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L~l:;Lau" il1ULYlflUfl LC-MSIMS LLa:;LYlflUfl HPLC-UV-Visible(f.-IfI.~~~~~rn ~il1Jm'l!~UUUl1) 

(El .~~ . tn1:trn1 il1J1~)
" 

LLa:;El1~1~LLtJntJ.. 
L~"il1'1U,'l1"1.Ju L~il,'l~ 10 m~vrfUu1~:;lJuiEl1Jfl~i'~ 2 ii~ LLfl::m~mUfl1JL.:a"mrn1m~lun1~ihrilJilUflflrnfl1~ 

'\I , '\I " .. 

LLfl:;m11JtJaElilnU'lJEl"El1~1~ : l1JLil~ Li1JvlU luf.-I a ilI1rn'ti'L~~1JEl1~1~ 


L~"il1'lU,'ll"1.JU L~il,'l~ 11 ~:;UlJYlil~EllJmlJfl1JUfl:;lhrilJilLL~ El1~1~~il LLtJ~vrU1lnn1JtltlU'tau
." . 
(f.-IfI.m.i1u::ti"nt'lHi1J~Cln~)• 

8.00-8.30 

8.50-9.50 

9.50-10.50 

10.50-11.00 

11.00-11.30 

11.30-12.00 

12.00-13.00 

13.00-13.30 

13.30-14.00 

14.00-14.30 

14.30-15.00 

15.00-15.10 

15.10-15.40 

15.40-16.10 

16.10-16.40 
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rh~'U~nTl" 


"nTl"U'l:::1:f3J tttl :::u:~ mt't'i-I'U-l<Pl n'l'l3J LLtl :::~'l13J1~1'U~'l13JU tl fl~nU'lJ fl" fl1~1'l
. ~ 

a" _.::t.d, _ 

lUYH1~~1J~Yl 18 liUl1f1aJ 2551 

9.00-10.00 

10.00-10.30 

10.30-11 .00 

11.00-11.10 

11.10-11.40 

11.40-12.10 

1J1 'HJ1U~lf(H L~fl~ ·m1111.hw~111U'lJfl~~nufl::l-lflhr ~1n1n1~nth~" l~u L~'IJ1~n11,nJ1f1l1~'th::nfllJn11Vl'll~mLfl:: 
" 

I-Ifllll"'ll1u (mu.flni)" i'ilUtiillU~1)•• 
La'lU1TlU,l1U1;lU L1tl"~ 12 1-I~~Il{u,...r~nl-lilhjWfl~fiu~ih~"1~Luvn::'IJfl~~11Vi11lJlfl~ntf(Prebiotics) LLfl::LLflU~flfln 
.nU~UvI (Antioxidants) (1fl.il1.1.h1n4 Ei1ULtfifl~) 

Wn11J1..h"::rnuU1?f1-n1UJ'I 

~ QJ .. .d 
La'll.tlTlU"1ll.1\lU L1tl"n 15 

(l-Ifl . lI . fl . fl~vr~~f huuil) 

2 




Chili and sesame variety selection for the applications in food industry and food 

supplements 

.... I 

lJ'Yl~~tlfl 

I d .c.d a,... I 

,'I1Ul-;liJii'LLU,'ILUU 2 ~1U hHJ~1U~ 1 :IJ,'If'fm~111fm1~nlfi~l'mmJ capsaicinoid LLfl::, , 
carotenoid 1UY'l1n 11m.f,'llLml::~~11n~:IJ capsaicionid 1U~l!..1vrufY'l1n'liu'1fi~1,'1 ') Lyjtlf1IfiL~tln 
~l!..1vruiY'l1n1iL'VI:IJ1::~:IJ~tlm1li.1i.1.J1'li'vr~ulLUm.J~Ifi.nrn'l'f~1,'1 ') LIfi!..l1'li'LYlflu'f1 HPLC ,nn, 
m1Am~1Y'llrh L tl1flUtlfl LUU~1Yh fl::fll!..1~ L'VI :IJ1::~:IJ1um1~nlfi ~11~1 f1ill n~ :IJ~,'1 n ~11 Utl mnnU'" , 
,nnm1AnM1Y'lUll~l:1J11{)~nlfim1rniml:IJL~IfiULIfi!..l1i'~laruVi'lib'liunu bb~1.J1:1J1rnm1~1f1qJYi 
~nlfii.~ii1.J1:1J1rn,xtl!..l nll m1~nlfi~1!..1 Ltl1f1 Utlfl bL~m nY'l1n~L 'VI ~ tl,;)l n m1~nlfi~1 :lJl1{)u'1i.1.J1'lit U 

vr~Ul LUm.J~Ifi.nrn'l'f~ tli.1.Ji.~ J,'Iii'm1~nlfi~1 !..IJ,'I ~tl,'ll~Y'lUll i.:I.i ~l :IJ11{) ~nlfi ~11bbflY'li.'1f:nUU1 
~'Ylfl~ ~,'I~tl,'lvr~U1~tli.1.J ,;)lnm1~nlfi total carotenoids 'l.Itl,'lY'l1n~l!..1vruiY'lUll Y'l1n.ff'VIui.~,'1, , .., 

~n~:Uln nl1~1n:ff;rl ~1naff~uvrU-IT'lftIL tI fl1eJtlYl ~U@11 U1J~ LL~::vrU1f~J L~1:UU1Jcrnii~Lernu cu , , , 

00042/32 bLfl:: Y'l,;) 06 1i~fl~~Ifi,;)lnm1~nlfi~,'InllY'l1n.ff'VIuvrui~u') ~1U~ 2 fitlm1~nlfi~11.., .." 

tltlnr]'Yl~~1f1qJ1u~larU,'Il i.~Lbri sesamin LLfl:: sesamolin LLfl::,;)lnmn~i.~,;)lnm1~n""lfi~larU,'Il fi 

sesaminol glycoside LIfi!..l1udUYhm1~nlfi~11 sesaminol glycoside ,;)lnmn Y'lUll fraction 'li:: 

~1!..1 1: 1 MeOH-CH2CI2 bbfl:: MeOH ii1.J1:1J1rn~11 sesaminol diglucoside Ufl:: sesaminol 
.d 

triglucoside ~,'I'Yl~1fi 

.... A,f A..!. 1- I .... f'1 A .... ..
1.1 nTlG'4n~ capsaicinoid lJ1~'Ylil"1n~·mb~mn lJ~@l"1blJ\'UHlmllrn,<yJ 

1.1.1 ffn'lj-l@r'n11f1::fll11n;VI:JJ1::ff:JJlunTjffn....~ capsaicinoid 111mvjn 

';,'IY'l1n~1.J""Ufl::L5!..1lfibbfl::tlUbLi,'lLL~1 45.5030 nf:IJ U'li1ULtl'YllUtlfl 250 iJfl~~m 

LUUL1fll 12 ';1l:!J,'I LL~1Yhm1mtl,'lLLfl::1.Jfu1.J1:1J1mLUU 250 iJfl~~1fi1 bLfl::1Lml::~ 

1.J1:1J1rnLLflY'li.'1f:nULLfl::~i.eJLIfi1LLfl1.Ji.'1f:nU~1!..1 H PLC rhm1'Yllfifl tl,'l b'liUb~!..I1 nuitl 1-2 

LL~ L1.J~!..IU~1rllfl::fll mUULtl'YllUtlfl~~:IJ tl:::nLlfiu 1 uei'ml ~1U 1: 1 LLfl::1 'li'tl:::nLlfiu LUU 

~1rllfl::fll mL'YlULtl'YllUtlfl Ifil:IJ~l~U 

1.1.2 ffn'lj-ln111.;Jl:Jrufl-iiLiJU@)....'n11f1::fll11 
\ 

http:1.J1:1J1rnLLflY'li.'1f:nULLfl::~i.eJ


" 
nfll LL~:: L~ II U1 ll~"dl,rl')~.,1 200 

ii~~~~1 ffn~ilt1 Sonicator ~aruVillii 80°C dh1.Ll~l 20 'Ull1 LLihma.,1 Ul,.tlaJ'Ul1 
, '\I 

L~"hJffn~~lt1LaYll'Ua~Vi~lt1 ') Trr.,1 ,nmrmJflJU1lJ1mhi'Lu'U 250 ii~~~m LL~:: 
lLml::iu1lJ1ruLLTlUL'J)'-n'U~l!.J HPLC (4.'{11!H1eah" C001) Uln1nYl1n~L~,nnn11 

ma.,1l'U'lJ~'U 2.1.2.2 lJ1ffn~~a~lt1Lam'Ua~ 1~!.J1~~n.uLu'UL1~1 5 oil111.,1 ma.,1 LL~:: 
UflJU1lJ1~1LU'U 250 ii~~~m LL~::lLml::iu1lJ1ruLLTlUL'D-n'U~l!.J HPLC ~aLU (4.'{11 

ff11il ~1" C002) ri1n11LU1!.JULl1 !.JlJU1lJlruLLTl~L'D-n'U~ffn~L~nlJllf~liLalil'Ua~Lu'U 

~ll'h~::~l!.J LL~::riln111~~n.uLu'UL1~1 5 oil1lJ.,1 (control) 

1.1.3 ffmn1~mrwn~~r~1l1';mnJr1J pH '1I€J\I~~1,m~~ 

llfm1ffn~driln11~~LLU1lJ11l1n US Patent No.5955631 Method for industrial 

purification of capsaicin 1 LL~::.,1l'Ul')!.J Sass, N. L. LL~::Tlru::2 

1.2.1 J111::'1I€J\lmr1Lfl11::icapsaicin aid r~lJliLrlflufl HPLC 

l'U1Lml::Vi1~!.Jli LC ii1l1ln11ru:Yl~~a.,1~.,1~aLud L~ffTl.,1~ C18 L~ffLTl~a'U~ 
L~LLri Aectonitrile/1% HOAc l'Ullml~l'U 42/58 mllJ!.J11Tl~'U~1·n"l'Un11ml~1~ 

~ ~ .­
280 nm aruViflll'1Ja.,1Tla~ll'U 25 ·C flowrate 1 mLlmin 

, '\I.. 
1.2.2 mrrrn'H-l calibration curve 

riln11U~ffl1~::~l!.JlJ1~1~1'ULLflYlL'D-n'Uml11L'li'1l'li''U 13, 26, 65, 130,260, 520 

ppm LL~::ffl1~::~l!.JlJ1m~1'UL~Lel'1mLLTlYlL'J)'-n'Umlm'li'1l'li''U 7, 14, 35, 70, 140, 

280 ~.,1L~1t111~.,111!.J~::L5t1~1'Ui'1,ra 1.2 1~!.JU~-ilLU'U-;il'Ul'U 3 Tl.f.J 

Til slope, intercept, correlation coefficients, "lJa.,1 calibration curve 

1.2.3 m1Wn~~ capsaicinoid ~1111~ solvent extraction 

i.,1~1nlJ~,.tlVi,rn1.25-2.5 nfll i.,1 reflux LU'UL1~1 5 oil1lJ.,1 1~!.JliLalil'Ua~Lu'U 
~lril~::~l!.J ma.,1LL~::"lf::ffl1~::~l!.Jl'l~mll~ aan1l1 n"lJl~ n'Un~lJ ~l t1Lalil'Ua~ 1~t1 
ma.,1~l !.Jm::m1Yma.,1 LlJaf 1 1::LVi!.JLalil'Ua~ aan liLVi~ aU1lJl~1ffl1~::~l!.J 

~larjl.,1U1::lJ1ru 5 mL UflJU1lJ1mff11~::~l!.J~lacil.,1liiiu1lJ1m 25 mL ~l!.J 
" ffl1~::~1t1 mobile phase (Aectonitrile/water: 42/58) 5nfl1.,1 riln11ma.,1ff11~::~l!.J 

.... I,J~ .ct. r" • D -. rt.l 
ma!.J1.,1Yl~a.,1n111Lm::1Vi mtl filter membrane (PTFE) na'UYlln111Lml::Vi~l!.J 

LYlTlUfi HPLC 
d I <IQ,&:I Q..oI Q.I -. • 

1.2.4 rrn'H-lfl1 accuracy LLCI:: precision '1I€Jn1iWn~~111LnflU.fl solvent extractIOn LW:: 

1Lfl11::iWTJ capsaicin LLCI:: dihydrocapsaicin ~111 HPLC 

l'Um1~n1Y1Til accuracy Vi1aTil precision ~'Uril1~!.Jm1ffn~ffl1~larjl.,1~1n~ 
L~lJ (spike) ffl1lJ11i11~1'U~Yl111Jmlm'li'lJ'li''U~.,1LU~lt1LYlTlUfi solvent extraction 

'" 0 A r.d........ .... - .

LLfnmnl11Lml::Vi ffl'rY1ffn~LL~lmtILYlTl'UTl HPLC 
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"" ,..,~ ~ d ~ 0 .91tl.nTlUldtlaJ spiked sample 'Yll L~ L~t1tJUl"rmU~'YltJru'MlaJ 80 C Lutl.Llfll 24 
, 'IJ 

-il1aJ,j LLfl::Yl,jllfLEJtI. LL~lLnull1 tI. desiccator LL~l -i,jlh~'nrnw1n<il,j n~ll 1.250 g 

y'hmdL~1t1aJLLTlWl'll-ntl.Ylmlm-naJ-nti. 2 d::<ilU fitJ 41 .6 LLfl:: 83.2 ppm LLfl::l~ 
le:r1muTlWl'll-ntl.YlmlaJL-naJ-nti. 2 d::<ilU fitJ 22.4 LLfl:: 44.8 ppm 1~t1 1 'lf~md, 

" " 'Yl q} fl tJ,j ii rl,j ~tI. 10 <ill tJ ci1 ,j 

1.3 n1"i1~m3J1{W1H)\l total carotenoids '",r~1m'f1UW"if@\1\l ")• 
i,j<illtJ£.il,jW1nLLlf,jYlU~fl::L5t1~ 5 nfaJ aJ1~n~~lt1 acetone LEJtl.tl1aJ1~d 50 

~fl~~~d ,mm::rr,jl~~ld~n~l~hjii~ Ul~ld~n~Yll~aJ1~n~LLtln~lt1.~lt1 diethyl ether 

LLfl::~dfl::fllt1 NaCI 10% ';)::l~~1t1.YliifftJci1wffWlJtJ,j diethyl ether d::L~tILLlf,j~lt1.'lJtJ,j
'IJ 

diethyl ether ~1t1 rotary evaporator ,;)tl.m~tJtl1aJlrutJ£.itld::aJlru 1 ~fl~~m LL~lUlltlYll 
'IJ 

tlijmtl1 saponification n1J~ldfl::fllt1 KOH 1t1. methanol (20%) tl1aJ1~d 100 ~fl~~~d 

LUtl.Llfll 1 il1aJ,j LLfl::UlaJ1~rI~LLtln~lt1.~lt1 diethyl ether LLfl::~ldfl::fllt1 NaCI 50% ';):: 

l~~lt1.'lJtJ,j total carotenoids tJci1wfftl.'lJtJ,j diethyl ether Ul~lt1.~n~Jtl.mtJ,j~lt1.
'IJ 

sodiumsulphate anhydrous LvttJ~~J1tJtJn LL~lulltld::mtILLlf,j~lt1 rotary evaporator 

,;)lnJtl.i,jJl~l:t'n'lJtJ,j total carotenoids Yll~ 1~tl1aJ1ru total carotenoids ~1t1 
spectrophotometry YlmlaJtlllT1~tI. 450 m 1 tl.LaJm 1~t1ii u,-carotene LUtI.~ldaJ1m!lt1. 

..I.., ..,
2550 mn'Yl L~ 

.... cv Q..o d d n9 dd ~ I

,;)lnmd~n~UlaJtI.,jlt1,jaJ~lt1.'lJtJ,j sesaminol glycoside 'll,jLutl.~ld'YlaJ'lJlaJ1nml sesamin LLfl:: 

sesamolin 

~rI~,jl<illtJcil,j~lt1 hexane 1~t11i' Soxhlet extractor l~~1t1.'lJtJ,jJllTtI.,jl~,jfl::flltl1wff 
hexane ~lt1.mn,jlYlm~tJ,;)lnmd~n~UlaJ1~n~~l[J MeOH 1~t11i' Soxhlet extractor L'litl.L~aJ 

LL~lL~aJ~lfl,j1t1.~1t1. MeOH 1t1.aq}dl~1t1. 1:1 LLfl::lbltl partition rlU CH2CI2 Ul~ld~n~.fftl. 1:1 

MeOH-H20 ltlLLtln1lfu1~'Ylit~tIL~aJ,;)ln vacuum column chromatography 1~t11i'<illYllfl::fllt1, 
;itJ CH2CI2 <illYllfl::fll[J~~m::~11,j MeOH nu CH2CI2 1t1.am~1t1. 1 :9, 2:8 LLfl:: 1:1 LLfl::'lf:: 

T1tJ~iJlr~lt1 MeOH U1LL~fl:: fraction aJ1d::mtl1lfL-naJ';tl.LLfl::ml';)~tJu~1t1 TLC 1~t11i'd::UU<illYll 

fl::fll tI 1:1 MeOH-CH2CI2 LYitJ~l fraction ~ii sesaminol diglucoside LLfl:: sesaminol 

triglucoside 

, d ... 
i.'f1\U11 vnn 



1.1 ~n:l!n~Jrh~::"nm1iv!:lJ1::ff:IJlunT:iffn"'~ capsaicinoid'innwjn 

~l nul'Yl1 '\.l,tl ~ L U '\.l,~Ttil ~:: ~l EJ~ ~l3Jl'Hl ~n~ LLTlULon.n'\.l,LL~ ::~Lell~1LLTlULon.n'\.l,~1 nYl1n 

L~~nll tl::.nl~'\.l, LL~::~nllm1hi~1rh~::~1 EJ~~3J i,nr'\.l,1'\.l,m1~n~Yl1n~::1iLtl'Yll'\.l,tl~ LU'\.l, 

~1~1~::~lEJ~1~fun11~n~ 

1.2 ~m~1nT'i1.;J1:IJ"'uW'1f!iJUfj)""Jrh~::~1tJ 
~ln~~m1'Yl~~tl.J C001 ~tl J:l~'\.l,~Li~lnm1~n~Yl1n YlUll~u1mru 

LLTlYlLon.n'\.l,tl ci LL~L~mm rh nu m1~n"'~i1 mtllll'\.l,tl Gl (control) '\.l,tln~l nd~1'\.l,~Li~1 n m1 
" 

~n~mnYl1n~m~ tl~ln m1~n~Tl.f.J LL1n ~.JYlUll £J.J~LLTlYlLon.n'\.l,tl ci (C002)

" 


1.3 ~m~1j~m'mn"~rfj)tJl';nT'itfi1J pH "lID"~"";lffn"fj) 

