".i1::::~V11'1~1'U"il~'UV1~6 Vl\91?18LJl'11:W AOAC (2000) • 

V11'1~1'UU".i::::?11Vli1':w~?I ~1~15 9 Point Hedonic Rating Scales 

~91 Q 

3.6 n1'aV1~6'1B'lH]'Vl51'11'LIB'LI3.16'1Bm:::: ,., 

tl1~1B~1-:imv\'1 n1".i b~e:i"il1-:i 1 Vl1~ri11:w b .U:woiJ'U~bVl:l.Jl::::?l:w 1\91~ 1 itl1n~'UtJ~ e:i\91 b ~e:i '1Jru::::~ 
?11".i~::::m~ DPPH (2,2-diphenyl-l-picryl-hydrazyl) bl'"l~~:wV1m1m.U:woiJ'Ubvi1nLJ 0.01 :D~~n1':w/ 

:D~~~l'"l".i 1m:wvi1'L!B~ v\'1m".iV1\91?1BLJ1\91~n1".i\91\91~1B~1-:i bb~~::::m1:wboiJ:woiJ'LltJ~ml'"l".i 0.75 :D~~~l'"l".i 
" 

1i:1i,1-:J1'U?l1'rn::::m~ DPPH tl~ml'"l".i 1.5 :D~~~l'"l".i t:-i?1:wlvib.U1n'U~1~ vortex ~-:iH 15 'U1V11'Ll~:W\91 

tl11tJ1\91rlln1".i\91~1n~'Ubb?l'I~ 517 'U11m:wm vi°1btlmh'W1'W 3 ~1 tl1rh~1~:w1rf1'W1ru'Vl1 % 
" 

inhibition zj,:i % inhibition ?11:l.J1".itirhm'W1~1'11:W?l:Wn1".i~'ld (Srisayam et al., 2010) 

% inhibition = (Absorbance ill Control - Absorbance ill Sample) 

Absorbance 517 Control] x 100 
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fl1Jlbfld1~~b~JJ'il1nb~~m.J611'H1~ffrn\J'VJb'i'J·t11 pH 1 (KCl-HCl buffer) bb~~ pH 4.5 

(CH3COONa-HCL) 'illfltYt.1llb'l.J~61ld61n~ 300 µl ~'119J611d~~mCJ pH U'l'lb'l'lu1'l.J~m~d 2.7 ml 

e..J61JJ1Vfb-LJ'1nmb~~~.:iHblJm1~1 10 mVi :v1ntYt.11~f11n1d~~fl~9Jbb61'11m'l1d~~~1e.1 pH 1 bb~~ pH 

4.5 ~fl11JJCJ11fl~9J 510 bb~~ 700 nm bb~~t11f11md~~n~mb61'1~11'1mr11t.11ruV11'l.J~mrubbut.11'Vl 
\I 

16lle.11\Jt.1vY'1V!JJV1 (TA) 1'11e.115 pH Differential Method ~1JJl5'Uu'1 Lee et al. (2005) 1~CJ 

1"11t.11ru:v1n61JJ n1d 

TA (ms/U =(Ax MW x OF x 1000)/( £ x l) 

OF = Dilution factor 

£ = 1JJm1bbu'U6llu1'V"l~l~ (molar absorptivity) 1V1e.1vi'11'l.J~n1if11•1m.:i cyanidin-3-slucoside zj.:i 

nf11bvi1nu 26,900 L Mol-1 cm·1 

Ule..J~~Jl ru"l'i bfl~u'1~JJtl1~'UU~d~61'l.J 11A n~.:i~n~19Je..J61JJ'Uu'161ld61n~1 VIJJoLJ11 l 'V(~~ bb~'1 

~'j1:v1brid1~~V11'\f"l~.:i.:i1t.1 1m~t.1 bb~~bd61~~1.:i 1 bb~~~~bVie.1unum~dJi1t.1611')mV11dVibbt.1~t11 

1Vfu~1.nfl'l.Jd~:;l11t.1~1V1-rurit.11'VlCJU1~~'1bb~ 6 ll~t.1hJ (Thai recommended daily intakes-THAI 

ROI) b ~8V\D~iJ' ltU61"1'd ff-1'111'~ bb'1 ~fl ruA1'V11.:J l.f1119Jlfl1d~ r:f u~1.n fl 'il~ 11'1-ru bd e:ifou d:::'Vl1'U lf\~8'1~ll 
\I ' \I 

J1~uu~d~61u11ri n~.:i~n611d~1t.1ut.111~B61d~:v1n 1 V111-LJ'111 'V"lV1~ bb~.:i~ uV1~.:iw1.h e.1u~1.n ri 1~ e.1~.:i 
'\I 



., 
Lrnusv1ri~ LL 'W'W \9),:i\J 

""' .d 8.20 - 9.00 Vtmt.im '1Je:iumnvi'1~ 
' 

7 .30 - 8.19 V!:l.J1t.J~,:j '1le:J'U:l.J1fl 

6.40 - 7.29 V!mt.i~,:i '1Je:iuLJ1tlnm,:i 

5.50 - 6.39 V!d..J1t.J~,:j 'lle:J'Ub~fliie:Jt.J 

4.60 - 5.49 V!:l.J1t.J~,:j 'Ue:Jfl \j.]1#\11'1le:J'UV!~e:J \j_)'lle:J'U 

3.70 - 4.59V!:l.J1t.J~,:j1j_j'lle:J'Ub~fliie:Jt.J 

2.80 - 3.69 Vtmt.i~,:i \j.J'lle:iuLJ1tlnm,:i 

2.90 - 2.79 V!:l.J1t.J~,:j \j_)'lle:J'U:l.J1fl 

1.00 - 1.89 V!:l.J1t.J~,:j \j_)'Ve:J'U:l.J1fl~'1~ 
' 
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2. b LJ~t.J'U b Vit.J'lJf1VJB~1'We:J'Wd..J~B'11~ LJ~mruLLeJ'W 1 Vlb61lt.J1'Ll'Wvr,:JV!d..J~ bb~~A~ bb 'W'WA11d..J~,:j 
DI ' " 

~el 1"iJ'Ve:J,:J~~d..J~iJ~mA~e:J,:J~d..Jtl1G1uLJ~1~61LJ1~Afl~,:Je.J61d..J6111'1 n~ b V!d..JoLJ111 ~~~ LL~,:J t~t.J fl11 
'\J 

1 Lm1~v1V11A11d..J LL LJ1LJ11'WVJ1,:JL~t.J1 (one-way AN OVA) LL~~Vl~61e:J'UA11d..Jbl\91 fl~1,:J'1Je:J,:J 

A1Lu~t.J11t.J~1~t.i1-li Tukey's multiple comparison test n1V!'W~Ut.J61°1V'1~Vl1,:J61~~~ 

1~1'i''U 0.05 



d 
'U'Vl'Vl 4 

"ill nm1V11~n11~~ b Vlm~?fii 1 tm1'l~ nli1~1'l"il1n 1 V1i1.U111 'Y'lli1~ bbli1\l b~m tJ~CJ'U bVi CJ'Ut:.J~'lleN 

'i)fi.!V!JliJlum'l~tl\i1~'i)fl'VlB\lhUB'l.!iJ~8~'l~ 11i1CJ1-ffBtwVIJliJ~ 60 70 bb~~ 80 B'l~1b61.l~b611CJ~ 'Y'l'\Jl1 
'I 'U ul 'I \I 'I \I 

'Vln~m1~ 1um'l~nli1~1'l"il1n1 V1i1.U111 'Y'lli1~bbli1\l'Y'l'\J~1'll'i'1uBuii~8~'l~'W"il1'lru1"iJ1nn'VlBl'i'1uBuii~ 'I 'I 'U u\ 'I \I 

8~'l~ 11i1 CJBtwVIJliJ~1olfl'l.!n1'l~tl\i1~~'1~'l.!~1m'l'1~tl\i1~1'll'i'1i..!B'l.!ii~8~'l~1~~'1~~\i1 zj\l~BtwVIJliJ 
'I 'U 'V ""' 'U 'I , '\J 

bvi1nu 48.50±0.71 %, 56.92±0.38% bb~~ 62.10±0.72% mm=h~u bi'JB'W"il1'lru1t:.J~'UB'I 

'l~ CJ~ b 11:111 i..! nl'l~ n \i1 'Y'l'\Jl1 ~BtwVIJliJ~1 b~B b ~il'l~ CJ~ b 1~11 i..! nl'l~ tl\i1vl11 ~~ fl\i1~1'll'i'1i..! B'l.!il 1:1 
'I \I 'I 'U 

8~'l~ 1~~-:i~u bb~~B ruV1niJ~-:ib~Bb ~ii'l~CJ~ b1~11 u nl'l?t n1i1v\'11~~nli1?11'll'i'1uBuii~8?t'l~ 1~~1i1~\l 
'U 'I 'U 'U 'I 'U 

d 
((ll1'l1'1'Vl 4.1) 

4.2 c.J&l"l.le:i.:i6'1.n11tnTrnn(i1\liertfh.nrubbeJ'LI 1'Vl16lft11U'U 

"iJ1nn1'llbA11~~V11tJ~mrubbB'l.!b 'Vl1611CJ1'Lli..!1'l.!lil1Bt!1-:ifaCJ15 pH differential method b~B 
firn~1~~'UB\l~n11~ m'l~nli1 'Y'lu11 ~~'UB-:ie:iruV1niJbb~~'l~CJ~b1m 1'Wm'l~nli1jj~~~e:itJ~mrubbffU1 'Vl 

- ' '\J 

tJ~mrubbeJ'U1Vl161.lmu'l.! bvi1nu 57.33±0.43, 81.82±0.19 bbi:1~ 93.42±0.09 mg/ lOOg tl1wun 

bb~'I (llliJ~1~'\J b~B'W"il1'ltw1~~'UeJ\l'l~CJ~b1'111'Un1'l?ffl(i1 'Y'l'\Jl1 ~eJtwVIJliJ 60B\lmb61.lm611CJ?t11i1CJjj 
' '\J 



"" "" 60 el~V'11b615~Wllt.J?f 10 'U1Vl 

60 el~V'11b6156'1b61Jt.J?t 20 'UTVi 

60 el~V'11b6156'1b61it.J?t 30 'U1Vl 

70 el~V'11b61561b61it.J?t 10 'U1Vl 

70 el~V'11b6156'1b61it.J?t 20 'U1Vl 

70 el~V'11b615m61it.J?t 30 'U1Vl 

80 el~V'11b615m61it.J?t 10 'U1Vl 

80 el~V'11b615m61it.J?t 20 'U1Vl 

80 el~V'11b6156'1b61it.J?t 30 'U1Vl 

48.50±0.71 c 

55.40±0.36b 

60.44±1.16a 

56.92±0.38b 

57.06±0.14b 

61.48± 1.00a 

62.10±0.72a 

57.39±0.81 b 

56.49± 1.00b 
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'lfi m tW.b el 'W 1vi1-il en -0 'W Y1 ~vi :lJ ~ 

(mg/ lOOg J1mJ'mb~~) 

57.33±0.43i 

74.22±0.11 g 

80.53±0.27e 

81.82±0.19d 
f 77.74±0.22 
h 73.20±0.14 

93.42±0.09a 

91.94±0.llb 

90.45±0.08( 

61'lJ'lJ ~ 1~m1il 1 n 1 vit.J SM Es bb vl1'W 1 'll~ (:l.J'lJ'lJ .) bb61~ biii:l.J'lJ~m ru bbn?t A1~'lJ el'W 1~ el el n 1615\il eJ'1~Ei~1il 1 n 

'D1m bb61~Aru~ (255-7) '<li'1'W1'W 3 ?11'11 (m11~~ 3.1) ~iim1mbl'ln~h~n'W'1Jel~'lJ~mru?111?1n~J1 
" 

~?!~ 1~tJVl~?fel'lJA11:l.J'llel'lJ ~1t.J15 9 Point Hedonic Ratino Scales 1il1n~Vl~?fel'lJ'<li'TuTu 41 A'W ' ~ " 
blJ'U'll1tJ rn A'U blJ'Uviru~ 23 Au iimt.J1~vi11~ 11-29 tJ ;~~~elt.Jb'U"ti1~1t.J~t.J~~1t.Jmvirul'lel'U~'U v , 'U '1 'U v 

tl1t:-Jr1 n11Vl~?fel'lJV11~'lJ"J~?11vi61:l.J~?1~1~ LJ1 bA11~i,jvi1~~1'W?t~iii b LJ~ tJ'lJ b VJtJ'lJ A11:l.J bbl'l n (9]1~'1Jel~ 

A1bu~t.Jb~t.JH'15 Post Hoc Multiple Comparisons of Tukey's ~1~(i)'lJA11:l.Jbzjel~'t..! 95% bb?f~~ 

1'1~1'1111~~ 4.2 t:-Jrt~1~1il1nm1A'~b~el n?tl'l1J1~fo'lJ~1~?1'lJ1{An~~t:-J?f:l.J?f11?1n~1il1n 1 Vl:l.JoU111 ~~~ 
" 

~ d .d 
70:30 b'\J'U?fl'l1VlbVl:l.J1~?f:l.JVl?f~ 

" ' 
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\9l 1 ".i1 'l ~ 4.2 ri11:w ~'!Yi ei 1~'LJu'lei1 ?11 ?Iii' ri "j~iJl'i ei i1 n'l'.lru::; 'LJ u'l vi' 1eit!1'! bfl ~ ei 'l ~:wJ 1ifo'\J::; "j vi?I u 1 ~ r1 

n~'l~ilm"jl'11u eiu:wriB?l"j~?l'l~1n 1 VJ:w.U111 Y1VI~ bbVl'l 
'" " 

rl1bi:!~EJ (:X ± S. D.) 

