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1. Viinnl"aua::LViIPl~H'\• 
A ... 

th"::L Ylf'l1 Yl£J Lihah::LYlf'l~~n11~ ~~1l1f1n11L mf~1Lihnil in a~ ~1 'VI n111.1 Ln'!f~1,;)-:I 1.1• 
fl111.1 ~1f1~ru~ an11vrVlJ u,1f1111.1 L,]lJ LL -jj-:l1U,L-n-:l L f'l1'!f;)n,;)"lI a-:l 1.11:: LYl f'I t~ EJLUvn:: a ~1-:1 ri-:l a ~ ~1'V1 m11J ., .... . 
a1'V111 L Yl11::tll'V111L11u1T,;)-;)EJ'VIin 1 Un11~11-:1;jYl ~-:I~U,n11 EJ m::~~lJ fI rnIl1Yl LLl~::fl11 mJGltl~IiEJ"lItl-:l

• 
tl1'V111,;)::"1hm.11::nu, ~"lItlU1arE..l"lJ tl-:ll.11::"151"1lUt~ tI111J utln,;)lnii l.11::LYl f'l1Yl EJ rr-:l dju,~~~~ LLl'l::~-:ltl fin 

• 'II 

iiU~l tll'V111L11utlu~~m1u, ') "lI a-:l tl'l n t~ EJ"";111 ~1~1iU1::L Yl f'l1 Yl EJn Gl::n11'V1l'l1 mL~u,tflUlJ1Yl i-:lJu 

u,tlm'VI Utl,;)ln n11L ~ 1.1~ Gl~ ~~ n11f11lJ fll.I fI rnIl1 Yl LLl'l::fl111J 1..1 Gl tl ~ ITEJ"lI tl-:l a1'V1111iL11u,~ tI tll.IilJ"lI tl-:l 

U1::LYlf'l~~l ~-:lLilu,~-:I~l~qJlu,tlU~~lJ~U ') t~EJLUYl1::tl ~l-:1ri-:l 1u,1l11n11rnU;~Uu,~-:I~n11LtI~n11~li 
L~~1::'VI11-:1U1::LYl f'I fI rnIl1Yl LLGl::fl111J 1..1 Gl tl ~IitI"lI a-:l tll'V111 ri-:l ~ fl111.1 ~1 ~ru 1.11 nifu5n L Yl11::U,tl n,;)l n ~. ., 

~Gll~~1~1-:1U1::LYlf'l,;)::~n11LL"ll-:l"l1U,~-:lLLtf1 U1::L Ylf'l1 Yl tI rr-:l~tl-:lL~.:arunlJn11fi~n~UYll-:1n11~11U,1U"lItl-:l
'II ., 'II 

m~1n11f11UfllJfl11mJGl a~Iitl~1u,tll'V111"l1 tl-:lU1:: L Yl f'I~~l ~1 ~ru LLGl::L~-nru nlJ n11LL~-:I.:a-:l~ Gll~nlJ 
~ " ., " 

~U,~11l1L']1~~11mrm L-rlU,Hu,~1,;)lnU1::LYl f'I~u, n11t1m::ilJ~~~.nrn.nal'V1111Yl tili~mllJUGltl~.ntl 
'II 

,;)::L~1Jf1ntlIl1YllUn11LL"ll-:l"l1u,"lIa-:lU1::LYlf'l1~ 
n11vrVlJUlf1n tlIl1Yln11LL"1i-:l"ll~U1u, u~';)';) UU LUUn11L ~11.1 ~fl-:1 1.1 Gl~l L~ lJYll-:1ilU,fl111Jf 

• 'II 'II 

( knowledge-based) 
'" A <=II o.....J.... A III A I l.d -. fi' fi' 

YlVlJu,llJflGllm ,;)-:llJfl111J ~lf1ruYl,;)::~ a-:l 1Jn11m L U Un11tl tll-:1~ tllUtl-:l fI rn::1Yl tI1f'11~~1 ';)W1Gl-:lmrn
,. . ., CfI 
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'II 

fI rnIl1Yl LLl'l::ml1J1JGl tl ~Iitl"ll tl-:ll~rl~lJ LLGl::~~~.nrn.ntll'V111 Yl"'~ul11in11~11,;)1Lfl11::lf~11~Lfitl1,r;')-:I 
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'II • 'II 
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2.1IPlllU"a::i:f.:JA• 
2.1 L~ tl L~ tI LL Yl1f1111JfLLl'l::U, 1~ n 111.1 ~1U,fl111.1 UGl tl~.ntI"lI tl-:l tll'V111 nl1~ ~~ LLGl::nl1Yl~VlJU1 

'II 

t.J ~~Iirn.nal'V111~~mllJUGl a~.ntl LLGl::~fI rnfil~ a ~"lI1l1Yl LLl'l::~~~.nrn.nL ~ tlu1::tln~1"151u,a~ ~1'V1m11J .. .. ..'I 

al'V111 

2 .2 L~ a L ~ 1.1 1i ~ fl111.1 ~11.1 11rll u, n 111 L fl11 ::If LL Gl :: ~ 11 ';) ~ tlU fl111.1 1..1 Gl tl ~ .ntI "lI a -:I tll 'VI 111U 

i a-:lulllJ1in11LLl'l:: 1 U,1l1f1~U,11.1 . 