L... d... d ,...; d ......d\'I ...... 1 ..1 .. 
~~~n~'lJ11 on.J yield Tltl'\.l,'lJl.Jm LL~::Wtl~::~lEJ~~n~'lJ11'Yl L~mEJTl~tl 1ntl13JLLGl::L 

'Yll'\.l,tl~ YlUllL~~::~lEJ ~.JTIl~ll~11~L~i.~hiLLTlYlLon.n'\.l, iTIm1~n~'JJ1.Ji'\.l, vitl'\.l,'JJ1.J 

"llU"Iltl'\.l, U~::L~Li~11LLTlULon.n'\.l,~13J~itl.Jm1 ~.Jtf'\.l, m1~1n11~n~LL~::LLEJnh~~~lEJ':'\.l, 

A <fA r= A Q../ ~,'1
2. nl'nL~"il::VllJ"HJlrn. capsaicinoid 'wvnmI'1U'Vi"i)(;Il\J ')• 

2.1 nT'i~n:l!n calibration curve 
d ... L... LA..c::I ........ ~ . - d

calibration curve mmEJ3J ~'lJtl.JLLTlYl ononU'Ylml3JL'lJ3J'lJ'\.l,~.JLLm::~u 13 {l.J 520 

ppm LL~::L~LellmLLTlYlLon.n'\.l,~ml3JL'JJ3J'JJut.JLL~1::~U 7 n.J 280 ppm YlUll1~vil 
2 .. '" 

correlation coefficients (R ) 0.9993 LL~:: 0.9996 ~l3JGll~U (n=6) 
d , AQ _ Q..I .A 

2.2 rrn1!f1f11 accuracy Ll~:: precision "lIDJ11fffnfj)fj)'JtJLnflUfI solvent extraction Ll~:: 

jLfI'n::;ff11 capsaicin Ll~:: dihydrocapsaicin ci'JtJ HPLC 

vil accuracy LL~:: precision 'lJtl.Jiifm1~n~LL~::iLml::i~lm1{l~lLi~lmh 
.r 

recovery LL~:: % relative standard deviation (%RSD) 'lJtl.J spiked sample 'lJtl.JLUtl 

Yl1n~U~LL;11um11lL'JJ3J'JJ'\.l, 2 1::~U YlUllvil recovery 'lJtl.JLLTlYlLon.nU LL~::L~i.ell~1 
~ ... , d '" L... d 1 • d" , ... 

LLTlYlLononu 1ITIl'YlEJtl3J1U ~m3J'Yl AOAC m~u~ ('Yl1::~U 10 ppm TIl %recovery 11 

I I I .c::I .ct I I , I 

TIl tl EJ1::~1l.J 80-11 0 LL~::'Yl 100 ppm 3JTIl tlEJ1::~1l.J 90-1 07) LL~::TIl precision 'lJ tl.J 
" " 

LLTlYlLon.nU LL~::L~Lell~1LLTlYlLon.n'\.l, ~Til~lnll~ AOAC fh~u~ L'liunu ~tl~1::~U 10 

ppm Til %RSD itl.JL~mnnll 7.3 LLf1::~ 100 ppm itl.JL~mnnll 5.3 

3. nl"i-llPlm3J1rn."1H)\J total carotenoids 'l"'Vi~nalU~"cl't9l1\J ')• 
~lnm1~mnu1mru total carotenoid YlUll Yl1n.ff~uLi~.J~n~mnnllYl1n~~1 Yl1n 

" 
.ff~'\.l,Yl"'UionULUtlfeltl'Yl ~'\.l,m Ul.J~ LL~::vr'\.l,iff.JL~13JUl.J'lIU~L'liU 00042/32 LL~:: Yl~ 061~~~~~~ 

'-I " " " ..., ,.o=r. X Go.' 6".d 
~lnm1~n~~.J n1ll'nn'lJ~lJYlU~tlU ') 
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. 
,.'hun 2 "1 

nl'H{n~LL~:::LLtJmn,.n~3J sesamin glycoside Lrltlt11L1J"({l"3Jl@l"~l"
. ~ 

~~ d, ~ 
fraction 1'l:IJ sesaminol diglucoside LL~::: sesaminol triglucoside 6JJ.JYnJ11 fraction 11 

tltlm,mnnn11"l5:::iltl 1:1 MeOH- CH2CI2 LL~::: MeOH ihJ1:IJ1rn.l'f11~itl.Jn11huJ1:1J1rn.l'f.J 
'\I 

.... ..... 

LtI n({1,. til" tI" 

1. US Patent No. 5676991 Method for removal of capsaicinoids from peppers 

2. US Patent No.5955631 Method for industrial purification of capsaicin 

LL~::: Sass, N. L.; Rounsavill, M.;Combs, H. A High-yield method for the extraction and 

purification of capsaicin. J. Agric. Food Chern. 1977, 25, 1419-1420. 



Development of analytical methods and dertermination of capsaicin and 

dihydrocapsaicin in chili products and hot spicy food: Application to chili sauce 

.... ': 2 t.J' 3 1.3li"i"nJlJtlJ VllJ-,:)m ,nUn1"i"im 1"i~~ ,11~m ~LfHJ~, €1m L~"J)'''i~3J 
1 _ .d _ (i' r _ IV 

111fl1"J)'1Lfl3J flm:;TYllJ1f'11~~"i -':)l'f1~~ mm3JVl11'Y1lJ1fHl, 
2V1Kn~mL 'YIflt U hfl;1111~ flm:;1mJ1f'11~Grf -':)l'f1f1~mru3JVl11mJ1KEJ 

~ , 
3~rl11rUL'YIflt U h fl;1111~LL~:;1fnm"i3Jvrulif'l1~Grf -':)l'f1~~mru3JVl11'Y1IJ1KEJ. , , 
.. .. t
m3J~: thumnoon.n@chula.ac.th 'YI"i.02-218-7609 

U't1A~~f) 

~1U1~EJd1Glvr~m1nm"iL~1EJ3JG11tlci1~onu~~1n ~1V11lJm3J1m1Lm1:;~LLfluLon;nUuEJ~ 
(CAPs) Gl1m'YIflii.flL3JLonfl~1'f~L~ntmLmufintm3J1t'YIm1W (MEKC) YiLGlvr~u1LL~1-':)1n 

~1U1~EJ ri emVlu1d t~ EJ~n1!t1LLfI:: LU1EJlJ LVi EJlJ~~"1J u~"J)'ii.~"1J u~G11y'h ~1 EJ~U'YI1EJ~1i~n~ (L ufi ~uu;n 
L~~ LL~:; u:;;nl~LUL'YI"iLf) LLlJlJ~ L~mn~uLL~:;LaJL~ 3JL n~u ~lJ':hm"i~n~G11 uci1~ Gl1 mufi~ LLu;nL~~ 

LLlJlJL~3JLn~u1iu"i::m,i111~"1Ju~m"i~nG1 CAPs ~~n-.h Lrltl~n1!t1m"i~nG1Gl1EJ1nddJuL1~1 5 
.... 1 1" ~.. d. 1 , L""d1U') 5"J)'~ ~EJ "J)'onu~~"immEJ3J'YIu"i:;nulJ~1EJ CAPs 'YI 20, 50 LL~:; 100 ppm (!J.g/g) ~1J1-1 ~ , 
recovery 1Wrl1~ 96 -105 % LL~~~':h1nn1"i~n~d1iu"i:;H'YIi111~~~1mffiEJ~ 100% LL~:;LGl~1U 

~ 

LrlEJ~LlJU3J1m!1UH3Jvr'Yl1r111EJ1wrm~EJ1nUUuEJnl1 3.7 % (n=5) u~::Gi1~lunUUuEJnl1 2.5 % 

(n=25) LL~~~11iifl11m~EJ~~~~~111EJ1uluLL~::Gi1~lunu Lrltl1 Lm1::~G11 uci1~ontl~~1n-':)1~ 8 
~ 

G11uci1~ Gl1EJ MEKC t~m~1EJ3JG11tlci1~Gl1EJin~vr~m,ru ~lJl1iiu13J1m CAPs 1Wrl1~ 21-128 

ppm t~EJ~ 3 G11tlci1~iim3J1m CAPs 3J1nnl1 50 ppm ~~Liiuili3J1m~1n~ utlm1ndu13J1m 

CAPs ~i Lm1:;VlLGl-,:)1 nGi1~~iu nu LaJii m13JH3JvrwnnlJU13J1·m~1n1uontl ~~1n LL~:;"i:;G1lJm13J LN~ 
d L"....::. _.... .... , ..I.... .J'.J'''!'I "" ... oJ • I~'YI"i:;lJ 1 ~~UU MEKC LU~:;1lim"iLG1"iEJ3JmuEJ1~'YI~GlJU1"1JUU -':)~LuUun'Yl1~L~unVlU~"1Ju~u"i3J1m, 
1Lm1:;~ CAPs 1uonu~~1n L~ElmlJfl3Jflm1l1~"1Jtl~~~~.nm.-nLLfI::LtlWlju3J~m13JU~u~.nEJ"1J u~, , ~ 

~h~f): ACN (acetonitrile), CAP (capsaicin), CAPs (capsaicinoids), DCAP (dihydrocapsaicin), 

EA (ethyl acetate), HPlC (high-performance liquid chromatography), ISTD (internal standard) 

MEKC (micellar electrokinetic chromatography), SDS (sodium dodecylsulphate), SOL (sample 

quantitation limit) 
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'Ila~Y-l1n LUULfI~a,JU1,J';'~U1::Llll1im'l1a ~~1.11ual~111.h,J~1a al~11,;]lUL~rn ~Gl1'1la~ 
, , 'II 

Y-l1n'lJa,JLmJ~1uhniu1::naU~1tJY-l1n J1G1l~ m::LYitJ1.I Jli1.l~tJ'15 Ln~tlLL~::Jl L~GI~~~it,J'lJa,J 
., 'II, 

mlm41 ~uh'lJa,J'Ila~Y-l1nLY-l1l::ml1.1 LNGl1aU'lJa,JY-l1nLita,J ~11U1::naULLflUL'Il:nuatJ~ CAPs) 

[1}~,J ~1U1~ qj LUULLflUL'Il:nU (CAP) LL~::LGlL~tGl1LLflUL'Il:nU (DCAP) a ril,Jnm1.l L vi aml1.1,J~aGlntJ 

'lJa,J NU1tllfl fI ru::m11.1m1il1tJl~1~Glf'lJ a,JtJhU~,Jii'lTtlL~UtlLLU::L~rn nUU1m ru,h nGl'lJ a,J CAPs
'II , 

.... .Jt2} .... .... ~ \1. 1 \1 ' _.. \1'­<t1Ual~11G1,JU (1) al~11LL~::Lma,JGl1.I111 Lu (Lmnu 5 ppm ~1a ug/g) (2) al~111~L~GI (LmnU 

10 ppm) (3) Hot ketchup (Ll1Liiu 20 ppm) LL~:: (4) Tabasaco, Harrissa, Hot pimento oil ~1a 

al~11~u1u~ULLUUfI~ltJ ') nu (Ll1Liiu 50 ppm) ~,JJummru~lnGl'lJa,J CAPs 1U'Ila~Y-l1mb';]:: 
LUULl1Lnu 50 ppm ,;]lnm1~111,;]Y-luil'1la~Y-l1n'lJa,JLl1 tJ~~1~UltJ~1LU1::uiiY-l1nmm ru• 
LLGln~1,JnULu1wrl1,J 20-70 % tGltJJ1~-un ~1aUl,J~~aiim11::1JL~m~1.ILUU~mLNGlmn (hot) 

, 'II 

LNGlU1Un~1,J (medium hot) ~1tlLNGI,ratJ (mild hot) tGltJ~Ll1L~1::ummru'lJa,J CAPs ~,JJu• 
mmrui Lml::"''lJ a,J CAPs 1U'Ila~Y-l1n~,J LUU~,J~l Luuth~fum1mUfl1.IfI rum Y-l LL~:: LUU'lTa1.1 ~ 

• • 'II 

Lvi aml1.1U~ aGlntJ'lJ a,J NU1tllfl 
'II 

,;]lnfimrWlla1.l~Y-luilii1ltJ,J1ULl1f1il.fI~1i~1~f1JmmruiLml::'" CAPs 1U'Ila~Y-l1n 
'II 

L~LLri LnLY-l awafmu.n~fllG1tmmtl1mlYl[3} (HPLC) LL~::11mLl1m1.l111[4} (voltammetry) tGltJ~ 

L l'lf1itfl t 1~LL111.1ii111ii'lTa~ ~a1iL1~11Un11i Lml::"'~1[JLfI~a,Jii aL11 LL~mm ru~L~Luummru. 
111.1'lJa,J CAPs Ll'hJu 1u'lJru::~ HPLC Ell';]1iL1~11um1LLtJnLL~::iLml::"'UlULUui1t1.l,J LL~L~ 
t;.1'! .~ '-1' .041":'1" , _.Jmu1mru.111.1LL~::u1mru.~11LLGI~::'15UGI un~1.I CAPs 'Il,J 'l5LuU'lJa1.l~l;),Y-ll::'lJa,JLL~~,JY-l1nl1 

, 'II 

ttlm1i1.Um1~~GI'Ila ~Y-l1nL~ a ril,J L 1nGll1.1 ri aUn111 Lml::'"~1 tJ LfI~a,J ij arY',J ~a,J'15il.GI~l LUU~a,J 

ii.ffuGI aUm1LGl1tJ1.I~1 acil ,JLvi aLLtJ n CAPs aan,;]l nL1.I111n.n tGltJ m1~nGl~1 tJ~1rh ~1 tJ~1mam 

" " 1" ":'1 ...[3}...J -":'1 [4}
Ua~G11tJm1mUY-l1a1.l ~mlmaULlJUL1~l 30 Ull1 ~1amUl1aru~1l1.l~a,JLuUL1~1 2 'lI1.I . 

• 'II 

,J1UlitJdiilG1C1u1::~,J~Lvi attl Ll'lf1il.flLm'll~~lf~ L~ntmLflLUr; ntmmt l1nl1Yl (MEKC)• 
~L~W~Ul,;]ln,JluiitJiJ~1 mU1::tJn~~1~f1Jmmru.1Lml::'" CAPs 1U'Ila~Y-l1n tGltJW~U1LL~::• 

t.I _,cf . .eII.... I ..... .... 0 .d .J 0 .... 

m1,;] ~a1Jml1.1 C1 nGl a,J'lJ a,J11ml1LGl1tJ 1.IGl1 atJ1,JGl1 tJG11111 ~::~1 tJ aUl1 L~m:: ~1.1 ~~1U MEKC 
'II 

~ ~ -.
fJiJaj6Hfn&A,JJU6i::'lfiJif: (1) ~11mm!lU CAPs 1.I~1U~~1.I'lJa,J CAP (65%) LL~:: DCAP 

(35%) (2) ~1acil,J'Ila~Y-l1n :5a,;]lm1a,JGI~1G1LL~::Ll1~lm1mtJGlL~tJ~~aL~ (3) 'Ila~LLU~,J~ 
~mtJ~,J'Ila~~Ll1ii~1u~~1.I'lJa,J CAPs LGl1tJmlnm1~~1.I Jlm~:m::LYitJ1.I:Jli1.l~ltJ'lI:Ln~a:Jl 

'II 

1uaml~1U 35:10:15:5:35 (4) 'Ila~L!i11tJ1.I ~mtJ~,J'Ila~LLU~,J~~iim1L~1.I CAPs ~,JLu1ummru 
.J ,
l1LLUUaU 

~ I _.c:t •• 

1l1'J::fJiJ.J MEKC: Lfl"Hl,J CE: Beckman 1U MDO, fl::VHun1: uncoated fused silica • 
d..:!l "" .... Q..r ~I

capillary 50 flm i.d.x 40.2 cm (30 cm cmma,Jm1';]1G1), m11J11,;]~11: aGlfl111.1G1U 0.5 psi LuU• 
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L1fll 5 ~htlYi,nTlmT;rr~: photodiode array "J51,'1ml3J£J11Tl~U 200-400 nm LLfl::LL~~,'I~L~nlYl1w 

hLLm3J~ 214 nm, Elru.'VIflij"lJEl,'lfl::~flfl11: 25·C in£Jl~vh 25 kV, U~L~Elf: 10 mM Na2B407 . ~ 

"/.1 '" (pH 9.2) YllJ1::n El1J~1 [J 60 mM SDS LLfl:: 15% ACN 

n1'iifn~'ifeJif~-WI1l-nhn:::n1tJ: i,'l'll"El~ 2.5 n13J 1~fl,'l1U'VIflEl~~fll~~n"lJll.1~ 50 mL 

LL~1tlLU~~1l'ilfl::fll[J~UYl1rJ 10 ml fl,'llU vortex LUUL1fll 3 U1Yi "b1u sonicate LUUL1fll 10 

ll.1l1 L~3J'VI1Ell3JL~3JLn~Elfl,'llU (anhydrous MgS04 1.0 9 + NaCI 0.25 g) vortex LUUL1fll 2 U1Yi 

iLl1U L'll"u~Yh.n LL~1 LL[Jn.ffu~1l'ilfl::fll t1~UYl1rJ 9.0 ml 1U1::L'VI [J m~','1~1 mTl~El,'l1::L'VI mLUU'VI3JU
• 

L~3J~1fl::fllti 500 J.11 ~U1::nElU~1t1 15% ACN, 60 mM SDS LLfl:: 50 ppm bisphenol A ~lm.fu 

.... tf 

~ a n1"'t1~ a ihma:::Til1"m.~ a n1"'t1~ a il\l 

1fU~veJ"I1I'nhn:::n1tJrf1';ifn~"n:::UnVeJ" n1 ,.,6imn~eJ: 1~LU1t1U LYi t1uu1::~'t1im ~ 
1um1~n~ CAPs 1U'll"El~~1 t1~1l'ilfl::fll t1~UYl1rJ~ Lum El~fl LLEl6fiL~~ (EA) LLfl:: El::;l~1U1Yl1~ 
(ACN) LLUU~L~3JLn~mLfl::l3.lL~3JLn~El 1~t11i'll"El~L~1t13J~~ CAPs 50 LLfl:: 100 ppm (Og/g) 

(mi1,'1fl:: 3 batch) ~UilLdEl1i~1l'ilfl::fllt1~n~~13JL~3JLn~El EA 1i % recovery "lJEl,'l CAP, 

DCAP LLfl:: CAPs 1U'll"El~L~1t13J1~~,'InilLdEl1i ACN LUU~1l'ilfl::fllt1~n~ LLfl::LdEl~n~LLUU~m1 
~ 

L~3JLn~El~uil % recovery L~3J:Bummh'VI1U ACN "lJru.::~L~3J:Bm~mrEl[J~1'V11U EA LLfl::1~ 
't1~flEl,'l1i~1Elcil,'1'll"El~~1n S1-h45 LLfl:: S3-x30 LLYlU'll"El~L~1t13J ~UilU13Jlru. CAP, DCAP LLfl:: 

CAPs ~iLml::'VI1~~Lm11,r3J1ul'ilUEl,'lL~tI1nU % recovery ~,'1 Eli1J1mlflm1Y1~flEl,'lL'VI~lm~il 
:'1 .;- 1'" :'1 ~ "/1 ,... l:. ,0

Ell~LlJm~11:: CAP LLfl:: DCAP fl::fllt11111 ~[JlnLLfl:: EA LlJU~1mfl::fll[JYl 3J3J"lJ13Jlnn11 ACN 

~,'Ifl::fllt11~U EA ~nil ACN LLfl::m1L~3JLn~Ell'il1iLil~ salting-out effect LLfl::LLtln.ffuJ1ElEln 

~ln~1l'il fl::fll t1~UYl1m~~:Bu [5,6J ~,'ItfU~,'1 L~ El n EA LLUU L~3J L n ~ El ~1'V11U ~n~'ll"El ~~1n 
~ 0 Q,.I A 6'QJ' .,J Q,.I A. 

V~'iJ1n~VeJ"n1"4'A"1:::VI~4eJtJ1" (SQL) "n:::A41mrW"VeJ"n1'l'an~: SOL U£J13J 

LUUml3JL,r3J,rU"lJEl,'l~11~1iTil signal-to-noise (SIN) Lyhnu 10 1~t1fhii.,'Iti,'lm3Jlru.~1Elcil,'1LLfl:: 

iim1L~1t13J~1Elcil,'1 ~lnm1H'll"El~L~1t13J~u"h1~ SOL "lJEl,'l CAP LLfl:: DCAP LUll. 4.9 LLfl:: 3.6 

ppm ill3J~l~U m1U1UU1,'1 SOL 1Mi:Bu (l'il1iTil SOL fl~fl,'l) Ell~'Yil1~1~t1m1L~3Jm3J1ru.• 
~1El cil,'1'V11Elfl~m3J1ml'{~111 t1~fl::fll t1~1 Elcil,'1 El cil,'111nm3J SOL ~l~dL~t1,'1~ El~1'V11UiLml::~• 
~1Elcil,'1'll"Ell'{~1n~1,'1 ~lntfu1~'VIlml3JL~t1,'1"lJEl-lm1l'{n~mtl1ulU (intraday precision, n = 5 

batch) LLfl::~1,'11unu (interday precision, n = 5 lU 1~[J1 i'll"El ~L~1t13J~~ CAPs 20, 50 LLfl:; 100 

ppm ~Uil % RSD "lJEl,'l % recovery ~iLml:;'VI1~LL~fl:;lu,rEl[Jn'".h 2.9, 3.7 LLfl:: 2.6 % 
o _ I .J ~ - "" I 

~l3Jfll~U LLfl:; % RSD "lJEl,'lTl1LUfltl % recovery Y1,'1 5 1U (n = 25) UEltln11 2.3, 2.5 LLfl:: 1,7 % 

~l3J~l~U L"J5UnU LL~~,'Iil~ml3JL~[J,'Il'{,'I"lJEl,'lm1~n~mtl1ulULLfl::~1,'11U LLfl:: % recovery 
~ 

1~t1113JEl ci1U"J51,'1 96-104, 96-105 LLfl:; 96-104 % m3J~l~U LLl'{~,'IilU1::~Y1im~1um1~n~~,'1 
~ ~ 

n11'1' A1'1:::JfI1l4eJEi1"'ifeJart~m)~": l~yhm11LfI11 ::~LLfl:;Lmtl1JLl1 [JU CAPs 1U'll"El~ 

~1n~1,'1 8 ~1fJcil,'1 l~LLri S1-h45, S1-M40, S3-h50, S3-m25,S5-M22, S6-x30, S7-x28 LLfl:: S8­



.d ... ~ ~ • I ~., ~ ,~ .,
h70 ( t<iI[J'Yl h, M, m LL~:: x Vlm[J(h,a-mml~L~<ilmn L~<illJltl.n~l~ L~<iltl.tJ[J LL~:: L~ Lm::lJ LL~:: ... 	 . 
'illL~'lJDci111[Ja-mVlm[Jn~mmrn'r"i1n~1::lJLi') rilLU~[J'lJtJ~ CAPs (ppm) ~iLml::Vl1<ildJtl. 128 ... ... . 
(2.9), 31 (5.9), 44 (2.1), 27 (2.1), 81 (3.3), 64 (2.4), 21 (3. 7) LL~:: 37 (2.2) <iI1~~l'illJ (t<il[J~ 

RSD 'lJtJ~ 3 'llwXD[Jnl1 3.5 % LL~::'illL~'lJL~[J~~Dci1m.JL~lJLlItl.tlmlffltl.'lJtJ~ CAP:DACP ~. ... 
i Lfl11::Vl1<il) -;}::L~tl.L<ill11.l1mrn CAPs L~ihmlhr~ml~~m~'-tl.fLL1.l1<i11~t11mrn'r'l1n~1::lJLl, 
~~itLlI.tJ~-;}lnml ~ LL<iI n~h~'lJ tJ~ a-l [J~tl.f LL~::/Vl1tJ LLVI ~~'r'l1n~Hltl.n11~~<iI'lfDa-'r'l1n LL21LL~ a-~11, ... 
ml~L~<ilLVliitJtl.ntl. LL~t11mrn CAPs ~ml-;}'r'llJ~l~ntl. L'lftl. 'lftJ~'r'l1n~mL~<ilmn S1-h45, S3­... 
h50 LL~:: S8-h70 'r'llJl1ii 128, 44 LL~:: 37 ppm CAPs Vl1tJ'lftJa-a-mL~<il1.l1tl.n~1~ S1-M40 LL~:: . ... 

,... ..t 11 ~.d.,
S5-M22 'r'llJl1~ 32 LL~:: 82 ppm CAPs tl.tJn-;}lntl. S3-h50 LL~:: S3-m25 L tl.'lftJa-'r'l1n[JVltJ 
.. Q..o I ~ I Q..oo ,""'_ I 	 ..J I_A I 

L<iI £J1 ntl.LL<ila-mL~<iI<ill~ ntl.LL~::'r'llJl1~tJml a-ltl.'lJ D~ CAP:DCAP 'Ylml-;}'r'llJL'Yl1 ntl.f\D 2.1 LLa-<il~11 ... 
, 	 1'" A - tI'.CIII - 1 ..J d ~I A .J IV "'" Q..oo I

tl.1-;}:: "''r'l1n~1[J'r'ltl.liL<iI£J1ntl. tl.'lJrn::'Yl S1-h45 LL~:: S1-M40 'lf~LlJtl.'lfDa-'r'l1n[JVlm<il£J1ntl.LL<iI• 
tlmlffltl.'lJD~ CAP:DCAP ~'r'llJ~l~ntl.~D 2.9 LL~:: 5.9 ~~l.i.l-;}::1i''r'l1n~1~a-l[J~tl.fVl1D~h~LLVlci~, 
ntl. 	LL~::Vlln~-;}11rnl<i11~itlfilV1tl.<iI'lJtJ~1.l1mrn-;11n<il'lJD~ CAPs ltl.'lfDa-'r'l1mL~1 -;}::L~tl.L<ill1ii 3 

'illE1cil~~ii CAPs Lntl. 50 ppm ~~l.i.l-;}::,]<ilLtJtl.'lfDa-'r'l1na-mL~<iI,]<ilmn (hottest hot chili sauce) ... 
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~u1l1'tf1lt1 U nT)vrWJUll 'Y1fliiflnT)~11~1~ll~::~tJmrntJn,r~m1U'U,~'V'Hhl"l1U~11~1~t~VI:: 

tJ'U,ltJel'U1mil ~~1.ar 

~u1l1'tf15\1nfl'M- : METHOD DEVELOPMENT FOR METAL DETERMINATION IN FRUIT 

JUICE BY LAB ON A CHIP 

'11U~uwh)u : WI. m.tl1111lli irJ~[nn~*, WI. m.'U,l~m "'16,] h~U1rn"nrr, WI. ~1.1)116,]Uru VlU
CU.. ". CLI 'lI 

Q.,o ~ 4CI. L.- A cr' 

~m, WI. m.u"'~"n lVl:JJtl"'~U ll~:: tl. ~1.~m~llil ~:JJ~1ddfl 
, 

• .r:;tQ....o Q..o A a A cr' 6' A Q.;' 

'VIl4.1 U\l1l4.'t1 "'\I nfil : 111 fl1"nllfl:JJ fl rn.::1'Y1 m f'I1 ~~1 ~Wl ~'" n1lli:JJVll1'Y1 m ~ [J• 
.... I 

1J't1~fiIUu 

"'lui"rJitl u'U,m1vrWJu llYJ tlm1~11~i lm1::Vl1~VI::VI,rnVl ~1 rJ"nii~vf~'tl6,]n'U,ll~::~11~ 
i lfl11 ::~llUU11 ~ b11~'"1.~blrihVl::~::rt1, bbfl~bii rJ:JJ, bb~::'Y1 tl'" bb~ '" t ~ rJ1 il'Yl fliifl1.6,] tfl1~~ fl::U ~1'1 
~b~flt 'Y11V'ltl1<n~116,]nU~1m1~1~'Yl1'" lfliii. V'lvh 1::uum1~11~i lm1::Vl1~rJ~1'" bbUU bbtl:JJb ~e:Jt 1 

b:JJ'Yl'11U1.6,]tfl1~~fl::tJ~1'1~ b~flt 'Yl1V'ltl1<nm:mtb:JJ1 h1Unl1~11~i bfl11::VllmltlU hVl::b VI ~lit'1~ 
'-l 

bU'U,e:J ci1 "'~ ~'Ylfi~ ~~ln~n rflYlvh~1 'IKnU1::UU, ~n rflYl~11 'U,m 1~11~1~, fl11:JJb,r6,],rUll~::vhe:J"n 
"lJe:J",,rYlb yJtlf~1it'U,m1ibfl11::~~e:Jfhm1~ tlU~Utl"'"lJ e:J'" i1~1T~1~~'"1.~rhm1~11~ ~mm~::vl1 
f11~rh1'lKbn~tJ1::~'Ylfill1~m1m1~1~ ~1 n~~m1'Yl~~ e:J'" bb~~'"1'lKbV;u11m1i lm1::Vl1~ rJ1monu 

~ b~flt 'Y11yJe:J1<n~1um1llrJnt~VI::~::rt1 llfl~bii[J6,] bl~::'Yl e:J'" bb~",1.~1m 1~1,rm.Jn11 3 U1Yi 1i 
,ryJlyJe:Jfba6,]~be:J~ (MES) ('vhtl"n 7.0, 25 ij~~t6,]~lf) bb~::bbe:J~5~Yi~u (L-histidine), 1'IK~n[JlyJ~1 

1'U,nl1bbrJn 1.2 nt~b~~ ll~::~nUlyJ~11um1m1~1~~ -0.8 t 1~~ f111j~~ln~~1~~"lJe:J"'m1• 
~11~1~t~VI::~::rt1, llfl~liirJ:JJ, bl~::'Yle:J"'bb~"'bUU 1.74, 0.73, bb~:: 0.13 1.:JJ tmt6,]~lf (f11iq)q)llli 

m::bb~~ e:Jiq) 'lJ1 lli 1Un1uiif11:JJ1 nn11 3) f11l~ rJ'" lU'U,:JJ1~1~lui6,]vr'Ylf"lJe:J'" iq) q)1 llim::bb~1.:JJ lnu 

6 btJe:Jfl.n'U,~ bb~::"lJ tl'" l1 ~11um 1b fl~ e:JU~"lJ e:J'" ~111uiUbm~1.:JJ bn'U, 2 ltJ e:Jfb.nU~ 1U"'lUi"[Jit'1~ 
ll~~'"1'lKbV;'U,VI ~n nl11'U,m11lK~nmyJ~lnu1::uu1.6,]tfl1~~;n~~", ~1:JJ11f1tb1.tJHL~1'U,e:JUlfl~ 

ue:Jmnnitrr", lb~~'"1lKbV;um1i bm1::Vlltl tltl'U,hVl::1'U,~1 e:Jci1'" ~1 n ~~m1ibfl11::~rh1Vl1~fl116,]:JJ",
• 

VI:JJ1 rJ111.6,]tfl1~W;n~11:JJnu ~1 m1~1~'Y11'" l flii1. yJ~l it~:: lU'U, ~niTI~h1 'U,1::UU m1i bfl11::~1::~U 
1.6,]tfl1~1V11U~11~llfl11::~e:J1V111 

""''''' u\l11ln1'1't1 fiI ~ 

1. ~m~ntJnn1m'Y11"'bflii1.YlYl1"lJtl'"t~VI::~::kJ bbfl~bii[J6,] bl~::'Yle:J\Hb~'"t~rJ1im1~11~1~ 
'Y11'" bflii1.V'l~lllUU1.onfl~ n t 1 ~ bb 'Yl m6,]~'1 

2. ~m~1~1l11::~bVl:JJ1::~6,]~1V11um1bbrJnt~VI::~::rt1 bbfl~liirJ6,] bb~::'Y1e:J"'bb~'" ~1tJ6,] t;.j 
~1T;)1~Vl1m:JJ1 rn~1 m 'Ylfliifl1.6,]tm~~fl::~~~l'1~b~nt 'Yl1Yl e:J1<n~116,]nUm1~11~1~'Yll"'bflii1.V'l~1 

bbUtlbbtl6,]l~tlt 1b6,]~'1 

http:e:Jfb.nU


3. ~n1Ylf11lll ~1l~'U, fili.J l ~'U,~1.J1::Vill.Jfllllll-nll-nWlJ a.J ~11nmhn1:: ll~lyJyh~liX-:u ,:1 

m1ml-:Ul~ (Linearity) 

4. ~n1Y1Vilfhii~flllll~11l11tl~1~~1'U,m11lml::~ (Limit of Determination; LOD) lllil:: , 
f1l~~flllll~11l11tl~1~~1'U,m11lfl1l::~li.Jm1l1rnl~ (Limit of Quantitative; LOQ) 

5. ~n1Y1Vilf11llllL3J'U,£h (Precision) LLlil:: f11llltln~a.J (Accuracy) 1'U,m1~11-:Ul~11i1Vi::
'\I 

~::nl llfl~L~ E.Jll LLlil::'Y1a.JLL~.J 

6. ~n1Y1Vilm1l1 rnl1i1Vi::~::rtl Llfl~l~mJ lllil::'Y1 a.JLL~.J1mil ~1il1aJC1l1m 'Y1f1iifll1l1miVi 

f1::~1il1ill1EiL~n1'Y1W~ a1'ft~~11lnUm1~11-:ul~'Y1l.J lfl~i.y.jVhLLUU lla 11 LVI a11lll~1 

~n n Tl"'t1 ~HHI \I 

1. m11lfl1l::~~1m'Y1f1iifli."lJfI~ nl11i1LL'Y11ll1l~11 'U,1::UU Batch 

i."lJfI~nl11i1lL'Y11ll1l~1dJ'U,l'Y1f1iifl~1i~n1Yltlljn1E.J1'lJa.J l1i1Vi::WlXn (Pb2+, ci+ LLlil:: Cu2+) 

Lda.J~'U,1~E.Jtlljn1E.J1~Ln~;f'U,"lJ a.Jl1i1Vi::~.J 3 ~ a tlljmE.J11in-n'U, 

<Pl1';i1\1ri 1 ~mJ1.y.jY:h~lVilll::~ll ~lVirum1ml-:Ul~C1l1 m 'Y1f1iifli.1l1f11iVlfl::~1il1ill1~ L~n 

1'Y11y.ja1tft~·hllnUm1~11-:ul~'Y1l.J lfl~i.y.jY:hUUULlallLVI al1Lll~1'lJ a.Jl1i1Vi::~.J ~11l 

Analyte Potential (V) 

Lead (II) -0.73 

Cadmium (II) -0.84 

Copper (II) -0.62 

2.1 	 ~nmyJvh~LVi1l1:::~1l~lw~"um1~11-:Ul~ l1i1Vi::: lead(lI) cadmium(lI) ion lllil:::copper(I') 

~nmv-lYh~~11l11tl1if1lm:::ll~~~.J~a -0.8 V 
'\I 

2.2 	 inE.J1y.jYh~lVi1l1:::~3J~lVirUnl1lUJn l1i1Vi::: lead(lI)cadmium(lI) ion LLlil:::copper(ll) 

inmv-lYh~~11l11mlE.Jn l1i1Vi:::lf.J 3 i.C1l~~ a 1200 V 

http:inmv-lYh~~11l11mlE.Jn


(a) - HVI200V 

1 	 2 · eu 
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Time (s) 

..·n.J~ 1 ~L~nlrl1VJt'mmJJ"lJ Eh'l ~1~~::~1r.J lead(lI)cadmium(lI) ion LL~::copper(lI) ~fl11JJL"ll3J"lJU ' j 

mM ~inr.Ji.vJvh~1iLLr.Jn 1200 V 
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Determination of malachite green, crystal violet and their metabolites residue in 

aquacultures using HPLC-UV-VISIBLE 

..... I 

lJ'Y1~~HH) 

-1lui,rrJdL~vriUJtniTIiLTrn::lf m,nLTl~n1U (MG) Tl1~i~Ll1m~~ (CV) ih1Tlm~lLTl~ 
n1U (LMG) LL~::fh1TlTl1~i~Ll1m~~ (LCV) ~nTil-1'hti~fti'lL 'r'n::LirJ-1yd'eJlIrlU 1~rJm1~n 
ileJrJl-1~lrJ~1~::~lrJ~~1I"l1eJ-1 ammonium acetate buffer rllJ acetonitrile LL~::1iTl~UL1I1Tl1L1~ 
'7hrJ1um1~n~LL~::Tl~Ueryj LL~liLTl1l::lf MG, CV, LMG LL~:: LCV ~lmi1Tlil.Tl reversed phase 

HPLC-UV-VISIBLE 1i ammonium acetate buffer (0.05 M, pH 4.5) LL~:: acetonitrile dJu mobile 

phase 1~mh gradient elution ~11~1~~l1J-1~"ll"il.~yjfeJlInU~lrJ diode array detector (DAD) ~ 
'VI~lrJTlllllrJllTl~Uf)eJ 618, 585 LL~:: 265 nm m1iLTl1l::lfu1mmeJlvlrJ external calibration 

curve "lIeJ-1 total MG (U111lm MG + LMG) LL~:: total CV (U1mm CV + LCV) iTId1iml~ 
mm~lu~LiJUL~U~1-11wrll-1TlllllL-ll1l-llU 0.6-6 IJ.g/kg ii~,hn~~l~~"lIeJ-1m1~11~1~ (LOD) f)eJ 

0.5053 IJ.g/kg ~l'V\"rlJ total MG LL~:: 0.4087 IJ.g/kg ~l'VIflJ total CV ii~,hrl~~l~~"lIeJ-1m1'V1, 
U1mm (LOQ) f)eJ 1.684 IJ.g/kg ~l'VIflJ total MG LL~:: 1.362 IJ.g/kg ~l'VIflJ total CV ~lm1fl 

iLml::lfu1mm total MG LL~:: total CV ~L~1I~-11ULdeJu~l'VI1mdeJl1-1~1::ilJTlllllL-ll1l-llU 2, 
IJ.g/kg 1~rJiiLueJfL.nu~m1L~nilJf)ULU~rJ 55.95-75.92 % ~l'VIflJ total MG LL~:: 68.01-104.47 % 

o Q.;' I.e( IV IV'" 0 cv 

~l'VI1lJ total CV LL~::TllLlJrJ-1LlJUm~1~lU~3Jyji11i 4.36-9.60 % ~l'VI1lJ total MG LL~:: 1.26-6.44... 

. m~lLTlvfn1U (malachite green, MG) LL~::Tl1~~~Ll1m~~ (crystal violet, CV) LUU 

~l1LTlii~ii.11111iLiJUrJ1~l UU1~~ L.ffml LL~::~lu~~i5yj1ui~fJlLyjl::L~rJ-1L~eJ rJl-1iiu1::~i1TIfllyj, 
~-1iim11ieJrJl-1LLyji'VI~l rJ1unl1Lyjl::L~rJ-1i~fJl LlI~::lJ eJ~.nll"lJ eJ-1i~fJl~::Lu~rJum~lLTl~n1 
LL~::Tl1~i~Ll1m~~LuLiJu~11Tllll~lLTlvfn1U (Ieucomalachite green, LMG) LL~::~11TlTl1~i~Ll1eJ 

L~~ (Ieucocrystal violet) ~::~lIeJrJ1wiuL"lJlTU"lJeJ-1LdeJi~fJl ' MG LL~:: CV LiJu~l1~ ,r~eJrJ1un~1I
'lJ 'lJ , 

N-methylated triphenylmethane 1.2 LiJU~l1~iiTlllllLiJUyh~~-1~eJi~fL~rJ-1~n~lrJu1l3 fln~~oilJ 
\J 'lJ \J 'lJ 

1~ rJi~fJlL~~lmhui1l-1n1::LL~Jl1~ rJ.nm-ll1~Ldmd eJ LrleJiim1~::~1I ~l1L 'VI ~1d1UU1mm'VIrt-1 
'lJ 

eJl~'Yh1iLn~LiJuL'l5~ffll::L1-1L~-7 i-1ttu1uD Tl.f'I.1978 U1::Li1f'1~'VIf~m1l1nl~-1TlllJTlllm11i MG ... , 

http:1.26-6.44
http:4.36-9.60
http:68.01-104.47
http:55.95-75.92
http:lmi1Tlil.Tl
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El~1>'!L,rlJ>'!1~ LL~:;1.I1:;L 'Ylf11ltn~mrVI1l1~~htl (European Union, EU) mlJm~ryl~1'V1li~111V1~ld 
Commission Regulation No.2002/657/EC L~fh'VIlt~ minimum required performance limit 

(MRPL) fhwflJn11'V1lt11lJ1rn MG LL~:; LMG ~~m11>'!LUlt 2 ~g/kg6-8 tl1:;L'Ylf1LmJ~>'!~El>'!iiiiIm1 

~1T;rr~tl1lJ1rn"lJEl>'! MG LL~:; CV ~~m11>'!1ltLitEltl~lLvtElfl1lJfllJLlJ1i~m11~>'!ElEln"lJEl>'!LmJii MG, 
LL~:; CV ~m11>'! LvtmUlttl1::1tJ-nl!'Yll>'!Lf11~~n';)1lt~lltn11~>'!ElEln ~ltfi'l >'!llti,rtJd~>'!L~vr~ltliiI... 
A 6' VI 6' ...., 1 cv 6":-' .J'...., A 

1Lfl11::'VI MG, CV LL~::LlJ~:;lJEl L~~~nm>'! lt~~1ltlL~1:;L~tJ>'!~1m 'Ylflltfl HPLC-UV-VISIBLE 

'''","'HinTH'"!!?l GUl \I 

L~1tJlJ~1El~1>'! t~tJ-i>'!LitEltl~l (Litml>'!) ilJ~::L5tJ~ 50.00 ± 0.05 9 1~~>'!llt"lJ1~LLn1"lJltl~, 
250 mL L~lJ~11~::~ltJ hydroxylamine 25% tl1lJ1~1 5 mL ~11~:;~ltJ p-toluenesulfonic acid 1 

M tl1lJ1m 5 mL LL~:;~11~:;~ltJ ammonium acetate buffer 0.05 M (pH 4.5) 15 mL LLLt1tutlJ~ 
.., .-d .9 .. "" .., t t ...., .-d ~ 
LWn'Yl 10,000 rpm LlJltL1~1 1 ltl'Yl L~lJ acetonitrile 75 mL LL~1 TI lJ,;) LWn'Yl 10,000 rpm fl1>'!~:; 

1 ltlYi 3 flf>'! u'lL,rlLmEllJLlJtfl1L1vJ~ 450 watt LUltL1~1 20 iltlYi u'1lJ1n1El>'!~~~1tJm1tJ 
'Il 

lJmltElf t~tJ1in1::~1~n1El>'!LlJElf 4 'htJ~11~:;~ltJ~n1El>'!L~~>,!~"lJ1~nltn~lJ"lJltl~ 250 mL 
, 'Il 

U,lLtI rotary evaporation ~ 40 °C ';)lt~11~:;~ltJntl1lJ1~1t11::lJ1rn 5 mL ,htJ~11~::~ltJ~>,!~"lJ1~ 
. 'Il 

i~tl1lJ1~1"lJltl~ 10 mL tlflJtl1lJ1~11iLUlt 10 mL ~1tJ~11~:;~ltJ~~lJ"lJEl>'! 0.05 M ammonium 

acetate buffer (pH 4.5) LL~:; acetonitrile (1:1) mEl>'!~11~:;~ltJ~1tJ syringe filter -nu.~ nylon 

membrane 0.45 )lm ~>'!1lt HPLC vial u'1~11~:;~ltJ~L~1t1iLfl11:;~~1tJ HPLC - DAD 'VI 1 

tl1lJ1rn11lJ"lJEl>'! MG LL~:; LMG LL~:;tl1lJ1rn11lJ"lJEl>'! CV LL~:; LCV t~tJEl1itJ external calibration 

curve "lJEl>'! total MG (tl1lJ1rn MG + LMG) LL~:; total CV (tl1lJ1rn CV + LCV) 

~ a nTH'"!!?l GUl \I 

iiIUn linear working concentration range 1mh>'! 0.6 )lg/kg-6 )lg/kg limit of detection 

(LOD) 0.5053 )lg/kg ~l'V1flJ total MG LL~:: 0.4087 )lg/kg ~'VIflJ total CV limit of quantitation 

(LOa) LrhnlJ 1.684 )lg/kg ~lwflJ total MG LL~:; 1.362 )lg/kg ~l'V1flJ total CV ~lJ11n 
"" '-tl"" d "" 1 ~ tI a&'...., , d cv '&I '&I1Lfl11:;'VI 1lJ1 rn total MG LL~:: total CV 'YlL~lJ~>,! ltL ltEl ~1'V11m ltEl n>'!'Yl1::~lJfl11m"lJlJ"lJlt 0.002 

mg/kg t~tJii % recovery 55.95-75.92 % ~l'V1flJ total MG LL~:; 68.01-104.47 % ~l'V1flJ total 
, 

A 0 cv 0 cv A 

CV LL~:;lJ RSD 4.36-9.60 % ~1'V11lJ total MG LL~:; 1.26-6.44 % ~1'V11lJ total CV (~111>'!'Yl 1) 

iiI~vr~ltl;]ltii'~1lJ11mbLtlhlltm1~11';)iLfl11:;~tl1lJ1rn MG + LMG LL~:; CV + LCV 

~~nfi'1>'!1lti~fJl L~l::L~tJ>'!t~ tJ1i~lfl11lJ LLlJltLL~:;fl11lJL~ tJ>'!"lJ El>'!n11iLfl11:;'VI1lt1:;ilJ~ tJEllJflJL~ 

http:1.26-6.44
http:4.36-9.60
http:68.01-104.47
http:55.95-75.92
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~nn-1~ 1 Recovery LLl'l:: RSD "lJEl-1 total MG LLl'l:: total CV 1'U spiked sample i11::~mrnaJ 
L-llaJ-ll'U 2 jlg/kg ~1El 0.002 mg/kg 

~1m.h-1 Recovery (%) RSD (%, n =5) 

Total MG Total CV Total MG Total CV 

LifElUl'l1"1fEl'U 74.10 104.47 8.23 6.44 
){ 

L'UElU l'lln1::Yl-1"lJl1 56.20 68.01 9.60 4.62 

L ifElUl'llY1UYiaJ 55.95 93.38 4.36 2.64 

L ifml-1nlaJn11aJ , 75.92 78.12 5.12 1.26 

il,)1JLnm""'lJ!l~ AOAC %recovery ~!J!l1Jf1JM~'l::~1Jm,)1JL,r1J,rl.4 0.002 mglkg mj1wrll~ 40 - 120 % LLfl:: %RSD ·hiLnl.4 30% 
" 

1. 	 Cho, B. P., Yang, T., Blankenship, L. R., Moody, J. D., Churchwell, M., Beland, F. A and 

Culp, S. J., "Synthesis and characterization of N-demethylated metabolites of malachite 

green and leucomalachite green" Chem. Res. Toxieol, 16, (2003) : 285-294. 

2. 	 Tarbin, J. A, Barnes, K. A, Bygrave, J. and Farrington, W. H., "Screening and 

confirmation of triphenylmethane dyes and their leuco metabolites in trout muscle using 

HPLC-vis and ESP-LC-MS" Analyst, 123, (1998) : 2567-2571. 

3. 	 Rushing, L. G. and Thompson Jr, H. C., "Simultaneous determination of malachite green, 

gential violet and their leuco metabolites in catfish or trout tissue by high-performance 

liquid chromatography with visible detection" J. Chromatogr. B, 688, (1997) : 325-330. 

4. 	 Bergwerff, A A and Scherpenisse, P., "Determination of residues of malachite green in 

aquatic animals" J. Chromatogr. B, 788 (2003) : 351-359. 

5. 	 Srivastava, S., Sinha, R. and Roy, D. "Toxicological effects of malachite green" Aquat. 

Toxieol., 66 (2004) : 319-329. 

6. 	 Scherpenisse, P. and Bergwerff, A A, "Determination of residues of malachite green in 
. \ 	 ." 

finfish by liquid chromatography tandem mass spectrometry" Anal. Chim. Acta, 529 

(2005) : 173-177. 

7. 	 Valle, L., Diaz, C., Zanocco, A L. and Richter, P., "Determination of the sum of malachite 

green and leucomalachite green in salmon muscle by liquid chromatography­

atmospheric pressure chemical ionization-mass spectrometry" J. Chromatogr. A, 1067 

(2005) : 101-105 

8. 	 http://www.fisheries.go.th/quality/knowledge/malachite.htm 

http://www.fisheries.go.th/quality/knowledge/malachite.htm
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LC-MS/MS 

Determination of malachite green and its metabolite residue in aquacultures using 

LC-MS/MS 

.... I 

lIflA~HHl 

>'Il'Ui,r~itL~vr~'UlifiiL~11::lf MG LL~:: LMG l,'ri'mJ rl'U1'Ui1elril>'1 ff~rr,rl LYn::L~~>'I 1i3J 

~113Jnn~el>'l LLll'UUl ff>'l ~1~m1L~1~ 3J i1el rJl>'1~ii"lJ~'U~ el'U~l mL~::11~L~1;]'U hhmelUL3JtmL1~1'U 
'II '\I 

m1ffrl~LL~::~~Uell'l LL~::iL~11::~ MG LL~:: LMG ~1m'Yl~U~ LC-MS/MS ii~1ffi~L1tm~~ 
." d '" .J'(Crystal violet, CV) Lull, internal standard 'Yl ion pairs ~>'I'U : MG 329.3/208.2, 329.3/313.1, 

LMG 331.3/165.4, 331.3/239.3 LL~:: CV (internal standard) 372.21356.3 iLml::~U13Jlrn~1~ 

ifi standard addition method 113JrlU internal standard' calibration method ifiit1V;~~m1 
iLml::~~ ii recovery elrJ1Wri1>'1 87-108 % (MG), 96-116 % (LMG) LL~:: RSD L'Yi1rlU 6.45 LL~:: 

'II 

7.77 % ~l3J,hiu ~lr'l"rUU~lLL'Jj~aJelU recovery elrJ1Wri1>'1 69-106 % (MG), 84-110 % (LMG) 
'II 

~lr'l"rUU~lrlU'Yi3J LL~:: recovery e:JrJ1Wri1>'1 93-103 % (MG), 93-120 % (LMG) ~l"'I'rUn>'l 
'II , 

m~lLmln1'U (malachite green, MG) Lii'Uffl1L~ii~~hmHHj'Um~1'UU1~~ L-ifel11 LL~:: 
~1'U~~ill'l1'Uff~{,rlLl'll::L~~>'I'1~e:J rJl>'1iiu1::~1'1~Jlll'l ~>'Iiim11ielrJl>'1LLl'lj~ ~1, ~1'Um1Ll'll::L~~ 
ff~{,rl L3J~::U e:J~.n3J"lJe:J>'I ff~{,rl~::Lt1~ ~'UaJl~l'1mfn1'U'1u L U 'U~1t ~m ~1'1~ IIln1'U (leucomalachite 

green, LMG) ff::ffaJelri1wi'U'1"lJaJ'U"lJe:J>'ILde:Jff~{,rl MG Lii'Uff11~ ,r~elti1'Un~aJ N-methylated 
'11'11' 

triphenylmethane1,2 LU'Uffl1~ ii~11 aJ LUll,Yh!tff>'l~ E)ff~{L~~>'I~ n~1~'UaJ3 nn~~i'ut~~ff~{,rl'1~~l
'II 'II 'II 'II 

~1'U1'11>'1n1:: LLff,r~lt~ ~.naJL"JJl ci'L dE) Ld e:J Lri e:Jiim1ff::ffaJ ffl1L~ ~lit1'UU1mrn~rt>'l En~yh1V;Ln~ LUll,
'II 

L'Jj~~aJ::L~>'I'1~-7 i>'li'U1uu ~.~.1978 U1::L'Yl~ffWr~maJ1m~>'I~1U~aJm11i MG e:JrJl>'1L"JJaJ>'I1~ ... , 
LL~::U1::L 'Yl~1'Un~aJff~Jlll'l~hu (European Union, EU) mllE)'U(ln~1~liffl1m~lit

" .. " " 
Commission Regulation NO.2002/657/EC '1~nl~'U~ minimum required performance limit 

(MRPL) ~lWrum1~1t11mrn MG LL~:: LMG ~~mrl>'1LU'U 2 1J9/kg 
S

-8 U1::L'Yl~'1'Yl~~>'I~e:J>'Iiiifim1 

m1~1~U1mrn"lJE)>'I MG ~~mrl>'11'UL ii'eltl~lL ~el~1u~aJ'11l1V;~'U~1ci'>'Ie:Jeln"lJE)>'I'1'Yl~ii MG ~n~l>'1, 
L~mU'UU1::tmnr'Yll>'1L~1'1!t~n~1'U~1'Um1ci'>'IelE)n~'U~1 >'Il'Ui,r~it"LivrV1J'UlifiiLml::lf MG LL~::... 
LMG ~n~l>'11'Uff~{,rlLl'l1::L~~>'I~1m'Yl~U~ LC-MS/MS ~>'ILU'UL'Yl~U~~iiffJlll'l'11 (sensitivity) ff>'l 

'II 
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...1 "" fi n 1''i't1 (il iH) \I 

L~1rJ3J~lmh:tl~rJ-i"Ltllltl~1 (Ltlan,,) ilJ~:;L5rJ~ 2.00 ± 0.01 9 1~~,,1~"lJl~LLnl"lJ~1~• 
50 mL L&i3J~11~:;~ltl~HnJ"lJa" ammonium acetate buffer 0.05 M (pH 4.5) LL~:; acetonitrile (1 :3) 

8.00 mL LL~l1tll3J~lwJf~ 24,000 rpm dj~l1~l 10 ~lYi -;jl~l~ 3 ~f" i1~tlln"lJl~~lmLt-i~ 
Yn11v:llf3Jl~m~rJlllJl"~1~ '\.hltll1,,1~~1"llnln~3J"lJ~1~l~~t-il~f'I~rfn~1" 9 Ul ~" 2 Ul ~ 

'IJ 'IJ 

lJ11~,rl 600 mL lL~1'\.i1ltl1~1~LmalJl3J1~111W 1~~~~l3J1~1L1W~ 270 watts dj~L1~l 5 ~lYi, 
'VI~"~lmfU'\.hltlL.nU~1v:ll,r~~113JL11 4,400 rpm LU~L1~l 10 U1Yi 1iilltl~~~~11~:;~lrJ1~

'IJ 

4.00 mL 1~1wIJ1~5n1lJ'VI~" '\.hltlYlu~lmLn~lul~1L~u1~~1",rl~llJ~3Jllru'VIJliJ~ 40°C ~UlL~" 
" 'IJ 

L&i3J internal standard CV (100 flg/L) tl13J1~1 50 flL Ll~:;~11~:;~lrJ~~3J"lJll" 0.05 M ammonium 


acetate buffer (pH 4.5) LL~:; acetonitrile (1:1) 950 flL ~~3J1~L,rln~Gi ma"m1~:;~lrJ~lrJ 


syringe filter ·lfU~ nylon membrane 0.45 flm ~,,1~ HPLC vial Ul~11~:;~lrJ~l~ltlilml:;~~lrJ 


. LC-MS/MS 'VIltl13J1ru MG LL~:; LMG l~rJ standard addition method 1~rJ1i internal standard 


calibration curve 

r.l ~ nT'i't1 (il ,HI \I 

~lacil": tl~lLLon~:JJa~ 

Compound Mass Linear equation R2 Recovery (%) Compound 

MG 329.3/313.2 

329.3/208.4 . 

Y = 0.02x + -0.00124 

Y = 0.0669x + -0.00215 

0.9991 

0.9996 

81.8-115 

87.1-108 

12.46 

6.45 

LMG 331.3/165.4 

331.3/239.4 

Y = 0.00758x + 0.000421 

Y = 0.102x + -0.0169 

0.9858 

0.9913 

93.9-112 

95.9-116 

11 .06 

7.77 

Compound Mass Linear equation R2 Recovery (%) 

MG 329.3/313.2 

329.3/208.4 

Y=0.00966x + -0.000237 

Y=0.036x + -0.00363 

0.9579 

0.9892 

78.6-103 

68.8-106 

LMG 331.3/165.4 

331.3/239.4 

Y=0.0207x + -0.00431 

Y=0.25x + -0.0645 

0.9917 

0.9829 

66.8-122 

83.8-110 

Compound Mass Linear equation R2 Recovery(%) 

MG 329.3/313.2 

329.3/208.4 

Y=0.0178x + 0.00274 

Y=0.0618x + 0.0169 

0.9792 

0.9805 

83.6-107 

93.4-103 

LMG 331 .3/165.4 

331.3/239.4 

Y=0.00562x + -0.00287 

Y=0.00552x + -0.00581 

0.9716 

0.9977 

92.5-123 

93.0-120 

"" ",.d ..- .t.J' 0 Yltl1 '!I "" <'tl"" .d .., 1
11l'YlYH.~JU1"lJ~~~13J11n~1 L "15L~m1ml~ll~11:;'VI 13J1ru MG LL~:; LMG 'Yl~nm" ~ 

i~l,rl LYn:;L~rJ"1~ rJ1~T11~113J lLaJ~LL~:;~113J l~rJ""lJ a"m1iL~11:;'VI1~1:;~lJ~ rJ a3J1lJl~ 
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lJYI~HiHJu 

>'llUiiiJihi>'l ~tl m1lil~tl~LaJ tlf'l1n';l~u 'Yl1£Jm 1 -n1h:: LU"15U'Yll>'l tl~WlVln11aJtllV111, , , 
L~ uy)~LL[JmLl.IfI.yiL1U~ ffl m1rl ~ ~~~ tl ~LL.nnmi.1Cif WlWi'1.I1.h:: un ~"l"151Utl~ fflV1 n11aJ tllVll1. , 
';Ilnm1y)~LLUmLl.Iflt;L1U~1.I11ffl uvrUTI EN02 fflm1rl ~~~~ tl~LL.nnmi.1~1~ff>'lff~ ~tlmi.~ 

. , 'IJ , 

Vll1111::~LVI m::ffaJ1I fl>'l tllV111L~U>'l LifufflV1 fl.l~ ~~~ tl ~LL.nnmi.1Cif~1.I11 fllV111LVI t:n ff~1~3j
'IJ 

"ll"Lfl1ff 4.0% LLtlaJLaJLUUaJ'l1iilLvJ~ 1.0% ffl1ffn~';IlnfiffCif 1.0% LUULLVI~>'lfl1fl.ltlULLiil::LLVI~>'l 
'IJ 

.d .d ~1 J'..r ~'I ~ ~ 
i. L 1 30 0"ll" tllliVillaJLUm1~iil~~tliilU mL';IU Ull11::'YlLVlm::ffaJ'YltllliVillaJ Um1LiilU>'lL"15tl 

, 'IJ . , 'IJ 

'" i." '.''1 J' ..r":.,.d f't'l
LL"ll"nm 1~ 40 0"ll" mfl11aJLuun1~Ll.Iff1ltl>'ltllV111LiilU>'lL"15tlL1aJ~U'Yl 6.5 LLiil::fl11aJL111tll.lLU 

m11itllm~'lLUU 200 1tll.l~ tlUlfi LUUL1 iill 18 -i1LaJ>'l fl>'l ~iil1iLLl.IflYiL1Uffl uvrUTI EN02 
, . 