~n'l'.lru::;~th1nn 8.07 ± o.81 7.64 ± o.82 7.62 ± 1.19 'Ue:iumn 'Ue:iumn 'Ue:iumn 

~ 7.88 ± 1.06 7.81 ± 0.99 7.79 ± 1.42 6U€li.J1J1f1 6VtliJ1J1fl 6UB\JlJ1f1 

n~'W 7.21 ± 1.59 7.40 ± 1.55 7.12 ± 1.55 'lle:J'UUTW '1Je:J'U:!J1f1 '1J€l'UU1'W 

".i?l'll1~ 7.33 ± 1.71 7.71 ± 1.38 7.71 ± 1.47 '1J€JU:!J1f1 '1J€JU:!J1f1 '1J€J'U:!J1f1 

' fl11:J.J6il1 7.40 ± 1.33 7.52 ± 1.23 7.79 ± 1.34 '1J€J'U:!J1f1 '1J€J'U:!J1f1 '1J€JU:!J1f1 

ri11:J.J~~nVJ~'ln~u 7.29 ± 1.55 7.67 ± 1.43 7.74 ± 1.31 '1Je:iuu1'W '1Je:iu:w1n 'Ue:iumn 
" 

fl11:J.J'llu'l.J1VIEJ".i1:J.J 7.29 ± 1.81 7.73 ± 1.36 7.78 ± 1.46 '1Je:J'UU1'W '1Je:iu:w1n 'Ue:Jumn 

mLJ 7.50 ± 1.46 7.64 ±1.27 7.65 ± 1.40 'Ue:iumn 'Ue:iumn 'Ue:iumn 
' v v 

Vl:J.J1m Vl\91 : ?11'1".i 1 Vl:J.J1EJ~'l eJ\9l".i1~1'W'UeNU1~'lJU~".iVIU".i 'lc.J?l:J.Jn'l.J?l1".i?lnvi1111 Vl:J.JoU111 Y1Vl~bbVl'l 60:40 
' " ' 

Y1u11 r,ln'l'.lru::;VJ1'lmm11Y1'Uu'ltl1~rn.J~".iV1?1th1An~'lc.J?l:J.J?l1".i?lnvi~1n 1 Vl:J.JoU111 Yil'l~bbl'l'l il~ n'l'.lru~ 

1mnl'ln1".il'ln\9l::;neiub~n~eiEJ ~b U'W~bbl'l'l~bnl'l~1n 1 VJ:J.J.U111 Y11'1~bbl'l'l iln~'WVlu:J.J'Uu'l~'lJ'lJ~"jl'loUl'lb~'W 

ilu~mru'UeJ'lbb~'l~ri~mEJHh~'lVl:J.J\91 bvi1nu 14 u~n611 (m1:J.JVJ11'W) ilri1m1:J.JbU'Wml'l-~1'l bvi1n'l.J 

3.44 ± 0.02 hJYi'lJLJ~mruml'lbbu?IAei1unVl~u1\911jj'W6/l~eit!1'W"jLJ L-ascorbic acid 1'Wv11eit!1'l 
" " 
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n11 1001Afa-Ul'ie:il911e:i~1-:i 1 ii6'l~~m ~1'U11.Jbfl~~e:i4~1~8lB MPN ~eJ-:JtleJ8n11 2.2 l'ie:il911e:i~1-:i 

100 ii6'l~~V1'J) (~-:JV11'J1-:J~ 4.3) 
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MPN bfl~'V'Jel'faJ/100 ml. 0 Q d ti 
l\I 1'U1'\..Pil &I 'U 'Vl ':i ti 

' 
(CFU/ml) 

(CFU/ml) 

0 0 0 

3 2x103 0 hl-wu 

6 1.5x103 0 

8 2x103 0 

10 2x103 0 

12 lx103 0 

14 2.5x103 0 

.LJ111-w~~ bb~~'WTW 2 ihJmVi 1~t1i'lm'i~iJ{;)1ei~1~1wn1UVJfl I 3 1'W 1 m1'1JmVi~ 1 bb(;l:;'Vl n 1 2 1'W 

1 m'1'\.J~1Vi~ 2 'llei~t:-i~~nrusvi -wu11nVl~vi'1'Wei'WiJ!;lB?t'J:;bb(;l:;'\.J~mrubbe.J'W 1Vl1'1mTu'W~~VliJ~ bb?t~.:i~.:i 
·1 ' " 

d 
~1'i1.:JV1 4.4 
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a ., .:! ii .c:::i. 

'!fh.J1Wbbfl'U b 'Vl16llti1-U'U~'l'VllJWI i::::t1::::b1mbnuimn q'Vl5~1'Ufl~~~fl~i~ (o/o) 

(1'W) (µg/250ml \;]1mh:i) 

0 45.17±0.24( 1498.26±0.03a 

3 43.41±1.87( 1298.80±0.05b,c 

6 40.67±0.84d 1470.43±0.01 a 

8 56.36±0.53b 1354.47±0.01 b 

10 45.20±0.22( 1345.19±0.04b 

12 60.80± 0.23a 1219. 95±0.04c,d 

14 57.54±0.54b 1141.09±0.ld 

fl1i'U i:t lil'U zj-:i 1 off fl:t bl 'U'Ufl11ll'/JB'U lli'1:t fl1iCJBllfo'Vl1-:i1i11'U~ fl'tlru:tv1ui1 fl!) ~ fl~'U i?l'/.11~ fl11lJ 

6111 fl11lJ~~flvt~-:ifl~mli;:i:tf111lJ'/Je:iu1(9lc.Ji1ii lUm:tc.J:tnm 2 ~u~n~ 'lf'j'lJ~1 \il1eJ~1-:iv1lnu-rfl"t11v1 .., 

i?l'/.11~ fl11lJ61J1 fl11lJ~~fl'Vl~'lfl~'U ll{;'l:tfl11lJ'/JB'UbWtCJi1lJlvl1tl'U 8.33±0.57 8.33±0.57 .., 

8.67±0.57 8.33±0.57 8.00±1.00 8.67±0.57 ll{;'l:t 8.33±0.57 ~1ii'1°1vl'u zj-:illJ'Ufl:tll'U'Uyj 

~u~b.nfl 1 VlflTrn BlJfo 1 'U i:t vl'U'/JB'Umflv16'f (9l lb{;'l:t'/JeJ'UlJl fl ll{;'l:t 1 'U1'Uv1 14 ~'Vl(916'f eJ'U 1 Vlfl :t bl 'U'U flli .., ' .., 

CJBlJ-r'Ub~B'l ~fl'tlru:tvlUilfl!J ~ fl~'U i?l'/.11~ fl11lJsd1 fl11lJi~fl'Vl~'lfl~'U bl{;'l:tfl11lJ'/JB'UbW!t.Ji1lJ 

bvl1tl'U 8.00±0.00 7.67±0.57 7.67±0.57 7.67±0.57 7.67±0.57 7.67±0.57 bb{;'l:t 7.67±0.57 

mmhvl'u zj-:i b U'Ufl:t bb 'U'Uv1~u~1ilfl 1Vifl1iCJBlJ-ru1 'Ui:tvl'U'/JB'Um fl ~-:i~ ri1~ fl'tlru:tyjLJ ilfl!J ~ fl~'U 
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bdeJtl1~~\91il rusvi bA~8'l~:wJ1~LJtl~'iV1~tl1~A n~'l~~:w~1'i~ nVl'<il1n 1 'Vi:w-U111 'WVI~ bbVl'l\91'i1'<il 

1 bfl 'i1~~'Vi1'W~ '1'11'U 1 \911:iJ'U bbrt ~ bd51 (91 \?11'1 ., bbrt ~A VI b Vi tJ lJ tllJ:w1\91'ili1'U~1'i81'Vi1'i ~ bb 'Ll~tJ 11 iX 
' I .. 

LJ~1nritl1~'<il°1l'Ll61°1wfoA'Ll1vrn81tJ~'lbb\?1 6 D~'Ll1tl (THAI RECOMMENDED DAILY INTAKES-
' 

':i1f.ln1':i'Vl~~eJU /100 ml vi eJ'Vi~.:!'Vi'l.i'Jf.JLJ~bfl fl %RD! 

" ., ., 
58.80 140 'Wrt'l'l1'U'V1'1Vl:WVI -

(f11mbAr\8~) 

'W~'l'11'Ll'<il1n hi:W'W 0.36 0 -

Olfabbfl~81) 

hJ:iJ'U~'l'Vi:WVI (n-r:w) 0.04 0 0 

h1:W''U~:w\111 (n-r:w) 0 0 0 

1Abrt?lb\918'i8rt hi'WLJ 0 0 -

(:Wri~n-r:w) 
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11f.ln11Vl~6HlU /100 ml ~ eJ'Vi~-:J'VitJ 1 f.JU~bJl fl %RDI 
,, 

mft u 1m~'a\91Yl\l'Vl:IJ~ 14.09 34 11 

(n1:iJ) 

1m:n'Vl1'a (n1:iJ) 0.38 
,, ' 'U'i)CJf111 1 4 

tl1m'1 (n1:iJ) 12.75 31 -

b61lb~CJ:IJ m'1~n1°':1J) 91.20 220 11 

11911iJme:i (1:1.J bA'a n1°':1J) hlYl'U 0 0 

1mD-u\J 1 (il'1~n-r:1J) 0.04 0.1 6 

1mD-u\J 2 W'1~n-r:1J) 1jjYl'U 0 0 

bbAm~CJ:IJ (il'1~n-r:IJ) 12.69 30.46 4 

b'Vl~n (il'1~n-r:1J) 0.15 0.36 2 

bt1'1 (n-r:IJ) 0.34 - -

~ .., 
m1:1J'1J'U (m:iJ) 89.86 - -

' '7 --

'Vimf.lb'Vi\91 %ROI Vl:IJlCJ~\l u~mru~1'ae:i1Vl1'a-Vibb'U~tl11~u~fori~e:i1-u 61'1vt1'UA'Ulvm e:J1CJ~\lbb~ 6 . ' 
U~'U 1 u 1~CJA~"il1f1f111:1Jvl'i:J\lf11'aYlrX\l\l1'Ul'U'1~ 2,000 bbf1'1'i:J~ (calorie) 

Vl:IJlCJ~\l 1jj1~'a~'U 
' 



uvrVi 5 

'11t.!l~CJ-dbb u-:i15m'.i~1bth.J'l1t.!ernfl 1~b'lJtJ 3 ~1t.!Vl~fl ~1'U~ 1 b Ut.!fl1'H\91~Clii~1'.i~n~~n 
n'VlB~1t.1e:it.1i1'1B~'.i::: bb'1:::tJ~~1rubbeJt.11'Vlhm1umnfl1viii.if111 'V'l~~ bb~'l 1~vi6fl1'.i1 .Utl1b llt.11i1'1vi'1 ., ' " 
'1:::mv 1.Urn1ii~e:it.11t.1m'.i~n~~1'.i~mu.niJ 60 70 bb'1::: so0 c 1u'.i:::v:::nm 10 20 bb'1::: 30 u1V1 

' " 