2.3 L~a~,rlJ~UULLl'l::L~l.I-jj~mll.1 ~lm1rlLUn11Liu,1~m11.1LUn11~~~~~~Iiru..ntll'V111"15U~Ll,aj
• 
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3. 	 Lih'Villl~ 

Lt.J.£J LL Yl1'U.l~ m1:J LL ~::fil1:J i'~i1 'U.fil1:J 1.1 ~ EI ~ Tltl'lJ t1" Ell'V111LL riUfi ~1m 1 'U. EI ~ ~1'V1 m1:J 
'U 	 •• 

Ell'V111l ~ EI nl1~" tI EI n LL ~::~1'V1ll,1 til 'U.U1:: L 'Yl1'I it'nilfi1l::~Ell 'VI 111'U.'iEI"u5 u1i nl1 II ~::'VIll,lt1.:l1'U.~ 
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'U 
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'U 	 • 

A 

5. 	 TYlmn1" 
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'U • 	 'U 

tm.:l~i'1.:llI'111f;)n~ tlfil'Vla.i... 	 . 
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Micro total analysis system (Jl-lAS) ~1'V1flJ 0T'H?'I'l1'l 01'11.1"11 tl\lthnumih 1 "tl1'V11'l 

Micro total analysis system (J.!-lAS) for detection of puffer fish constituents in foods 
:'1 ""' A". ... 1 1'" 1 2 A A 2A 

url::l'ln~ "1HllJ~qm~ * lJ::"lflL~ L"lfL~ LLliI::LElEl"15 'YI11Jr.J1, 

1 iEl-1t1~u1inT'mjl'!.Wilnm'YIflL 'U,LliIm 'U,vhLLliI::LU Lm.n'U,L<Jl'Elf .n1f11"151~qm~l'Il~~f mu.::1'Y1r.J1 

m~~f 'iiJWlli1-1mrnlJl"l11'Y1m;rl r1'U.'U,~finL'YI LL"1J1-11-1h"l3J L"1J~t1'Y1lJl'U, nj-1L'YI~'Y 10330 
ct QI q q 

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

Yamadaoka, Suita, Osaka 565-0871 Japan 

~1 rlfl111J,h dj'U,1 'U,mj~ jl'iiJ1Lfljl::,.{mjtl'U,"1J El-1t1li11t1"'nLth1'U,El1Vilj~llJtlj::fnl'lm::'YIjl-1 

~lliljm~"1J UUU~ 264/2545 1i~lmj(lliilLn'U,mjL~1'U,.nlf1~'U,11J ~-1L~vr~'U,lL'YIflnflmj~jl'iiJ, 
Elcil-1~1t1~Elciu'U,vrmi1'U,mj1iiEl-1t1nu1imj~lJujm1'U,juciEl Micro · total analysis system (lI ­

eu ~ :w 1.1 1.1 r 

lAS) Vi1El~tl (Lab-on-a-chip) Yl1'iiJlnl~~, polydimethysiloxane (PDMS) ~lVif'umj~jl'iiJmjtl'U, 

"1J El-1~iL5'U.LEll~ (l~U'iiJlntllilltl""'nL~1 m jml'iiJtl j::n ElU~l tI mjml~~ L5'U,LEl El ci1-1~1 tI mjLv:ilJtl~mm, 
~L5'U,LEl~1 tltl~n~mmjLv:i lJtl~m m~iL5'U,LEl~ m Vi1Jib::'U,lUL~tll LLliI::mj~j1'iiJtl~n~m~1 tlmj 

L1El-1LL~-11'U,~tlL~ tlln'U, mj~j1'iiJ1Lflj1::,.{~11J1j(lliilLn 'U,mjL~.nlt11'U, 40 'U,1-n L~tlii.ff'U,~El'U,ri~lt1 
LLliI::ri~1T1t1JL3J~El-1~-1~liEl-1tl~u1imj mj~jl'iiJfllllJL1~j::~U~L5'U,LEl 10 copies iifllllJ 

LU~l::L'iiJl::'iiJ-1 ~-1 L~ tI1i~'U,'YI'U,mj1Lfljl::~~lLVi tI-1 400 Ul'Y1~El~l El cil-1 
'IJ , 

~rJmh"nlin iii ff€J 1) 


1i~lEl cil-1tllillLLliI::~1el ci1-1 El1Vi1jriL~'iiJln i El-1tl~u1imj1'iiJ""'mLliI::'YI~ ~ElUEl1Vilj fI m:: 