~~~~tl~LL.nnmh~1~ff~L'Yhnl.l 8.32 iiiil~nfaJ~tliiiil~~m1ltl>'lJ1LiU>'lLiftl ~tlmi.~vr~ulff~ 
'IJ 'IJ 

tllV111L~fliil~~U'YlU1um1~~~~tl~LL.nnmi.1Cif ~1.I11 Wl1ffn~';Iln fi ffCiftfui.aj3j~iil~ flm1~~~, 
~ tl~LL.nnmi.1Cif5mf>'l3j11f11 LL ~~~~~~ tl tln';ll n ff~1tllV111 LLiil::~1.I11 m1LL'YlU~L~ £..I 

'IJ 

LLtlaJLaJ LuUaJmwhCif 0.8% 1i ~iil~~~~~n11m11-nLLtlaJLaJLUUaJ'l1iilLvJ~ L~uff1tlffmtllV111 
, 'IJ 

d Z ~ 
1. nl'i\11n11~Y1 L\13Jl~ilUJ~ u\l u1\1l'Ha U\l L~u 

1.1 ~n1!1-11tl LLl.Il.Inl1L ';I1UJ LLiil::nl1~~ ~~ tl ~LL.nnmi.1~1UtllV111LVI iil1nlV1u~ff~1 
'IJ" 'IJ 

LiU>'l LL 1.1 fit; L1U tllV111L ~U>'l LifElL VI iil1~~~ LLtl iil>'l ';11 n tllV111ff~ 1 Bromfield 11aJ nl.liu1I tl>'l 
'IJ 

Tallgren LLiil::fllli:: (1998) L~mLtl1LLVI~~fllfl.lflU 3 "15n~ ~tl niilLfiff "ll"Lfl1ff LLiil::LLiilflL~ff 
'IJ 'IJ 

....1.1 J'..r tl~ '1.1 J'1.2 1'fn1!1-1tl>'lfl 1::ntl1.l1ltl>'ltllV111LiilU>'lL"15tl LLiil:: 1aJllliff1U 1::ntl1.l1ltl>'ltllVll1LiilU>'l 

..r..: , ~ A"" i." J' .... 1 J'..r .d .... 1.1
L"15tl'Yl LVI m:: ffaJ ~ tlm1~ iil ~~ tl iilLL"ll"nfil 1~ Liil U>'l LLl.IfI'YlL1£..1 UtllV111L iil U>'l L"15tlLVI iil1'Yl~~ LL iil>'l 

';11 n tllV111 ff~1 Bromfield ~>'l3j nl1LLtl1«U"15n~1I tl>'l LL VI ~>'l fll fl.l tl U LLiil::i.U L ~1L ';I U 11 aJJ>'l 
'IJ 

tl1mlli1ltl>'lmfl.l tlULLiil::i.UL~1L ';Ill.~LVlm::ffaJ ~ tl m1~~~~ tl ~LL.nnmi.1Cif 

.d , ~ ~'" i."J' .... 1 J'..r..:
1.3 Vll1111::'YlLVI m::ffaJ~ tlm1~iil~~tliilLL"ll"nm 1~ Liil U>'l LLl.IfI'YlL1£..1 UfllVll1Liil U>'l L"15fl'Yl 

LVI m::ffaJ';Il n-ntl 1.2 ';Ilntfu~n'l!l-11111::~LVlm::ffaJ~flm1~~~~tl~LL.nnmi.1Cif i.~LLn fllliVillii 
, , 'IJ 

, !'I.,:., J' % ",.d tl.d 
m fl11 aJ Lull. n1~ L1.1 m 1aJ ~U1I tl >'l flTVll1 Liil U>'l L"15 tl fl11 aJL111tll.l'Yl LVI aJl:: ffaJ LLiil ::n11L iil £..Ill. 

tllli'VIllii1Wrl1>'l n11L';I1UJ LLl.Il.I 'Yllf1 lli, ~ ~ ~ 
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1.4 i L fI"j"l::l-f n l"j"L ';) ~hU'lJ tl.J LL Ufl -n L~ mL~:: ~n~ LL £..I n Yolf] ~ LL-n mnL"j"<I1 ~n~ LL[J nYl tl ~ ... 

LL-nnmL"j"<I1~~~~L~,;)ln tllV11"j"Li[J.J L1ftl~LVt:JJ1::~aJ,;)lmrtl 1.2 LL~::1111::~LVt:JJ1::~aJ,;)lmrtl 1.3 

l~[Jm"j"~n~::ntlU~lmtl'Yl1Utl~ 

1.5 ~m~l~aJu1i'lJ tl.JYl tl~LL-nnmL"j"<I1~~~~L~ m"j"L~~[JaJYl tl~LL-nnmL"j"~1~U~~l'lTI", 
Ul.J ~lU hw nl"j"~ n~:: n tlU~lm tll'll Utl ~'Yil'lh 3 "j"tlU \t1 Yl tl ~ LL-nn mfh<l1~L~i L fI"j"l::l-f 

tJ~:JJ1 rnhh~u~LUUtl.J ~1.h:::n tlU'lJ tl.JYl tl~LL-nnfllL"j"~1~ £..lin Protein Dye Binding iLfI"j"l::l-f 

Vll'])'ii.~tJ"j"::';)'lJ tl.JYl tl~LL-nnmL"j"<I1, 
1.6 L~~[J aJYl tl ~ LL-nn fllL"j"~1~U~~l'lTIU1.J ~lU LL~::~"j"l,;) ~tlU ~~~.nrn'l'1,;)ln m"j" ~ tl £..I, 

~~1 £..I Yl tl ~ LL.] n fll L"j"<I1~ ~ ~ ~L~ ~1 £..I '])'~ LfI~ tl.J ii tlLen Yl tl f~ tlfLLaJ u.n~ fI i ~1 fI "j"aJl1 l'l n"j"l ~ , 
(HPLC) LvitlVll,]),ii.~'lJ tl.Jti'l~l~laJ L~ nm~ [Jl~LUUtl.J~tJ"j"::n tlU,;)ln m"j"~ tl £..I ~~1 [JYl tl ~LL-nnfl, 
L"j"<I1~l[Jn"j"~L~l~"j"fI~tl~n 

2. nl"ivrGllU1 ~ (;'I·H)1l11"i~l.m.U n1''i~ ~ (;'I~ D~ La..m{"1 n-1~ (;'I't11\J n1''Hm~HiI''i" , 
2.1 ~m~11111::~LVt:JJ1::~aJ1um"j"~ tl £..I-)~~LVI~ tllil'll.Jm"j"Lm~~n~lm'1l~~L~ ~ GC220 . , ~ 

(Genecor) ~.JtJ"j"::n tlU~l £..I LtlUL'1lafLtl'Ul~n~mLU~LL~::Ltl'UL'1lafu~ln ~lfl ~<UL~ ~~laJin'lJ tl.J 
~ ~ 

Ghose (1987) LL~:: Sternberg (1976) maJ~liu \tl1111::~LVt:JJ1::~aJ:JJ1~tl[J-)~~LVI~tllil'll.J, 
m"j"Lm~~"j"~'Yilnl"j"tJfu~111Yl ,;)lmr'UiLfI"j"l::l-ftJ~aJlrnti'lm~~~h'1l1u L~l~"j"L~ L~~~1 [Jiti 

DNSA 

iLfI"j"l ::l-ftJ~aJl rnL'U1 ~ "j"L,;) 'U1'U-)~~ ,LVI ~ tll il'll.J nl"j"L nB~ "j"LL~::L ~1~"j"h L~~l~ £..lin Kjeldah 

f11UlrnVl1tJ~:JJ1rnLUl~"j"L,;)'U 

2.3 ~nBl tl.J~tJ"j"::n tlU'lJ tl.J tllV11"j"Li[J.JL 1ftl~LVI:JJ1::~aJ1'Um"j"Li[J.J LLUfI-nL~£..I~f1~ LL[Jn 

LiLvitl~~~Yltl~LaJ tlf ~nB1LLVI~.Jmfu tl'U¢lLVI:JJ1::~aJ1~ [J~LLtJ"j"cr'ULLVt ~.Jmfutl'ULilml n~1f1~ 
~ 

LL,J.JaJ'U~ltJ:::VI~.J mnti'l~l~ LL~:::L~l~"j"Lm~~~l~,;)lnm"j"~ tl [J,]),lUe)tl £..I ~1.J"ll11 11"ll11 LL~ 
LLn~U LL~::~nBl LL VI~.J1'Ul~"j"L ,;)'U ~LVlaJl::~aJ~tlm"j"~~~Yl tl~ LaJtlft~ mLtJ"j"~ULLVI~.JL U l~"j"L,;)u 

L~LLri LLtl:U1mit £..I aJ1UL ~"j"~ LL tl:u1mit £..I aJi'~L~~ LLtlaJ1aJ Lit £..I aJfI ~ tll "j"<I1 1'1lL~ £..I aJ L m ~"j"~ LL~:: 

l~1ml~L~~'lJtl.Jmn51LVI~tl.J mn'Ynu~::-)u LL~::mml LritlL~LLVI ~.JmfutluLL~::lul~"j"L,;)u 

~LVI:JJ1::~aJ,;)l mrU~.J'Yil m"j"LLtJ"j"~mJ~:JJ1 rn~LVI:JJ1::~aJ ~ tlLtJ 

2.4 ~ n Bl1111::~L VlaJl:: ~aJ1'Um "j"Li[J.J LLUfI-n L~ £..I ~ f1~ LL[J n L~Lvi tl ~ ~ ~Yl tl ~ LaJ tl fl 'U 

tllV11"j"~~"j"i~ LL tJ~.J l~ m Yll:::Li [J.J LLUfI-nL~[J1UtllV11"j"~iiLLVI~.J fllfu tlULL~::1'Ul~"j"L ';)U1U 
~ 

U~:JJ1 rn~ L VlaJl:: ~aJ 'Yil m"j"~nBl1111::YlLVlaJl::~aJGil.J ,)i.JU rilf111muum~ LU ~'lJ tl.J tllV11"j" 

.:' J''': ... "1 .:' 
L~[J.JL'])'m"j"aJ~'U LL~::tlrnVll1aJ 'Um"j"LYll::L~[J.J, ~ 
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~ ~ ~ 

1. nTll'il1l1'l::m\un::alJlI tl\l tlll'il'iL~h.h1L~tl 

Lrlm~r.h'ILLUTl.yh1t1~lt1Y~\l.lf EN02 lUtl1~11~~1 Bromfield 1~tlli 4% 'D'1Tl1~L,jU
'"11 "II. , 

, fi'.c:t d.... I ,.ell. A dti' A d 

Lm~\lTl11UtlUYI 30 tl\lY'\1L'Il~L'D'tI~ tl~11nl1L"lJr.J1 200 1tlU~tlU1Yi ~~UYI'WLL~~\lm1L~1ruYi, ., 

L']1~1::tI::Y11TJrn (log phase) 1~mluYiLL~::L']1~1::tI:: stationary 1u 18 "11'.3J. m1L~~qJ"lJtl\l 

L'Il~ffLrltl~~m111~tI 00550 nm LL~::J1V1,rmLi\lli1tlLLuu~LYitlUL~tI\lnUl~ ~lwfu~~~~ 
"II 

"lJ tl\lYW~L11tlf~uYlu';h~tl~Tl~tl\l nunl1L~~ru1~ tlYlu·hl.lnUn1L~~ru LL~::li~~ ~ ~~~\l ~~~ 
'" Q,I ,. .. 