~1'.i~ n~'11fl 1viii.if111 'V'l~~ bb~-:i 1 t.1eJ\91'.i1~1u 6o:4o 70:30 bb'1::: so:20 '11mru'Vl~~e:iu fl1we:iii~u 
'lleJ'l~u~1nA ~1t.!~ 3 b uu fl1'.iflfl~1'.i~v~ nm 1 u fl1'.ibn'U~fl~1 e-J1t.1fl1'.i\91'.i1'<\l~e:iu~fl~ru~'Vl1'lbAiJ 

" 

'11 fl fl1 '.itI11viii.if111 'V'l ~ ~ bb~-:ii11'Vl~~ e:iuvi1~ .n 11 ~~ b vilJ 1~ ~ii b ~ e:itI11 uu '.i~ v fl l'i1 off bll t.1 ' 

62.10±0.72% nu~mrubbe:i'W1'Vl161m1uvvY-:iviii~ bvi1nu 93.42±0.09 mg 1oog li11mh-:i '11mruv11 

fl1'.iA~ b~ e:i fl~ \91'.i bA~ e:i-:i~iitl1i1uu ~'.i~~u11Afl~'l~~ii~1'.i~ n~ 1viii.if111 'V'l~~ bb~'l b~C!'Vl~~e:iu A11lJVi'l 
" 

vie:iii'lle:i-:ii1uu~'.i~ bb'1~i'Jm1~vi11'W bvi1nu 14 u~fl"ll i'Jri1m1i1bll'Wm~-v11-:i bvi1nu 3.44 ± 0.02 

1li'V'luu~mrum~ bbeJ~Ae:i1D flVl~e:i1i \911lJ'W~~e:iv1 mu L-ascorbic acid 1 t.11i1'1e:i~1\l bb'1~iJtJ~mru 
" " 

m~~\lVl~~1mu'llmm~68\91~rnvi1nu 0.61 ± 0.03 % i'Jmvfl1'.ibnu~fl~1mnn11 2 i1tJ~1t-4~'W1tJ 
" ' 
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vi°11Vlrhn1'HJU~.:JeJ'U:W'1B?l'J~'1Vl'1.:J (40.67±0.84 - 60.80±0.23% bb'1~ 40.83±2.23 -
' '\J 

whnu 1,498.26 µg/250ml \911ei~1.:i bb'1~1m~t.J~nmm'Jbnu~mnm'Ll 14 1'Ll ihJ~mrubbeitJ1vi 

161Jt.JTW'U whnu 1,141.09 µg/250ml \911ei~1.:i 

l\l1 n ~'1 n1 'Jl~ t.J bb?I vi.:i 1 VI b ~'Ul1B ru'V! fl ii bb'1~b1'11~.:J ~ '1 ~ einviBtJ11'U B'U:W '1 B?l 'J ~ bb'1 ~'l.fi:w1 ru 'I 'U QI , 'U 

bbel'U 1 Vl he.11-U'U n1'J 1.Ueiru'Vlflii?l.:J~'J~\ilu 80 eJ.:Jl"11b61Jm6Zlt.J?I 1 'Un1'J?I nvi~.:i~ '11 Vlu~mru?11'JtJ11u 
' '\J '\J 

eiu:w'1 B?l'J~?lmt.J\9111 '1.J zj,:i?1eiviti~ei.:inu-:i1u1~ t.J'lleN'IJei.:i5?1m (2554) flrn~1~'1'1JB.:ie:i ru'Vlfliim'J?lnvi 
'\'U 'I 'U 

~ e:i'l.J~:w1ru ?11'JtJl 1u e:iu:w '1B?l'J~1 tJ-U'11 ~ vrn11 m'J?I nvi~e:iru V1flii?1.:i 120 ei.:il"l 1 b61Jm~ t.J ?I vh 1 VI 
'I 'U 'I 'U 'IJ 

bbe:iu 1vi1"1Jt.J1Du ~'1~1~1\l1n.:i1u1~t.Jd'v'lu11b~e:i 1.Unm 1 um'J?lnvi byj:W~'U ?11m"Ji;i?1nvi?11'JllB'U 1vi161J 

t.J1Du1~mn~u~eiru'Vlflii 60 e:i.:il"11b61Jm~t.J?I bb~b~myj:wnm1um'J?lnvimn~'U~e:iru'Vlflii 70 bb'1~ 
'I 'U 'I 'U 

80 e:i.:il"11b61Jm~t.J?I ~.:i~'1vh 1Vt?l1'JbbeJ'U1Vl161Jt.J1U'U~?I nvi 1~'1Vl'1.:J b~ eJ.:Jl\l1 m~ t.J~ nm fum'J?I nvi~ 
u1u~'Lli11 eim?I bnvi'l.J~ n~ me:iein'il bvi.rru'IJei.:i?11'J bbeJ'U 1vi1"1lmuu ~.:i~ffv111 Vlrirum'v'l lb'1~'1.J~mru?11'J 

bbe:iu1vi1"1lt.J1U'U'1V1'1.:JeJ~1.:i"J1vib~1 (Dai and Mumper, 2010) b'lim~t.J1ntJnu.:i1u1~t.J'IJB.:J~\91'U1 

bb'1~tiru~ (2558) flm~1~'1'1Je:i.:ieiruV1flii~1 m um'J?1nvi~eiti11:w b oif :w-U'u6Ve:i.:i?11'Jbbe:iu 1vi1"1lt.J1utJ'lle:i.:i 
' '\J 

.U111Vlvioif11bV1iJt.J1~lJ1.:i 1vimii'1m'J?1nvi~e:iruV1flD 50, 65 bb'1~ 80 ei.:il"11b"llm~t.J?1 'v'lu11e:iruV1flD~ 'I 'U 'I 'U 

?1.:i~ulil~'li1myj:w'l.J"J~~vi6m'v'l'llmm'J?1nvi 1vit.Jl\l~ 1u'li1t.J1 um'Jv11mmb 'J.:i~vib V1~m'J~V111.:i 1:wb'1n'1 
'\J ' 
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?ll'ibbtl'W 1v1 l61Jt1Tth.m(l~'i.:Jfll~~ b ~'W cyaniding 3-glucoside v\'11Vl?ll'ibbem1 vi l61Jt11'U'W?l'11t1~1 h\ 
~1tl (Roobha, 2011) zj.:ifl1t1J'il'W1 bb(l~flru~ (2559) ~mn~ruviJJiJ~iJ~8tfonru?11'i?1n\11bb8'WbVll61J 
t11D'W1'Wm~b~t1'Ubb\11.:J b\11t11.if~8ru'Vlfl~ 65,75 bb(l~ 85 8.:JY'llb61J(lb~t1?1 'l"lu118ruviniJ~?11:1J1'iti?ln\11 

'I 'U 'I 'U 

?111bb8'U 1 vi l61Jt11D'U~.:iviJJ(11 lli1?1.:i?1(11 A8 7 5 8.:il"llb61lm~t1?1 bb(l~cJ'.:i'l"lu11b~88ruviniJ?1.:in11 7 5 8.:iV'11 
'U 'I 'I 'U 'U 

b61J(l b~ t1 ?l :fi'W l '\.J iJ t:..1" vh 1Vl'\.J~JJ1ru?l1'i bb 8'W 1vil61Jt11-U 'U ~.:iviJJ (11(1 (11 (l .:J b '\Al 'i 1~ 8 ru vi fl iJ ?1-:iiJ t:..1"1 VI 
' " " 

1A 'j .:i?l ~1-:J'IJ 8-:i bb8'W 1 vi l61J t11D'Wi1 nl'i bu~ t1 'W bb u" .:i ~ .:i~ "1 VI bfi(11nl'i?l"1t1~1'1.J 8-:i bb 8'W 1vil61Jt11-U 'W 

brj8.:J'il1nfl1'ibU(1188n'IJ8.:J1.:Jbb'Vl1'W pyrylium 1'W1m.:i?l~1.:J'IJ8.:Jbb8'W1 vil61Jt11D'W v\'11Vlbb8'W1 vil61lt11'W'W 

b '\.J~t1'W l '\.J8t1'1 'U'iU'IJ8.:J chalcone bb(l~fl1'i?l'11t1~1'1J8.:J8~ ln(l bfl'W b tl'W~'Ubb 'in'IJ8.:Jfl1'J?lmt1~1'1J8.:J 
" " 

?ll'ibb8'UbVll'IJt11'D'W (Patras et al., 2010) 

1'Urn'iA(11b~8n?l~'ibfl~8.:i~:lJtl1au'\.J~'i(11?1'\.J11An~.:it:..1?1:lJ?11'i?1n(11'il1n1 viJJ<LJ'111 '1"1(11~ bb\11.:J 1-ir 
" m?11?1irm~vi(11?18u;aJJ~.:iviJJ(11 41 fl'U btl'W'l11t1 18 fl'U bll'Uviru.:i 23 fl'U i1mt1'i~vi11.:i 17-29 ti zj,:i 

" v ' 

~(118 cJ1 mh.:i1 ti ~'U ~.:i1tien'Vlru~8'U ~ 'U i1m1JJ~.:J'\AI 81'il~8 bfl~8.:J~:!Jtl1au '\.J ~ 'i\116'1'\.J 11 fl n ~.:) ~ ?l:!J?ll'i 
'\.I 'I 'U QJ 

~~\11 b\11t1'1"1u11A11JJ~.:J'IAl81'il~8~m1ru~'IJ8.:J~18cl1.:i1'Wli11'U~1.:i 1 zj,:illilbbn ~n~ru~~'\.J'i1n[J ~ n~'U 
'i?l'l11~ A11JJ"li1 m1JJ~~ nvi~.:i n~'W 'i1JJ~.:Jfl11JJ'l18'U b\11t1'i1JJ1 mb~" ~ ?l~ 'ii1ri1 bl:J~ t11~\i1u fl11JJ~.:i 

'U " 

'1"181 'il hJbb~ n~1.:in'U8 cJ1.:ii1oJt1~1A'qJ bb~ b~8~'il1'i ru1n1'i1 bfl'i1~i-11\11t11 .if bn ruolifl ~ bb 'U'W'IAIU11iJA11JJ 

bb~ n~1.:in'W b\11 t1'V'lu11 ?l~'i~ 2 iJA11JJ~.:J'IAl81'il 1 'W~ n~ru~'IJ8.:J~18cl1.:ivin~ n~ru~8cl1 'W'J~\i1umn 
" ' " 

'ill n n 1'iPl n ~1e:i 1 t1 bnu ~ n~1'1J 8-:J bfl~e:i.:i~mJ1au'\.J ~ 'i\11?l'\.J11A n ~ .:i~ ?l JJ ?l 1'i ?l n \11'il1 n 
' 

l viJJ<LJ'111 '1"1(11~bb\11.:J~8'\.J~mru?11'i~1'UeJ'WJJ(lB?l'i~'W1'W 2 aumi-1 'l"lu11mt1m'ibnu~n~1~bviJJ:fi'W hJ 
'" ' 

~1-:J~?IJJ 1 mb~(l~'IJ1\11 zj,:i'il1 nt:..1(l~lli1'?18\11fl~8.:inu.:i1'W1~ t1'1J8.:J~?lirt1 bb61 ~flru~ (2554) ~n~1~(l'IJeJ.:J 

n'i~u1'U nl'i bb u 1'i'\.J bb(l~ n1'i bnu~ n~1~ e:i?lJJu~ n1'i~1'U B'WJJ" B?l 1~ 1 'Wtl1JJ~'IJ1JJiJ e:iJJ 'l"lu11J1 
" '" 
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~ruVIJJiJ°IXe:i..:i bUm1m 6 b~ffu 'V'fUllC)'VltmJli'htie:i~~~B~J::;iim111ri..:it911 bb~::;1J.ib~e:i11~mCJ1tim~ 

m1bnu-rrn~1~ b~11~ti 1~wii~11u~ fl1J1'11ti e:it111~8~1::;11CJ..:i1m lJtiA 1 1c50 ii A1 1.4 7 ±O .o 1 ',, 

-r fll':ll~ e:i ru VI fl iJ l'h'il ::;ii'\.J~111ru~11Iii'1tie:iti11~ 8~1::;111flfl11m1 bn u -r fll':ll~ e:i ru VI fl iJ "IX e:i ..:i zj ..:i 
, 'U q '\J , 'IJ 