1. ElElnLLUULflj.J ~i'1.J"1J El-1j::uutl~u1imj~tlj::n ElU~l tI "1iEl.Jf'U~l El cil.JU~L1 mtl~n~m LLliI::"1iel-1 

j::Ult1tl~n~m"1J'U,l~ 1OOx 200 LlJLfljLlJ~j (.nl~~ 1) LLliI::.ff'U,~tl~ltlVi;nmj 
photolithography LLliI::l~~, PDMS (Nakayama et al., 2006) LiJEllJ~Elj::uuL-ihnu 

~'U,llJLL3JLVi~n LLliI::Yim:btl~n~r.J1L~tl1i syring "1J'U,1~ 1 mL LLliI::L-jjlJU~r.J1"1J'U,l~LUElf G20 ~~ 

tllillt1 

http:LLliI::Yim:btl~n~r.J1
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Flow direction 

200 IlM 

1 em. 
1l1YfYi 1 tm>1~fh1'lhJLL~::ntl~::L5t1~"lItJ>1tm>1~'h:l 

" protein :ij'n[J~::l5[J~i'l1it 

2.1 ~n~~l5lUtl1~[J~::~lmdtl"lJtl'l1e:n'V\111ll.~11~::~1 [J 50mM Tris pH 8.0, 2 mM EDTA, 1 M 

Guanidine HCI, 0.1 M DTT U~~'Wnlll.U~"lJll.l~l~n 30 ill.lfi thJ~mu,'V\lln 55 tl'l1f'11 lUll. 
• , 'II 

1l~1 8 ll.lfi U"'ll.ll[Jn~::ntlll. (hm~"m1~ t.J~:lJflU ferrous oxide resin lvtm)U~l5ll.ltl1ll. 
~11~::~1[J 3 % ll~::~~~1~::~1[J.J'I1'V\:IJ~a~ll"JJ1~.:nU 1~[J1i syring "lJll.1~ 1 mL ~1ll. 

'II 'II 

~11~::~lr.Jl"JJ1~u111rnunii1tJ11~[J ferrous oxide resin ~:ij~l5ll.lmTl~mHl::tlm)uil'1.l ~1'11~ 
'II ~ 'II 

l5ll.Le)~1[J~11~::~1[J 80% propanol ll~::U~e)[J1illi'l11~[J~1ll.EJ1mf'll"JJ1~u111rnufiii1tJ1 

.ffll.~ Emi'l1n ~11 ii tllUll.m1l ~1,;) ~ll.m1~n~~ l5ll.l tl 

2.2 tl anlluu'1.Y-l1l:IJ tlfli,)llYn::~a fill. sagitoxin binding protein l vi:IJu1:1J1rnlll.ufin1tJl~ 
U1::n au'1.u~l tJ '1. Y-l1L:lJaf,)lLY-ll::~a 6 U111 rn"lJ tl'l1fill.lih'V\:IJ1 tJ 1~ tJu1::nauufiii1tJ11ll. 

uYhWaf~:ij~lll.t.J~:IJ"lItl'l1 20 mM Tris pH 8.8, 10 mM KCI, 10 mM (NH4hS04. 0.1% .. , 2 

mM MgCI2, 400 ~M dNTP lL~:: 10 U Bst DNA polymerase (NEB, USA ll~::50 uM '1.Ull.~ 

L~afL1a'l1ll~'I1 Syber Green 40X 1~[Jtl:IJufin1tJ1~ 63°C 40 ll.lfi (Notomi ef aI, 2000) 

2.2 LL~:: soybean grain a~~11~::~1[JUnn1tJ1l"JJ1~U1LlrnUnn1tJ1ll~::tl:IJ.:nu'1.l~tlrn'V\lln 63 
~ 'II ~ , 'II 

a'l1f'11 lUll.Ll~l 30 ll.lfi 

2.3 ~11';)~tlu~iurulrn~l5ll.la1~tJll.1.:nu'1.u~a'l1~lml~~'I1 UV Tlll:IJtJ11Tl~ll. 320 nm 
'" '" 

~11';)~aUt.J~~.nrn.n~l5ll.la1~[Jm1ll[Jn~1[J~ll.1:IJ'1.W~1 lJll.lll.a::mh~ TAE l"JJ:IJ"JJll. 2.5%, 

http:11';)~aUt.J~~.nrn.n~l5ll.la
http:11';)~tlu~iurulrn~l5ll.la


lh::m~m::'Yl'l1\l~11il"H1U~'''lIUUlJ~ 264/2545 il1ml'lti1U~11rmthm1iLil\.l,1~f1~lJ1U 
, 1 

en'VI1'lii~~U\lTllJ1iLrialu~ lU~ 19 TIU1l"1I 2545 'Yh1im'l~'lT;)lL"'ll::'lfal'V1l'l~iilam~uu 
~1 [Jl~~~lJ Li1u'll[Jm'l~~1 Li1u~a\l~1 Lii,um'l~ll1n!JmJ1 [J 1 u'Yll\1u5lJ1i m'lm1,;) ~alJ'Yll\1 
mtJ1nV'l i.:JJ ~lm'lm::lJm'luui.~ m'l~'l1,;) ~alJ ~lU1'V1 ru~\I:JJ\I LUUi.u~m'lm1,;) 'Yll\1if1 L"ii i.~LLri, ,~ 

m'lmT;)"lIU1~ LL~::'lULLlJlJ"lIa\llu'l~u1~m 'Yl"ii,,, polyacryamide gel electrophoresis LL~::
'IJ . 