1::tI:: Late log n\l stationary ~ln~ufitltl ') ~~~\l LrlmruLLtl1tl~1J1rn'Il1Tl1~~li~ln 0-5% 
"II 

YlUl1~ 2-4% li~~~~~1::Vll1\l 7.0-7.45 ~n~lm1L~tI\l 12 "11'.11. LL~Vl1nliL,ju 5% ~::l~ 
~~~~~ 7.4 g/l ~L'l~lm1L~tI\l 15 "ll'11. m1LLtl1Ltl~tlULLVI~\lJ1~1~L,jun~1Tl~ LL~::LL~Tl1~~~ 

"II 

YlUl1 J1m~rf\l~111~ 3-5% Ll'h ') nuli~~lll~1\lnu,rnf1tlliYltl~LlltlflU11'l 7.3-7.4 gIl 

~ 12 "ll'.11. LL~LL~Tl1~~~Tl111JL']11']U~1 ~::li~~~~~~lnl1Lrltlli'Ilhn~LLfl::n~1Tl~ (7.1-7.4
"II "II 

g/l LrlmYitlUnu 5-5.9 g/l) . fil~l~it~::L,jufi1Liftl\l~ULvitlH1.um1L,]1~~1tllV111~tlltl ~ln 
"II 

m1~m~11111::~ LVl1J1::~l1Y1U11 tl rnVlllii 30 tl\lY'\1 L 'D'm.n tI~ Y\lTl111JL,jun1~LU~"lJ tl\l tl1~11 
. '"11 

L~U\lL:fftlL~l1~U~ 6.5 LL~::Tl1111L111tlulun111itl1nlT1L,ju 200 1tl1J~tlU1Yi ~\l~~li 
LLUTlYiL1t1~1t1l4'U1f 

, 
EN02 ~~~Yltl~LL.nnTlll1~1~~\lLl'hnu

"II 
8.32 ii~~nf11~tlii~~~~1tll~11 

. 

L~U\l L:fftl 1~ tlYI tl ~LL-nnml1~ftLLUTlYiL1t1 ~ ~~l~ii~l1U1iLUUtl1::~~U, 
2. nl'i~INIlt.1 aGl'itll'Hl'i~1m'"n1'i~~Gl'W tl~ LlJ tl{\lln-la ~'YI1\l nl'iLm~Gl 'i u , 

m11LTl11::lfLLtlflYil~"lJtl\lLtlUl'Il3.lL'Il~~L~~ GC220 (Genecor) YlUl1LtlUl'Il3.lLtlU 
. "II 

1~n~mLU~ iiLLtlflYil~Ll'hnu 86.66 uniUml LL~::LtlUl'Il3.lU~ln~1fl-nL~~iiLLtlTl~1~Ll'hnu 
"II "II 

131.39 uniUml LL~::lum1~m~11111::u1\ltl1::m1~ii~~~tlm1rJtltll~~LVI~tlliYl1\lm1Ln~~1, 
~lmtlUl'D'3.lL'D'~~L~~ GC220 YlUl11111::~LVl1J1::~11~tlm1rJtltl"ll'lUeltltl~lm'D'~~L~~ 

"II "II 

GC220 f1tl tlrn~llii 45 tl\lT11L'IliilL.ntl~ fi1Tl1111L,jum~Lu~ 6.0 L,jUL1~l 6 -i1111\l Lrlm.'b 
, "II 

1111::i\ln~11"lJtl\lLtlUl'Il3.lL'Il~m~~ GC220 1J1rJtltll~~LVI~tlliYl1\lm1Ln1!l-~1 l~LLfi "ll'lUeltltl . 
"II , 

vJ1\l,]11 11,]11 LL~::LLn~u~~hun11tlf1J~1l1Y1 LL~l YlUl11111::i\ln ~11LV11J1::LLri m1rJ tl tI"ll'lU 

eltlmL~::11']11LL~ n1L~l1L1~lL,jU 96 -i1111\l LtlUl'D'3.li\ln~11~::rJtltl11,]11l~~~~~ LL~::1 U , 
m1T1~L~tlnl~~L, VI~tlliYl1\lm1Ln1!l-~1Lvimb1J1L,jULLVI ~\ll U 1~1L~U YlUl1mn~lLVI ~tl\l LL~:: 

Ghose, T.K. 1987. Measurement of cellulose activities (Recommendations of Commission on 

Biotechnology IUPAC). Pure Appl. Chem. 59: 257-268. 

Sternberg, D., Vijaykumar. P., and Reese, E.T. 1977. ~-Glucosidase : microbial production and 

effect on enzymatic hydrolysis of cellulose. Can. J. Microbial. 23:139-147. 

Tallgren, A. H .• Airaksinen, U~ Weissenberg, R. V., Ojamo, H., Kuusisto. J. and Leisola, M. 1998. 

Exopolysaccharide-Producing Bacteria from Sugar Beets. Appl. Envi. Microb. 65: 862-864. 

http:7.0-7.45
http:tl~11nl1L"lJr.J1
http:Lrlm~r.h'ILLUTl.yh1t1~lt1Y~\l.lf
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.,;.,; 1
2HlL"HhHll Mol 'mJ . . '" '" ...,2HlL"HhHllMolth1flfJ'lf Biosurfactant production by microorganism for food industry 

Wl,)t! 1Y'f. ~1l1nrn nurr)u* ':if'!. ~1. l'Vml~ rh.J'YlltJ'lffl111r'!. ~1. m'VI'Ylliihrf'U 
~ . 

..., I 

11fWI ~ t! tl 

m1~m~lm1~~cn~11f:!cnLL1-'1~-'ltJlillllV'lhHJ~~~ Pichia anomala ~l[Jvrui PY1 1u
• 

tl1~11L~[J-'lL4tl~iiLm~-'lflTfutlULLcnn~1-'1nU 3 "lfucn ~tl 4% nf:!tfl~ 4% JlaJu51L~~tl-'l LLf:!::JlaJ 
''II 

51L~~tl-'l11aJnUnf:!tfl~ V'lUll~~~~1aJ11fl~~cn~11f:!cn LL1-'1~-'I tJlillllV'l~ihh::~YlTIlllV'l~-'I~cn1 U 
'11'11' 

tll~11L~f:!lUfUlh-'l~m~lh::ntlU~l[J 0.02% KH2P04 , 0.02% MgS04.7H20, 0.4% l\JaN03, 
• 'II 

0.3% ~11~ncn~~~, 10.67% JlaJu51L~~tl-'l LLf:!:: 5.33%nf:!tfl~ (el~1l~lU 2:1) fllUflaJY1lflllaJ 
'II • 

djum~~l-'1L~1J~uL'Yhnu 5.0 t~[Jiilll1::m1L~[J-'lL4tl~mll,~llii 30 °C 1U1::iU'ln~L"ll~lelcn11L11 
• 'II 

200 1tlU~tlU1Yi LUUL1f:!l 7 lU t~[JiifhLL1-'1~-'ltJl~1~~ 33 mN/m Y1l';)~inCl~"lltl-'lm1LncnlaJL'D'f:!Gf 
2 

(CMC) Lyhnu 132 mg/l Y1lm1n1::,;)l[JJlaJULyhnu 75.39 cm LLf:!::1'IX~f:!~~~Lyhnu 0.95 gIl 

LLf:!::Lri tl~nBl ~nBrn::~aJu1iYll-'1ilLfl iiV'lUll ~l aJ11flYil-'11Ul~~LLf:!::iifl11 aJ L~(i [J 1~flll1J Luun1~ 
~l-'1Lyhnu 8 iiflllaJL~{im~ tl tl rn~llii~l-'1 ') l~';)uti-'l tl rn~l1ii 121 °C LLf:!::£T-'lfl-'lflllaJL~{i[J1l~~1U 

• 'II • 'II 

Ill1::~ iit'D'L~ [J aJ fl f:! tlh~L"JJaJ"JJU 0.5-5.0 % Utl mnnii'£T-'I ~11J11fln El ~ aJf:!i'u~ ElJ 1 aJULLf:!::~11U1::n El 

ltlt~1flTfUElU~1-'1') L"15U JlaJUflltUf:!l JlaJU-'ll Jl1J""'U~f:!""'~' JlaJU1lil1 JlaJU~Elnfl i~tl[J Jl1J 

m~El-'l ltlt'D'tV'l1~f:! laJ1~L~Yl Ltln'D'lL~nLflULLf:!::LElfif:! tmmElYl LUU~U ,;)1,fuiLml::lK~11f:!cnLL1-'1 
~-'ltJlillllV'l~~~cnlcnlcn[J1i analytical TLC V'lUllii~lUU1::nElU 3 ~lU ~iiY1l Rf Lyi1nu 0.88, 

0.72 LLf:!:: 0.62 (F1-F3) maJfhiu ~-'I F2a 1'IXY1lm1n1::,;)l[JJlaJU~-'I~~LLf:!::fln':bluYi11'IXu1~YlTI~
'II' 'II • 

" flf-'l~l[J preparative TLC LLf:!:: HPLC LLf:!::ml,;)~f:!LL~f:!::Ghiu~lWllEl-'lilEl~1-'1~11~lLLWil,-'I F2a 

,;)In HPLC ~iiY1ln1::,;)l[JJlaJUaJ1n,;)::flniLml::lK~EllU~l[J LC- MS LL~~-'lY1laJlf:!hLf:!nf:!"lltl-'l 
'II • 

~11~lU1muiiY11Lyi1nu 662 702 LLf:!:: 762 ~-'lLYi[JUL~[J-'ll~nuwnt'D'tyJh~~~~iitfl1-'1~i'1-'1~ii" ' 

.... '" 
'1 fi n1 "i'Yl "HUN 

1.m1~~~LLf:!::~n~ Wl1f:!~LL1-'1~-'I tJlillllV'lm1~~~ ~11f:!~ LL1-'1~-'I tJlil111V'l1u1::iu"ll1~L"ll~l 

t~mcn1[JaJ'\Kl L4El1Utl1~11mf:!1 YM til [J'\K1L-iftlf:!-'I1UEll~11mf:!lUfuU1-'1~cn1~ 
.. , ' • 'II 

maJ1::~1J U11Jl~1 50 iif:!~~~11U"ll1~ILLnlYl1-'1n11[J"llUl~ 250 iif:!~~cn1 'iblu1iaJ~Elrn~llii 30 
, 'II 

tl-'lmL'D'f:!Lojj[J~ L"ll~1~flllaJL11 200 1tlU~ElU1Yi LUUL1f:!l 7 lU '\.hJ1L~[J-'lL4El 1J1U""'ULL[JnL'D'f:!Gf 

ElEln ~lmfl~El-'lU;U~~[J-'lflluflaJElrn~llii~ 4 El-'lmL'D'f:!Lojj[J~ flllaJL111ElU 8,000 1ElU~ElU1Yi LUU 
•• 'II 

L1f:!1 20 U1Yi ,;)In,f'U.'i'bJl~lU1~aJ1~n~~lmElfif:! tl::6fiLcn~ LL~T\.i.laJ11::m mElfif:!El::6fiL~cnEl Eln~l 
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Lfl~El~ evaporator Intfl~~Jlll::~qJq!1m~ ~lmf'U,Ul~11~n~~L~m~::~ltf~lm3J'Yll'U,El~ Ul~11 
~L~m'Yl~~mJn11m::~lmtl3J'U,LL~::Vil\hvIUnL'1l'L'l~LLi~"l.IEl~~11L'l~LL1~~~~1'~h[nw 
2.m11'h1J1~'YlTI~11L'l~ LL1~ ~~ th7i1JllW~ltfi1f[mm1~mlVi, 

L~1tf3J~11L'l~LL1~~~~1'~hJllWli1J1~'YlTIU1~~1'U,~ltf analytical Thin-Layer, . - ~ - ~ Chromatography LLL'l:: preparative Thin-Layer Chromatography LLL'l::'Yllm11Lml::Vi~111J1~'Ylll• 
~lmfl~El~Lt1LWElfvJElfLL3J'U,'1f~fli~lfl13Jl1~ mlVi (High Performance Liquid Chromatography: 

HPLC) 

3.iLfl11::Vi1fl1~~fl~"l.I El~~11L'l~ LL1~~~~liilJllW~~~~L~ 
i Lfl11::lKVil JlViun13J LL'lnL'l"l.lEl~ ~11L'l~ LL1~~~~liilJllW~1 tfiTILL3J ~~LU n1~1L3J'Yl1 (Liquid, 

chromatography-mass spectrometry: LC-MS) LLL'l::iLfl11::Vi1fl1~~fl~'Yll~Lflii"l.lEl~~11L'l~LL1~~~ 

~liilJllW~ltfiTIibLfl~tffLL3JnL'U,~nL11'1l'LL'U,'U,'1f~Lun1'Yl1~lnu (Nuclear Magnetic Resonance 

Spectroscopy, NMR) 

4.in1!}m::~3J1J1i'Yll~iilLfl ii"l.l El~ ~11L'l ~ LL1~ ~~~liilJllW~~ ~~L~ 
4.1 ~lfll13JLu'U,n1~~h~~LVim::~3J~Elm11'h~1'U,"l.I El~~11L'l~LL1~~~~liilJllW 
4.2 ~ L'l"l.l El~ filfll13J Lu'U,n1~ ~1~~Elfll13J L~n tf1"l.1 El~rh~l'U,"l.I El~ ~11L'l~ LL1~~~ ~liil111W 

AI ,c::III 0 dA.A 

4.3 ~ L'l"l.l El~ ElmViJl3J ~ El fll13JL ~rJ tf1"l.1 El~'Yll~l'U,"l.I El~ ~11L'l~Ln~~~ ~1"151JllW 
• 'IJ 

4.4 fll13JL-ll3J-ll'U,"l.I El~l'1l'L~tf3JflL'l ElI.1~~LVi3Jl::~3J~ Elm11'h~1'U,"l.I El~ ~11L'l~LL1~~~ ~liilJllW 

4.5 ~L'l"l.lEl~l'1l'L~ tf3Jfl~Elh~~ Elfll13JL~ntf1"lJ El~l'h~1'U,"lJEl~~11L'l~ LL1~~~~liilJllW 
...... I '-".c::III A A"" cv 

4.6 1~m~"15'U,m1Ln~El3JL'l"15'U, (Emulsion Index) 

4.7 LU1tf1J LVi tf1Jfilfll13JL-ll3J-ll'U,"l.IEl~m1Ln~I.3JL'1l'L'l~(Critical micelle concentration; CMC) 

~H~nT'i'YI ~HH)\l 

m1~~~~11L'l~LL1~~~~liilJllWl~tffi~~ Pichia anomala ~ltfvr'U,Jf, PY1 ~lm1f1~~~ 

~11L'l~LL1~~~~liilJllW~iiu1::~'YlliJllW~~~~1'U,EllVi11LViL'llUf1JU1~ ~~1~tb::n El1J~l tf KH 2P04'IJ , , 'IJ 

.1 t:~ t: .. I 6'~ 6' ..... .d 6' .. I 6'~ 6'
0.02 LuEl1L'1l''U,~ MgS04.7H20 0.02 LuEl1L'1l''U,~ ~11~n~tf~~ 0.3 LuEl1L'1l''U,~ NaN03 0.4 

LUElfL~'U,~ Jl3J'U,~lLVi~El~ 10.67 LUElfL~'U,~ LLL'l::nL'llfl~ 5.33 LUElfL~'U,~ fll1Jfl3J~lfll13JLu'U,m~
'IJ . , 

~l~L~3J~'U,Ll'hn1J 5.0 1~tfiill11::m1Litf~L;fEl~ElmViJlii 30 El~~lL'1l'm.ntf~ l'U,1::~1J"lJl~L"l.Irh 
, 'IJ 

ermlL~l 200 1El1J~El'U,lVi LU'U,L1L'l1 7 1'U, l~tf Pichia anomala ~ltfvr'U,Jf PY1 li~L'l~~~~11L'l~• 
LL1~~~~liilJllW L l'hn1J 0.95 nf3J~El~~1 ~~mnnl1LrlmU1tf1J LVi tf1Jn1J m1~~~~11L'l~LL 1~~~ ~1 
iil111Wl~tf Pichia anomala ~tfvr'U,Jf, PY1 ffiiJl3J'U,~lLVI~El~LU'U,LLVi~~fllf1JEl'U,LWtf~"15U~L~tfl ~ 
li~L'l~~~ 0.26 nf3J~El~~1 l~tffi~~~::liJlmL'l1'U,"l.I1Jl'U,m1L3J'Yl11JEl~.n3J"lf'U,Lnn"lJEl~ L'1l'~~ LLL'l 

i~Lml::lK~l'U,"lJEl~ hydroxyl fatty acid "lJEl~~11L'l~LL1~~~~liil111w,nn~11t~~'U,~LU'U,~11~hl"15El1J 
J1Vl1El ~11~"15El1Jh 3J'U, LLL'l:: L~El3J ~ El1~ tf~1~n1J~1'U,~Lu'U,JlmL'l"l.l El~ ~11L'l~ LL1~ ~~ ~liil111WU1::L 
Ln~lfl~Vl~ 
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nT~·~hfrn::~~11fl~LL1~~~e:h1hIl1~~'wiif analytical TLC ~1!'/hn::L'VHJ"lItl~'tlltl~'U LLfl:: 

1Jtl1~ 1LtlL,;)Wl1 ~Ul1~lm1nLL!,Jn~11tltlnL~LU'U 3 ~liUfh'U ;itl F1 n~ F3 t~rJiifhm~"lItl~ 

e)~11~1'Um1Lfl~tl'U~ (Rr) LU'U 0.88, 0.72 LLfl:: 0.62 m1J~liu ~~ F2 iifhm1n1::,;)lrJ~llT'U~
\l 

~~~ LLfl::Lrltl~11,;)~tlU~1rJ1Jtl1~ 1LtlL';)'Urf~Ul1 F2 LLfl:: F3 1~~flU1n ~~i'Uii.1!!-~1'UL~11~11fl~, ~ 

LL1~~"~1-n11l1~~ Pichiaanomala ~lrJvrWIT, PY1 ~~~L~ii~lmmU'U~1'UU1::ntlUVt1tlLU'U~ 
U1::LIlYlLnfltfl~~~ ,;)lmf'UL~1rJ1J~1 F2 ~1rJ preparative TLC L~mbmiLfl11::~~11LLfl::l'h1~ 
U1~'YlTI~1rJ HPLC ~Ul1~1~Ufh'U~L11UL~,;)ln RT ~ 15.3, 19.2, 21.9, 26.2 LLfl:: 31.4 mYi 1~, 
~tll1i1tl~1~ C D E F LLfl:: G m1J~l~U ~~1~fllm1n1::,;)lrJ~llT'Umn LLfl::5n~tl~~lilJLh'U~1J 
RT 1mrL~rJ~nlJtfl1mt~LLn11J"lItl~ HPLC ,nn~11t<]ft~h~~~.y:1iLiJ'U~11LU1rJlJLYirJlJ ;itl RT ~ 

7.5 LLfl:: 8.9 'U1Yi t~rJ1~~tll1~1tl~1~ A LLfl:: B ~l1J~lilJ ~~lbLUiLfl11::~~1rJiif LC-MS ~tl'U 
,;)ln~flm1iLml::~~11~1 rJiif LC-MS 1Jtlnn~~lVtUn1J1fltmfln fl"lltl~ ~11LLfl::~lm1niLfl11::Vt 

" 

lfl1~~fl~"lItl~~11fl~LL1~~~ ~1-n11l1~~~~~L~ 1'Um1'Yl~fltl~~Ul11J1flt1JLflnfl"lltl~ ~11~1'U1Vt{llii, '" 

fl~ILyhnlJ 662 702 LLfl:: 762 ~~LYirJlJL~rJ~'~n1.i~1t<]ft~h~~~~mf)1~~fl~~iin1~L"lIlT'ULU'U 

tl~ffU1::ntllJ"lItl~ [C22] lactone LLfl:: [C22:1lLactone ,;)lmfwull~1tl~1~~11 G ~iiU1mrnmn~tl'U 
iLfl11::~~1rJiif NMR ~lJl1 1H-NMR spectrum iiwnU11n!J1wrl1~ chemical shift ~ 0.9 ppm 

.9 'A..,i .9 Ylt <' ..,i .9
Lu'UVtllL1J'Ylfl (-CH3) 'Yl 1.2 LLfl:: 2.0 ppm ,;)::Lu'U~lrJ!'J11 Lu ~1m11Jtl'U (-CH2)n 'Yl 2.4 ppm Lu'U 

\l 

-CH2-COOH LLfl::~lJvr'Uli::fl -CH=CH- ~ chemical shift ~ 5.4 ppm ~~LU'U~1'U~fl~lrJfl~~nlJ 
\l 

~1'U"lItl~~rJLut~1m{lJtl'U~u11n!J1'U 1H-NMR spectrum "lItl~~11t<]ft~h~~~ffiiLU'U~1 
• I'" ",..,i .J