~ eJ ~ f16l eJ-.'.! tl'\J-.'.! ltl l ~CJ'() e:i..:i11 fld'U bb~::; f1 ru ~ (25 60) ~fl l':ll~ fll':ll')'Vl t fll 'j \ii' ltl tl~ ~ ~ B ~I::;'() eJ-.'.I 

t:-J~ (ili) ru.ri bri~e:i ..:i~11~11ti 1Yll"il1 fl~1..:i~e:iru Vlflfab 6d b~ti ( 4± 1 e:i..:il"11 b61l~ b~ CJ~) bb~ ::;~e:i ru VI fliJ°IX e:i..:i 
'I 'I 'U , 'V 

flllb'll~ CJ'Ubb '\.J~..:i 1\il 

"il 1 fl m1~fll':lle:i1 CJ bnu -r fll':ll'U e:i ..:i bri ~e:i ..:i~mJ1 ~u LJ::; J~~LJ 14 ri fl~ ..:i t:.J ~11~11~ n ~"il 1 fl 
' 

1 V111.LJ111 'V'l~~ bb~..:i~e:i'\.J~mrubbe:Jtl'Vl 161lCJ1'Llti~..:iV111~ 'V'l'\Jlll::;CJ::; nmm1bnu -rfll':lliit:.J~~e:i'\.J~mru 

bbe:iti 1'Vl161lm'Llti 1~CJ b~e:i1::;CJ::;m1bnu1fll':l1b ~11~mfimrubbffu 1'Vl161lCJ1'Lltiii'\.J~mru~~~..:i"il1fl1't1~ o 

zj..:i ~ e:i ~ f16l e:i..:i n'U ..:i1t11 ~CJ'll e:i ..:i Cabrita et al. (2000) Yl 'U 11fl11b~e:i11'll e:i..:i bb e:Jtl b 'Vl 161l CJ llJ tl 1 ti 

~11~::;mCJ bbe:iti 1'Vl161lCJ1'Lltib~11~ti "il lflfaCJ~::; 30 bllti ~e:iCJ~::; 60 V1~..:i"il1mn'U H 60 1ti bb~::; 

Fossen et al. (1998) ~fll':l1fl1111f1..:JITT1'lleJ..:JbbeJtlb'Vl161lCJ1'Llti1~mnu~e:iruVlfliJ 10 bb~::; 23 e:i..:il"11 ' ,, 

'V'l'Ull'll~mrubbe:Jtl 1'Vl161lCJ1'Llti 1ti1mM(ilii bb t1111111~~~..:ie:i tJ1..:iii11mh•1 ~'Vl1..:i~~~ (p<0.05) (il~ e:i~ 

'j::;CJ::;b1mm1bn'U-rfll':l1lu1ti~ o, 7, 14 bb~::; 211~CJiiA1bllti 8.94, 1.10, 6.19 u.~::; 5.73 ms/ks 
0 ., 

m11m~'U 

"ill fl fl ll'Vl ~~ eJ'U eJ1CJfl11 bfl'U f fll':ll'U eJ-.'.! bf1~e:i..:i~mJ1 ~'U tJ::; I~~'\.] 14f1fl~-.'.!t:.J~11~1 I~ n ~"ill fl 
' 

1 V111.LJ111 'V'l~~bb~..:i l~CJVl"iJ1Jru1"il1flu"il~CJ'Vl1..:i~1m'V'l Yl'Ullbnu-rmn H~e:iruVlfliJ 4 e:i..:il"llb'11~ b~CJ~ ' ,, 
ii'\.J~mru"il~tl'Vl~tJ~..:JVl11~ 1-2.5xl 0 3 CFU/ml 1J.i'V'lu~~l'i11bb~::; 1ri~vJe:i411bb'Uf1-Yib~CJ bb~~..:i1 °1Xb~t111 

' 
t:.J~(ili1ru.ri~11ilbllti 1 tJ(il111bflru"l1i111(9)1:01ti (11t:.J611. l 26/255 7 J1~utJ::;1~ n1V1ti~ 1 "IX "il~ti'Vl~t1~..:iV111~ 

~ ' 
lii'e:i..:i1J.Jbi1ti 11rifail~e:ilii'.1e:itJ1..:i 1 iJ~~~(ill, ~~l'ibb~::;b~eJ'jl lii'e:i..:iue:iCJflll 1001rifail~e:il'11e:itJ1..:i 1 

iJ~~~\ilJ, 1ri~Yle:i4111~CJ1fi MPN lii'e:i..:iue:iCJflll 2.2 ~e:it911e:itJ1..:i 100 ij~~~\ill) 1'1..:it!tit:.Jff'il1f1J::;\91u 
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e:iruvi.n:D~1.ff (80 e:i\ll"1W1Jm~trn bUtJd"::;r.J::;b1611 s m'Vl) 1'Llmd"~1b~e:i~d"::;v1u'V'l1~b'Jfffld'li~1:i.nd"bi 
' 'U 

vl1f;11tJ b~e:J'J~'UVl~tJ1~ vl11~bA~e:J\l~~J161'lJ'lJ::;d"~~tJ1~Af1~\le-J~~i:'11d"i:'1tl~'J1f11 Vl~oU11 l 'V'I~~ bb~\l :iJ 
' 

2. md:Wmd~cni'U1'J1m~~ l"d~1b U'Uf11d"eJ~bbtli:'1A1~'\Je:J'U 1~e:ie:in 1"d~ 

3. b~e:i-:i'J1nmdPin~1'1'1J1~e:itlmruH'v11eJ1~'lJ~l:'11md"11v111 ~d1rnbnl:'11~~ bde:i:iJmd" 1.ff eJ1 
' 
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" ' 
oQ ii I £=>. """' ' Q.I c:t 
?l'UA1bm~m, m:w?l..:Jb?l";i:WnTHn~\il";i. Yl:WYlAHVl 1. n~..:Jb'\llW1. 

nmryj~~tl 'll'U~~'\ll~, LJ-r'1lt1J1 bbYlmA61, ru'U'Uvi bb~M;;1..:i11-atl, b'LJ:W €lnn'\ll";i1bVl:W, 'U~f'l";i :i'J..:im~m 

bb-a~f'l~n";i uB:wb ~ tJ..:iV1 ru. (2558). n1";ioW~'W1t:-J~\i1n ru61il:u1 nt:-Jfti;i'uLJ :::";ivi b~eia-mfh.1";i1ti1vi 
ri1V1-ru'l1nfim~n~trn:1Jfim~1 BlbJlmijei.:i ~.:iV11'vi.Ut1niJ. Aru~b VIA fo fa~AVJnJ";j:i.Jf'll?l\i11 

" 
:wVJ11'Vlm~m VIA 1 u fa~";i1'1l:W..:JA61Yl";i~'WA";i. 

n~~m hmuein. (2554). J1~nt:-Jfl1li\~B~"!!Jl1~. ~-a?11";i.ifm;J61'1l{W1Yl";i, tl~ 28 m.Ju~ 4. 

n1t1J"il'U1 'W1AU";i~?l:W, tl~:w-a ~t1]il, 1-rt1Jt1J1 bbn11..:i~1, lrmu tllAU";i~?l:w bb61~VltJ1V\e.Jtl Vltl'lnl";i 

n"il. (2559 ). 6'1Jl11:::~ b'Vi:l.J1:::6'1:l.Jri1'Vi-r'U n1";i6'1tlVlbbB'U b 'Vl 161Jti1tJ'U:U1nm:::b~tl'U bbV\.:j. Atu~ 
1mm";i:Wbb61~e:J\i1?11VlnJ";i:Wbn~m :WVl1l'\lltJ1~mb:w1~. 380-387. 

' 

' ~ QJ yi·n-a..:imru:w'Vl11'\llcn61tJ, n~..:ib 'VlYl"'I. 

A~urnVlA1tlfa~. (2017). n1";ibbU";i";iuJ1ermrn1JJ' J1ermrn1JJ'b.if:w.iftl. ~tJf1m~e:i 28 5'tl11A:w 2560, 
" 

"illn http://www.rdi.rmutsb.ac.th/2011/download/222222222. pdf. 

~";i1?1 LJ";j~'Vl:wl'tl, ~";j\Jl";jru tJrub~tl, tl~\i1?1";i1 tJruue:i..:i, tl~m1 n";i";i:WVl11'1lA, ~95Yl?1ru11mf'l~~u6, 
, '\ QJ , QJ 03 'l QJ 'I 

e:J";iru'll ~uV111";in-a, 'll:i.J'V'ltl'\ll ~tlnV1u-atJn"il, m1~ -d1m"ll~ru, tJ1tl~Yltl -r\i1u~-alin-a'1l1ru 
'\ \I 'I 't '\J V CV 

bb61~B?ltJ1 ~tl'\ll~l'\ll tJ1'1..J~(i). (2558). f'1'VJ~~1'UB'U:l.JftB6'1";i:::b 'Ut:-J~(i)nru61il'U:lJ5'Jb 'Vi~B.:i6'1\i1";i " QI , \I \I 

-de:i~vivi1 b V1 tJ'l'V'l n. (2551 ). e:i\i1 ?11'Vlm";i:w. 11";i6'11";iei1V11";i6'1mu'W fl'W A1'1 bbfl:::-W' ~'W1t:-J ~ \iln ru 611! 
' ' """' v If .dd QJ d 

B1'Vl1";i. :W'Vl11'\llcn-amn~\i1";i\"11?1\i1";i m..:ib'\ll'V'l"'I, \JVl 38 ullll'Vl 1, 41-44. 
' 

ru~95m u1utl. 2561. f1'\ll~\;]1tle:itl:w-aB?l";i~bb-a~?11";i'\J";i~neill Vltle:i~ n''LJe:J..:ib:tillV'lbb61~b -de:i:w~lh..:i hH 
~ , QI '\\I \I 

1 ~. 11";im11~mbft:::oW~'U11 lflt1Bft.:in1ru1tl~";i:::u1:1J11"l.l'l.l5:1JA 13 : 53-62. " 
vi1..:in:w-a ~:w~u'\ll{ 1~~1w1 ~tl'\ll";il'V'l";iitJ bb61~16iJ'tJ vi~VltJu'Wl~'U~. (2551). m16'1nV'lbbB'Wb'Vl161Jt11 

il'W:u1n.LJ11 b'Vilit11~1. n1";i'\J";i~'1l:W'Vl1'll'1l1n1";i'1Je:J'l:W'Vl1l'\ll tJ1~ mn~\i1";if'1\?l\i11 A~'l~ 46: 
' 

?11'1J1e:J\i1?11'VlnJ";i:Wbn~m. :W'Vlll'\lltJ1~mn~mf'11?1\i1{ m..:ib'\ll'V'l"'I, 320-327. 
' ' 

'\ll";i'l~~ 1..:iril~\i1\i1nt1]1t1J, '1Jum 1'1l~";im1Atl, bb-a~ f'l~n";i (i)";j..:J~\i1.i1n~. (2552). t:-J6'1"1JB.:i"l.lilvi~1vl1 

6'1::6'11t1~1-tl6'1nvi~e:im:1J1rum";i'lJ";i:::neiuwtlern~n~.:iV1:1Jvi vJ6'1111'We:it1~~.:iV1:1Jvi bbe:J'U 1 'Vl161J 

t11il'W~.:ivi:1Jvi bbft:::6'1:1Ju~m1~1'WB'W:l.l61B6'1";i:::"!Jei.:i b 'll~e:i nbb61::: b:l.l~vie:i~'W. 1 u n1";iU";i~'1l:wV11..:i , 'U , 'I 
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" ' 
l'IJ1n1'J'lleJ-:i:l.JVl1lVltnti'mm:1(91'Jf'l16'1(911 ri~,:iY] 47: l:n'lJlE.J(916'1Tv1m'Jmm:1m 17-20 :!J.A. 

' 
2552 ru :w'Vl11vic.n~mn'l'f\91'JV'l16'1191{ Vlu1 7 60-7 6 7. m,:ib vivr1::w'Vl11vic.n~mn'l'f\91'JV'116'1\91{ 

' 
VJ (91vi11 Jl 1\;~6'1' ~ Vl1 ~ m1 ~'U Bl'U bbft ~ '\"l 'J ru.111 bb6'1'U 'l"lft. (25 5 7). t)Vl t \?) 1'U e:JB n68 bV1'1r'Ubb6't ~ 

tJ~mruvh.i e:i~ri~-:i'Vl:wvi'Ue:i-:i bri~e:i-:i~:wr1:w'Ll 1'l"l'J'<il1n1 V1:w-U'111 'l"lvi. 11'J6'11"J1vitJ1V'11?1\911bb6't~ 
' 

bVJrifofo~:wV!1lVltJ1~tJ:WVl1?11'Jfl1:W (m.J''lJYibV'l'l'f). tJ~ 10 uD'lJ~ o, 513-520. 