m1';)~alJ'Yll\1L6J1f1l1'Yl [J1 ~\lrf\l~a\l L'Yl"ii,,,iirf\l,ra~ln~1um'l~'l1,;) ~alJ1U~ ~~.n'Wr1~LLU'l'lUi.U 
'IJ 

,;)lnl~f1~lJL~lI 'Y111'V11U'l~UL~[J~111V'l LL~::"1111i.1LL~::"1111 LL:JJurh m'l1L"'ll::'lfuu~u;nWlm\l
, u 

ll1L~n~~LauLa~ iiL ~fi [J'l111V'l nllLL11Ldaen'VI1'l';)::c.hum'lLLu'l'lU fii.:JJ ii~ ~m::'YllJ ~ am'l~'l1,;)~\lii
1 'IJ 

lJ'YllJl'Yl~lTlqJ acil\1i.'ln~LL3T~amii~vr~ulL'Yl~ii,,, polymerase chain reaction (PCR) ~a~lJU 
~u;nuni'l~'l1';)fiu1UU1L1rn 16S RNA LL~~l[J,ra~ln~1UL~a\l,rall~"1fii,~u~1~~l\1nu1ULL~~:: 

U 'IJ 

U'l::L'Yl~LL~::'ll [J ~::La[J~'Yll\1 L'Yl"ii,,,~~a\l~\lV'll L,,~a\l iia1~muV'll:: L,,~a\l thermocycler LL~::"lll1 

"J5lulqJm'l"ll a\l Lil'V1Ul~'Yll\1L 'Yl"ii,,, 'til1im'l~'l1,;)1~m 'Yl"ii,,,U'til i.~LUV'll::1 U i a\lu5lJ1im'l~ii 
... 

"lll1V'lfa1JLyhuu 

~'V\'rUU'l::L'Yl~i. 'Yl [J u~lu""m~l~lu1'VI '!l~":hm1iu'l::l[J"1f,.rLL~::iim'lin~a1Jtilm1 iLUU 
"" ~ .9 ~ 1 .1.1 "" ~ .J'
l~f1~ULuU"1fU~ Lagocephalus lunaris, L. inermis LL~:: L. spadiceus ~[Jm'llJ::lJUlInLn~"lIU rn 

1 

~U'Yll\1m'l~~~ rf\l,;)lnLLV'l LL~::~\I LL~::,;)lnh\l\llULLU'l'lU al'V1l'l"llUl~ L~n 'til1i[Jln~am'l"lU"lI
'IJ 1 

fhnu~LL~1~milV'lUn\llU LL~::L~aui."lI~\ln~11'til1i';)::~a\lml';)~aum'luu1UU1Ll rnLLV'lU~l ~\I 
'IJ 

'VI1al'l\l\llU1ul1l"~Ull1 ~\lLuu,ra~ln~ ~\lJU~\lii"1111~lLUU~~a\lvr~ul115m'l~'l1';)1i~lm'lfl 
'tili.~~1[J 'l1~L11 1~[Ji.:JJ~a\l enT1[J"lll1"J5lulqJm'lLL~::i.:JJ~\lV'llia\lu5u1im'l L~a-rl1 [J1im'l 

~'l1,;)~lm'lfl'tili.~1Ul1l"~Ull1 rn ';)~~~a\lm'l1~ [J~'l\l, 
m'lvr~ulm'l~'l1,;)"1fii,~m'lUU"lIa\lLUai~11uen'VI1'l1i~1[Jii,fu~au'VIin 3 ,fu~aui.~LLri 

m'lvr~u1115m'l~n~~ LaUL a a cil\1~l[J m'lvr~u1L'Yl "ii,,,m'lL~ 11 iqJ qJl rn~L~UL a~iiU'l::~'YlTI111V'l 
LL~::m'l~'l1';)~auirurulrn~LauLa

'" ... 
m'l~m~n1u"f\lll'i.~ti1rf\l 3 ,fU~elUm~lLii,um'l1uia\lu5u1im'lLLuucia~lU (Lab on a 

chip) 1iiiu POMS "lIU1~ 76 x 26 11.11. 1~[Ji.~vr~ul115m'l~n~~LaULaacil\1~lmL~::'l1~L~1 
... 