Lu1rJlJL'YlrJlJ 'Yl chemical shift 'Yl 1.2 2.0 LLfl:: 5.4 ppm 

m1~n1!!-1 ~n 1!!-rn::~1JlJ1i'Yll~1hLfl ii"ll tl~ ~11fl~ LL1~~~ e:h-n11l1 ~~~ ~~L~ t~ rJ L~1rJlI~11fl~ 
LL1~~~~1ii11l1~~fl111JLi1Ji'U 40 iifl~nf1J~tliifl~~~1 LL~1l'hm1L~tl,;)1~ 100 Ll'h~1rJ 50 iifl~t1J 
fll{ 'Yl1~'ut~1flfl tl L 1~U~ L~ tl{ ~lJl1fl11mu'Un1~~1~~LVtm::~1J~ tlm1l'h~1'ULLfl::fl11m~i1rJ1 
"lItl~~11fl~LL1~~~ ~1ii11l1~~LU'U~11~n~ ~11fl~LL1~~~~1-n11l1~~~~~L~ LyhnlJ 8.0 ~~1~fllLL1~ 

~~~1~1~~~Ll'hnlJ 34 mN/m LLfl::fllm1m::,;)lrJ~llT'U~~~~ 7.07 ~111~L<]f'U~LlI~1 l'Ul'ULL1n 
, \l , 

d Q..- ~I,.c:j A ~ &II A ~ 

';)'Um 30 1'U"lI tl~m1'Yl~ fl tl~ LLfl::~fl"ll tl~ tl rnVtIl1J~tlfl1111 L~n m"ll tl~ ~11fl~LL1"~"~1"1l'11l1~'Yl~fl~ 
, \l 

,~ ~lJl1~1fl~LL1~~~~1-n11l1~rr~~lm1nl'h~1'U'~~Lrlmj1J~tlrnVtllii 60 LLfl:: 100 El~m 
, \l 

L'n'flL.nrJ~ Lum1fll 15 -i1t1J~ t~rJiifllLL1~~~~1 33-34 mN/m LLfl::fllm1n1::,;)lrJ~llT'U 3.0-6.0 

m11~L<]f'U~L1J~1 LLfl::rr"fl"fl111JL~iimL~';)'Uii~~tlrnVtllii 121 tl~f'llL<]fflL.nrJ~ 5n~1rJ 'Utln,;)lnil' 
, \l 

~11fl~ LL1~~~ ~1-n11l1~~ ~ ~~L~rr" ~1 m1m'h~1'ULLfl::fl~ fl11m~ii rJ1L~~ ~iit<]fL~ rJ 1Jflfl tl L 1~Lilli'U 
0.5-5.0 LUtl{L.n'U~ t~rJiifllLL1~~~~1L~1J~'U 32-34 mN/m LLfl::fllm1n1::,;)lrJ~llT'U 9.0-14.0 

m11~L<]f'U~L1J~1 Lum1fll 30 l'U 

m1~n1!!-lfl111J~lm1n1'Um1ritl5lTfli'U"lItl~~11fl~LL1~~~~1-n11l1~~~~~L~1~rJm11~fll 

i"1l'Um1Ln~51J'-'fli'U (Emulsion Index) LU1rJlJ LYi rJunu~llT'ULLfl::~11U1::ntlULut~1m{UEl'U"1l'ii. 
~1~') ~lJl1fll~"1l'Um1Ln~5lTfli'U~ 24 -i1t1J~ ~El~llT'Umt'Ufll ~llT'U~ 1 ~llT'U~fl'-'~ ~llT'U11"ll 
~llT'U~Elm11~tl!'JLLfl::~llTmi1LVt~tl ~ iifll1Jlnnl1 90 LUEl{L.n'U~ t~rJ~llT'Umt'Ufll LLfl::~llT'U~ 
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f11~El£1iifilfll11Jl~nm~~~~,xmJ~~~lft 3 1ftll"m ~El 10 ltlElfl.jfft~ JllJft51m~El~ JllJWn-lll, 
JllJft~~~lL~:::JllJft~ 1 ~~~~ 15-25 ltlElfl.jfft~ m1J~1~"'ULL~:::~~~~t11:::1J1rn 60-70 LtlElfL.jfft~ 
111£11ft 7 1ft 1ftJllJft'Yln"15U~i~mhl ftElmnnitn11'vnfiT;)~in~~"llEl~fll11JL,r1J,rWlJEl~n11lii~, , 
L1JL'1l'~ff (Critical micelle conce~tration; CMC) ,nn~11~~LL1~~~~1-nl111Yl~~~~L~ YlUiliifil 

Lyhnu 132 jj~~nf1J~El~~1 LL~:::fillL1~~~~1 rn m1Lii~L1JL'1l'~ff (YCMC) lyhnu 35 mN/m ~~ii 

fil~lnil~11~~lL1~~~~li~Lfl11:::lf~Ul1J1Ltl1£11JLYi£1U ~El Lfl1JL'Ylfl 307 L'Yl1'YlElft LEln'lf 100 LL~::: 
1'1l'l~ £11J1~l~tfi~<JfmyJ~ LL~:::rJ~iitl1:::~'YlTII11Yl1n~L~£1~nU~11~~LL1~~~ ~1-nl111Yl"15U~5ft L"lfft 

1'1l'1yJh~Vi~,;)ln Candida bombicola lL~:::lL11J1ft~Vi~,;)ln Pseudomonas aeruginosa ~iifil CMC 

Lyhnu 130 LL~::: 200 jj~~nf1J~El~~1 m1J~liu 

,;)ln~lfti-;l£1itYluil~11~~LL1~~~~1-nl111Yl~~~~L~,;)lnfi~~ Pichia anomala ~l£1~WIr, 
pY11~£11iLm~~fllfue:m 2 "15U~111Jnft~El n~1fl~LL~:::JllJft51m~El~ ~~fi~~~11Jl1m,;)1ruLL~:::~~

~ ~ 

~11~~LL1~~~ ~1-nl111YlL~t111Jlrn1J1nniln~ 4 LyhLrimtl1£1UL Yi£1unun111 iJllJft51L~~El~LU 
LL~~~mfuElftl~ £1~"15U~L~m LL~:::~11~~lL1~~~~1-nl111Yl~~~~L~djft~1~~LL1~~~ ~1t11:::LI1'YlLn~ 
1fl€iVi~~t11:::nElU~l£1n1~L "lllJft ~mfl1~~fl~LUft C22 El:::~ El1J ~~LL~n~l~,;)lmlfti-;l[J"llEl-1~"5ft~

~ 

~lft1J1n,;):::11£1~lftn1~L"lllJft~lUft"15U~ C18 LL~::: C20 El:::~El1J ,;)In1fl1~~fl~itYh1i~11~~Ll1~~~ 
~1-nl111Yl~~~~Lvriifil CMC ~~lnil~11~~LL1~~~~li~Lm1:::lful~"15U~LL~:::~lnil~1~~LL1~~ 

~1-nl111Yl~~€i~Lvr,;)lnfi~~ Pichia anomala ~l£1~mf PY1 1ft11£1~lft"llEl~ lilr~m l-n£1~Eli'l£1, , 
(2549) ~11£1~lft1J1nElft~,xlit ftEln,;)lnitrJ~~11J11nnEl5lJ~,rftnuJl2YftvhL~~~ln~~l£1"15U~ 
~11111n';):::t11::: £1 n~1"151ftEl~ ~1~n111J El1~11L~1ftElftlfl~ LL~:::~lfti-;l£1 itLUftn11~m~lfl rn~1Ju1i'Yll~, , , 
-nlLflii"llEl~~11~~LL1~~~~1-nl111YlUUULL1n~~~~L~,;)lnfi~~ Pichia anomala ~£1~wrf, PY1 ~~ 
djft~l £1 ~WIr~ iifll11J t1~ El ~Il£1 LL~:::1"15i.~1ftEl ~~~m11J~L~£1l-llEl~nu El1~11, , 

~ A 

ttl mfTltl1" tl" 


Gautam, K.K. and V.K. Tyagi. 2006. Microbial surfactants: a review. J. Oleo Sci. 55: 155-166. 


Inge, N.A., V. Bogaert, K. Saerens, C.D. Muynck, D. Develter, W. Soetaert, and E.J. 


Vandamme. 2007. Microbial production and applicat,ion of sophorolipids. Appl. 

Microbiol. Biotechnol. 76: 23-34. 

Nunez, A., R. Ashby, T.A. Foglia, and D.K.Y. Solaiman. 2004. LC/MS analysis and lipase 

modification of the sophorolipids produced by Rhodotorula bogoriensis. Biotechnol. 

Lett. 26: 1087-1093. 

Shepherd, R., J. Rockey, I.W. Sutherland , and S. Roller. 1995. Novel bioemulsifiers from 

microorganisms for use in foods . J. Biotechnol. 40': 207-217. 

Van Bogaert, I.N.T., K. Saerens, C. De Muynck, D. Develter, W. Soetaert, and E.J . 

Vandamme. 2007. Microbial production and application of sophorolipids. Appl. 

Microbial. Biotechnol. 76: 23-34. 



Lt.l ~ f) nf)1l'11 "i't1:::m 

(1l1H1el"nflH) Production offood supplement for Osteoarthritis 

prevention from sea food shells 

1) 

2) 

.c:t. ~.c:t. cr' 6' A "'" 

111fl1'Ii1 Lfl:IJ mu.::1YHJ1m~Gl1 ,;)W1fhm1rn:IJVi11YHJ1~ tJ, 
f1UUYH1J1"tYl L'lJGltlYl:IJ1U m~LYl~:lJVi1Ufl110330 

~ " 

11 't1 VI 
'" 

~UJ 
I 

f) 

n11V El tJ"tflGlU';)1nLLnUViiin~1mEl'U."t'llaf,;)1n11 Aspergillus fumigatus LL~::1fl~uLLum1L1tJ 

Serratia sp. ~1:1J11f1 t-l~Gl L5U-LLEl-n11 ~-~-n ~L fl'll1 iiu (GlcNAc) LL~::L 5 u, L5u-"tGl LL El-nYi ~"tflLGl"tu L El~ 
'II 

[(GlcNAc)z] ElV1~LU~1::L,;)1::,;)~"t~ LElu"t'llaf,;)1m1 Aspergillus fumigatus (4 U/1 9 of chitin) 

~1:1J11f1VEltJ"tflGlU (3% w/v) ~ pH LUU 3 ElrnViI1~ 40°C "t~t-l~Gl.nrn'1'1'd]u GlcNAc ~1tJ 
, 'II 

LtlElfL.nU~t-l~t-l~Gl 72% 111tJ1uL1~1 2 1U n11VEltJ"tflGlU (3% w/v) ~1mElu"t'llaf,;)1nLfl~U 

LLUflyiL1tJ Serratia sp. (1 U/1 9 of chitin) ~ pH Lyi1nu 6 mlml1i1 3lc Yi1n1111:IJLUUL1~1 61U 
. , 'II 

1'IKt-l~Gl.nrn'YfLuu (GlcNAc)z LL~:: GlcNAc ~1mtlElfL.nU~t-l~Gl.nrn'Yf 43% LL~:: 2.6% G11:IJfhiu 

n111'h1i GlcNAc LL~:: (GlcNAc)z U1~YlR~1:1J11f1Yi1"tGllGltJn11GlnGl::nElU~1mElYl1UEl~ Gl1:IJ~1tJ, 
n11ri1']Gl~~1tJ t-l~thunmrU~Vi1El1ifl El~:IJlr~iit-l~thun:IJ aJUGl1i GlcNAc U1~YlRGr1tJ LtlElfL.nU~ , 
t-l~t-l~Gl 64% LL~:: (GlcNAc)z u1~YlRGr1mtlElfL.nU~t-l~t-l~Gl 40% LL~::~1tJm1:IJiTIn11Yi11iU1~YlR", ., 
~ "'" v ~ .cit. A~ A.... cr' &!l . 

Yl~~U1LL~1~1:1J11m~:lJfl11:IJU1~Ylli'lJ El~ t-l~Gll1rn't1~~f1~ 100% 
, 'II 

n11V El tJ"tflGlU~1 tJmGl"ttl'LGl1fl~El1nL 'll:IJ'llU LGltJn111iLL~::"t3-11ifl~u5~Gl11L'llii.fl LYiEl1Vil~ 
Ln~Eln~Lfl'll1iiu "ttl'LGl1fl~El"t1~ (GlcNHCI) . ~~~1111::~H1Un11LGl1tJ:lJLn~El GlcNHCI ~El 

'II 

5m1~1U"tflGlU~ Eln1Gl"ttl'LGl1fl~El1nL 'll:IJ'llU 1: 1 (w/w) LL~::~ El rnViI1i1 40°C "t~t-l~n11rJEltJ~ii 
, 'II 

tl1:: L tJ'Ii,rLL~::~1 :IJ11ml1Ltl1'Ii1Un11YlGl ~ El~1wffu~El"ttl 'lJ m::Un11YlGl ~ El~'lJ El~n11rJ El tJLflGlU~1tJ 
mGl "ttl' LGl1fl~El1n L'll:IJ'llU~1 tJ~1111::~1~ ')ElrJ1u1::w~h~n11LnU'llEl:IJ~ 

'II 'II 

""'" 'lfm1"i't1~mf)" 

iTIn11YlGl~ El~Vi~nii 2 LL'U.1Yl1~~ El~hLii.Un11VEltJ~1mElUL'llafLL~::mGl 

J) n1JllDf.liJf.lLDU~'1f,J ~1Lii.Un11LiJU~1iui~U 

1) n11LGl1t16J"tflGlU';)1nLLnUViiin (~-chitin) LGltJn11tl....u1iii'lJU1Gl 500 I-lm LL~::n11LGl1tJ:IJ 

flEl ~~ El tJ~Gl El ~Lfl GlULGltJ n11LGl:IJnWILtl'LGl1fl ~El1nL'll:IJ'llU~~"ttl1 U "tflGlU n1UEl V1~ L11';) U~11~::~1 tJ ii 

~n~rn::LVilttJ1Vii'tGli~rr~L11U~LUU ~ El rnViI1i1 5°C rf~~u';)1mfutb:lJ1n1El~ ';)::L~Gl::nElU~'lJ11'lJEl~ 
'II , 'II 

http:ifl~u5~Gl11L'llii.fl
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1 
2) mdL~1[J:IJ LEJUL'Il6f~lJ~1m'~~L~ (Aspergillus fumigatus) 

'\.bW~L~ Aspergillus fumigatus (TISTR 3045) :IJ1Lvn::L:ffEJ1u PDS (EJ1~1dL~[J~L:ffEJ~ 
L~1[J:lJL~~1mru~f~) LijUL1fl1 5 lU U1L~u1[J'lJEJ~W~L~~L~:IJ1L~[J~1u PDA (PDS ~~humd'lh 
L:ffEJ~EJUml1n 121°C LL~1) ~mijuL1fl1 51U U1L:ffEJd1lJU PDA :IJ1LYn::L~rJ~~EJ1u Colloidal 

, \I 

Chitin Minimum Medium (CCMM) (300 mL) (Lm~~'lJEJ~Lul~dL~uLvtEJhlumd~~~LEJUL'Il6f) ~ 
EJUm11n 30°C d::rJ::L1fl1 9 lU ~1m"~EJ~L'lJ~1 ~1mfuLLrJnLEJUL'Il6f~lJEJEJn~1nL'Ilflff'lJEJ~W~L~ LLfl:: 
, \I 

'lJEJ~LLiJ~~1 rJndd:IJ11h'IlU~1yhi 

3) mdL~1rJ:lJLEJUL'Il6f~lJ~1nLLlJ"iiL1rJ (Serratia sp.) 

LEJUL'Il6f~lJ~1nLLlJ"YiL1rJ Serra'tia sp. Yiu1lJ1hlU~1u1')rJd L~flJ:IJ1~1nEJ1~1drJf;) Vi... 
"l!rJ1~nd 111"1"l!1;51L"ij ~W1fl~ndrn:IJ~11'YlrJ1~rJ LEJUL'Il6f~lJ~1mLlJ"iiL1rJ Serratia sp. LL~~~LLrllJ 

\I , 

hb~u 4 LLrllJ~1m1'1U chitinase activity ~ihi1~unl:IJLflnflLYhnlJ 40, 50, 60 LLfl:: 90 KDa ~1n, . 

SDS-PAGE ~~~~1mfuLLrJnLEJUL'Il6f~lJ chitinase 'lJU1~ 60 KDa EJEJn:IJ1lJdd~1~~fl1~n~, 
PKKChi60 

2 

4) md'Yl~ ~EJlJr]'YlTI; EJ~LEJUL'Il3Jl"~LU~ 
n~ndd:IJ'lJEJ~LEJUL'Il:IJ1"~Lu~~~uh,fu U13J1iL"d1::~1~[Jmd1°V~~1~1U1UUfl1£j1~1.n ~~ 

LYhnlJ~1U1U GlcNAc ~L~~1nmd~EJ£j "EJflflEJrJ~~EJfl L"~U~1mEJUL'Il6fm3JiTI'lJEJ~ Schales 

method 
3 U1:1J1rn'lJEJ~Ufl1£j1~1.n'lJEJ~J1mflrlnl~~1m"~EJ~ UV-Vis ~LU"l~diiL~EJf ~"113JrJ11 

\I 

,,~U 420 nm 1~£j1iJ1 DI LijU~1LU1£jlJLYi£jlJ J~mdiL"d1::lfLLfl::md"1lJ"3J~::Yh 3 ".f~ LLfl::, 
fi1LU~£j'lJEJ~fi1"113J~~n~ULL~~ (Absorbance (A)) ~L~~::u1:1J11"l!lumdfi1u1rnfi1 activity unit 
. \I . . 

~EJU1:1J1~d (mL) 'lJEJ~L'Il13J~~fi1U1rnL~~1n"11:IJLL~n~1~'lJEJ~fi1 absorbance (~) d::~i1~~1, 
A 6" cv cv.J' 
1L"d1::~ (A1) LLfl::~1"1lJ"3J (AO) m3J~:lJmd~~U, 

Activity (U) = j.Jmole of reducingsugar/(minXmL of serum) 

= (~1.195)/(30XO.05) 

5) iL"d1::lf~~~.nrn'Yf~L~~1£j HPLC 

U1~~~~n ~EJmL~1:1J1~:IJ1iL~EJ~Lvt EJ'JJ1 L;fEJ ~1n,fUU1LEJ1 ~1U1~~~~t·humdL'IlU~1Yhi (100 j.JL) 

:IJ1L~EJ~1~~1£jJ1 Milli-Q (900 j.JL) U1LEJ1~1dfl::fl1£j~L~ (0.300 mL) :IJ1~~3JnlJEJ::-nl~LuLmff 
,.:t ..... .a 4CIt. 6" A ...... ft 

(0.700 mL) ndEJ~LLfl::Q.~L'lJ1L"dEJ~ HPLC ~flmd1L"d1::~~fl~l1rn'YI GlcNAc LLfl:: (GlcNAch ~:: 

r1n~d1~~lJ1ui1~nfl1md"l!:: (retention time) L'YhnlJ 5.6 LLfl:: 6.5 ~13J~1~lJ fi1U1rn~1~uYh~ 
\I 

a,J 04.1"" 
~"'Il~LL~~~r1~Ud:lJ1rn'lJEJ~ GlcNAc LLfl:: (GlcNAch 

'" .
6) mdL~d£j:IJ GlcNAc 

6.1) Single batch hydrolysis 

md~EJ[JL"~U~1£jndd3JiTI single batch dLijumd~EJmLlJlJ".f~~EJ".f~ L"~U~1mLnu~3jn 
(6 g) r1nU1:1J1L~1::tl:IJnlJLEJUL'Il6f~1nw~L~ (24 U) UflJU13J1~d1iL'YhnlJ 300 mL ~1[JJ1 DI 

\I 

L~3JLEJ'Yl1UEJfl (15 mL) 1U~1~LnlJL1 ~1 pH'lJEJ~'lJEJ~~~3J1uufin1rJ1~nuflJ~1£jnd~LLEJ.u~n (1 M) 

2 
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1iLUU 3 ~lmfu~·m'lJeh'l~fflJnmjm.ffEl~Elnml1ii 45°C LUUL1~1 5 1U ~~-'l~lmhULU 51U 'lJEl-'l 
. . ~ ~, . 

~fflJ~L~~lnU nn1mnnrh1i~ ~~U nn1~1~1 ~m1~lJI111lU::~-'lLU1UJ1L~El~LUUL1~1 15 U1-n Lfl:J ~ ,:.J , 

~U~L~ ~ El min nfh,)~ El ElnLU~1 ~ nTH"nU~1Y:h,r LElUL"1l'lf~un nLnuL11 UffrI1U::'lJ El-'lLLojJ-'l~ ~-'l~1 n 
~ ~ ~ 

m1 freeze dry m1iLfl11::~~1~ HPLC LLff~-'l1iL~W:h LElUL"1l'lf~uiiu1mrn GlcNAc U1::mrn 

60%(w/w) 

6.2) Fed-batch hydrolysis 

m1ciEl~Lfl~u~1~n11lJifi fed-batch dLuum1ciElmLuu~mrtEl-'l L~lJ~1~Lfl~U 6 9 LL~:: 
LElUL"1l'lf 24 U 1U'lJtl-'lt:-lfflJ1uulin1mU1lJ1~1 200 mL LL~::~1U~L'YhnWlItl-'l reactant ~nL~lJ~-'lLU 
1U'lJtl-'l~fflJulin1m~~-'l~lmhuLU 2 1""U fl11m,rlJ,ruJ-'l~lJ~'lJtl-'l~~~nrn'YfL~lJ-ifu~~-'l~lmhuLU 
41U 1ifl11lJftlULLn'lJtl-'l~fflJ1uulin1m1u~1-'lJ1fmuuUL1~1 15 U1-n lbLtl1~1U~~ncitlmL~1 
(350 mL) mn1tl-'lLL~::rh1iL']lJ']U~U1m~1 30 mL ~1~m11::L~~~tlrn~l1iiLllLnu 70°C L~mtl, ~ 

'Yl1 Utl ~~-'lLU~:: Ln~m1~ n~:: n tlWlI tl-'l ~::ntlU'lJU1 ~ L~ n~ff1lJ11n~:: ~1 ~ J 1 L~ ~1U1ff~L~~lnm 

mtl-'l~mi1m1::m~L~'lJtl-'lLLojJ-'lffL~~tl-'l~tlU (9 g) lhmiLfl11::~~1~ HPLC ~Ul1 91%(w/w) 'lJtl-'l 

'JJtl-'lLLiJ-'l~L~LUU GlcNAc ~~LUU 71 %'lJm~~~~~~L~ . 

7) m1L~1~lJ N,N'-diacetylchitobiose [(GlcNAchJ 

ti1Ltl1Lfl~U~lmmu~jjnm~hum1citl~~1mtlUL"1l'lf~lmLUfl-nL1~ Serratia sp. ~Ti1 pH 3 

(UfUpH~1~n1~LLtl-n~n) LL~::~tlrn~l1ii 3rC LUUL1~1 6 1ll, ~~~nrn'YfLiftl-'l~ll,~L~nmnuLnll,, ~ ~ 

1U'lJtl-'lLLojJ-'l~~-'l~ln freeze dried ~ln~ll,iLfl11::~~1~ HPLC ~Ul1t:-l~~nrn'Yf~L~Ldtl-'l~U~U 
~ 

U1::ntlU~1~ -63% 'lJtl-'l (GlcNAch ti1Ltl1 (GlcNAch Lllu1ff'Ylrr~-'ln~11mri1')~~-'lL~tlUll,~1~m1, . 

~n ~::n tl U (J1/L tl'Yl1ll,tl ~) LLV n~::n tlutl tln lJ1~1 n ff11~:: ~1 ~~1 ~m 1L"1l'll,~1V:h,r LL~::'Yh1 iLL i-'l 
111 ~1~ffI111::ffru ru1m~ ~::n tlu~LLi-'lLL~1 nnti1m';-'l Ly:j tl~l LU tlfL.nU~ . recovery, fl11lJU1f!'Yl t 

, ctI ill '\I .. 

'lJtl-'l ~::n tl U ~LL i-'l LL~1 LL~::~1U1ff~ ~-'l m1n1tl-'lti1miLfl11::~~1 ~ HPLC 

~ln~ll,ti1Ltl1~::ntlU~1111iLLi-'lLL~1mLL~n GlcNAc LL~:: (GlcNAch tltlmnnnll,~1~ 
n11lJififltl~lJulfl1m1~n11yJ-W ~-'l(hll,nmrU~4 ff11~::~1 ~'lJtl-'l~~~nrn'Yfdftl-'l~U (U11~, 0.34, 

0.44, 0.89 LL~:: 1.86 9 'lJtl-'l"lJtl-'lt:-lfflJ GlcNAc/(GlcNAch nnU11~~-'l1ll,fltl~lJlrt:-l-'ln1mlmrll,~ (60 
~ , 

g) 1ll,J1 (200 mL) LL~::i11l::~U1::ntlU~1mtl'Yl1ll,tl~Gimt1 (0 - 30%) ~el~11m1L~~ 2 mUmin 

~ln~ULnu fraction miLfl11::~~1~ MS/MS 1u1~1.1~ MRM 1fl11J11~Lm11JLLff~-'l11m1LL~n 
1::~11-'l GlcNAc LL~:: (GlcNAch LUll,LUL~L~~fflJ1nrn 

~ 

II) m'il.jelFJi-wnJ~ 
ti1Ltl1Lfl~ll,~L~1~lJL~~lmU~tlnn-'lU~'lJll,1~ 200 mesh ~1 ~n111JifiL~rnnll,nU'lJtl-'lm1, 

citl ~~1£J Ltlll,L"1l'lfm111m1ciEl £J~1 £Jn1~Lel1~1fl~ tl1nL ,]lJ,]U ~ln~ll,ti1Ltl1ff11~::~1 ~ulin1m~ 
L~m1111iU1ff'Ylrr"LL~::~11~L-nfl~1£J HPLC ~ftllJnu MS/MS Lill,L~£J1nUnu1 ll,n1rn'lJtl-'lm1citl£J, 
~1 £J LEl ll,L"1l'lf tl ci1-'lL1n ~11.1 m 1~1 ff1111::~L~ 1.11:: fflJ 1 un11 ci tl £J £J-'l tl ci1::~11-'l m 1L nu,]tllJ~ ~-'l 

~ ~ 

11£J~::L5 £J~ ff1lJ11rlLL£Jmull,,] tl ')~llJ,hiuL~i-'ld 
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1) ~nM11j~')rJ"lJ th1eJv)j1(jTWj::VI';h-1tJ~3J1mI.Tl~ht~1n num~l.e:!L~1mH)~mi3J"lltt (12 M) ~ 

ij~ tl L tJ tlfL.utt~~ ~ ~ ~~ LLUU1iTl~tthlLTl1LlvJ 

2) 

3) 
d I _,:;:iI 0..... I 

f'lnM1V11Tl1 pH LL~:: tlmVlI13J'YlLVl3J1::~3Ji.nVl1um1rJtlrJ 
, 'IJ 

4) LtJ1rJULfirJunum1~ tlrJL~ rJl.aJliTl~tt1.3JLTl1LlvJ~n~iL~3JLG13Jm1rJtl rJI.TlG1tt~1mtJ~ tlnf1-1, 
~lrJm~i'''n~11 LL~::Ln~ tlL'I5L~ rJ3J'll"il.~~1" ') ~1::rJ::L1 ~1~1" ') n"-tt~l rJTl ~tt1.3JLTl1L1vJ 

5) ri1m1LLrJn~~V!nm'l'1 GlcNHCI Vfftl3JJ"~1ttlmVl1LtJtlfL.utt~~~~~V! 

~'i"thH~ nl''iYl (;HHl \I 
I 

1) n1'iUf)lJ~'WL€Jut'lfJf 

Ltlttl.'I5lf~1n11 Aspergillus fumigatus (4 U/1 9 of chitin) ~13J11rl~tlrJI.TlG1tt (3% w/v) ~ 
pH LUtt 3 tlmVll1ii 40°C 1.~~~V!nm'l'1LUtt GlcNAc ~lmtJtlfL.utt~~~~~V! 72% 111rJlttL1~1 21tt 

, 	 'IJ . 

m1rJtlrJl.TlG1tt (3% w/v) ~lmtlttl.'I5lf~1nLTl~ttLLUTlfiL1rJ Serratia sp. (1 U/1 9 of chitin) 

~ pH LYhnu 6 tlmVll1ii 3lc ri1m1U3JLUttL1~1 6 1ttli~~~nm'l'1LUtt (GlcNAch LL~:: GlcNAc 
, 	 'IJ 

~lmtJtlfL.utt~~~V!nm'l'1 43% LL~:: 2.6% Vlt"~1nm1ri11iu~~'Ylrr;rlrJ"lJUlttm1~W~tt1LLrl'1, 
Tl113JU~~'Ylrr; tl" ~ ~ V!nm'l'1~I.~~" 

, 	 'IJ 

2) mrllf)lJ~'Wnr~ 

m1~tl rJI.TlG1tt~l rJmV!I.e:!LV!1Tl~tl~n L-ll3Jitt LV! rJm11iLL~::l.aJliTl~tteJ~V!11L'I5il.TlL~tllVli.~ 

Ln~tln~LTl'I51ijtt I.e:!LV!1Tl~tlh~ (GlcNHCI) -i"~1111::~H'lttm1LV!1rJ3JLn~tl GlcNHCI ~tl 
'IJ 

eJV!11(jlttI.TlG1tt~tln1V!I.e:!L~1Tl~tl~mi3Jitt 1:1 (w/w) LL~::~tlmVll1ii 40°C m1'YlV!~tl"£J"tl~lwrll" 
, 	 'IJ 'IJ 

1. 	 Heftmann, E., "Chapter 4 Adsorption", Chromatography second edition, Litton Educational 

Publishing, Inc., New York, 1967,43-44 

2. 	 Kuttiyawong, K., "Cloning and nucleotide sequencing of chitinase gene from Burkholderia cepacia 

TU09", Master Thesis of Science, Biochemistry, Faculty of Science Chulalongkorn University, 

2001. 

3. 	 Imoto, T., and Yagishita, K., "A Simple Activity Measurement of Lysozyme", Agr. Bioi. Chern. 

1971,35, 1154-1156. 

4. 	 Yoon, J.H., "Enzymatic synthesis of chitooligosaccharides in organic cosolvents", Enzyme and 

Microbial Technology, 2005, 37, 663-668. 
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Active Constituents and Quality Assessment of Food Suppliments from Kaempferia 

parvif/ora 

iu~ Y\vnn>'lfl*, 11WYld "151~1. tl1"15l [nI.YJj~1m~, vr~l1jl ~l~~, I.YJ6jI1jrJ f"15~::~lf1j 
~ ~ 

I .c..,a...- A Q....I G' .c.. A ,:;;;:.I &:to G' G' A ca...­

'VIU1[JT;U [J j:.J~~IHllH1TIjj:IJ"15l~ Illf11"15~1 Lf1:IJ f1{ll,::111 t.Il~l~~j -:UWl~>'Injrn:IJ'VIlll1 t.Il~ [J
•'" .,. 1m:IJ~: Santi.ti.@chula.ac.th l1j.02-2187625 

Leml."D'lftl::L"D'i1~1f1~ULtl~L~mj~ ~1[J1TI microplate assay v'l1rh ~lj 6 (5,7,4' -trimethoxy-flavone) 
. ~ Afi'Q..;:; I Q....I 0 Q....I .d. Q....I t.J t.J 

LL~:: 7 (5,7-dimethoxyflavone) :lJfll1TI[JlJ[J>'ILl1lnlJ 56.20 LL~:: 44.20 % ~l:IJ~l~lJ l1j::~lJf11l:IJL"lJ:IJ"lJU 

1 iJ~~nf:IJ~tlii~~~~j Utln-:UlnUrJ>'Il.~i>'lLf1jl::~~lj~~l11U (11), 2',3',4'-trimethoxyflavone (12), 

3,3'-dimethoxyflavone (13) LL~:: 3-benzyloxy-3'-methoxyflavone (14) YJlJll~lj 11, 13 LL~:: 14 ii 

fll1TI[rwY>'l LtlUl."D'lftl::L"D'Y\~1f1~mtl~L~m j~Utl [Jnll~lj 6 LL~:: 7 

1UmjlLf1jl::~'VIltl1mrn~~l11Utl[J~ (6 LL~:: 7) 1U~>'I~n~LL~::j:.J~~.nrn6!'fnj::"15l[J~h l.~lblTI 

l1l>'l HPLC LL~:: GC :lJl1'lfL~tlf11l:IJ fln~ tl>'l LL~::LL6.1mh ~l'VIflJmjlLf1jl::~'VIl~ ~l11Utl [J~1U 
~ 

j:.J~ ~.nrn6!'fnj::"15l [J~h~l [Jj::lJlJ Lf1~tl>'l"lJ tl>'l HPLC ,xu -:u::1itlj::~l1TI IllYJ 1 UmjLL[JmL~::mj~jl-:Ul~1.6.1 