'U16't'Ll.ll1 eJ'ri~'Llul'-:im. (2546). n1'H·.J~t'l1t1biH1Pnl1tJ:u.U111'Wvi. 1vit.J1'Ll'l"l'LltS lVJt.J1V'l1?1\91'J 
'IJ 

:w'Vl1tJ'rusn\91. :wV111vic.n~mn'l'fmf'11?1\91{ 

'Llm'tJ 'U1ritJ'J::?1:w, V1t.J1vi~'Ll vimni'Jn'<il, b'}1viPfn~ 1viru~n'l'fru, :wn~'Ll V!'Ufl'l, .111'U1ti bb?l'lb'<il~ru 
' 'IJ ., 

~191,,j bbfl:: ni ru '<il'U 1 'UlfltJ 'J::?l:w. (2560). n 11~ w.i 'Ll 161 t'l'a~ b V1:w1::6'1:ui 1V1-ru bfl ~e:i .:i ~ :u 
., 'IJ 

tJi)tJ'&\-:i1'UlVltJ1n1'J B'l"l.?15. ri{,:i~ 8. lJV!1lVltJ1~t.JbblJl~, 171-178. 

'Ll'Uvil''Ll 'lJ rut.J~Ll'J::ilvim. (2543). 61:w'Ll 1'W-a1~~tJu1tJ 4. m-:i b vi'l"l "1: u~~vi tl'J~'IJ1'1J'U "1~1 nvi. 
' . ' 

trt.J1vi~ bu~lJ'U'UYi. 2538. m-afin'l'f1ri11:ub \JtJ 1 t11fil tJm-a~~\91u6't::m-a1.U~bbVl.:iu-a-a:u6U1~-.i1n 

n ~u n -a::b~tiu bbVl.:J. 1vi t.J1'Ll 'l"l'UtlD~'1J '1111 vi. :wV111vi t.J 1~t.J bf1'l'f\91'JV'11?1 \91 f. 1vi t.J1 b'U \91 

rllbb'l"l'lbb?l'U. 

'Llvivi1 Vl-:i~11w.Jt1. (2550). m'l1~ 111 °lflJVl riruri1e:i1V11"abb6't::n11n'Ll. Yi:wYiri{-:i~ 1 m-:ibVJ'l"l"'I: . ' 
bb?l'lbbVlVl. 

'Ll'Jvi1 vie:i-:iblilt1, e:iiHn~ bVlt.J'J bb6't::B'Um1~ru b1t.J1u'Ll1191b. (2557). ~6'161Je:i.:i15n111~bbn'1 

m{ue:i'Ll 1VlBB n 161Jl9i°~B fl Wfl1'W61J e:i.:itl1~\.!~5 Vl bbfl 61. nl'JU'J ::'IJlJl'IJ1 nl'J b?l'U B ~6'1'11'Ul~ tJ 
' ' " ' 'J::~utJ'ru~\91~n'l'f1 fl~'IVi 15 :uV111vic.n~t.J'1JB'Ubbri'W: 907-915. 

Yi:wvh~ru 'l"l'Jbu~:u'l"l,:il'i, bflt.J'J&iriru -r\91'U1U'U'WYi bb6't::'LlTit.J1 -r\91'U1U'U'UYi. (2546). :W1\91'J:01'W ., ' .... 
(;.J~\91Jl'rusvi'IJ:w'IJ'W :w~'IJ.126/2546 J161'utl::'Jvi. ~uA'mde:i 28 TI'U11ri:w 2560, '<illn 

' " 
http://www.foodnetworksolution.com/wiki/word/3687 /pineapple-juice-'W 

0

1 

61''Utl::'JV1. 

Yiflifo fl~'IJ1bt.J'IJ, 'Ufl'J bV!~e:i,:itl'J::b?l~:O, \J~w.Jtl ~lJ?l,:Jl'U bb6't:::mm fhvi-r'l"lt.Jb'l"l~:O. (2554). ~6'16UB.:! .... .... 

t'ie:ini'J~nvi?11'Jbbe:J'W 1u 1stm1'Ll'Ulil1n.U111 'l"lvi~:W1'l. 11-am11vi t11f116'1t'l{bb6'l:: b viri 1 'Ll fa~. ti~ 
22 QtJ'lJ'UVi 3, 367-380. 



40 

~ \91'U 1 :iJ1\I~ 191.U, 121 ~uvrn !:11 ':i'HU bb61~ UtJ\91 vn 121Vl 15 n OJ. (2558). B-J 61 'll ti \I i:1nn~~1\I"jhHn~61 tl \ii 
' ' ' 

bb uu 561191 ':i1 b'll'i1 fl~ t1tJ~m ru bbt1'U 1u 1'llcniJu~\IVl:WV1'llt1\loLJ111'V'IV1oLJ11 b Vlu m ~:iJ1 \I. 11 J611 d 

1'Vlv1A16'1\il{bb6'l:::b'Vlfl 1'W16'lti. u~ 23 u'lJ'u~ 5, 783-796. 

~\il'U1 d~J1'Ll'lJ bb6l:::J::::W'U b61~1JlVl~fl61. (2532). fl1J6'1nV'ibbB'WLBhrn1U'U\11flV1Bflfl'a:::b~V'UbbV1.:) 
' ' 

1'W beJfl611':lfl1':l6":W:W'U1Vl1\ll'lJ1fl1'j b~eJ\I Safety Priorities and Food Technology. 

fld\lbVl'V'I. 46 Vli11. 
' 

tJ~t\Jf;\!1\91~. :w'Vl11vicn~ mn~\91Jl"l161\91{1viCJ1b 'll\91 n1bb 'V'l\I bb61'W. 

1;a':l1vi~ lJCJ'W'u6~\lb~m, 1~~m ~'UVlJ1'V'IJoUCJ, 1;aCJ Vlf1'1-1CJum6"'W~, BV1:w~n~ru ?l'lleJ\91\91::: bb61::: hA 
, .. o.a "I " " 

I 1 QI f 

-rr CJ beJn'l-11"1'U11 ':l':lru. (2558). fl1JWWJ'U1t:-J~\il.nrusiii bfl~ei .:i~:w'l11'Vl11'Ub .LJ:w.LJ''U n~'Ueifo u~.:i ' 
~~1vt:-J.:i~\11nsU'.:i.LJ11hrn~ih.:i6'lne..J6'1:Wbbel'U151ezm1U'U61.:iw'U5 KPSC 901. fl1':lU':i:::'lJ:w 'U 'U ~ 'I 

,, ' 
Vl1\ll 'lJ 1 fl1':i'lJ eJ \l:W Vl1l Vl CJ1~ t.Jbfl~\91J 121161 \91 {fl-r \IVl 5 3 :WVl1lVl CJ 1~ t.Jbfl~\91J1311611914 3-6 

fl:Wfl1-W''U5 2558. 
' 

1~1'11'11Jdru;a\91. (2529 ). fl1JU&1rn1'utl:::w1. Aru~vi-r'V'lcnmu':i':i:W'lJ1~:wVl11viCJ1~ CJ?l\l'lJ611'Ufl~'Uvi{ 
\I 

611B\91 'V'l~lVlCJ1~61. (2531). f:.16'l'lJB.:ibeiVivlB'U~~~B~f:.16'lbb6'l:::f!W.ll1W6lleJ.:ieii'UW'Ulf Beauty 

Seedless. 1vicniJ'V'lu5u~ruru11vi. :WVl1lVlCJ1~mn~\91':il"l161\91{ fld\lbVl'V'l'1. 
v v ' 

fl1'j bfl~\91'j" 6\'1i!fl\11'Ubl"l'j'tH'ifl'Jfl1'jbfl~\91':i, m:::Vl':J1\lbfl~\91'j bb61:::?1Vl mrum \I b Vl'V'l:WVl1'Uf\J. 
"' . ' 

61.fl1'V'I 'U'tm:::6"'Wl'l. (2556). fl1'jU'j:::CJnl'11 im':l~1'UeJ'U:W61 B61J:::OJ1n611J?1 n\91m::: b~ CJ'U bbvi\11 'U 
'I 'I "" 

636. 

eJ:W'j-r\91'\.J :W'lJU':J:::b61~\i. (2545). J1e-.m 1:W'B-J61:WeJV'ln1'll. 11';i&l1';i1'lJ1n1';iWJ:::\JB:Wbfl~1W';i:::'Ufl'H'VlUB. 
' "' 

ti~ 12 QtJ'U~ 2, 50-56. 

561:W1 eJ'U J. (25 5 4 ). f:.J 6'l 6ll B .:in d:::'U 1'\.J n 1d bb tJ d JU~ B fl ru fl 1W bfl ~e:i .:i ~ :w-tl 11 ~ ~. 1VlCJ1-U 'V'l'U 5 
'U 'U ' 



41 

eJ1.fl1 fl'l61T~1ru, 11~'/J A~!;1:t:eJeJ'l bb!;1:t:6'lVl6l!;1~ ~Vll. (2553). fl11llbb'lhD'JTU'UeJ'IU~:wlru6'l1';JffeJfl 
' ' 

~VJ B'11A'qJVJ1'!~1.n1~ bb'1:::: n \In 11jj ni'J Jl 1t1 e:i~~'1 B61 !:t:'ll e:i'l~'U'\J:::: d~~u ~u \91\911blC.J1 t1 

'tJ!::::bVJA1VJC.J. 111m11'Vlmf1161~{ nt?J. tJ~41(3/1)(~bA~). 385-388. 

Abdel-Aal, M., EL-Sayed, Young, J.C., Rabalski, I. (2006). Anthocyanin Composition in 

Black, Blue, Pink, Purple, and Red Cereal Grains. J. Agric. Food Chem, 54, 

4696-4704. 

Anderson, 0. M., and Markham, K.R. (2006). Flavonoids - Chemistry, Biochemistry 

and Applications. New York: CRC Taylor & Francis Group. 508-515 

AOAC. (2000). Official methods of analysis of the association of the official analysis 

chemists. Arlington: Association of Official Analytical Chemists. 

Brouillard, R. and Delaporte, B. (1997). Chemistry of anthocyanin pigment. 2. 1 kinetic 

and thermodynamic study of proton transfer, hydration, and tautomeric of 

mavidin 3-glucoside. J. Am. Chem. Soc, 99, 8461-8468. 

Cabrita, L., Fossen, T. and Andersen, 0. M. (2000). Colour and stability of the six 

common anthocyanidin 3-glucosides in aqueous solutions. Food Chem, 68, 

101-107. 

Dai, J. and Mumper, R.J. (2010), Plant phenolics: Extraction, analysis and their 

antioxidant and anticancer properties. Molecules, 15, 7313-7352. 

Ebrahimzadeh, MA., Pourmorad, F., Hafezi, S. (2008). Antioxidant activities of Iranian 

corn silk. Turkish J Biol, 32, 43-49. 

Fossen, T., Cabrita, L., and Andersen 0. M. (1998). Color and stability of pure 

anthocyanins influenced by pH i~cluding the alkaline region. Food Chem, 63, 

435-440. 
-

Francis, F.J. (1982). Analysis of anthocyanin. Chap. 7 In "Anthocyanin as food 

colours." Markakis, P. (Ed). New York: Academic press. 182. 

Hasanudin, K., Hashim, P. and Mustafa, S. (2012). Corn silk (Stigma Maydis) in 

healthcare: A phytochemical and pharmacological review. Molecules, 17, 

9697-9715. 

He, J. and Giusti, M. M. (2010). Anthocyanins: natural colorants with health-promoting 

properties. Ann. Rev. Food Sci. Tech, 1, 163-187. 



42 

John, S.M. and Sirirat, D. (2014). Antioxidant activities and total phenolic contents of 

colored rice milk kefir with and without UHT milk addition. The 16th food 

innovation Asia conference 2014: Science and innovation for quality of life, 

13. 

Jones, K. (2005). The potential health benefits of purple corn. Herbal Gram, 65, 46-

49. 

Kahkonen, M., Hopia, A.I., and Heinonen, M. (2001). Berry phenolics and their 

antioxidant activity. J Agri Food Chem, 49, 4076-4082. 