&:It. &t A •

115m'lL~ lIu1m rn~LaULa~LuV'll::L ,;)1::,;)\1~ au ~lu""nL~lrf\l 3 "1fU~UUV'lU~lU"lI a\l [Jusagitoxin 

binding protein ~\ILuufiu~fl\11U'l~UiU~lnuyh~ LL~::m'lvr~ul'l::UU m'l~'l1,;) ~au iqJ qJl rn1~ [J 

tl1T1[Jm'liu~l"lla\lll1 L~n~~La'\.l,Lai.U,.rL~ af m'l~'l1,;)1~ [Jiiu~\ln ~11 ~lm'lfl~'l1';)m'lUU"lI a\ltJ~l, 
U""nL~lrf\l 3 "1fii,~i.~~l mL~:: iiU'l::~'YlTIlllV'l 

~f.llumlm\l~fl\1iiU POMS i.~f1milm~~LLU~\l1inlJm'l~lLii,'\.l,U5fi1[Jl PCR rf\l1'\.l, 
'II 

'lULLUU 2 step LL~:: 3 step (Prakash et aI., 2006) acil\1i.'ln~~1[Jia~ln~'Yll\1L'Yl"ii,,,~u5fi1[J1
'IJ 

aciuum'lh'V'l'lLlIaf~'\.l,;nUL~[J\I 1 Yi ~\I'til1im'lufuu5fi1[J1L~a"lll1~lLV'll::'tili.~[J1n
'IJ .. 'IJ 

'\.l,an,;)lndm'luflJ1im'li.'VI~"lIa\ltilrnillvruinunlJ~1'\.l,lU'lalJ 'til1,r m'l"llJ~lIU5n1[J1'tili.~ 



mn ~>'lI.:IJ L'VI3J1::~~::li.13J1hl'it1um1u1::!'Jn~El ril>'l~l!'J LL~::11~ L 11 LL~~::L'VI3J1::num1u1::!'Jn~1 'it 
'IJ ~ ~ 

~uLLuuer~1'it3J~ (automate) El ril>'ll.1n~ LrlElufin1m~hl'itm1~11~~LamEl El~Um~''it~1'it''lJEl>'lm1 
L~:lJU13J1 rn~1LamEl~1!'J El rn 'VIJlih::'itlU L~m yh1'VIi.:IJ')l LU'it~El>'lU1Um11.'VI~"lJEl>'l,rl m1 'itU nn1!'J 

~ 'IJ :.J 

i:IJvrmfnu Elrn'VIJlij m1'Yhu nn1m~ El rn'VIJlijL~ !'J1~>'l'Yhl.~1~ !'J~1!'J 
~ 'IJ :.J ~ 'IJ 

'itEln~lnd~1!'J~ rn~:lJu1i ~1 ~ru"lJ El>'lm1hi.~1L:IJ Elf3J1nn11 2 ~1 'itU nn1myhliunn1mii 
q Q.I ~ ~ ~ 

fnl:IJ,)lL~1::~>'l LL3J~::yhu nn1m~El rn'VIJlij~>'l~L Vl!'J>'lElrn'VIJlijL~mL'VI~ld rJ>'l~~lim1u1u 
'IJ :.J ~ 'IJ ~ 'IJ 

U1::!'Jn~'VI~nm1L~:lJU13J1 rn~LamEl El rn'VIJlij1::'itlUL~m 1 'it 1ULLUU-nU yh1.~~1!'J 
~ ~ 'IJ 'IJ 

1~1>'l~fl>'l"lJ El>'l1::uuufiu1im1~:IJ\J1rnEl ril>'l~l!'J "li1!'J1i ~n~~LamEl~ln~1 El ril>'l El1'V1111.~ 

Jll!'J 1 'it 8-10 'itlYi LL~::~lnm1'Yl~ ~ElULifEl>'l~'it 1~!'J1iLdEl El1'V111~ iim1U'it"lJ El>'l LdElU~lU~m~11'it 

1::~mf>'lLL~ 0.1 0.5 LL~:: 1% ~u11irrm1~n~~LamEll~!'Jli ferrous oxide resin ~3J11n~n~~ 
La'itLElLL~::~11~~ElUm1U'it1 'it 1::~U 0.1 % 1.~~1!'J (Jll~~ 2) 

1l1Vn1 2 m";i'il";iT"'Hl1J1h:;~111hn~1'U.nTH,.n'il~L5'U.Lmnn matrix i1mh,j~ihd~1.J~11.rm,jl1.J'U.1m:;imh\111'U. 
t'iltILl1f1itfi isothermal DNA amplification L~'U. 11~LLri ~L5'U.Lmnn matrix 1.J~11.J""m,jl1'U. matrix lri 

1% Lim 2 ~L5'U.Lmnn matrix 1.Jfll1.rm,jl1'U. matrix lri 0.5% L~'U. 3 ~L5'U.Lmnn matrix 1.J~11.J""m,jl1'U. 
matrix lri 0.1 % U~:;L~'U. 4 ~L5m~"ln matrix 1.J~l1.J""m,jl1u. matrix lri 0.01 % 