f1>'1~ ~>'I,xu ~>'IL~tlnlTIl1l>'l Gc1UmjlLf1jl::~'VIltl1mrn"lJtl>'l~~l11Utl [J~ 1uj:.J~~.nrn6!'fnj::"15l[J~l -:Uln 

mjl Lf1jl::~'VIl tl1:IJl rn YJlJlltl1m rn~lj~lfl'l!~YJ lJ1Uj:.J ~~.nrn6!'fnj::"15l [J~l LL~ n~l>'l nul. tl ~>'I,xU~>'I 
f11j~tl >'I iimj'VIl LL U111l>'l1Umjf11lJf1:IJ f1 rnIll YJ"lJ tl >'I j:.J ~~.nrn6!'fL 'VI (;hU L ~ tl Lij umjf1:IJ f1j tl >'I ~lJ11Ilf1 

, q q '\J 

"'''' d D n1 'l'YHiHHI \I 

1.) mji>'lLf1jl::~~~l11U 

1umji>'l Lf1jl::~~~l11U~1.6.1YJlJ1UTIjj:IJ"15l~ ~>'Iii"15ii~ LL~::~l LL'VIU>'I"lJ tl>'l'VI6.1 
~ 

LLl1U~~~l>'lnul.~ii 
mj~m~lnj::lJ1Umji>'lLf1jl::~ 2 nj::lJ1Unlj 1~[Jm::lJ1UmjLLjntlj::ntllJ~1[J 3 .ffu~tlU I.~LLfl 
tl5n1t.1l Ltl ~L11 tl1Yl Lf1iuj::'VIII >'I tl:: 1 jm~mLtloIi~f1~ tll.j~nlJ 2-1.~~jtln6fitl::6fi1~Ynu u -:Ul n,xu~l:IJ~l[J 
tl5n1 t.1l LtloIi~1tl::LjWirL:lJU~ LL~::tl5n1t.1lf11lJ LLUUIll [J1U1:IJ L~~~ ~lum::lJ1Umj~ ~tl>'l L~:IJ~l[Jmj 
ihtl5n1t.1lf11lJ LLUULLlJlJ LLtl~~ tl~j::'VIll>'l tl:: 1 jm~n LLtl~m~~LL~:: 2-1.~~jtln6fitl::6fi1~Y-11U U ~>'I-:U::I.~ 
"15l~1f1ULiju~lj6TTIrJu~f -:Uln,xwrhtl5n1tJl tl tl noIiL~Yi~I."D'I.f1~L"D'iu ~>'I-:u::I.~~~l1U~ii'VI ~1.~~jtlnoIi~ 
~~lLL'VIU>'I 3 ~>'I~l:IJljmtl~[JUI.tlLijU~~l11U~l>'l"15ii~nU~1[Jtl5n1t.1l8~~~L~-nU~1[J8~~~L~h~ 

http:tl5n1t.1l
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.t .. 
2.) nT'i'YI~Hnlml'YI1l'Yl1\1"Jl"1111~ 

ttL.... ~ .., rAT.c=I. .... AA 1 
2.1 	 m1'YI~~tlUrj'YI1l£/U£/\lLtlU. b·lU..Itl::L'lf'YlfH'Hlu.Ltl~L'YIm1~~l£.11ll TLC assay 


J.... ~ .., rAT d .... AA 2 

2.2 	m1'YI~ ~tlUrj'Ylll£JU£/\lLtlU. b'll":l..Itl::L'lf'Yl~ bYl~u.Ltl ~L 'YI m 1~ m £.I1ll microplate 

ttl'.... A.¥....,
2.3 m1'YI~~tlUrj'YI1l~1U.tl'lt~~tl~1::LUtl\l~U.~tl 2,2 diphenyl-1-picryhydrazyl radical (DPPH) 

l~£/iTI- Spectrophotometric assay 

2.4 	m1'YI~ ~tlUrj'Ylf£Tu8\1,;)~u. 'YI1 £J~'Yh1iLn~hYl1U.tll'l~11 3, 
ttf' .... ~ I"" oCt.... 4CIII ~ .... r .... ~ 

2.5 m1'YI~ ~tlU rj'YIll£/U £/\lm1~\1 ~ru rulU.LLYl m 'lI"mJ~l£/ £/ ~~ ~1 £/~u.lln~l £/~U.1l'lJ tl\l 
U u 	 1 1 

Sacchoromyces cerevisiae 
.t.... ~ ~... 	 ..1 T'" 4

2.6 	m1'YI~~tlUrj'Yl1l£/U£J\lLtlU. L'lI"1JLLtl¥'lln~ bYl'll"L~~ 
'lJ 

3.) m11.h::L~u.mu.111~~\I~n~ ~~~.nrn't1,;)lnm::"Jl"l£/~l, 
3.1 	m1~nHliTI-m1iLml::~m1J1rn~16 LL~:: 7 LiJtl\l~U. 1~m~tln1iL'YlYlUYl high 

performance liquid chromatography LL~::L'YIYlUYl gas chromatography ~1~1um1 

iLml::~m1J1rn~11 6 LL~:: 7 

HPLC condition 	 GC condition 

Column: Econosil(C18) 5u 250 mm x 4.6 mm Column: CP-sil 8 (30m x diameter 0.25 mm) 

Mobile phase: MeOH-H20 (50:50) Carrier gas: Nitrogen 

Flow rate: 1 mUmin Flow rate: 2.2 mLlmin 

Concentration: 1000ppm Injection volume: 1 flL 

Injection volume: 10 JlL 	 Splitless mode inlet section temp: 270°C 

Detector: Photodiode array 	 Detector section temp: 280°C 

Detector: flame ionized detection (FlO) 

3.2 m1iLml::~m1J1rn'lJtl\l~11 6 LL~:: 71u.~~~.nrn't1~1\1 ') 'lJtl\lm::"Jl"l£J~l 

1. 	 'j,bt.J~~.nrn't1"Jl"l"Jl"\I LL~::LLm.J'lI"~m::"Jl"l£/~l 0TI-~ 1) mh\l~:: 7.5 n1:IJ m~:IJ~lmrl 
'lJ 

m1J1~1 100 ~~~~~1 LL~lmtl\lWl~1U.~LiJu.Jltltln 
2. 	 ~lU.~LiJu.Jlll.lm~n~~l£/L~Yl~tlh~L'YIu. l..h::mrn 100 ~~~~m 
3. 	 ll.l~\I~n~L~Yl~tlhiiL'YIu. LtliLml::~~1t11mrn~11::~1~t1J l~£/1iL'YIYlUf) HPLC 

LL~:: GC 

4 . 	 'j,bt.J~~.nrn't1"Jl"l"Jl"\I LL~::LLf)t1'lf~m::"Jl"l£/~l 0TI-~ 2) tlcil\1~:: 2 n1:IJ ll.1:IJ1~n~~1£JL~ 
'lJ 

f)~tlhiiL'YIu. t11::mrn 50 ~~~~~1 

5. ll.1~\1 ~n~L~Yl~ tlhiiL'YIu. LtliLml::~~1t111J1 rn~11ffl~t1J1~ £/1iL'YIf)UYl GC 

2 



6. 	 '\.t1t-l~~lJlru"'J1 ufl::lnrm::'1f1[J~1 flci1..:lfl:: 150 aJfl~~m an~n~~"W1~~flflh­
~L'YlUU1::anrn. 100 aJfl~~~1 

7. U1~..:l~n~1~~flflh~L 'YlU 1uiLm1::~'VI1m1J1ru~11::~1~qjhw1iL'Yl~U~ HPLC Ufl:: 

GC 

4.) m1L~1mJm::'1f1 [J~1t-l..:l 1~[JiTIm1't'h1 iLL i..:lLLtJtJLLiuojj..:l (freeze-dry) 

iTI~ 1 ~n~~"wJ1 LLftlU11u'Yh1iui..:lLLtJtJLLiLLojj..:l (freeze-dry) 

iTI~ 2 ~n~~l[J 50% L~'Yl1Uflfl-J1 LLftlU11u'Yh1iui..:lLLtJtJLLiLLojj..:l (freeze-dry) 

~ Gl nT;j·'Y1 ~HH) \I 

1. ~1n~fl111Ui..:lLm1::~dJfl..:l~U 4 '1fU~ (~1111-14) ~L~[J..:l~111 (32.30 %) 13 (33.80 %) 

LL~:: 14 (21.90 %) ~1iq'Ylf5tJ£T'lLflU1'l!~fl::L'l!fifl1~~ULfl~L'YlflL1~ LL~,xfl[Jni1~11 6 (56.20 %) LLt'l:: 7 

d 0 ,,~ .. 1 ..f1,,'" 0 • • .J'!'I 	 d
(44.20 %) ~..:l~1L lJU~ fl..:l~..:l Lm1::'VI ~11 unfl ~u 'VI ~~1LL'VIU..:l LLfl::'VI mmu'Yl'VI fl1n'VI fl1 [J'lJU, ~ 

R 	 // R
2 	 /' 2 

oMeO 
R Meoyyo R 

3 ~I 3 

R 	 R 
I 	 I 

OH o 	 OMe 0 

1 R == OMe · R == R == H 5 R ==OMe·R ==R ==H 
, I ' 2 3 , I ' 2 3 

2 R ==R ==R =H 6 R = R = H- R =OMe 
, I 2 3 	 , I 3 ' 2 

3 R = R = 0 Me· R = H 7R=R=R=H 
, I 2 ' 3 , I 2 3 

4 R = R =R ==OMe 8 R = R = OMe· R = H 
, I 2 3 	 , I 2 ' 3 

10 R = R = H· R == OMe 9 R = R =R = OMe 
, I 3 ' 2 	 , I 2 3 

R 
3 

R o2 
OCH 

3 

R 
1 	 OR~Ol 

o 

o 13, R=CH3 
II R ==R =R ==H 

, I 2 3 

12 R =R =R =OMe 14,R= ---0
, I 2 3 

3 



• • 

.f .. .J YI" • 	 .f ... ::: YI If'0 

2. n11'Yl~~El1Hl'Ylli'Yl'Wn1fllYl'lJEI\I~11'YlLLl'Jn ~~,l1nm::'1!ll'J~l (1-10) L'lf'U. t']'YlliI'JUI'J\lLElU, ~'I!aJ-

llEl vh n ~1fI'fil ~ ~ (hi'llUl'V1 11 'U.) lL &1::t'] 'Yli~h'U.n11L ,;)1t!! LG1U 1~'lJ EI\I ~ &1:fiYl ';)::1it'] 'Yli~ EI 'U.'lil\1~l LL~ ~ 
L U Yll :: ~11 1 ~ 1 it'] 'Yl i iJU ti \I n 11 ~ \I ~t!! t!! 1 m LL fI t'1 L.n I'J aJ 4l11'J fi ~;, ~ 11'J ~ 'U. in &111'J ~ 'U. i'lJ EI \I 

Sacchoromyces cerevisiae 
,.:I .d o a... 4CIto fi' 0 ........ .::. 	 A 


3. n11f1nHl~fll1::'Y1L'VIm::~aJ ~1'V11Un111Lml::'VI ~11~1f1t!!~11'JL 'Ylfl'UfI HPLC LLt'1:: GC LYlEl 

1mLml::,{~\I~n~LL&1::~~~ilm.n'lJEI\lm::'1!11'J~1 Ylu'h in'Yll\1 GC 1i~1 retention time fI\I~nil li1.EI\I 

GC ~::mn 11~L11 LL&1::iii1LL1.huEll'Jnil 'U.Eln,;)lnU ~111'U.n~aJd11l41El\lL~1I'JaJEI'U.~'U.f ~1u,1'U.n11 
iLfll1::~~11 6 LLt'1:: 7 YlUil 1'U.L1u';)::~maJlrn~11~EI\liTd'~\I~~ 1E1\1&1\1m L41llr1 LLflU'I!&1 

'U • 	 'U 

m::'1!ll'J~l '1!l'1!\lm::'1!ll'J~l LLt'1::LfI~EI\I~aJm::'1!ll'J~l ~lmhiu 1~l'Jii~11 6 Elci1wrl1\1 72 -168 Llt'1:: 
'U 

~11 7 Elci1u,'1i1\1 79 - 223 ij&1~n1aJ~Eln1aJ 'lJEI\lJl'V1,rn~\lLLi\l
'U 

,;)ln~&1'lJEI\I n11~n~'lJ EI\I~\I ~n~LLt'1::~~~ilm.n'lJ EI\I m::'1!ll'J ~1411I'JL~fI&1 EI h~ l'Yl'U YlUilij ~11 6 

LL&1:: 7 L UU,EI \I ~U1:: n ElU'VI ~nLL&1:: iju1m m~11,h~t!!~Lll LL U'UEI 'U.1 u, LL~&1::i1 EI cil \I ';) ::~EI ~ fI trEI\I flU 

A..... a 5 
11 l'J\ll U,1';) 1'J'lJ EI\lLLfI'Yl11'J1 LLt'1::fI m:: 

4. n11LLU11um::'1!11'J~1~\l1~l'Jinn11~h1iLli\lllUUll'1iLlii\l (freeze-dry) YlUil in n ';)::~nil
'U 

AA A Ad .d' 4 or:' VI .... 
1li'lJ L'U.EI\I';)ln1li 'lJ ';)::~~mlaJ'1!'U.LaJEl11\1'Y1\1 L1 

'U 

"" 	 ...
Luniil'T'Hl1,'1u,'l 
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Simple Test Kits for Food Safety and Quality Assurance Based on DNA Analysis 

iJ!..I::f1n~ -n~lJVHln~ *1 UUyr1U i~f.lml'll ll~::LEl~.:n 'Yllijm
2 

, 

1 iEl\lulJul1n11'Yl11UL-;)U~L 'Yl~1 U 1~ri1UYhll~::LU lmoUuL'llElf 111~1"111l'''Hl m~m~~f mu.::l'Ylm 

I'Il~~f -;)vn~\lmrnlJ'VI11'Ylmi!..l f.lUUYHU1L'Yl LL1J1\l1\l1mJ L"lJ~U'YllJ1U n1\lL'Yl'V'l'" 10330 
'" ... q 'I 

2 
Department of Applied Physics, Graduated School of Engineering, Osaka University, 2-1 

Yamadaoka, Suita, Osaka 565-0871 Japan 

L~~~U1"11~~11-;)~1 L1-;)1U El Ul\l~l !..I~'VI1Um1~11-;)~iL8mEl
, 'IJ 

~ru111'V'lLL~::H11lJU~El~n!..l'Yll\lEl1'V111 3 11!..1m1L~Llf"i n11UU"lJEl\l bovine species LL~::"11U~1JEl\l, 
LUEl~~l n11UU"lJEl\l1:IJL~n~l1ijLLvr-;)lnct1~ ~\l LL~::n11~11-;)n11UU1J El\l-iTl11'V'l~LL~::ct1L'VI~El\l~~ 

q 'IJ 

LLU1~Ullm1lJ event E176 LLii1::. GTS 40-3-2 "11~~11-;)U1::nElU~1mrl!..11~n~&iL8ULElElUl\l~1!..1, , 
Jlm ~1'V11lJL~ lJU1m ru&i L~ULEl~1!..1U nr11mm1L~ lJmm ru&iL8ULEl El ru'VI 11 ij1::UllJ L&i!..l1 LL~::m1::.J , 'IJ 

m1-;)ulJn1m~"wm1L1El\lLL~\l n11~11-;)lL~11::~~lm1f.lcA1L i1,um1L~111!..11u 60 Ull1 1~!..I~ 

.ffu~ ElU~~1 mL~::~ ~1f1(1jL:JJ ~El\l~\l'V'lliEl\lulJu~ n11 m1~11-;)~11:IJL1~1::~lJ&iL5mEl 10 copies ~ 
mllJLU'V'll::L-;)l::-;)\l~\l 1~!..I1,y~uYmm11L~11::~~lL -W!..l\l 300 lJl'YlvlEl~1ElUl\l 

'IJ q 

iJ£Jlh"rilin~ffiJ 1) 

1,y~1 El Ul\lLUEl ~~lll~::~1 El Ul\l~"11~~ LLU1~U~n11:IJ~L~-;)1niEl\lulJu~n111imLii1::'Yl~ ~EllJ 
,r;;;;:. 6' 6' A ca,.... 

81'V111 ~ ru::1"r1 ml'll ~~1 -;)Wl~\ln1rulJ'VI11"r1 mii1!..1, 
m'jm1~;jLDUWLLfI:::L ~JJmJJ1 ill 

~n~&iL8ULEl-;)lnJlm~lL1-;)1U lJuvru;nUm1UEl!..lGl1ElUl\l~1!..1 proteinase K 11lJfllJ 
'IJ ... 

detergent 'VI1El vll\l~ElU 1~!..I1,yGl1Elul\lU1::mru 300 ij~~n1:IJ ~~:lJnlJJlm~n~ 600 LlJlm~m 
LL~1tilJ~Elru'VIl1ij 68 °C LiJUL1ii11 10 Ull1 -;)lmrmbLu,ju1i~n~::nElU 5 lUll1 "bbt1u1~LUL~lJ 

, 'IJ 

nl'iL~JJmJJlill~LDUW 
L~lJmmru&iL8uLEll~!..IEl1f1!..1L'V'l1LlJElf,)lL'V'l1:::vlEl 6 lJ1L1ru"lJEl\lriu Pth riU(Chaumpluk, et 

aI., 2006) 16S rRNA riu LLii1::lJ1L1ru 35S lU11lJL~Elflw€uriuLLu~nUii1EllJ mlJ~lGllJ .. .1~tJ 
U1::nEllJulJn1m1uu~L~Elf~~bt1U~~lJ"lJEl\l 20 mM Tris pH 8.8, 10 mM KCI, 10 mM 



(NH4hS04, 0.1 %.. , 2 mM MgCI2, 400 IJM dNTP ll~:: 10 U Bst DNA polymerase (NEB, USA 

LL~::50 uM ~L1El\JLL~\J Hoechst 33258 1<3HJtl:IJtllFi'1m~ 63°C 30-45 'U.1l1 (Notomi et aI, 2000) 

r.I ~ n nYl(9HHl \I 

'J1<31<3111,;)~lL1,;)1tJ~1:IJl'Hmn<31~iL5'U.Lmnn MATIX <3l1ElrJl\J 3 'J1it~II.<31LLri LitEl~<311 Ell'VIl1, ~ 

~<311 ,r111V'l<31LL~::ct1m~El\J I.<31JllrJl'U. 15-20 'U.1l1 ~1rJ,r'U.<31El'U.~~lrJl.<31LLri m1U<31<311Wll'U.1J<31'lJ'U.l<31 

L~n m1D'UlUl ~ 1<31 rJl.~liLfl~El\JiJ El~iu.nEl'U. m1L~:IJ1J1:1Jl rn~h5'UlEl<3l1 Lit 'U.m11<31 rJ UL tJ<31<3l1 El rJl\J 

'lJ'U.l<3l 2 ~I r.I~:lJnuJlrJl~lL1';)JtJ 18 IJI ~L<311mArm:IJ~11rJ\J1'U.1'U.1TIm1 L~Eltl:IJtJl1n'1m~ElL~El\J 
~ 63°C 30 -40 'U.1Yi ~\JLn<31i:-J~m1<3111,;),;)lnfl11:IJ~l:lJl1r11um1L1El\JLL~\J'lJEl\JtJl1n'1mL~ElI.<311U 

, , 
'IJ.r:II,cI .r!f. a_ ~ 

1\J~m ~1El black light YI"1f<31L,;)'U. (JllV'l'Yl 1 ) 
~ 

i:-J ~m1m1,;)1<31 ~l:lJl1 r1 ~ 'U. rJU1.<31';)1 n m1<3111';) ~ElutJl1 n'1m~~n m 1<3111';) ~ElU fl11:IJ1.1'lJ El\JtJl1n'1m 

LL~::fl11:IJ ~l:lJl1r11'U.m1rlloll~\JtJU~V'l Elh 1<31 rJm1<3111,;) ~ElutJl1n1m~~n LL~::fl11:IJ1.1'lJ El\J 

tJl1n1rJl LL~<31\J1UJllV'l~ 2:-6. 

m1m1,;)lLfl11::~J\J~:IJ<31'Yln,ru<31Elu1iL1~lL ~rJ\J 60 'U.1l1 1<31rJl.~~lLtJ'U.~ElJ~\JV'll, 
,xEl\JtJl1u~m1 LL~::~l:lJl1r1~~tJi:-J~m1<3111,;)lLml::~,;)lnm1~,;)11rnlm1L1El\JLL~\J'lJEl\JtJl1n1m ~\J 

rl11,x~l:lJl1r11U'J1<31~lL1,;)1tlit1.tlhl'U.\J1U<3111';)Jllfl ~'U.l:IJl.<31El rJl\J L~ :IJl::~:IJ m1~,;)11rnl<31U 'Yll-l., ,~ 

, I ~ Ii" 

V'lU11:IJ~mm11Lfl11::'VI 
~ 

Li:-JrJLLw11i\Jll-l.1.~11'U. l1 



nlYlfi 2. A) 

positive template control L<l1.\ 2 ~'1lcilJ non template control L<l1.\ 3.il1lcilJ~L01.\L[J~lmd1ltf\ n<l: 8) 1-II'ln11Yl~ii[JUf\11:IJb 
'IJ1lJtJ~ n1£J1L~oihJ1:IJlrnLL~LLUUl1.\JtJ~l1.\l1.\n1ltJtJri<iilJ n1.\~ln OJ n1ltJtJ 

nlYlri 3. A) species L<l1.\ M LLii~J:IJ11Ln1lf \I'l1.\ .i'WcilJ 

positive template control L<l1.\ 2 .i'1lcilJ non template control LI'l1.\ 3.il1lcilJ~L01.\L1l~lmdolri LLI'l:; 8) 1-II'ln11Yl~ii[JUf\11:IJ11 
'IJOJtJ~n1!.nL~1liim:lJ1rnn~LLUU11.\JtJ~11.\11.\notJTIri<iilJn1.\~ln 100000 OJ 5 n1ltJtJ 



1l1~~ 4. A) porcine species ~'eJcil~ 
positive template control b~'" 2 ~'eJcil~ non template control L~'" 3~leJcil~~h~"'beJ'illmdm'll-m~::; 8) f-Iflnl'lYl<>lSleJuml:lJ'h 

~ 

'1JeJ~t!~n1mdjeJihn:lJ1llibbJJbbUul"'Ju~lUl".nmJTI~~1~n"''illn 100000000 ~~ 5 nlluTI bb~::; NTC '\'I:lJ1[J~~ non template 

control 

positive 

template control b~'" 2 ~'eJcil~ non template control LIm 3~'eJcil~ NTC '\'I:lJ1[J~~ non template control bW::: 8) ~H'lm'lYl<>lfleJU 

ml:lJ'l1'1JeJ~u~n1mbrieJiim:lJ1llibbJJbbUlJl"'Ju~1""".neJuTI~~1~n"''illn 1000000 ~~ 5 neJull 



mw~ 6 ~1i<ililrn.n~iL51.l.L!l~M'l1nn1'l"L~1Jm1J1rn~iL51.l.L!l'LJ!l~'1il1tW'ili'ilLLlh~1.l.1im'l"1Jilmh~ (event E176) um M. , 
LL~~H1JlfLn!lf L,m 1 ilEl£h~~h51.l.LEl'illntmmw"n~ii<il~L51.l.L!l 35 S element um 2 'Il'ilmUYl1J<1U non template control , , 
L<11.l. 3ilElcil~~L51.l.LEl'illn'1il1tW<ili'ilLLlh~1.l.~nn1Jtil~1i~ (reference control materials)lL<1:: 8) ~mn1'l"Y1'il~eiuml1J"h'LJEl~ 

tJ!)n1ulLrlEliim1J1rnLL1ilLUul1.l.JtJ~lm1.l.nEltJtJyj~1~n1.l.'illn 100000 1i~ 5 nmJtJ LL<1:: NTC "'1J1u1i~ non template 

control 

1. 	 Chaumpluk, P., Chikae, M., Takamura, Y. and Tamiya, E. 2006 . Novel 

electrochemical identification and semi-quantification of bovine constituents in 

feedstuffs. Science and Technology of Advanced Materials? :263 - 269. 

2. 	 Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe, K., Amino, N. 

and Hase, T. 2000. Loop-mediated isothermal amplification of DNA. Nucleic Acids 

Research 28:e63. 



• • 

• • 

2 Dimensional OR code for the integrated control on food safety in supplemented 

foods 

'" 1 to- 1 ~ .. ~ .. 2~ 2 
b~El'U, ';) n~~~· 'll"'U,'U,'Yl1 b,;)1'Y'V'l\l1'\ ,;)~1l bI'\1'l1~~~:IJ 

bb~::tJLI::in~ 'll"~:IJ'V'l'ln~ 1
• 

1 iEl\lU~u&im1'Yl1l'U,L';)Ufl1m~'ll"LL~::I.Utm']'U,b'lfElf lllf11'll"1'V'l'l n'l1l'11 ~~f mU::l'Ylml'l1~~f 

,;)Wlfil\lmru::IJl't11'Ylm~LI 'V'ltml.'Yl n1\1L'YllAlt.j 10330. ... . 
2 0 ...., ~ &:II 

~'U,n\ll'U,flm::m1:IJm1ElTVI11LL~::m m::'Yl1l\1~11111m~'ll El . L:lJEl\l ';) . 'U,'U,'YlU1 10110 
3 4C\ 6' fI a,::!ll 

m:IJ1'YlmI'\1~mm1LL'V'l'YlLl m::'Yl1l\1~1ll11m~'ll El. b:IJEl\l ';). 'U,'U,'YlU1 10110 

.... I 

11 't1 ~H;UJU 

l.~vr~'U,11::UU OR code ~lV1rU~mfilfillaJUfil El~.nrJ1'U,~~~.nm"Y1L~1:IJ EllV1l1;J'U,,;)ln
'IJ 

"" "" A_fl~ "'" 0_ 
m1~1l\1:Ul'U,'llvaJ~ ~ ~~1l m'YI b~1aJEl1V1l1,;)1 n'll v:IJ~'ll El\l ~l'U,n\ll'U,fI m::m1:IJ m1EllV1l1bbfil:: m 

u 'IJ 'IJ 

m::'Yl1l\1~ll11m~'ll Lb~::UrU1i El ci1 'U,1U :Ul'U,"JJv:IJ~ php vr~'U,l m1L~v:IJ trJ\I"JJEl:IJ fil fir.YU1tllfl 
't III cu ~ cu III \.1\1 

l'hl.~1~Llm11i1~~ OR ~1'U, website www.qrchula.com/qr ~1'l\1;J'U,~lL1 tU1bLm:IJ Adobe 

Dream Weaver CS3 m1~lfi~m1rll\1l'U,t-J~~.nm"Y1~'U.f1l';)1\1 LL~~\l1id~'U,11~U1tllfl 
'IJ 

~l:1J11{lhl'Yl1i'V'l't1LfI~ v'U, ~ b"JJl~1l,;) ~ElU"JJv:IJ~ ~1'U,t U1bbmaJ Kaywa reader t~ rJl.:lJn 
'IJ 

I'll1i~1L1 bb~:: ~l :IJ11{l~1l,;) ~ElU"JJfJaJfill'lll:IJU fil fJ~.nrJl.~l~ rJ~1\1 "lh rJ1i m1~Lb~flll:IJ 
'IJ 'IJ 

U ~ fJ~.nLI'll El\l EnVll1b ~1:IJ ~'ll lll'V'lrlll.~~l rJ;J'U,• 

A""1 j) nl'iflVI ,Ul \I 

1. ~1'1\1 :Ul'U,"JJvaJ fil flll:IJ U fil El~.nrJ'Yll \I fJ1V1l1L ~1aJ ~'ll lll'V'l t ~ Llflll:IJ"h:IJ n fJ~l 'U,"JJfJaJ ~,;)l n 
.u cu , \J 
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Fruit coated mineral supply for healthy aging 
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"L(.9lTt tl'" (.9lUl" ,"3.1 ")::"\I~ ~")::3J1V1 , "'YI fi'W") L(.9l3J 'WU ,UJn iii , iii mHU>l VlUl" u u. u 

a~rnu'UiitJtf1'V\::LLf1::i~CiI ,;)wlf1\1n~nhJ'V\li'Yl tJ1 ~tJ n~\I L'Yl'V'l'1 10330, , . 
n~\I L'Yl'V'l'1 10330, 

..... I 

U 'YI ~ (;U.J tl 

\ll'UiitJdaJ\ll4'~'Ulirrm~LCil1mJ~fflJLTl~ flU ~~Cilnru~'Yll\1m~Lm!l-Cil~ ~!1Tl,ru~lJU~~'Yll'UL~ °LLf1::, 
~l1!1~m~lJ~l~fl1'V\l~"1fUCil~l\1 ') f1\1LU tCiltJ'V'lfl~Lmrf~,;)::Ul1!1LCil1tJm,j'U~fflJdL~LLri L,;)f11~'U LTl 

.... .. .. t .J...., • 11 .":'1'" .J '" ....., .J'tCiI"ll'l'U flf1';) L'UCiI LLf1::m~l,;) LL'U'U CiI £.I ~1~fllV11~'YlLCillJf1\1 LlJ ttV'l f1lJ'YlL CiI~tJ lJ,;)ln'V'l fl f1LlJ fl1LV1 f11'UTll~ 

!1m~m::,;)ltJ~ltJmh\l~J1L~lJfl ~~1~qj~fflJdTll~tU1\1LL~\I ~1~fllV11~'V\1flLdlll~"1fUCilIii1\1 ') ~';) 
l"1fl'Um~~m!l-lTlf\ldL-rl'U LLTlLWntJlJ oU\lYl LVI~n Vl1fl tflLlJm-3 L,j'U~'U l'U\ll'UiitJdL~~ltJ\ll'Un\l 
irrm~L~lJLLTl f1 L6JlrJlJ LLlJnUL.nrJ lJ i\l n::~ LLf1:: LVI ~n f1\1Lul'U~ fflJ ~LCil1tJ lJ,;)l n LU t fl'V'l fl ~LlJ flnCil £.I 

irrm~~~lJf1\1LUtCil rJCiI~\I LLf1::irrnTHCil1tJ lJ~fflJ~L~ lJ~arf1iWlJ fl\ltilaJ'UtflLlJm-3 f1\1LU tCilrJLCil1rJlJ 

ilaJf1i'UliL,j'U multilayer emulsion L~flL~lJTll1m~nrJ~"lJfl\ltilaJ'UtflLlJm-3 Iii flufin~m 
flflnoULCili'U tCilrJmitJL~LCjt1tJlJ secondary emulsion tCilrJm~LTl~flU primary emulsion ~!1LTl6Jl'U 

° 0 1] 

L,jttilarf1oU'r'hrJLflflf~ltJ'V'lfl~LlJflf (PDAD LLf1:: LTltCil"ll'l'U) ~n.ff'UVlrt\l ~f1~L~,;)ln\ll'UiitJdL~fl 
U~:: tJnCill'U~1'Um~L~ lJ ~l~fll'V\l~LLf1::im ij 'U~llJn\l til ar'U~~1~ru LL ri ~u~tll Tl 

, ., 1] 

A""d fi n1")'YI (;l iii tl \I 

~m+1~iiI~tl\ln1")L~~tlU ~iillaJ~'HJVlGf3J'1l'~(;l~1\1 'J ~ m~"n'l:trn::'YI1\1n1 U1l1'W~tl\l ~.r\l 

LCil1tJlJ~1~f1::f11tJ 2% LLf1:: 4% (%w/w) "lJfl\lt"ll'L~tJlJ5f1~L'UCiI, ~1~f1::f11tJ 5% LLf1:: 10% 

(%w/w) L,;)f11~'U LLf1::~1~f1::f11rJ 1% LLf1:: 2% (%w/w) LTltCil"ll'l'U LL~l~lJTl~\I"lJfl\l~f1~f\l~~l\1~ltJti 
° • 

~::fllCi1LLf1::L ~CiI ~11iLLi\l LL~1f1\11'U~jf1::f11 rJ LL~f1::"1fUCiI 1'ULL~f1::Tll1lJ L-lllJ-ll'U l4'n L l1JttCil::LLm\l 

';)'Un~::rr\lLaJ!1~1~f1::f11 £.I VI tJCilf1\11!1';)ln ~ f1~f\l ~n LL~T~'\IL1liLLi\l i\lLnCil~m!l-rn::'Yll\1 mrJll1'V'l 