Lee, J., Durst, R.W. and Wrolstad, R.E. (2005). Determination of total monomeric 

anthocyanin pigment content of fruit juices, beverages, natural colorants, and 

wines by the pH differential method: Collaborative study. J. AOAC Int, 88, 

1269-1278. 

Lila, M.A. (2004). Anthocyanins and human health: An in vitro investigative approach, 

J. Biomed. Biotechnol. 5, 306- 313. 

Man, C.M.D. and John, A.A. (1994). Shelf Life evaluation of foods. Glasgow: Blackie 

Academic and professional. 321. 

Mason, P. (2011). Dietary Supplements. Fourth ed. London: Pharmaceutical Press. 

Metivier, R.P., Francis, F.J. and Clydesdale, F.M. (1980). Solvent extraction of 

anthocyanins from wine pomace. JFS, 45: 1099-1100. 

Nunnapat Manonun, Satain Boonkum, Thanongsak Chaiyaso and Phisit Seesuriyachan 

(2013). Development of purple rice beverage product by corn malt enzymes. 

FABJ, 1(3): 160-171. 

Nuzhet, T and Erdogdu, F. (2006). Effect of pH and temperature of extraction medium 

on effective diffusion coefficient of anthocyanin pigments of black cc;irrot 

(Doucus corotovar. L.). J Food ENG, 76, 579-583. 

Nicolas, L., C. Marquilly and M. O'Mahony. (2010). The 9-point hedonic scale: Are 

words and numbers compatible. FQP. 21(8), 1008-1015. 

Patrasa, A., Nigel, P., Bruntona, Colm O'Donnellb and Tiwarib, B.K. (2010). Effect of 

thermal processing on anthocyanin stability in foods; mechanisms and 

kinetics of degradation. JFST, 21, 3-11. 



43 

Ramos-Escudero, F., Gonzalez-Miret, M.L. and Garcia-Asuero, A. (2012). Effect of 

various extraction systems on the antioxidant activity kinetic and color of 

extracts from purple corn, Vitaecolumbia, 19, 41-48. 

Raza A., Saif-ul-Malook, Shahzad, N., Qasrani, S. A., Sharif, M. N., Akram, M. N. and Ali, 

M. U. (2015). Extraction of bioactive components from the fruit and seed of 

Jamun (Syzygium cumini) through conventional solvent extraction method. 

American-Eurasian J. Agric. & Environ. Sci. 15 (6), 991-996. 

Roobha, J., Saravanakumar, M., Aravindhan, KM. and Suganya devi, P. (2011). The 

effect of light, temperature, pH on stability of anthocyanin pigments in Musa 

acuminata bract. Res Plant Biol, 1(5), 05-12. 

Salvi M.J. and Rajput J.C. (1995). "Pineapple", In Handbook of Fruit Science and 

Technology: Production Composition, Storage, and Processing, Salunkhe, D.K. 

and Kadam, S.S. (Eds.). New York: Marcel Dekker, 171-182. 

Sant-Gaulejac, N.C., Glories, Y. and Vivas, N. (1999). Fee radical scavenging effect of 

anthocyanins in red wines. FOOD RES INT, 32, 327-333. 

Shipp, J. and Abdel-Aal, E.S.M. (2010). Food applications and physiological effects of 

anthocyanins as functional food ingredients. Open Food Sci J, 4, 7-22. 

Silvia V, Angela A, Stefano M. (2004). The Antioxidants and Pro-Antioxidants Network: 

An Overview. CPD. 10(14), 1677-94. 

Srisayam, M., and Chantawannakul, P. (2010). Antimicrobial and antioxidant properties 

of Thai honeys produced by Apis mellifero in Thailand. JAAS, 2 (2), 77-83. 

Tsuda, T., Horio, F., Uchida, K., Aoki,_ H. and Osawa, T. (2003). Dietary cyanidin 3-0-~­

D-glucoside-rich purple corn color prevents obesity and ameliorates 

hyperglycemia in mice. J. Nutr, 133, 2125-2130. 

Wrolstad, R.E. and Durst, R.W. (1999). Use of anthocyanin and polyphenolic 

analyses in authenticating in fruit juice. In Proceedings of Fruit Authenticity 

Workshop. 79-86. 

Canada: Montreal. 

Yang, Z. and Zhai, W. (2010). Optimization of microwave-assisted extraction of 

_ anthocyanins from purple corn (Zea mays L.) cob and identification with 

HPLC-MS, lnnov. Fq,od Sci. Emerg. Technol, 11, 470-476. 