LU~1::~1 "lJ'itl~~LU'it ~~~ rn"lJ El>'l~La'itLEl"lJ'itl~ 180 nt m1'Yl~ ~ElU~11:IJ')1 L~1::"lJEl>'lufin1m 
'IJ 

(specificity) nUm1L~3JU1:IJlrn~LamEl~lmdElEl1'V111 ~LU'itU~l 9 "l1ii,~ I.~LLri U~l L. lunaris, L. 

spadiceus, L. inermis U~lii,~ U~l'Yl u~11 'it1 U~ln::~>'l U~ln1::UEln U~lLrh ~U11"l1~1.~1L:lJElf 
'IJ ~ 

li~11:IJ')lL~1::~ElU~1 Lagocephalus lunaris, L. inermis LL~:: L. spadiceus L'Yilti'it (Jll~~3) 
m1'Yl~~ElU~11:IJ1.1"lJEl>'lufin1ml~!'Jli~LamEl~'Yl11u,)1'it1'it1'it~ULLUU copy number ,nn 

5 4 3 2 
10 10 10 10 10 5 LL~:: 1 "l1~ ~U11"l1~1.~1L:lJElfLL~::unn1mL~:lJU13Jlrn~La'itLEl ~l:1J11n 

~ ~ :.J 

~11~~ElUm1U'it"lJEl>'lU~lU~m~11'it~1Elril>'lI.~1'it1::~U 10 copy "lJEl>'l~La'itLElI.~ (Jll~~ 4) 

m1~11~m1U'it"lJEl>'lLdElU~lU~m~11'itEl1'V111l~!'JliL dElEll'V111'V1~ln"l1ii,~ ~U11 ~l:1J11n 
,)~I LL 'itnm1U'it"lJ El>'l LdElU~l ~1'it~11:IJ ~13J11n1 'itm1L ~:lJU13J1 rn~La'itLEl 1~!'J~11~ ~ElU~lmLnU~La'it 



• • • 

LaI.~"[~H.JLUV'll::1UL daal'VI11~ijm11JuLLl.'l::hj~u (:.l~~.nrn'Yf~h5uLa1UU1'V111~hjijm11JWlJa-1 
1~n~u1Jl.'l11J"-'mJ1LL~mh-11~ (1l1~~ 5), 

3 nT:i~11~ ~aUm1lJ-;i1Lvn::"lJ a;)1Vli'LlJ aft'U.n11LVllJmlJ1 rn~L5'U.La 

lh:nIli1;)"lfiiCi1 ntc LL~Ci1-ililmUfllJ.y;13Ji1~L5'U.La• 

mVl'Yl 4 n11~11~~aum1lJl1"lJa;)1.l~rrhnl'U.m1L 1rnCi1La'U.La L~'U. 1-11 Li'l'U.ilarh-il~L5'U.La.y;m1U 
-;i1m'U."lfCi1~1n 100,000,000 0;) 1 "lfCi1~1lJ~1iu ntc LL~Ci1-ililmUfllJ.y;13Ji1~iL5'U.La 

5 n11~11~~aum11.l'U."lJtl;)1"~C1~u~1n1.l, 
La ~1mh-1~1U~3JLUu~iL5uLa(:.l~~-;)ln1Jl.'lltf-1 3 "l5ii.~• 

http:LL~Ci1-ililmUfllJ.y;13Ji1~iL5'U.La
http:1rnCi1La'U.La
http:LL~Ci1-ililmUfllJ.y;13Ji1~L5'U.La


n11LL~'ih'l ~1iI"lJ e:h'l1Jnrrh.n'il1lll~ElU1l1n n11L1>'l"lJ a>'l1J nn1£J1 Lrl a~El>'l ~'ill [J LLVI~>'lrh bU'ilbL~>'l 
uvhj,~ii'il LLIiI::biiEl>'l1l1mn1:IJ~11J11fl1Un11LYi:IJ1J11J1ru~iL5ub~bLmIn::uu 10 "If'il ~1i1J11J1ru.~ 

q 

L5ubEl~1J1nni1 1Jnn1£J1 b Yi:IJ1J11J1 ru.~L5UbEl'ill m'YlflUfl PCR ~>'l'1'111i n11b1El>'l bL~>'l LrlElyh1Jnn1£J1 

nU~L5uLElluu'ifL'il Elf iifl11:IJ ~i1>'l1J1n'V'l El~1l::'il1lll ~aul'il'ill [JmL1J~1 ~>'l'l'h1in11'il1lllii 

1J1::~'Yln111'V'l (111'V'l~ 6.) 