n1")L(.9l~U3J primary emulsion 

primary emulsion "lJ fl\ltil aJ'U'Yl'Ul1 'U ~::Uutilar'U1tttiltCilrJ!1LTl6Jl'UL,jtt~arf1oU'r'h rJLfl flf 
1] 

TllUTllJ pH =6 ~m~mCil1tJlJLCilLCilrJ homogenize ~1~t-l~lJ~::wjl\1tilar'U'YlmLLf1::~1~f1::f11rJ~ar
• 1] 

oU'r'hrJLflflf ~5Ci1~lRl'U 5% flU 95% tCilrJtilV1un d'1'U~l'Ul'U 5 ~fl1J ~fl1Jf1:: 2 'U1Yi tCiltJliLTl~fl\l 
homogenizer (Polytron PT3100) 



~ "" I "" ...,J'l ':-'l '" ""' ~lfl'lf1Vi1th3J1m m "~~3J3Jn1"::Vi11"'VHHH3Jtl1"'t1 !I' mn11"Lm1"~3J secondary emulsion nu, .. 
primary emulsion 

1ll.m1~m~ll~m~ltl1mrn~\'l~~"lJth'l primary emulsion ~~lm1m~hJ~.Jlll.~1~::~1IJYH)~
'II q 

lJJt:rh~El~,;)::L~ secondary emulsion ~l~t11J1 ll~::iitl1mrn"lJEl.J'Vm~lJJEl1'trElIJ~~~ 1~1J cationic . , 
YlEl~lJJElfYh"1l"1ll.m1~m~nii' 2 "1l"il.~ ~El polydiallyldimethylammonium chloride (PDADMAC) lL~:: 
Lfll~6Jl'lll. flllJJl"JJmrll."lJEl.J~11~::~11J PDAD Ll'hnu 1, 5 Ll~:: 10 mM lL~::mlJJL"JJJJ"JJll."lJEl.J 

primary emulsion ~li~ElLJJL~El,;)l.J LL~::L~El,;)l.J 10Lyh 1ll.n1rn~~m~nnuLfll~6Jl'1ll.,fll. flllJJ 

L"JJJJ"JJll."lJEl.JLfll~6Jl'lll.lYhnu 0.1 %w/v LL~::flllJJL"JJJJ"JJll."lJEl.J primary emulsion ';)::LJJrhm1L~mn.J 

nElll. 1um11'1~~El.Jyhm1l~JJ primary emulsion ~.Jlll.~11~::~1IJYlEl~lJJElf 20 ml 1ll."lJrn::~l'hm1 

homogenize lUll.L1~l 2 ll.lYi ~-;)1ll.1ll.1ElU 20,000 rpm -;)1ll.1ll. 1 1ElU rhm1 centrifuge ~11 
~~JJ~L~~t1JJL~~ 4000 rpm lilll.Ll~l 10 ll.lYi LL~lL~El,;)1.J~1ll.~Lilll."lJEl.Jm~lL~,nnm1 

centrifuge l~t1ilLtl~"lJEl.JL'V\~l 500 Jll ll~lL~El,;)l.Jl~lUll. 3000 Jll 1~ %transmission l~lJli 

LfI~El.J UV-Visible spectrophotometer ~flllJJIJ11f1~ll. 510 nm 

n11"1~ n11"Ln~tlDn1~1 tl tl n~L~'11'OU'7J tl"DaJn'11'OU 

m1Ln~ElEln.nl~';ll."lJEl.J5aJ~'lfll.~lm1C1~11';)1~L~L~t1m11~tl1mrn lipid hydroperoxide 

1~t11iL l'If1il.fI UV-Visible spectroscopy 1~ IJ lipid hydroperoxide ~Ln~;]ll.,;)::l'htl5n1t1lnU 
2 3 3 

ferrous ion (Fe +) ln~lUll. ferric ion (Fe +) 1~1J Fe + l1ltl5n1IJ1nU~11~::~11J NH4SCN Ln~lilll. 

ferric thiocyanate ~.Jiiilll~.Jl~El~ll.n 1~m1~~n~ll.LL~.JL~~flllJJIJ11f1~ll. 510 nm 
'II 

1ll."ffll.~ll.l1lm1l~El,;)1.J primary lL~:: secondary emulsion L~Ell~ii % JlaJll.LYhnll.lll.lL~~ 
~1~~JJ LL~::L~~IJJJ1~iitl1m~1LYhnu 10 ml ,;)::C1mnulll."lJl~~jj~.hil~L~m}El.Jnll.m1

'II 

Ln~tl5n1IJ1ElEln'ih~';ll."lJEl.JJlaJll.nuElEln.nL,;)ll.1ll.El1mf'11ll.m11~tl1mrn lipid hydroperoxide 
1 

l1l 

m1~n~ lipid hydroperoxide ,;)ln~aJ~'lfll. 0.2 ml ~11J~11~::~11J~~JJ1::'V\11.J isooctane/2­

propanol (3:1, v/v) 1.0 mLl1lm1 vortex ~11~~JJ~L~Lilll.Ll~1 30 ill.1Yi 'V\~.J,;)ln,fll.l1lm1 
, 

_ d i"d ca,., 

centrifuge ~~JJ~11~::~1t1Elll.1'I1t1'YlLLlJnElElnm 0.2 ml nU~11~::~1t1"lJEl.J methanol/1-butanol (2:1, 
., 

v/v) 2.8 ml 'V\~.J,;)ln,:rll.L~JJ~11~::~11J NH4SCN flllJJl"JJJJ"JJll. 3.97 M 15 III LL~::~11~::~1t1 

ferrous iron 5 III LL~::\tl~11~::~1IJJJll1lm11~m1~~n~ll.ll~.J~flllJJIJ11f1~ll. 510 nm ~.JLUll. 
~ 2"d_ X 
/\'max "lJEl.J [FeSCN] ~'Ylln~"lJll. 

"" ... 
~nn11"'t1~n tl"LLn::1"11"m~n n11"'t1~n tl" 

n11"~n'lf1~n'7Jtl" n11"L~~ tltmnlaJ'<K1 ~YJ Gf3J!I'~~m1" "J mmrn'lfm::'t11" m ~111""'7Jtl"~f,, 
~~JJ~L'V\m::~JJ,fll.~El.JLJJ Ltl~ lJll.lltl~.J~n~rn::'Yll.Jm 1J111Yl"lJEl.J ~~LaY YlUllLJJiiflllJJ 

LL~n~l.J'Yll.J m t1111Yl~1'V\fu ~ ~LaY~LfI ~ElU~llJ 2 LL~:: 4% el~~Lll.~ LL~::Lrlmtl~IJULYilJunu~~LaY~ 
LfI~ElU~l tI 5 LL~:: 10% L ,;)~l~ll.YlUlliiflllJJLUll.aJll.ll1mnnil ~l'V\fu~f.J~LfI ~ElU~l tJLfll~6Jl'lll. 
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~-1 ijmu.l:uJlJ1l1'U.m1~1'U.LLlJf1YiL1tl V'llJl1Ln~~,rlmf1,}'U.1l1 tll 'U. 1 1'U. ~-1 ~,rlm f1~Ln~,}'U.m~11Ln, 
,nn acetic acid ~b1'U.m1L~1mJi;l11f1::f11[Jlf11~"lfl'U. 1~m-;]f11~'U.d1'U.V'ltl~Lmrf~L'VI3J1::i;llJ~i;l~, 

~... I ... .-d'l '!'l'" ....
~mHTHlth3J1m m v(1l~1I11a"i:a.n1\1'VHHHlIil"iYl L2f mn1"iLGl"illll secondary emulsion nlJ 

, OJ 

primary emulsion 

-;]1 n m1~m~nmllJ ilJ vr'U.TI1::'VI11-1tJ~3J1rn"lJ tl"V'l tl~ LlJ tlf~1"151'U.m1L~1 [JlJ secondary 

emulsion nlJtJ~3J1rn"lJ tl-1 primary emulsion i-1LLi;l~-11'U.ml'rJ~ 1 

Eff'ectofvolume of emulsion on %transmlsslon 

100 ,. 
60 

~ ___ 1 mM PDAD 
0 

--+- 5 mM PDAD 
-= 60 .~ 10mM PDAD 

... ~ 40 \.. 
~ 

20 

'-- ­
20 40 60 60 100 lW lW ~ 

Volume of O.15%emulsion {ml) 

wnri~ 1 LLi;l~-1f111lJi1Jvr'U.TI1::'VI11" % transmission ~tltJ~3J1~1"lJtl" primary emulsion ~L~1Jf1-1 

l'U.i;l11f1::f11[J PDAD ~f1111JLi1Ji'U. 1 (-).5 (+) LLf1:: 10 mM (.&.) 

% transimsision LLi;l~"n-1i;lm'U.1l1V'l"lJtl-1i;l11~i;llJ Lrlmr-1hjL~lJ primary emulsion til % 

transimsision -;]::ijtiiln~ 100 Lrl~L~lJ primary emulsion ~iiLf1.n'U.LU'U.~arf1.nvhmtltlf LLf1::ijth::~ 
~lJ f1-1ltJl 'U.l:l11f1::f11 [J PDADMAC ~"ijtJ1::-;] LU 'U.lJ 1 mf'U. LL 1"~"~ ~'Yll-1lvh:jl1::'VI11"tJ1::-;] lJln"lJ tl-1 

, 'II , 

PDAD LLf1::tb::-;]f1lJ"lJtl-1Lf1.Ji'U.rhliLn~ secondary emulsion ~ij PDAD ~tllJ1tllJtlciIl1[J'U.Eln,}'U.
, 'II 

LLf1::l1iLn~m1~n~::ntl'U. i;l11~i;l1J[J-1tlcil'U.1tJ"lJtl-1 colloid tlci i-1J'U.til % transimsision ~-1~1f1-1 Lrl 
'II 'II 'II 

L~1JtJ~3J1m"lJtl-1 primary emulsion lJln,}'U. rhlitil % transimsision f1~f1-13J1n,}'U. L~tl-1-;]lnmllJ 


LilJi'U."lJtl-1 emulsion ~LvilJ.ff'U. Lrltln-1-;]~i;l1J1Jf11::'VI11"tJ~lJlru."lJtl-1 PDAD LLf1:: primary emulsion 

, 'II 

til % transimsision ~1i;l~ Lrlm~lJ primary emulsion mn,}'U. V'ltdlLn~ complex ,}'U. 1~[J, 
complex i-1n~11~n~::ntl'U.tltln1Jl ti-1~f1litil % transimsision i;l-1,}'U.tlcil-111~L~1 ~-1-;]::LU'U.-;]~~

'II , 



LL~(jh'ln~~(jrn~"'nl,\tll.ntn~mmfht'VHn::v,il~ primary emulsion LL~::Y.Hl~L1JE)'f~1i 1'iltl complex 

~Ln'il;tltULn'il,nnm~Yhtlfin1tJl~::v,il~ primary emulsion ~mmnlt'v'Hl'Yhtlfin1tJ1nlJ 
secondary emulsion ~L'il~tJ1JL~ ~~\Jlnm~f1m~l,;)::L~il~'il~l~lltJlv".tnriLv,1Jl::~1J~::v,il 
PDADMAC LL~:: primary emulsion 5Jf11L'Yl1nU 2.6 i~,xltlltm~f1n~lL~ElL~~IJ1J secondary 

emulsion rili PDAD ,xlt~,,'iitJL~Eln~'il~l~lltJlv,un~~~wnil 2.6 L~n~ElIJ 
'U 

1fin1"i-l~ n1"iLn~ililn~L~i'u~il"l~aJ" 

\Jlnml~~ 2 ~lJil1wrll~ 4 lltLL~n,xlttl1mru lipid hydroperroxide riLn~;tWlJEl~ 
primary emulsion nlJ secondary emulsion 5Jf11L~LL'ilmh~nltmnun LL(jlLrlElLl~l~lltLtl 51lt 

tl1:1J1rn lipid hydroperroxide ~Ln'il;tWlJEl~ primary emulsion ,xltmnnil secondary emulsion 

El ~l~L~ltL~i''il LL~'il~1iL~ltn~f1111J ~11Jl~!l1ltm~JEl~nltm~Ln'il ElEln-nL~i'WlJ El~ secondary 

emulsion ~~nil primary emulsion ltEln\JlnUrJ~~lJilLrlElLl~l~lltLtl Bllt primary emulsion 

LL~:: secondary emulsion iitl11Jlrn lipid hydroperoxide ~'il~~ 

0.3 l~prmwy03 ~ 
• secondary' 0.:1 
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Day 

secondary emulsion 

1. 	 M. Hu, D. J. McClements, E. A. Decker "Lipid Oxidation in corn oil-in-water emulsions 

stabilized by casein, whey protein isolate, and soy protein isolate" J. Agric. Food 

Chern., 51 (2003) 1696-1700. 
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L~ "H1t'1i tl \I LL 1J '" m"HJ 

An Efficiency of Antibacterial activity from mango (Mangifera indica Linn.) seed extracts 

:AU~1il 	 lh::nlil,rrrl~ul -;lUYl'flh::m 5lJ~\lh1n ~LlJli ium::L~r.J1 ~YlTIin~( ~"lJ1u~~J· , 	 " 
mfli'lflLYlfl t ut~ fiYll\l tll'VI11 mu::imnl'll~lilf ~Wl~\lmrnlJVllimJ~""1J UYllJ1U m\lL Yl'V'J'l 10330 , 	 " . 

.... I 

1JYl"'~£Jtl 

\llui-;llJdiillil nU1::~\lTlLv1 tlfimnr] YlTI'ilULLUfll1 L11J"lJ tl\l ~11~nmln LlJ~lillJ::;jl\1~l mil LL~, 
LLtl~n~mf tlilIJLLU1 vrUilJ::;jl\1 LL'VIci\lu~n LL~::nl1LLU11UlJ::;jl\1 tlilIJm11iltl\l ~~'V'Ju ':h, ... ,. 
~11~nIilLlJ~lillJ::;jl\1~1il~11J'V'J""uiliil\lnU L~LLri 'V'J....uiLoJjlJlmnlil t'lffltl1rU~ LL~::~l;U iiflYlTILunl1 

" 	 'I 

rJ1J[f\l LLUfll1L1IJLLIil nliil\l nu ~11~nlil~lnlJ::;jl\1~U~ n 1 U~u~liil\lnu L~LL ri lJ::;jl\1vrUit'lffl tlttu~ ... , 
~1il~U ~n1U-;l\l'VI1IilLiiIJ\l1'VI;jLL~::-;l\l'VIln~'V'J11rnu1 iir]YlTILum1rJuJ\I LLUfll1L1IJL~LLIil n~l\lnU,. 	 , , 

.J IV t::: I tV!i 0..; It ~ I.J I ~ ~ tQ.~ ""1U"lJ rn::Yl~11~nlil~ln LlJ~lillJ::m\l'V'Ju~L 'lffl tlU Ulil ~Iil LL~:: LlJ ~lillJ::m\lYlmunl11il tl\l LfllJ lJr] Yllilill U 

LLUfll1L11J~YlIil~tluLlill;jLLliln~l\lnu ~11~nlil~1nil tl ril\lLlJ~'IllJ:;;jl\1~ ~n""lil~l miliiLLUlt UlJ1um 

tltl nr]YlTI'ilu Staphylococcus aureus L~~~~1il 1U"lJrn:;~~11~n'll~lmtllilUtl~iiLLUlt UlJ1um1, 
IQ,r.... 	 .., ~.J 

tltlnr]YllimU Bacillus cereus LIilIilYl~1il, 

1. 	 m1~nlil~11~lnLlJ~lillJ::1h\l 

~n'llil tl ril\l LlJ~lillJ:;;jl\1 (tlU LLi\l ~ tl rn'VI 11 iJ 60 °C) ~llJilYh~:: ~11JL tllilUtl ~ LL~:;Jl1, ... 
.­

el1il11~lU 1:4 LL~:; 1:3 mm'hiu ~lnttu1:;L'VIlJiTYh~:;~lmtllilUtl~tltln~11J rotary evaporator 
, .­

~lU~11l1~nlil~lmb ti.llJlmtl\l~l[J membrane filter "lJU1'll 0.45 ~m 
tQr.... .d. d cv I 

2. nl1YlIil~tlU r]Yllilill ULLUflYlL11J"lJ tl\l ~11~nmln lJ::m\l 

Ul~11~nmln,rtl 1 lJlfim!l-lr]YlTI'ilULLUflViL11J t'llIJ'Il11~~tlU Minimum inhibition 

concentration (MIC) LL~:: Minimum bactericidal concentration (MBC) tIil1J1iLLUfll1L1IJlJlm~lU 

1Unl1YlIil~tlU 7 'lfU,1il 'lfu'Iil~:; 1 'VI1tl 2 ~llJvrui, i\lLL~Iil\llUlill11\l~ 1 

1il1l~~tl1.lTh MIC t'llIJ1mTI broth dilution (NCClS, 1995) tIilIJYl'll~tlU'VI1Th MIC50 

LL~:; MICso tIil1J1i~11UniilU:; tetracycline LtiU positive control LL~:;1i DMSO dju negative 

control L~ tlniltl ril\l ~11~nmlnYi'lf~1::iumlm,rlJ,rUUtllJnll'VI1tlLvil nu MICsoif'uLU Lv1tl 

YlIil~tlu'VI1Th MBC 

http:ium::L~r.J1


.. 
.o:::r. i.I ""'III.o::IIi IV a I CV ,. I 

1 . ~Vlnn1Jm'WLL1J "WlLJtJ'lJ'El'l~lJM~'"llml-Jf1 ~l-J::::l-J,)'1~~Yi'W~m'l1 

d &Jar '" d &:II ..,,;: I .., f{' d I 

m'lnT'lY'lmnq,(l1lnl'i~lULL1JY1'YIL"H.I"lJEh'l~11~mr;l1nLlJ~~lJ::lJl,'1 3 V-mll Y1eJ lJ::lJl,'1, 
LiitJllJ1n~ lJ::lJl,'1h-Y1eJ,rU~ lJ::lJl,'1~ltU ~tl~n1w;),'I"'1~~Yi11ru1J1 ~,'ILL~~,'I1um11,'1~ 1 Yi1J'l1 

... ... " " ..... a' ....... ..... ... .., 0 " .::.. 


~lJ~n~Ll-Jf1~l-J::::l-J,)'1Vl'l~1l-J~ltJYi'W~~')tJ'W1~1l-J1JflI?11'Wn1JL'"lJC\J'lJ'El'l S. aureus, B . cereus LLf1:::: 

P. aureginosa Hl~ LL~ L~'El~'"llJru1~Vli~1'Wn1JL'"l1t1!'lJ'El'l~lJ~n~Ll-J~~l-J::::l-i')'1 LL~f1::::~ltJ~'WfYi1Jr)l 
~lJ~n~'"llml-J~~l-J::::l-i,)'1vrmh;ml-JJnI?1 ~1'W S. aureus 25923 1~~nr)1 l-J::::l-i,)'1vruiL'Il"''ElU'Wvl LLf1::::, . 
l-J::::~,)'1vrufvhi'W LLf1::::~l1-l~1J~Vli~l'W B. cereus 11778 '"l::::L1Jm11'W'El'lL~mn'Wn1J S. aureus 

1'W'lJ ru::::~~lJ~ n ~ L'ElVl1'W'Elf1 'lJ'El'l Ll-J~ ~l-J::::~,)'1i'l~ ll-J'Illl~J'W 1'1 ~Vli~h'Wn1JL'"l1C\J LL~::::\1,h LL1J "'VllitJ~ 
U.1l-J1Vl~~'EllJ1l-iLLl?1n~1'1n'W t~mL~~'1~Vli~1'Wn1JL'"l1C\!'lJ'El'l B. cereus LL~:::: P. aeruginosa 1~~~~~ 
;'1 LL~ ~'1r)1'El'l AtlJ::::ml1J'lJ'El'l~l J'El'Eln ~Vli~~ n ~ ~,)tJ L'Eln1'W'Elf11'1 "'') 1l-J LLI?1 n~1'1'"l1 n~lJ~ n~~')mf1 1~ tJ 

~11~n~~1 tilt1~ LLul1ulJlum1~lULL1JY1Yi L1tJffii''(l~~eJ1JL~nl1 ~11~n~~1 tJ LeJ 111 UeJ ~ 

LLllflyiL1[Jri'l,r 

'YI~aClll 

a1"lan~LlIfi"uJ~lh~ 

Lii[Jll1"l"n~ hfl~tr\l.<If ·,hr\l. 

LClll'Yl1\l.Cl\1 (f..I.g/ml) \h 

(f..I.l/ml) 

L!lll'Yl1\l.lHl 

(f..Lg/ml) 

'.41 

(f..I.l /ml) 

Lll11'YI1\l.lHl 

(f..I.9/ml) 

'.41 

(f..I.l/ml) 

MIG MBG MIG MBG MI G MBG MIG MBG MIG MBG MIG MBG 

S.aureus 25923 3125 6250 <30 60 1562.5 6250 30 500 3125 6250 250 500 

S.aureus 65388 6250 3125 250 >500 1562.5 6250 250 500 6250 6250 250 >500 

B.cereus 6228 6250 >6250 250 >500 390.63 >6250 250 >500 390.63 >6250 125 >500 

B.cereus 11778 390.63 781 .25 30 125 390.63 6250 30 250 390.63 781.25 60 250 

E.co1i 25922 781 .25 3125 250 >500 781 .25 6250 125 >500 781 .25 6250 250 >500 

E.coli 8739 781 .25 6250 500 >500 781 .25 6250 500 >500 781 .25 6250 500 >500 

CI.perfringen 16637 

S. Typhimurium 

781.25 

781 .25 

6250 

3125 

500 

125 

>500 

>500 

781.25 

781.25 

6250 

6250 

500 

125 

>500 

>500 

781 .25 

781 .25 

6250 

6250 

500 

250 

>500 

500 

S.Choleraesuis 781 .25 3125 250 500 1562.5 6250 250 >500 3125 6250 125 500 

P.aureginosa 390.63 3125 30 500 390.63 6250 30 500 390.63 6250 30 P5 

L. monocytogenes 781 .25 6250 250 500 1562.5 6250 250 500 390.63 6250 250 500 



2. fI'Yl ~l9il~LLU~Yi b1~"l.I fl\l i1l1'ii1ln~~1 n UJ ~~l.I:::3-il\1 i1l~~ijLL 'YIa\lUiiI n 19i1\1n~ 
'U 

nT'J~mndli3J::lll\1vl'u.i1 'lfTltlltu.~~~ ~Ul'lnlu.L"lJ<i1,)\lVll~1 L-lfEJ>11V111 LLl'l::,)>1V11<i1, v 

~~11rnU1 ~U-jl 'llIT~'lln~Ui91 n Ll-J~ ~l-J:::~'J'I~\.lfil'll fltlUt.!r;]~U~ n91 ni'l'lltl'l9'1'W)IYI ~'JtJ ltlDlt.!tl~~ 
, , III 'U 

ml-Jl ruhi LWln I1h'l n t.!tltJ 1'1~UtJ~1 "'OJ 'Vll'l 'lln~ UI1l'll1 n'l n ~~1~91nLl-J ~~ l-J :::l-l'J '1~iJ llVlri'lU ~n 111 1'1 nt.! 
~ ~ 

9:::iJ ~Vlilt.!n1T~ht.!lluflVl L1tJ~l~Vl~Mlu lll1l~:::'llltJ~t.!~ll(;]n 11l1'1n'W l~tJ'llIT'll n 1Y191n ll-J~~l-J:::l-l'J'I~t.!~ 
l'DfltlU'Wr;]~lJ\l n 1 t.!9'1l-"r~ l;tJ'Ill-1l-l ~'JmtlDl'Wtl'Cl9:::lil~1 MIC LL'Cl::: MBC ~1 n~I'llIT'll nIYl91ml-J~ 

l-J:::~'J'I~t1\l n It.!9'1w) ~~~~~ru1.tf L'Ilt.!l~tJ'J nU'llI~~'ll n~~'Jmfl filil t.J'Cl L'lit.!l~tJ'JnU'llI~~'lln~~'J 

ltlDlt.!tl~ ~ lilt.! l "llt.!tf LCtl'l91nin~ru:::"lJ'fl'llll-lri'ltl~n l-J::::~'J '1ll~ ::::'llf)1~fll'jtll n1 PI'lJtl'l9'1W)lYIi'l'll tl'l 
~ ~ 

d. 'iJ .c:i ..::t Q,..I (::;t l.d I .. I ... 
3. fI'Yl j) nl'i~l~LLU ~'Yl L'i~"l.I fl\l i1l1'1i1l n~~ln Ll.I iii ~1.I:::1.I1\1'Yl f.ll~ nl'iLLlJ'l"llJ 

OJ 

ld tI~n~lt:-Jiil"lJ tI>1m'ilLU11U~ mrYlli~Iu.LLUflYil1EJl<i1 EJ 1 i3J::lll>1vl'U.i1 'lfTl tlltu.c;~<i1v , 

lliil::3J::lll>1~t.!fi[ 'lff1 tiltu.~~~hu.m'i~tI\ll~3J~Uiil n 1 U.,)>1V11<i1l-lfEJ>11 VI 11 ~Ul1n1~tltlnrIVli'IJtl'l'llI~ , v "I 

ltlDlt.!'fl~1il t.J~ 1t.!n1T~ht.!n1n91C\!'lltl'lllU flVl L1tJ1~ l"llt.!l~m nU'llI~'ll n~91n ll-J~ 1YIl-J:::l-lI)'1'll~ 'll1~'ll nlYl 

Ll-J~~l-J:::~'J'I'llIYlLL~:::~tl'l'llIl-Jl~(l~IL'l!~~'IJ'fl'l B. cereus 1~~~~~ LL'Cl:::~ul'll'W19~tl 'll1~'llnI?l91n 

l-J:::~'J'IlYItl'l~'Jm'flDlt.!'fl~Ll'll~'1llt.!'JLUl-J1'Wn1~~h'Wn1n91C\!'lltl'l S. aureus, C. perfringens LL'Cl::: L. 

monocytogenes 1~~n~I'llI~'lln~91nl-J:::l-l'J'I'll1Yl 

~1'i~n~ L3J ~<i13J::~h \I~l Uttl LLiil:: Ltl 1ilU.tliil ii ~11U'i::n tlU~ ii fll'lli~lU.llUf1Yi l1Urn'lflu.m 

l'l~~tllJll<i1 n~l>1nu. l<i1EJ~11~n<i1L3J~<i13J::ll1>1~1 EJ ttl iilLu.l11X3Jm1Eltlnql'lli~lu. s. aureusL~~~~<i1, 
1u.'lIrn::~~I'i~n~~l EJLtl1ilU.EliiliiuU.11ll'3J n11t1 El nql'l(~Iu. B. cereus L~~~~<i1 ~1 £Jvl'wrf3J::lh>1, , 
lliil:: lLVI ti>1Uiil n ii t:-Jiil ~ tI ql'llilu.m'i~Iu.nT'H~1ru lLiil::OJ.h llU f1Yi L1t1"lJ El>1 ~1'i~n~~1 n L3J ~~ 3J::ll1>1L~lL~ n v ~ 

~1>1 nu. lliil::L3J ~<i13J::ll1>1~ ~hu.m1uu'i'iul~ EJ m 1<i1 El\l L~3J rJ>1 f1>1iiql'lli~IU.LlU TlYi L1£JL<i1111 LL~ n~l\1 
v 

.... "" UJn i1ll'Hl1 \I Eh1 

National Committee for Clinical laboratory Standards (NCClS). 1995. Reference method 

. for broth dilution antifungal susceptibility testing of yeasts. Proposed standard M27-T. 

National Committee for Clinical laboratory Standards, Villanova, Pa . 

http:i3J::lll>1vl'U.i1
http:nT'J~mndli3J::lll\1vl'u.i1


Determination of Plasticizers Leach from PVC Gaskets by GC/FID 

nT~·~hml::~"'T'H~hJUI1i\l~ ~I"'~ nL~ ElLYlAUA un"'LWHJILliIn--n~fj~1mJ LA~tl\l ~1'),;)-l~U1J1J FlD 

1 oQ, Loo ~.A ~ 6' oQ, " 

111m'll11fl~m~m flru::1Y1[J1m~~1 ';)m<l~mnUJ'VI11Y1m,HJ, , 
2l11fl~'ll1LY1fl1 U 1<1 [jm~!l1'V111 flru::~Y1£J1m~flf ,;)"'1<1~mrulJ'VI1~Y1£J1aV, 

3'V1\bv~-;)vm1LLVn-~1LL<I::1mlJ1lrm11vH:J l11fll'lllLflii fl ru::1Y1Vlm~~f ';)m<l~ mrulJ'VI11Y1maV, 
1m (02) 218-7608 1m~1 (02) 254-1309 DLlJtf siripastr.ja@chula.ac.th 

OJ I 

11 't1 VI ~HJ tl 

L'U.1J~),llUtdJEll'V111'illmh::L 'Ylf'lL'Yl tJ El ciL'U.11 tJn11~'U.Yil Ell'V111L~11::1>'1L'U.'Lh::L~mJ1mill'Y-l~l, ~ 

~~L'If~L'IfElf'VI~>'IL'VI~ El~>'I nllm~1;)lWlJ El>'l~'VIfll'Y-l tJt 11.h~aJElt~ r.J L\l,'Y-ll::Ell'V111~1J11'il mlL'U.'lll~LLril cu 4J, , \I 

n11u'U.Li~·El'U.Lii~.ff'U.'illn n11LaJL n1'Yl'll El>'l'Y-l~l ~~L'IfL'IfElf'ill n LL~'U.U::Ln'U.~l.n'll El>'l ~1t~'VI:: "1l'U~ LL~:: 
U1m ill'll El>'l'Y-l~l~~L'IfL'IfElf~ ri ElLiLii~n11u'U.Li1El'U.J'U.~lm1n~1Till~L~~l r.J L'Yl~U~LLn~t~1mt~ 
mlyJ~'Y-li'ElaJL~~El>'lmTirr~"1l'U~ FlO n111L~11::'VI1~.yh~11JYin'U.LU1::'VI11>'1n11~n~t~r.J~1>'1~ltJ

~ 

MTBE LL~::n11rllEl~vr'U.1f~1 tJUijii1r.J1 transesterification 1'U.~fll1::~l>'1'V1 ~>'I n11~n~ L~mu~r.J'U. 


'Y-l~1 ~~L'IfL'IfElitaJ L~n ~L'VI ruLiLU'U.El'U.vr'U.1f~L'VIm::~aJ ri El'U.n111L~11::l-f n11rll El'U.vr'U.1fitLij'U.n11fi'U.£J'U.

, v , , 

~~n111L~11::l-fLL1J1Jt~r.J~1>'1LU~lr.J1'U.~lrll1i~~n111L~11::l-fij~11mh L~El ii El L~aJ.ff'U.t~ tJii~El>'lLi 
L~~El>'l1iEllL~11::l-f11~lLL 'Y-l>'l ~ ill::~1,)r.JL~lL~11::l-fEll'V111~1J11'il1'U.'lll~LLril-;ijl'U.l'U. 20 "1l'U~LL~:: 

~ , 
~m1m::1J"1l'U~ LL~::U1m ill'll El>'l 'Y-l~1 ~~L'IfL 'IfElfl'U.Ell'V111~1 El cil>'1 L'VI ~llt'1~1~ r.J1IT~L~vrflJ'U.l.ff'U., 