.n1A~'i..nn n 
~~~Jl'ru~l?i''Wbb uu bb&i~oLJB~&i 1.n"ll'W1n1'a 

'U 

.n1w.n1A~'W1n n ~ 1 e.J~~nrusiibA~u-:i~iiJ1~utl~".i~?1th1An~-:ie.J?1JJ?1Trnn~ 1 Viii 

.U111 ~~~ bb~-:Jl'l'Wbb uu 

45 



iU'ellJil 1.n"tJ'U lnl"i 

nd-nniiuunmi : 240 iiniiii~rs 
~iu1um.huu;1m1~0 '\11'1 : I 

t}Wtl 1m~ lll'l1\.lln1'1 fi f)'1~'3'tfUltJu;lnfl 
w 

l'C0'3~1\.ln~'tflJVl 140 n1nllfHIO°i (YHlHlU\11111"uu 0 fi1MfHIO'i) 

,'lliJ\.l,Y~'1lJVI 0 n. 

i"uufi11~1 0 11. 

lru a O'I fl 6 '1 fHI 0 1Jl1. 

hhiiu 1 n. 
,m1ui111m~nr~m.1vi 34 n. 

ivonrn U'ou11i1 1 n. 
w 

1h~1n 31 n. 
l•1At1JJ 220 1111. 

0% 

0% 

0% 

11% 

4% 

11% 

. 
1ova:::'VtHmmwiiuu:ahviti1u • 

... .. 
lflllJ\.llf) 0% 

...... 
lfll>J\.IU 1 

........ 
'lfllll\.ltl 2 0% llfH'llcVtliJ 

man 2% 

6% 

4% 

• r orrn:: '\JO~tl111 lW t'fll fl nt ll niru::ih Mu1lnfl~flilJrin1i'lJfllJ lmrn 1qi~11~ 
6 U~lJ hi (Thai RDl) l"r.Jftrl\llfltnllJ~O~lllrnn~~llJi'lJil:: 2.000 nlnuflirn1 

tnllJ~O·lO lll'in-J~llJ'\JO~ll9i'1::1Jflfl'11l~fl~HfilJ ~~~ 0 rn lll'in HllJi'U '1:: 2,000 

n1n11flao1 fl111Mut'f11ornn~H 'l ~~if 
1'1ijuJ~lUJii\ Uovn11 

1'1JJiU~lJ¥i'1 
lflU:HYl~fl70'1 

m{l u 11nr11~JrnlJ'1 
lvo1m1 

lci11~VlJ 

II ' lJDtJfl11 .. . 
lJf)tJf111 

.. . 
uovn11 

65 

20 

- 300 

300 

25 

2000 

n. 
fl. 

1111. 

n. 
n. 

1Jf1. 

46 



140 

nL"UrHHJ~ 

.. 
0 

'U1Vllt1 

31 0 

*48% *0% 

47 

220 



48 



~1'iULlJ 

n11t!1~'11Jm.mnu Jl1l'lhlmt11t:d (Poster Presentation) 

\JV1!'111lJ 

13 l-'5228 

~-------+-'·_, ~-· ~_n_ .. i_r_, ~'f~!-iR_JJ_·v_·._i,_·._~?!~ :,~,:.~.~~ .:~~~~:.V!!.~2_.~_!_!~:.~.~--------.---- ________ _ 
;-5229 

_J_ 

~I 
~~l'I !111ll\UV1 

UV1!'111lJ 

PB303 

2 PB304 

PB305 

4 PB308 

5 ! P8311 

6 PB312 

-----·-r 
7 PB313 

fll~'. ,J~ti'Ul V,LJ\JF!rlJf' '"'i"if' 1~u~~ 1')YL t "-" \l~ ~f:\;"~f'~r "'l'tfY·•~t3 n ~~yp,~?'i\~-r l\lt~~~\J~;1 n ··. ·; 
t• ,, ... "" ... .... ... ... 

VJ"'lU"l ~~ n1~ lLVJY.tJ ~~~"~;...,ti~ n-;~~ue 1n-s::::\>1~1 ~~"'5 ;e; r~~t ') J~'1lrf•V-1~ :::uri~ ?'· ~ e ;sv 1 

th~n7~~ !nJV':~ff. :.t/Z1.Y7~.£J'1H'i ,ijin~:: 'l:1tNP..0~.f?;..l?i?1'!Tli ?'J5f)J~u:! 
------------------------' 

~1'iU'lJ 

m~ti1L'1'\Jll~lHTU 111fl 11.lmt11ll{ (Poster Presentation) 

! urrn·r: tl(l/tv~~y J 
Fi n:J-qrm"::;,J•r•JfJ~"i'·1uvl·wn :"Uo~t~'JQtY~':i')!.!~?!J\.\\.itn~~~~;·~:1.''i'.J'J~)~'<'.i" . ·--------·~ --~---· 299- I 
• ~ , • : I 
m;j~'Ji'W !!·'1~; • • • • ' • ---·--·-·-·----;~-.;--;:--1---~ 
tl't'l~Yl1'.it:i~:,lf'1 8'1'5 ~ \Jil.:".G.;Vh.H)f\f)~~fl~Ylf=~ J\.nJO~~'";lJ'DtNC'r1~'1f:?1rn"~'"l.\j[i~'t!) :~-.1n1~~H-.-; :;03 ; 

Ti181'!1 11f!Di;~:: "rt~ i·f11-J'J1.1:i fffJi? ! ! 

... .... • ,... (" "! "' 
t-4'11JB~;f'.4\"'J~IU(! t:"i~tt ~ 1~ 1'f.!tl·:f1'"'1"! ~fl~}}Bi,;"ltna;" 1'S ~LP)t; ~ \.'h ~tj'1'.;~ 

~l~:;; n \In~ ~i. n 1 ~; ~; u f,~l~ 0 B n j ~ .. ~ U·i'~ t1~J-iJ: ~t 1·1 y; ~ ~L '1\-l 

1-]P:U7J~ru fifHfi~DVt:'Yif, Dt.nf! n'1fn111, !T?I'J!Vt17 ;.:ffr,1~v"1.: hff:: l.i!NJ)') fj~~;.·,:Vl1 

fl:~';, n ~--,Of\ 1~;::; V{ i ~!.J 1 r. ~l.i 't \jf', 1")0n\fi';Jf.1 ~\.; t)tJ~1 tl',;~il·ll f;Yl l 1; \A 11111J 1·~ 

Staphyl0coccus aurel.s 
.. , ... ...,.,. .. , •' 

DVC'i7 p··;v ~.-o:: NV7'fDn;!..:-;::- q;~:: 

3:'\f v• 

' 

--+--- --1 
311 

;--,--i------+-·"'·· ··•· •..... ,,., ... ··~ ··;;·y--·-----. ---·· - ",_, ........ ,_,,,,.:-,_,.::---;-· ~ • V• 

8 P831a. fl1~",/lt:~n·nb.;~'t1t Lac~obiKillus plantarurn 1-..c..;rir:r·r~'r·:u1-. .. n"jlJ·!~TW= 328 

9 PB31c AT11:·jo"-.;iJ\"1~q--ur~v~t~,!~Ui~rnit1ft11t<Vtr.~~ U''"''..J\1' l~'l~fi 7i1u?~1 !i: C=~.'18~'nt,4 -

~.1,~Jo-;1.~u~1;c 

333 

49 



Effects of extraction temperature and time on anthocyanin content and 
antioxidant activity of red corn silk (Zea mays Linn.) 
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~ ~~1";;iq:111l.l'U 1V:1 wntj~vJc.1: ~'Ll u uii '.lt:\"t\J .. ~;tl u~1uVr;?;\~'1,..: 

?tl:~1u ~-Hllfit~"i1 wu"~.rltJc.lntt~M-JR1)J;5""t.11\41Jv', f2J 'J1n 

':0.1-Li\'i·Ji-1~1'luvu 1\~1~u1~1'4i111 -;·1lJBtl!1~ o1 \Jn1;ii1~~:; 
... .. v • ... .... - ' ... .... <; "' ., J: 

fll/!;~2~~~ ~f ~..'Jf;JT)?".":Li_'/j 'U'"HJ~W~!J;~~ "': l'.\~~ 1-!r<-·t ~ttr "'t.V~Cl 

:·w1 -J1tJrv:n-14;~fv1lJ:'.~~l [3] ~'l!J!'H\*ci·;u~,:~~~:...·n'1"a'h..'J·'t.'tJB'1 
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~ ... ' .. , .., &. f ... ... 

~lJW'~f DJl~i~~ .. JltJ"J~~=q;r-••ari~1 L"'JlJ\J~>'l\f~ ~i.;irnc;Y'l~Otri .~f!tL;it'S:J 

zi:r]i.1:1.ilt;:•in-,u:1•ii{-... ~~'.;~1.J [:, 5~ ;;·1n:~u:ni..n~~'){~~ 
~~ '~lJ"':!. f'- ~ 1\>:i.~"' ti"SL ":f.J ~~~1..1 ~ 'r~ ~'ijtJ1U'UY,~l~tYl l 1.Jfl')1J~'1 ~ °l °'..iiJ .) 

,,.~ ,~ -~· 1·1 ·r~r, i•i, O! _1 ~ 1 "',, ¥', ·1 ,.1~. l)< ,! -,~ .... J· 1•~,~"i;:,, :"., ,; • (• 1•~1;- ·~~;·1~,1 ~ r.:: •• ":', 
~·~ ·, •. ;o:~ ... t7 .. "1 ... :~-'-'·~~· .... w ·: :, ... _.'(.~<.t•I'~'"""'"" .• ~: ·~'-' 

l ti 1 . \..i 1 ~ tJ ~ V l l.! -; ;r1 ~-ti")~ ~ ·l Y.i • \'1 8 t. n ~ : ~-J fl·~; D ~ £i (';.; \1 ;~ iJ ~ i1 ~ 

-; :; !.. ::: n f '/tu ~r :-s ~0-r-i.ri et!~i1-r"~~8'U l~/. ~ ~.: ,~._. 0inr:l t-n.;-LJ'·n: YH11~ 
L-.1: ~";!Ji~ :firn,-:~'t13::'1LJ;.;(~ 'Ct.p~f 2r j ~tiu l~"'i ~ f-ri-.Luu1r11~ 
~r:}Jliiti'f.'l,~~su~1-;u~~ :)PPH rad ca; scarv·er':s1n5 assay 
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2. eitlmrum1~15m1%'v 
' 2.1 m~1vi'1uJJ\~uiJ11ll'li11~11\i1~ 

v ~.~.u~-;v~~., 1 v.lJ'~11~ v~~~ll11-'l'J":PLn~r;. ~ n~ ~u~r-,~J-,~;: \»'J" 1 i. 
r~uvs~wr\r,-;".!;fl:\"f', \J"F"1~titl1~\1~~·11h·i~£'J'ii;r;.;'!~i1 60 t>!r~: 

.'il~~;u~ L\J~~1~1 24 ~-~11.J~ i11'"~Utuh~~:::.€:t:~~ ~~,~.tl'~~Ji··--~·-\L~ 

.. ~ Uf;~Yi f! "1?~>11\i\JJ.f.~ 1 ~l ·AY·~~ ~~·J~ lr?\'Jlf;~,~,1~j(u 

2. 2 ni1Rn1;11-1M1 a~ qnrni;iii 1111:~~ uz 11 a1'll il~n11i1 nli1vill 

mu11UmltJ 1 ~1 L'lJU1U1.J llilZ 1i.in11um1iil1uiltjl.J a U<l1~'ll il ~ 1 ~)J 
-U1-i LY1\i1a11j;H 

U·1t-l~ l ~:.J"'U111 l11:~lL?~~L·'~ ~:;1~·~,'l L~tl"tJ l Yl \r.~·to -1D'.4 ~v:t:·: rG.J~i~ tu 
1i'~i1~:;{;itJt•, .. H}i;\"j'"\~~\J~~1'r1lJ'tii11YIVl~\~Cti·~ l P~ll ~C~": 5Q 

i:afi~7:11'\]c;t\J1AfJU1•Jr1~"0~ 3 -s~~\J LIA'LJ~ ~~PJV.ijiJ 60, 70 

~lflt' ao £t~i"l'"lL~fH;i~ ;.~~u::'l·.;LL~f~~r •. n>-,~n~.n-stu~~1rn'>.Jr.1·1 

~ny; 10, 20 i,.~n~ 30 t.J1i1 ~~~~1n.S:".c·~;?.i'H'r111riti'l.!'1i~PY'':-,\~ 
U~i. 1cut~2\J 1~1'1jLJ ·rt:'-'~~~ :::rv.3~-n~El'.il~~ 5~'l ~ 

2.3 n1~'hAn~\l\J'1lJ1NllilUl\1L'll!J1UU~~~lJ111ili1u'l5 pH 

Differential Method 
rn')1~~1')1t-:~1i~:..·v1fh~~'h1l.J~~-~~'1~fl';LJ~\'i'~Y-iD~ 1:;H 1 (K(l-~·iCl 

C'', .. dferl ~~at pH 4.5 (CH~COO~"f~-HCU ~"f'.Jtit:.~ .. ';i?·";;;;ii~\l-
3CO 1:...1A'.la!;J1'l ~~1~J~'li~~rntJ pH {\·hrh::~~:!1'1'~ 2.7 i}~~ct~r:; 
r~~tl~L'J-;f1'u~Lf~~~1-r~u·~uw1 10 ~nY {-·,n~tJ1fi1·1n1~~?.f~f\.. 
>1?.~l-w;1·1~<'~inJ pH '..0 ~.~~pH ~.5 Vi<"l'llW"'lf\r'.J 510 ·•~t 

100 'Ji 1 ti~!1tr~ :~nt .J~i,.:in11vJ1tr=~'w~L~~~1~i:..i·-,.-i .. iu'"~ cu~ -,u~ 1;~1,~ 
~-.tP..Jh,1~c.:tn-G'.Jii-lV1..iV'l (Total. ar:thocyani!'~ content, T,.-:.,() kw 
1~ pH Differential Method "'1lJ~~'t8'! Lee et a\_ (2005J ·a; 
lfvA~11.nn .. ~1n?.lJf:1')\~ (1} 

'· i: 
r11~~'lnf.u~ .. a~ (.A.)= (A~:~- - A::-.:: t2!.-i: O ~ (;\, - _::,,,,,,; p'"1 c S 

f-.'W'/ = in~l:..iL~!"~~\!D~~Lrut~11CjtJ'lD'W 
DF ~ O;\ution factor 

L = path ten~th \~~e1 ~~u~~1!~,1~l?.~ih~i'1l~ 

£ = Lt?i~l~Ut:~21v~~l~ (rnolar absorp:ivity) L~HJ1~';>--uB~ 

c~;anidin-3-slucosiCe tPi1LY;".11\ .. 26,900 L t,Jol.: crn · 

2.4 n1rn~i1ll\.ICJ'VIBl>i1uvtjl,jil~ll1~v'l1v'i~ DPPH radical 

scavenging assay 
i1 ·:a"!~ ~:1?(l ">'1l.J~'11 \ r1~Fi~ir.-J~ T1~0:; ri V'Lltil1~f···uu1;,:~·18ri. 1!: 

:~1HJL~~u .. n~-:'H9!:fVJ o;;PH Y:1.~~'.U1"':';"'.:.~-D1itt~~r1· ~;\._. 0 C2 

~~lHnH'!f\J';1\,n;•{h~lv1~~LL~Hf"l';lll•'Ut;tiJt4·ti1~ r1 i.fh_,".;r.') D 15 
ij'1~~ijt"S r-J~i/LV1. .. d1'1~v11mf1~u~ vorte~ . .f~l~~~\iy~_,. :s i.~\1 'l-

~i'..V(iJ'iir.::: i.l"~~'J~,iit'i-·'l-~~/lfl~·i.L .• ~~ii 5 ~ ! »n:'.Hl.-:G!~ ;;-;u 