1l1Vl 6 nt1m'H)~eJUU~mrnt~EJ~,;)lnnl'~L1e:hlLL'~\lUU;1.hJULL'Y\ci\lf1lLU~LL~\I UV ml:IJrnlfl~U 312 nm LLtl:: 

1l1Vlt11 EJ~:lJLmfIl1 mJUU1L1 rnU~mrnLU1EJUL-nEJm::W;h\lL3.h1eJ\I LL~\I (-) ilUUWlJl1 LLtl::L1eJ\I LL~\I (+) ilUcil\1 

"lJl1 

'ill [J~1iIn11'il1lll~ElUJ>'lfl11:IJ ~1:1J11fl1Un11~n'il~b5uLmhL 'V'l1:: fl11:IJll"lJ a>'l1Jnn1£J1 'I'll 

1in11"mlllnl'H-IWlIEl>'lLlla1J1iI11J"'mth 1 UEl1V111" ~1:1J11'V'l'l'hl'ilmj1>'lii1J1"::~'Ylli111'V'l 1Ubllil1 40 U1Yi 

n11"fl1Ulru'ilU'YlU 'V'lUi1Lfl1>'l ~f1>'l-n1J ii'ilu'YlU 250 U1'Ylbblil::'ilU'YlU"lJ El>'l~11bflii 1Jiln1£J1 , 	 , , ;oJ 

150 U1'Yl LLIiI::Vl1nlaJuu'ilu'YlUfl1 LL1">'l1Un11'ii1L U Un11"Lblil::n111i1>'l'YlU'il1ULfl~El>'liiEl:lJ1mrn n11"1i 
, 	 q 

1"::Uu1Jnu1in11"~:IJ\l1mEl ci1>'l~1 [Jll ll::,h [J'il ElUfl1 fl1:IJ 1 Un11'il1"11l ~ElUn11"1JU"lJ El>'l1J1iI11J"'mJ11U 

111fl~U1:IJl'ilLUUEl ci1>'l~ 

.... 	 A 
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(1l1H1a·mCl'Ij-) 	 The study and development of the determination methods of 

carbon monoxide in packaged frozen meat 
~Q..# ~I 6' 	 .... . ­

~n~tI 1. ~"151tll'l1~~~T;)l~t1V'nVfnm El~aJmru';)uu'\n1*
"'\I 	 1 QI 

2. ~-rlltll'l1~~~l,;)l~rf ~~.~"151~1 ,;)ElUl~Un~
~ 	 ~., 	 , 

A ,:::II A 6' ~.::It. .... 

1l1fll"151LflaJ fl m::l'Y1tJ1~1 ~~~ ';)V'n~-1 mmaJ'VI1TYl tJl~t1
• 

.... I 

lJ'YlA(;ltltJ 

1U-11Ulitldt~i\11.J1L~ El~"1J El-1i~lLiimL~-11h::Lll'YlLiiEltl~l'Yllb L;:tfl'VIaJ ~::L;:tElll m~~l,;)
~ ~ 

lLfl~1::lftl1mmn1"lfflTfu ElUaJflUElnL"lf~ L~mDuiltl-1;f~El-1~Eltll1LiiEli~lL'VI~l,ru~.hum~ 
u~~';)1uu~~';).nm'YILLuui~ LLtl~u~~tJ1m~t~t11in1"lfmfuElU1.IfIUflnL"lf~'VI1ElLli t~ tIliL'YlflUfl 

lLfl~l::lf 2 lTI~ El L'YlflUmel~~Ltl"lfLLn~tfl~mt 'Ylm1V1-LLaJ~~Ltln1'Yl~LaJ~~ LL~::L'YlflUfll~ 

LU~ ~Ltln1'Yl~LaJ~1 ~l'V1fUL'YlflUflLel~~Ltl"lfLLn~lflnnt 'Yl m1V1-LLaJ~~Ltln1'Yl~LaJ~~,rUL~w~u1m~ 
L~1t1aJilEl ci1-1 t~ tI1"151vm 'Yl~L-ntlaJLeln"lf1L"lftJ11ULv-JElfL~~(III) L~Eltl~~tl~Eltln1"lfmfu EluaJElUEln 

L"lf~ElEln,;)ln.J1b~f1~1l1t11~~ruru1m~ ml,;)l~l~mfl~El-1LL1J~~Ltln1'Yl~iiL~Elf~::uu SIM ~ m/z....... 

32 (0-5 U1Yi) Lb~:: m/z 28 (5.01-10 U1Yi) L~~~m~lbm1::lf~iifll1aJLritl-1~-1 ~l'V1fuL'YlflUfll~ 

~ 

Lij~mtln1'Yl~LaJ~1 L~w~u1m~ml,;)l~tl1aJ1mmfuEln-nLaJlElln~ijuluJ1L~El~rifi1fll1aJtJ11fl~U 
2 fi1~ El 420 u11ULaJ~~ LL~:: 431 U1t ULaJ~~ ~-1 L DUflllaJ tJl1fl~U~L'VI3J1::~aJ~l'V1fum~ 
~~n~ULL~-1"1JEl-1mfu Eln-nL1JlElln~ijubb~::~f1Eln-nLaJlElln~iju~laJ ~l~"'U 1~t1li~l~~::~l tIl"lfL~t11J 
~ 