internal standard THF: 1-ethyl naphthalene (1 mg/mL), dimethyl pimelate (1 mg/mL), 

cyclohexyl acetic acid (0.2 mg/mL) 1'U. tetrahydrofuran 

standard solution A: epoxidized soy bean oil (5 mg/mL), diidodecyl phthalate (5 mg/mL), 

oleamide (1 mg/mL), erucamide (1 mg/mL), di-(2-ethylhexyl) phthalate (1 mg/mL), 

polyadipates (1 mg/mL), 2-ethylhexanoic acid (1 mg/mL) L'U. internal standard THF 

standard solution B: di-isononyl-cyclohexane-1,2-dicarboxylate (5 mg/mL), di-(2­

ethylhexyl) adipate (1 mg/mL), acetyl tri-n-butyl citrate (1 mg/mL), dibutyl sebacate (1 

mg/mL) L'U. internal standard THF 

http:tJUijii1r.J1
http:n11u'U.Li
mailto:siripastr.ja@chula.ac.th


standard solution C: diisononyl phthalate (5 mg/mL), acetylated partial glycerides (1 

mg/mL), dibutyl sebacate (1 mg/mL) 1"" internal standard THF 

2. 	 m1l~1tJlJi';lEJrh,,: ~:;~1tJU:;lfi"" 50 mg ~1tJ internal standard THF 2.5 mL ~n~:;mm~1.n 

tHJn~1tJ anhydrous ethanol 5 mL lfilJ~11~:;~1mh",,1~~1ulJulvtam1ilm1:;lf 

3. 	 m1l~1tJlJi1ari1"lvttJm1ilfl11::~1~[J~1": t:-J~lJ~11~::~1tJ1~';l1nm1~n~u1m~1 0.25 mL ~1[J 
MTBE 0.75 mL ll~1~hLUifl11::lf~1tJ GC-FID 

4. 	 m1l~1tJlJauvr""flllJlJ transesterification: l~lJ~11~::~1[J 15% ehtanoate U1m~11 mL ~"lu, 
~11~::~1 tJ1~';l1nm1~n~u1m~1 0.65 mL U ~tJ tJllfulin1tJ1~hlU""LUU1::m ru. 5-6 mYill~1l~lJ 

60:40 MTBE:hexane U1m~1 0.65 mL ll~::~11~::~1tJ 1 0% L~t'Ifl~tJlJLpjt~1l';lUrnlm~-;i1u1u 

4 mL lvta~~~ulin1tJ1 ~h~1~::~1tJ1~~1UlJULuilfld1::lf~1tJ GC-FID 

... .­
'W1 'i1 :J.Jb IPl 'el 'i 

. ..,. 
~1111:::'V1 bVl3-J1:::-&UJ 

column Agilent DB-5: (5%phenyl)-methylpolysiloxane, 30m x 0.25mm i.d. x 0.25 I-lm 

Temperature 

program 

initial 60°C for 1 min, 15 °C/min to 90°C, 5 °C/min t0140 °c, 15°C/min to 

320°C 

Injector splitlsplitless, 1 I-lL, 270°C 

Carrier gas helium,3mUmin 

Detector FID 

dicarboxylate (DINCH), oleamide (OA), epoxidized soybean oil (ESBO), erucamide (EA), 

polyadipates (PAs), dibutyl sebacate (DBS) ll1-l:: triacetin Ll?ltJ'Y'llJ OA 1'W'Vln~'J'Elth'l ,JhJ1ru'Y'lm'Cl~ 
," , 

hl"l1'Elfl1'Y'llJ~l?llll'W~'EltJ1-l:: 28.3-41.2 Ll?lmhwwn-II'El'lU::ln'W ']jUl?lbb1-l::tfhJ1ru"lJ'El'l'Y'l1-l1'Cl~hb"l1'Elfl1'Y'l1Jh.J 

~~ULblJ1J~lb'l.l'W'El'W U::lf'i'W'El1'"liJ'Y'l1-l1'Cl~1"l1b"l1'ElfL~tJ'I']jUl?lb~mvi';''El~1n~'1 4 ']jUl?li'J~n1J slip agent l-n'W 
" 

EA bb1-l:: OA 



4V , ...l 
(;I'J'eltl1~V1 

.., ""1 .. ...l 1. 'tJw'ii''eltl~:;'lI'el~V.~1~(;I '1iL'1i'el'ii'V1V.tJ ULLe.nA :;Lnu 

ESBO DBS PAs DINCH OA EA Triacetin 

1 - - - 31 .1 0.7 - -

2 - - - 32.2 0.7 - -

3 - - - 32.4 0.7 - -

4 13.8 3.5 21.5 - 1.3 1.1 -

5 23.0 1.8 - 4.3 0.5 1.5 2.0 

6 12.9 3.1 21.6 - 1.2 1.0 -

7 12.9 3.3 20.6 - 1.2 1.0 -

8 25.1 1.9 - 5.0 0.5 1.0 2.5 

9 13.6 3.5 21.4 - 1.3 1.1 -

10 25.8 2.0 - 5.4 0.5 1.7 2.1 

11 12.7 3.5 21.0 - 1.3 1.0 -

12 23.6 1.8 - 5.1 0.5 1.6 2.4 

13 12.0 3.5 20.5 - 1.2 1.1 -

14 12.2 3.3 20.8 - 0.8 1.0 -

15 23.2 2.1 - 6.3 0.3 1.7 2.1 

16 22.1 1.7 - 4.3 0.2 1.5 2.4 

17 22.6 3.8 - 5.7 0.4 1.4 3.7 

18 - - - 33.0 0.7 - -

19 23.4 1.7 - 5.7 0.6 1.8 2.2 

20 3.1 11.6 10.6 - 0.8 2.2 -

1. 	 Fankhauser-Noli, A, Biedermann-Brem, S. and Grab, K. fur. Food Res Technol. 2006, 233, 447. 

2. · 	Biedermann-Brem, S., Biedermann, M., Fiselier, K., Grab, K. Food Addi. Contam. 2005, 22, 1274. 

3. 	 Frankhauser-Noti, A, Fiselier, K., Biedermann-Brem, S., Grab, K. J . Chramatogr. A 2005, 1082, 214. 

4. 	 Frankhauser-Noti, A, Fiselier, K., Biedermann-Brem, S., Biedermann, M., Grob, K., Armel/ini, F., Rieger, 

K., Skjevrak, I. fur Food Res Techno!. 2005, 221, 416. 
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- W.Vl. 2548 : Yit.iJth)1UEl1515ruElLJt.15~lnV1UD5IJtJUUvIt.18v5~uu 
t 

IOlDUnSLJDvElYifl1ws,15t.1 (Rapid Alert System for Food and Feed) J11m 
~ , 

0l5JUWUliiD uaun5s1uw~cJnYiEl1S~UOlnU1ILf1u1nt.15~lnV11ns 
t 

- W.Vl. -u.S. 2548 : t.15~lnV1UD5IJtJWS1S1UI5v50l1rrt.15~lnV11ns 
~ . , 

U1IElUDUWu1un15tJDvnUUEl~ElOlliiDUaUn5S1uw~cJn IUDvU1nWEln15 
t , ~ .I ...... c-oo...., I ___ 0 ...... 

0l5JUElDUWUJ1 280/0 LJDvW~WnOlJDS1vnU11J10l5JU WUI~D 

Salmonella spp. 

- 1 n.Vl. 2548 : t.15~lnV1UD5IJtJt.15~n1V15~0un15U1ILf1W~cJnElOl (fresh 
, 

herbs)U1nt.15~lnV11nSIUUn15tlJVl51JUUnJ1t.15~lnV11nsu~iJ1J10l5n15 
, 

n15Un1LJnlUU5 t.155 51JU1lElUD oiDt.15~lnV1UD5IJtI 
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28 n.Cil. 2548 : Cilru~nSSlJ'l5n'lssTst.1• 
Cil'luct'l5'lsruct'lJUa~c;llJCilSaOwusTflCil

• • u 

(DG-SANCO) 1Cilil nu'"'o aa W'l u n'l \1 

'"' '"' ~ctn'lUlanaCilSS'l'lJnm ru nSousctl'ZIact 
u • , 

l1.Q a1nt.1s~ln~lnssUU'lIGl un'lsun1'lJ 
uru n'lri IflCiliiuflut.1s~ln~uasI:> SLCil S.... 
m:>u nOUUd'lt.1s~ln~UaSI:>a\)~llilCil 
wuctlJ'liin ctnfl'lwsTst.1 um• 
t.1s~ln~UaSI:>ait.1ut.1s~ln~ctlJ'liin 

EFTAlEEA 1ioiln'lsrl'lO'lut.1S~ct'lUflU 
n'loctnfl'lWSTst.1 maaCil I:>a'l

• 

U'.''''1".tJ 1 
EUROPEAN COMMISSION 
~ftoIl~"""'-OTec;rIOflQInCCT'C)jItATi~ SANCQ 
--<;..... 

2 B. 07. 20D5 
BMlaeh. 
LX. UHcom:VI1.Jll'/JBIn,h 
~lIl(>OOS) 

Your fJtu"""'Y. 
The Europe.. (""""",vnily lw ....bliohcd • IUpkl Alon 5)o>"m fo, Fuod rnd Feed 
(RAS!1') lJuoough _ 1bc Mom"", Sill", of tbe Europcon Union and tho EFTAlEEA 
=01.. =~ inr",.",.,;o. on food ...J r..d wbit:h .,.y pose • ho:oallh huon!. ',1>0 
legoJ u. i. R'ruJltion (EC) N'17&1l002 of !be European Put;'""", and of tho 
Cou",~ or 21 J.., ... 'Y 2002. 1'brt>ugt 1hI. I)'<IrnI Iho Co!Dl1liman and tI,e ).!auber 

Slatet &R wOI'TIlC'd about c£'ffcn;nl typel ofproblcm:ot lIuch 1& microbi.aJ, vir..), chc~ 
or ndioIctiV'O contaminatiOll.. 

10 Lhi, ~.~ 26 May 1~ IDI1 B July 2005, the Commission lcrv1cea were 
itll'ormod III<IJoaI> !In. RASPI' of"'" n:pOOlOd F""'." or s.JmoncJJ.a ...d F.JclIcrjebio
coll in ~ ,,., berl>1 _ lHAIl.M1.l. Thcae loa", been .o<iJIod to )'Ou in 
~lDOO willllhc """,,"I proeodIzre, &oveming 110, RASP!'. . 

Dc'LIilal information is m.cJted. Thll il a man«o!saioua concom... 

I am putlcal.rty co_ u doe foOowiog establi<bm""tI wen. found to be ~y 
In>1llYCd: Clluobo..... 1"'1""' &pc.rt And Pu"-l;i>, Lrd (6 timec). W.H. Tndinc Co. 
Ud. (J lbueo~ Mr. G""", Cc><:opany r""b _bio< ~ INiIi (6 tim«). Siam T. F""b 
Lid. PU1D<Dbip (J timeo) ond Thaiva lmpon-Eltpott LId. (5 times) 

I ....,.]d be ,.n:M if)'OO """Id Ii.... III UrumlJ:() !bot moasu:ea ar<: being 1>ke. '" 
.ddn:", 1Ileo< COlIeelU.I .,., proviclo us willi IWJ deW!. o( thr;oo mcllU=, e.g. !he 
in¥'UticlOoa ~ 0.1 by tbo COmpe1en! ulbarih:a ,Dd eomcti~ &C{iom; undena.bll. 
both in 1Ile _h\idlmoou corx:en.ed ,n<! for aU o!b<l _blWmcoIs ",I>iclo oxpcn III d.< 
~UaJOD. 

P..... ocnd me !be iAfurma';on ....aoned .- II >nun .. pamol.. I would .lao lib 
UI '""" yooc ll'tC.I:I.I.ian 10 the fact hi, in Lhc: .beeIc.e (If tho 1l:ltYtnt inronnahon. ~ 
~ Voioo coWd be obliged \0 c::nvi.uCC addjtioo&J mcantrea in order to ~ irr 
con.umen. 

I~-m."'-

Hi, E.u:cllcncy Mr Doo PrunudovinBl ... ·~.~ELMiaskm ofThitiland '0 the Eu:ropct.n lJllinn 
2 Sqo", du V,I d. I. cam",. "",t... ~·~~-
1050 Bru....ls ...".'::.-17:Je~~.il 
C~~,I'ILW'I~/.r:::~Coo''''''''''D--~04I ...... IWgI~t~ \Sl4:I%illl1'' 
0IrIcII: 1z;p4ol43.,. T~;"I'Id"" (l'l'''lm38a:1,f'U;Q'2-2I7N ,..,fI. 
J:4N\; ......O""'.p~lN.n 

http:corx:en.ed
http:microbi.aJ
http:U'.''''1".tJ
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we·bsite : www.thaifruitve.gass~oc.c():ml 


mail :~ i1nfo@thaifru.litv'egass:(!)'C..CQID. 
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Fo IQ<d P"<r I co- Ol&_ndrvr,. otIo 1l: .2 DaCill"y. 3- CGJr"O='lIIIS.4 SI:..Ilr9~r •Fat't.s 5In,dle-x ' 

2000 92 100 ' .06­ as 72 1<OS 
200 11 94­ 100 11-:J 7 ' :87 72­ 11 1 
,20>02 93 96 :8 Go 95· 91 as 
2003: ~O2 105 l 'O()S ~"8 105 91 
20.0.& 11113 118. 1J3:0 1:08 1'17 9 '4: 
2 005 11116 '2:1 1'415 104­ '1 '09 127 
2006 "12,6 1115 1138 1'22 117 19® 
2007 "156 1 2 1 2 4 7 1>68 174 12.9 
.200'7 ~J <;>tV' e l'''nb.e- r ' 117'9 :126 302 1:99­ 221 1 30 

O-eC€'lT'lbe-T "ISS '123 295 2.19 226 137 
::?C·OS .~ ~nUlary "195 126 281: 2 .34 250 1 54 

-eobruary 2"15 128 278 277 273 11 73 
M 'aw-ch 2:"17 132 276 276­ 2BS 1 ·69 
Aprj 'J ::.!:11.4 131:~ :2.06 2 .78 2:76­ '1-1;)· 1 

M i2t ~1 .2"1 S 1"':2 2·65 2 ,.0 280 15S 
June 2"1'91 '14t!1 263 27:;3 ,2"9,2 " 5 6 
J~J~... 2:"13 1 A:~ 264 2 5 5, 2:73 1 ·8,3 
A !L!'9i u sit 210"1 146 2.47 240 230 lSS 
'S e pot e-'m b-Er­ "190 148 218 2.2.6­ ~09 '174­
(',:) <:toO b e i(' ... ·156 143 1"97' 1;90 162: 1 5 3 
'.J ov·e II'Tl b.eo r "1S3 133 1:71 178 14'1 155 

1 Food :P ·r.-ice t~cle-x: Consl:s;:-s> c.r 'cfro. ,e ,3 .... er-3.;le of 6 cor.nrnodi;:y gr·:::.up price Indt>ce-:s .fl'1-e:n'tlo..ned albo...... e 
·.~...-E<>igh't-ed ........-r.:t'o 'th€ .a: ...·'er-,ag€ ex,po-n s.'har-e-s; ·:::.f e.ach of the groups for '1998-2000: in t07:'..3 I '55- ,commodity 
q;~,J.~1:a1:'o,',~. o::o"!'!.ld·e:I"~d ~. f'AO corr"lr:nc-dHy Sope c l .a,I4 ::"l'S .e r. repre",~n ·tlng th e in'l;er-.."la't 1000"''!IU ~....r'i<=~ .:;:.tf "~he J!e-oc! 
COu"1'l rn adj'tie~ n ,o '1:ed a.re 1-n·:.ILlde<:l In :rhe o ...·era l l Index., 

:2 r~,...,~ JP",'icQ lI,."dca,x: Cons.I!.!!!. of. 3' t=:)oourcr.-y n", ..~.!'::t pr',oduc'1: Cl uO!:~l: ion:!. .!''the erver'""g~ o.p..--e-Ig'h'te-d 'b'I .'!I!.!lU n1 ed 
ft :o;.ed 1:r61 d.;;, ........ e Ig~) . 4 t:::.. :: ....· Lne 1frJ.fr,3.';:: pro,:::!uc1: quc. :::a'tion s; { .a .... erage ...-vei-gh1:edl by i315:5;urY,ed fixed 1:rBlde 
......,~ i8h'~:;. :2 P l 9 ",,,,,? ;::IT ::, p roch .l.-c;'t q U Q't4t -tian :; {.0:1· ... ..:-r-llge ........ '3 ;j gh~,o<!d b}' a$,5 wrn4:!'-d fix l<J d 't!f' ;~u:i '~' ·~i9h1:~). 1 Qvir;;."", lrM oJ;N",-t; 

p rOod ..... ct <::I'_H~'t:et J o,,~ {a ...·erag e ......· llet' ::I h--ted h~Jo· .& :: s.Ljrnt2,d 'fi:or;'e d I: r ecfe' ........-e· ig-'t'r t'$~ : n,e 4- rnea·t g,-.::;,up a·.o'I~r.;:.g·e IP r'ir:; e s. 
a..-e ....,,·'"2'igh1:ed b:,.· ....~·orld .a·... er.a '90::0 02'XPO!"'1: 'U"-3 'de 5h.a.re:;: fo!'" 19~14$-2{;-e-l) . 

3 Dzoa.-y' 1Pr,llco r.r1II1:lc-x: Cons.i!!.lJ.!!. O'~' b'~1:,er. Sr...., 'p. 'l.lVi'.!Ip. ch-e-e-c!Ol!!!., c..;;Is.eln pric'li!:' quot:~tlono;;;: it':tE'l 4!I",·er.fl..ge fs 

~....~Igh'to!?d by ·~"'·Q,..ld a·.·~,...age -e-xp.Dn 'tl".a.ae s b..ar.;:,s; for.- 1998-20<>::;· . 


a C,eroCo~ ~ls iPt'ace I!hd.C)~ ; L'h is. i-nde-:x is. cOo:rn p,ilecl .",,0; ;1'91 -the· 9 ,rai ·""ls. ~n:.d ,r;..o.::.e- p.rj:.~-e- i;ndJlc.e", '.....-e-19h1:·~d by' 1;he,jr 

a ... ~r,3ge 'trade :sh,.31e TtJ.r 1) '909:B--20000. Th.;;, G :r atn!S- Pr-I.=e Itl-dex =nsls.-r.s cot Irrre-rna'tlona,1 Grq'lnS Coun.-cU (loGe] 

·\·,rhC';o;'I 1; p r: .ir::-e 'i " o;;qo,>C. ;;I':'.osqol ·f -<::I ,·.·"",..-<::I ':;;I 1Ia .Q 'f '3 d ;ll!f~r ""'..-.~ ....·~ho::"~:: pr;-ir.:-'<!I q !l;;! Q ·I;:l'ot'l Q-n5,., 4:I,ndj' " '1l7'!-iJ.iz,o oexPQ'-"~ -qr..l.Q 'I;-D·1;i,-on ; 

.;;1' I:.e .... """xpre ,.;.s.in g [ tr-.e lTI a ,I;;r:e- p :rle e- f...n 1:.o 11:", I n de!-:.t; fo t'r.n, a ....,d cO<n .....e-;r'!: ln-.g 'th~ l;>.&se. -of 'tl"Je IGC Il1'li-d-*':,,:; 'to. 1 g9a~2000 , 


The A.ic<;:! Price Inde:-<, CCH 'l!S-is:t's. of' 3 cc,(T1p o<nen,t::;, ccvn't-a·j'-"'ling a'!.f"02r-ag-e p.-ri'<:es of 16 ~i:-oe- qu01:t.a'tions: -r-...he 

c cxr... (;JQ n <? r :-n:.:lo .:l r ~ il nQi~.!\ • .lI"'PQnir::~ 4tf1d' Ar r;;o- rM.;o c:.i c r-it;:C' .... 'o!1 1"" "l 1;i"'! ... -:J mIo cl 'thlll ....... ~i'9 ho'f; s. ~:or r:o- rm lb i3'1 Lngl '!:h e thna 

cO:::lI<l'Y' ,pc.ne~.,=':s. ar·e as5 ..... rn1,ed (fi:.ce<:l:, 'trade ",h"a:res. o f ';:j..... e 1:hl!'ee ·.·ar,le:t::f es.. 


5 Oo ijll ~l:1ldl F..~1;. Pri.o;lI;iI' 1I.,c::f_:.: : COn~5 $'t5 . ~'I' '!:I"-' ~ .... "-'! r"'9 "" Qf 1 1 r;h~'ff!!''-!l<!ln'~ l;I ,iI,. ('li n-dl ""djF"'~, ;on' irni'!:J ~ ;;!Ind fji~1h oith) 
•.......€- i g h't.e-d ....., Itl:h a .... erage -export 'tr.3.de SI'''; .3 .. e~, .::,.-1' -e-aich 0·11 pr-c:d!u.::.'t for-' 1 gg,~-.2 O<::'!IIto . 


6 S .... g""r Pr~o;:--=- I\noo;l ... ;oc:; In~,rex ' rc~<rrn 9~: t ;h'3' In'tr:::or n.:"I 'tiqn .;:J I 5vgl"'r .A9r-.;;o4-2-'lnq:n1: pr~'!' ......·.,'th 1998-2000- <:01:> b.;o~IEi!' . 

http:rlee-f...n1
http:xpre,.;.s.in
http:tl".a.ae
http:4!I",�er.fl
http:Cons.i!!.lJ
http:ft:o;.ed
http:gr�:::.up


Thai Food Factory Distribution, 2007 

... "_ ....." ~,~- ,. _ _""0 ""':1 ...., • .. 

1 Total No. of factories:: 11,638 excluding 
by·tG.~]~ital:~lriVesth1ent rice milling factories whic~ ~otaled to >40,000 

• factories ' 

~ .::t A d'Dec 17 08 i11i'11'b'l!fllJ flru~1'Y1Vlfflff~~ ~Wl" 
. , 

Source: NFl Info Database (raw data supported by the Department of Industrial Works 



:'"' .".- ...... 

~/o ()f total 

· . ­

"Ready t~ e~t'I' foods ,::. 43.2 , 'Fisheries 

'C d --= '-'..·· 21 2~ d ·k:.:c;~~;~...~,...... ' L' I . ~: . ,;;' ,. r ,anne ;--,OO ·~t.~~, z. ,~, ~ ~ . 

.~ -};, )~ ~\' ,-;.,.j .~. ,~ 
, .h'~il ,t._ i;K~'" \~.' :sh/ch,'lle'd.~ .. ~;,;;.~ :.¥;;~~~-:; -2"5' 1" ~ ,~,~. '\~ ....~ ~,,~ , I'Frei 

"
_'-_' .~."t {!~~,1~ ~~ ..,." t·' ", • 

c~ ,. ., .., .."Q,"""",•• ""j;,.J~\ 

.~ ,Drinks and Beverage ,<; 3.1 
~. - I"'. T·; "'.,.. 

MeaUmeat produ'cts t· 7.4 

~roe! NFl Info database 



_~ ~ MaJpt ma:rke.t$ : 6~';~o;o 
-'~~ Mar:kets ', 6nder ' F:~TA 9 ~· 1 0/0 







DRI'·T£iR'S, Of '(~H~~K(;E FOR. 'THE. NEXT IJ'-EC:ADE -An IIp{inte 


1. An av ~an flu pandeJllrc 
.2. Hi(l

'-' 
her 'EcJu cation 

3. GILoba11Aging 
4. Fam ~ '~y str uctu[-e 
5. Food 
(). Tlnle fam~ne 
7. Ene r-gy Ma nag !e~llent 

8. Gen,er-,ati'on'X' 
g. f\'l et ros1exuals 
10. () besityr 'In affl uent cou ntrtes (G Ilobesity) 
11. <=ha nge of focus ofeatl ng habl ~ts 

12. A ~ ack of ft~lfrinlenlt iln people's !ryes 
I I , ,- , ......, ' ' " I"' " < " - - 1 < , ' .~ A" f t~ .t1"_I CII~IS 0 1 au lo·r I! y 
14. A ;Qreat1er-' ,enlphasi's on values than \faluJe 
15. Incr!e,ash19 d'~fflcu ,Ity in p r'oicess ~n :gl and ,ev,aluatfng ~ nforrnat(on 
16" A jad 1edi and sceptilca'i popul,ous 



.c::i. ...c::.. '" 
mm'lfllfllJ flru~lVl1Jlfflrf~':i ~W1" 



e." Wifh -the l~;g~rowing res{rictions and 're'qurrer!l~nts, we shbuld 
implemeAt a reliaq:le system to ensure n~t::()nly fooq prCDd!;Jet~·'·;:"" '" 

~ Q ,uality 'an,qsafety "but also of the entire food chain.. 

•' With..tpe increasing 'requirem~nts irnposed ,Eythe -' bLJy'#~s on 
the' ir ~sbppliers'l, especially.~b}(lhe : H. ~pe~ ~ end ,markets,we need -.'." 
not OnlY' work t6 me'et internati'onalstangarcJ;s but also p,rivate ~­
standards t® maintain',~ Gu'r businesses/>::"j:t~.c ,< 

Dec 1708 
.-:::t, .ct .o!:Irt, . .f 

mflJ'b'llf'llJ f'ltu::l'VWlftlff91':i ~Wl'1 



FAO Food and Nutritio!,) paper 87 
Food s~fetYfisk analysis 

Dec 17 08 



contaminants 
• Chemical . 

FAO Food and Nutrition paper 87 
Food safety risk analysis 

A .. CIt. "Dec 1708 fllfld'lfltfllJ flru:;1V1Vli'l'lffm ~Wl" 



FAO Food and Nutrition paper 87 
Food safety risk analysis 

Dec 1708 
~ d . 0l:Io III 

mm'lfllf1lJ f1W:::l'11fJlfflffm ~Wl'1 



TG;~i ,J:.1:r ~ .' 
~1Jr.l1llQ f ill ~ ,~ ~ 

cl'1oiMi~io] (} rrq 
?odl'!!EI.J ~i _ ._ '0 
total Cft/tn.:tl\),eflatl!!' 22 iI "] .' 
~--=.I-=--- 1ii .t 

i1in~'UR~-n~n'1nR'O 

5aft'~IL~~l.h::I'l'l~'YltI 


nDtl.~a,IS'll~ 60-235·053'()6-45 
".c::l ~ "Dec 1708 111'r'I'J"D IL'r'l1] f'l0l::1'YltJli'flffm ~W1'1 , 



f11'J11 ~11 tll tiiY'W ~1 
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	ปกใน

	การพัฒนาวิธีการวิเคราะห์และการหาปริมาณแคปและไดโดรแคปไซซินในผลิตภัณฑ์พริกและอาหารและอาหารเผ็ด : ประยุกต์กับซอสพริก

	การตรวจวิเคราะห์สารมาลาไคต์กรีน คริสตัลไวโอเลตและเมตะบอไลต์ตกค้างในสัตว์น้ำเพาะเลี้ยงด้วยเทคนิค HPLC-UV-VISIBLE

	การตรวจวิเคราะห์สารมาลาไคต์กรีนและเมตะบอไลต์ตกค้างในสัตว์น้ำเพาะเลี้ยงด้วยเทคนิค LC-MS/MS

	การผลิตพอลิเมอร์จากจุลินทรีย์เพื่อประยุกต์ใช้ในอุตสาหกรรม 

	การผลิตสารลดแรงตึงผิวชีวภาพเพื่อใช้ในอุตสาหกรรมอาหาร

	การผลิตอาหารเสริมสุขภาพเพื่อป้องกันโรคข้อกระดูกเสื่อมจากเปลือกอาหารทะเล

	สารสำคัญและการประกันคุณภาพอาหารเสริมจากกระชายดำ 

	ชุดตรวจสำเร็จรูปอย่างง่ายสำหรับการตรวจดีเอ็นเอเพื่อรองรับการวิเคราะห์คุณภาพและความปลอดภัยทางอาหาร

	รหัส 2 มิติ QR code ในการดูแลความปลอดภัยของอาหารเสริมสุขภาพ

	ระบบควบคุมและกำกับดูแลอาหารดัดแปรพันธุกรรมเพื่อการรับรองภาวะปลอดการดัดแปรพันธุกรรมเพื่อการส่งออก

	ผลิตภัณฑ์ผัก และผลไม้ท้องถิ่นที่มีหน้าที่เฉพาะของสารพรีไบโอติกส์ และแอนติออกซิเดนท์

	ผลไม้เพื่อสุขภาพที่เคลือบเกลอแร่และวิตามินสำหรับผู้สูงอายุ

	ประสิทธิภาพสารของสกัดจากเมล็ดมะม่วง (Mangifera indica Linn.) ในการต้านการเจริญของแบคทีเรีย

	การวิเคราะห์สารเติมแต่งพลาสติกโดยเทคนิคแก๊สโครมาโตกราฟฟีพพร้อมเครื่องตรวจวัดแบบ FID

	ความปลอดภัย ปัญหาและอุปสรรคของผัก 
และผลไม้ไทยในการส่งออก