.n°1D-l sr:ectrui:~".oto!'r1cter lVlti:~ t:ie:1:ano~ ~t~...1 Bt.::.w;.:. !_th 
n~~V,'l'1t.~ 3 .{: \>t"--Y:lfilJ:r\"'tnn.,,-n cs nf<bi:1on (7) v~-~; 

A5 l 7C.O:Jtrol 

2.5 n1~l11'111~1-l-Ull\Jl'1~11~i10iii 

L ll~ l "J ~ Yit\Jfi vi if'·:~ u~~f 8 ?-1:.: ~Lf' :;. t:'<!lJ" L~ h E:t.; 11·1 l 'Jtt i·: t~ 
..,,{1,,,i;~ ~~-rnn1·~~hf'' ~-!~\.~~tt.Hj'1 };1~v·11·1n-1·p.:i·1n·1";\.1~·~8-l 3 ~T-1 ~~1u 

p 

< 0.05 

3. e.i<1n111~tJ 
3.1 fm'llv~~N~JJlhba~itim 1a1"v~n11an~vititB1J1ru1itiu 1vi 
1'ilu1uu~~v.u~'llil ~ 1 l>lu-U'111w111~11111~ 

:.)·1 n·1·:~i~~-; it.;,_,,1UiL·1 iu ~~Bt; l-.'l 1 '?.l t;!\1~ tu ~1"!;~ r"f 1"1;..·Jt ~5 

pt-1 diffe~ent<~l f>iethod L"l~tJi-1f)"',!!';t-if'Vtl~~tU\~JJDL~{Uj'S!::U!::~'Jff1 
.., ' ... ~ ..... ... : : :~~ ~; ~~ ~: :~~~11 ::,"~jv~ ~~~':;::1:1

.:'.~: ;,::~~·.;~ :~"~~,~: ~: ~:'.~ 
,~rwv.~iJY1 i1. t.Jt"':';? !~·~1~\~z';.J?, ~1J "'~r1?.~ .. 'l' ~~D1~1~,-,l"5c·~.J~ \,r~~' 
ii~Vl ~,1V~'Qnt .. ~lJ£j 60. 70 ;.L;i~ 8'2 l::-l?'>!V1'.H~~~V? ·n::ut~·~?"Jl'!~ 

~f~V'~ :o '.J~,~ Yt~JtJ~:.n~~.uti1vihJv1~·~ L"li--:1u 51_33, 81.82 
IH't 93."12 £1~~.':i'tit: lCO n~!J J-iv.~"·~~\;-~ 1~·;'l.1~4·-~"~\ . • ~B 
Yi·~y:'H'u'1~4f!'iJil~i~Ut~~Jfii'b_.r:1•H11~\11 \•1'_'";"'1 v\~~\..\1{i: f,O #J~Wl 

~ 'J~ .:nti'1 \Yiti'htutvH·nl t~n-·=~ "r\;i.)\:.;~i.~~f1ti -;·~v4111' l ~~!:1'.J t ·/.~ 
V"{j~'"~;.~\-1:.Ju h~Y.t{f:JV{,i:~~l~ti~ 70 Uft: 8C D~Jr,'l\'tf'~.\3u~ ~nu 

3.2 trn"cH'lN~1Jjjm1~1=!J:l1a1" u~n1~an111.i vii;i nnu n11 
;1\1'.Jilljl.Jillii11="il~i11111n\i11l1n1~uii'11lw~iillGM 

'J-·f t;t'Ul.~~ijlL;I ~ ~ t" t;:; l '}~~!flt~~ ~Jfl"!'!? r)r, vi Uf\;J !11 'S :J ~·~I ".J 

2~1.j~" ~~"it-:.1u~~-:·H1r"~'J'"'r ~ \u..1{Y;\ v,~t)~~~;;)~ vnrh qrJVJJ~~-~1 t 
·:,.;•r.~~H'!;-~··~~fi!,~t,\ll~ 60 ~::,,... ec U-.l?l"·<a~;.,Zt;~. Lt-i~'l~lr.\) 
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{ " f ... ... ... L~ ,.,.. ,,. ... ~ " 

~"Jao;~'i1"J~l11~111Utl'-fl<l~d~~~WtlJ~~'1Ut,al~t'wt·1J~i.: t>C. 70 ~•?!:'. 

80 8~~1~'1J~.;V'1 ~~f;t''H:LJt-:~~;;i1'!JD~fY:~'1f;~ 1 C u1Y. iin~rY!~!J 

.r.":')~1t.lt11.i~~fltn~t ~\'i-:f\\J 48.50, 56.92 Urt!:: 62.10 Lll£d~~'.J1: 

;;i-~-~-:~i_; .i:LJ\~\l-:~~~-,t~f'o'lJt:~'}~Lt\~fql\.Jn~1"fi'l'l Yil;'i': )~ 

[.{~,..,,::_ 0/ ~,~{: v~ ,1~1~ i;u t •'1 ~-::":ti-, 1-; tt r\'J1 i. e-; fl 'I~,·~\~~\] u ~ ~~ui 11·• i 

~-:·,.u·+tfif ?.";r\~\ti~ 1~~ ~i::r\~;rtn.-~i;i:~-!ir~;~ -.1:;.i~ttr .-.;:. ll \.i~'~; 
~;i;.- l.Jri~·/-:".1'.:~\J21Jh .. in -~J;'1t;t:~l.~f!5;ii~teii·k ~~ l \!l' ~;- ~\'\ : 
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... ···----~~:~~;!~fJ1~f!5~')t i L ~JD~·~~~-~-)-"'- U~lJ ~('~·~:·~;1.: v1'"~ ~~i~".J~/f.~\~~1' 

(i:fl~4'{:..iie 100 r{l.J J°"11,n1t'~L"·>.~1 
.............. --····-------·-------

55.40±0.36~- 7 4.22::0 : i; 

88 53.~o 2-r 

50 U,H'l'1~"t~L~~i~ 10 t~:\'.1 

80 r::~f'l1l~f,~~UZ1 20 ~.ni'.1 

80 B-'i"\1~'ilP~f3u? 30 \.Jl'~ 

61 48.-:-.1.C.lO" 

62. 107.0.72' 

57.39::0.B!" 

56.49:r. l .00t. 

9.3Ji2=·J.C9" 

91. 94:t0. l l ~ 

\11n~J~n1·{i~!;u~~~1 :l V'L i1· .. :"h~'1.fl1JD~f!t: «;ttJt~-~f 1? ~t.1~1ie 

rY15;TUS'-tl.J"' D~ 1::: ~l'1t'J~i; ~cu~~ r1.1L .,..,,~~~;tn~'l.i t~ ''. ~·~'5~c:. t~(D\; ~ 
~h!!t')~ 80 B~?'l'!~'"a0~'1v'11~r:1";?fl~iz.L!~n1,;,?,1J"f)~iJriV\B~"n~ 
Btt~n£;1~::. ~-!~~$. ui"" 1 ~ G~:-i!Jn11~ f~rfv11u~ruv.1JL~~~~nu1 u 
~_,ua: i1'!\YE~"ltJCtt:~fl~?: ~ :::'1·7lf!~ ~J'S! L ~'1'...ii~!J"!itl~ 0'0-lJ 1 (2554 J 

~91 ~n'j""'~J~im-~ Q'~"J~i:n!i ;;1r~'"1 ;rlo c:Y13~1~a1~a£~lt ~ \i·t-,·;i8 
t-it.i'i 1n..., ·~ ~,r 11 ~ q t"..lv ~~\: ~ 120 21?1'" .~ri~rcu ~1 .; ·i'"l .;.· ,~r1Ef-· .... 
fl"-llJ?B~"i::: f!Vl ""' ~~a~.iJB 1-n~~u~~-~'l '1'!.Wft!'j rlf~l.j!, ~;i.€\J?-!~? 1.; 
qY'Bii"\JBlil;j o 8 "~ ~ ~v: ~ ~ u·1v .. 'j D-!!.1'1 'J'l n~·1•J V '.:: vnqt,1E)i -i\1 

B'-!~;l 5~ ~:;~ u~~~l"l,i!jr---;"l~ ·~ ':<i£ ;r~ l~{i:~-~ ~ ~~~C-Jf.°l t~~,.,~;-,.,_, 

Ot1~~ 5'1'i::: L0V1n'"1~? a-:L :Jl 1 "-_ \J 
'tu? 1' •. ViJf;~t,!~!.l"'fUlLEJ·~ ~ \11 Z81Dt. ·k~\.~lJtii 'NU,..i'h '; f)l\-i"'~ .U: Uf~11 

'1n'1l ~~ii:: qru \1 l"J i':!~r-1 "v: DU~ i.:-· l"'..i L:. Ut.J l Y 1 't'. U,.i \j\J tl f· ~lJi··.4 '"1 f. 

'11'.J ~ ~rud1·n .. ;--~ ;~~B: ~-n~ :'l t.n-; "H'! /=!~·: ~ \~!..l~\J "'iJTj f;(\t~i11'1 '1~ ~.t~ 
l~-l'<.1t,1U,;"'~v1'~!i:~t:Y~c ... "A(i: r.t°J tJ~?11.'J(h~!.J~ .. ~;1hro~~l~.--1E<~ 

ltJl'"'.~~1~tr.i:·1n~li.~fiC .. 'AIJD- 70 ll;'i~ 80 ~ ~?'.-~'U~~ttrn ;i,~~;f):~"j 
t '.'i' ~~.,~LUU: \11 ru ~ ...,:_j '1.4 '':! ~ r)(i' 1~ti01'1? ~ ~~ ~1 t: rtY.'-{,, fi,!1~\ .. .J·1~1~-V1J € ~ 

111\.(1 ~~f!~Pl{\J!:; (255 7) ~:OJ 1!1l~~f1Yi'i'?lf!tl-!Ltl~tJV~-f l u~·Hn'°lu 

n1~ ~ r1l!"; i ~lDtJ l v=1. •c v,n,_.~ ~ nJ?'j .: "'jjl '1.: u~~·1-; l vttt1 ~l.i1.J :~ti 

·~~tJ~i.1'1~Yi~*ff~~~-~'1\Yi4~\J (: 5, 30 ~--(;:; CS u1•/i) ~1'l:JT~()~r)~~LD~ 

1 \-1l i:;u :ihJ;.i ~--l;ff '-' ~Lvidjt} 'St:t.':: ~ t n-1'l U'il'j~r;!f: ~ ~~l1~Ul~-r~n·)1 :1c; 
ir"!-rl ijw~~,h1thfii:·wJ~:"JL-..s1~t"·,\~~l-;\4u~~~·1.u0~tH-n 'UB'1•nnd 
i;n-!n:..:~ lLf;~flflJt: (2551; [ 11J 1~tn,!n~0t.nf1uc..~n~-~"1\JtB~ 
n ft ll~O !: ~ ru '~ IJ m ~ rll ~ "f!' Jl :;i Bti~ l..11 r~ '111-S ~-BU t '1;"1 t ~ u ') U'U ~ '"'. n-51 ') 

l\1U!ni-: Ytt;-;·Htu1~t:::~;(l11~'Y'li?n'Vll\;l..l~'U!J1fif)~i 60 •.J1Y: 

!j~"'\·f'"11 \h.'~l.n tt:~LV u 1 ·t l ~~ c :i: '.J"l~-1". ~i:·,11" iWr'-: ~ Cv~ ~i :ti it. u: ~ -~ ~"1-~ 
1 un"' i ~r11T:1~'..!'t.. ;j'ur;: vr-1~ .r ;,1'..J B~1 E.:-,8 B r'l3 ~:-1~-u<:. v :? .. i~ ~~B'..i l ~-1 
~.lD~ "'ii~ B-!:.J::\'11:t~,;;r.Jn-w1~~nt'Yhnn.1? 1·h.~:~Jh·:'~~u-~t>.J~1i1f ! 

al1-l·~')1,\~h [12] ~·t·.J\~u1·~'.J\;~:i.~~·o"UB!{v1".c·- ~~rH:tir~~ 

?.r"f;~~ru.'.1fJi1 ... 5~, 6: ~~~~:; 8J ~1~11\-h'!J~~~vr r.·~i~~:u:JJi:Y 
~~*;J'..J\'.~·a1!;l Yi~'J"} t: '1\'15i: "iYl'lJU~ n" "i ~ f'0 tv::.LJ~t ~ 1.J4t'lL ~ ~,., ")'j 

111? 1th~ "i ~t;n ~;:~.n~ t::\.~-:~'1 h.1~~ r;n :v' u~r~,,_,{ij~ ~n 1"H1 .~ C'1 ~~ t J 

'1 :in~ fl'IJ1t1a~~~ ~~'1i ~l.J·;·tHJ ~~·1v1 ~ f1t' z:i' v ~ ~w~~i-11 Yn '1 ~~ '11~~ ~n~ 

t;_ D ti 'l~'il\llL ~ 1~~ ~~ ~ t:i1'1'~ ~~GtJ 1 V ~'t' U1i1'.i~~~V.:...:,11\:1~fltJ11i;~ ~~ 
~::: ~ ~: ~ 1-...~; ·;~ha::: f'·1mfi;;, n·i·hi \l~ w~ t ·•n:izj 1'lht .. ·~tJ\1'5::: fh1~ r ·:vi 
·~t.1·,·;·;?·~;.1 i~~~-tt.Jlt;j'Q~4~~fJi:~,~·v:Y~-!,..,~-- 65 €J-.:iT-~~'11''i~~m~ '1t\l·. 

t'l~--.'h~£\Jh,1l':tr:U1~Y~ty·;l'/\'f Vif '1 '.\: t !~ ~ r· f?'~"A:2i':·.;;:;~-:t.fio/'i) 
l"l~;~-i. ~?f u~tt:~ 1F:~-! 1~f A-!~ ·1~ ~~e~·~ Ytc:itJ --{:\.i.~;i ::~ .jfl~·~i: ~ i:: 1-' 

(/{lPi(.ii·>~ 3-~~IJC8~<le ·l ·:~ i1~YHl€J'..i--~ v.l~t. -.-:'._.;~(; ··:uj\·}1.;, .. 1 ·.!J 

~1~:j ~~ri-,q~·~:~~, ~~f<tf:f.Jt :25591 ll~} ~'l~--~;u~(ii~H1vlc 

309 

"" '"' .,. .. ... #- ::; 'i *)1'.-4 "' 
\J~~J1nJ~1'S ~-'ff '1~ .. t.:t.i l VlL '! L .. ,tit; L un"S ::: L \ U'...: ~-.~)~ \/H.! ~ 't'Vl~ Cw \11~!.1 

65, ?S hC\:: 85 u~111~"a0L'Et1" \~,y;·1~~·1.:~1~iJ~"..J"i'l~~lJ"1i'.i2l15v1~ 

i- t: '....:~ L": ft4;~""' "i ~:.tJ\~: ~·1l~ :;·~-Ct. \.1-~V!. J1i100.;;11~ Bl 1-:ii. 1t:~-1f ~ 

U.~ s: 0 (;5 i 1o~ ~- f!W~' :J~.;: ~-n;v" ~ ~~ ?1 /:;.1? , ; ~.t: ;..;h-~~ ~ ~ ·.t:, ';.I\~~ V,~j~:"~Q:' 

~1~~~: ~~: 75 ~ !7 ~~:f~?.c_~ ~~ '1~- • ~~r~.,~t<o·~~- -;.~.£'..ih'~:~·r;-1\J~ 
\'1~\~l.lV'W: 559.21 l.l~ft\'?~Jf'V 10C ;"l~lJ ~~,...~~\.:r ... ~V-! :.t.ft'U~Yn.rn 

.... .... ' ... "' J" '""' • 6' ... llJLJqt'JY.,J!J~~::-:_1 r5 Vl?i1~tlB~~l;il '"J\Jh.J . .1~J'f'i1''~'-'~1Ji111~u?~·-; 

~\D\.J :i11"tl!J'ii:U\1~\·U .• 'fliWI ~ ,! ~ Yi"i"'·t: ~f..i't,~ij~~i;:.rnt \.nf' ~ ~~~1~ 

":!D~id>t~: vi'°l'1Jt1Ctii10-.·;~t.'~u~u '..~?~ ri-!~.?i't'.r,_r11n ·1·frrn 1ut.0l1~rn~ 
~.s1..1ly1\~~v1·:· .. ~~D~\):nn--~~\,ft'C''\!U~'lJ .. ~\r,t. pyry'..1...:rn 1t. 
\?:~-1~~ '1~~D .::.:.eul i-~h:u ~~t. \-1 ;'tt~~~t: uh· ~.~v· frto'l;f:~ u~~ '....U~ .. ~u 
rJ~.HJ~ chalcci-:e l.'1tn~·nm1t1i>)l•t:lnTI~1nf\hn.J ,,\J\J.ftf~~if!'IJt;~ 
nl'l~rnvvY-;ttH"...,"il•BtJh·~~rcv~U\J ~ 16] 
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