L~L'YltElLWilLDuil~~l.n ~~l~L~Ul3J1~hulmLDutl1aJ1mfEl t1~::"1JEl-1mfu Eln-nLaJlElln~iju1 U 

... 
lbb'Yil,xU 

fll~lA"'ru: mfUEluaJElUflnL"lf~ , LaJ1Elln~iju., 

Abstract 

The meat drips from frozen tuna, beef and pork were analyzed for the trace 

of carbon monoxide treated-modified atmosphere packaging by using the headspace gas 

chromatography-mass spectrometry with SIM mode at m/z 32 (0-5 min) and m/z 28 (5.01-10 

min), as potassium hexacyanoferrate (III) as a gas-releasing agent. The results had high 

precision. Another technique used was the visible absorption spectrometry at 420 and 431 

nanometer to determine the percentage of carboxymyoglobin in myoglobin solution, using 

sodium dithionite solution as a reducing agent. The calculated results showed high matrix 

interferences and this technique was suitable for tuna meat only. 

Keywords: carbon monoxide, myoglobin 



..... 
1 fiYl <VI ~ th'J 

~1 'U. 1']~ dL~~ n1~1 LLfl ::~~ln lrrnl1L ~1 ~ 11 ~l tl til ~ LLfl ::irrl Lfl11::lft1~1Il rn1tl ~ ~::'11 tl~ 
carboxymyoglobin l'U.t\l L~ tl~'lJtl~t1~ll'llb LL,iLLij~ LL~::i~lLd'mL~~5u G) rlU11,;)1UU11';)r1rn'Yf~~LLtI 

'II • • 

U11mmV'! ~lm l'lflUfl headspace Gas chromatography- Mass spectrometry LLUU SIM mode 

LL~::L l'lflUfl Visible absorption spectrophotometry LLUU double wavelengths 

Ltl1~ULfi~1Jlf~ 2 lrr 1~tJii~~m1i,]~~~d 
.::::.. ... "" .Q.

1. n111LR11:::'VI<VI1tlLYlR'\.\R headspace gas chromatography-mass spectrometry 
Q. o£t ~ Q...<O I Q.,qA ff "" A 

1.1 1 fiLGl1U3J Gl1 tlU1\l U~:::1 fi1 LR11 :::'VI<VI1 tilYlA'\.\A Headspace Gas chromatography-Mass ­

spectrometry 


... 

2.00 mL U1L~tl~ 

1~1U 20 mL headspace vial 

1
1 Iii" 20% wlv ~3[Fe(CN)61 1 mL, vortex-mix 

l~lu headspace chamber 'lJtl~Lfl1tl~ headspace GC-MS 

~ tI ~ d
1111-;)<VItl 111m, SPE Manifolds L'Wtl<VIGl. ~ 

..­... ...~ 

i>'f1l11:::'lJtl\l headspace sampler 3.J<VI\l'\.\ 

Equilibration time: 15 min l-'l1tl1lL'lJcil 

Injection (purging) time: 5 min 

Temperature: 70°C 
..­... ...~ 

i>'f1l11:::'IJ tl\l GC 3JGl\l'\.\ 

Carrier gas, flow rate: helium gas, 1.5 mLlmin 

Oven temperature: 40°C 



Column: HP PLOT MOLSIEVE capillary column 30 m X 0.322 mm i.d. X 12 IJm 

(J&W Scientific) 

Detector: Single quadrupoles mass spectrometer .. "' .." 
~n11::"lHl\l MS 3JIPI\lU 

"I 
Detector mode: SIM (selected ion monitoring) 'Yl m/z 32 (O-5min) LLiil::m/z 28 (5.01­

10 min) 

Dwell time: 150 msec 

Electron ionization (EI) mode: 70 eV 

Solvent delay: 1 min 

Transfer line temperature: 280°C 
A .. '" .... .t 

~an1,)1L~,)1::'VI 3J~hl'U. 

t fl13J1t 'YlLL n13J'lI a \I ~l a ci1 \1,11L~a~ 1.1 iil1YJtil 1.111n!l~ fl'll a \I a a nonLlllt~ 1.17 min LLiil::~fl 
... \! ... ,,1

"lla\lm1ua'U.3Ja'U.an L'1l'~'Yl 6.43 min 

~laci1\1tfl13J1t'YlLLm3J'lIa\l treated tuna 

~ iiln11iLfl11::lftl13J1 illfa r.J iil::"ll a\l ri1'1l'mfu a'U.3J altanl'1l'~~tl iil~tl ~ ar.J1l1 n,r1L~ a~"ll a\l 

~laci1\1-nil.~~1\1 ~ LLiil::fi1flll3JL~r.J\I LL~~\l1'U.m11\1~altld 
_I"! ~ cv.. 1 ..,d. I .1' :- ...

1ft1,)1\1 LL~ lPI\lu')3J1m,)D ua::"11 D\I n1'Zl"~1,)U DU3J DUD n 'Zl"1PI'YllJ alPllJ a D mn mn La DIPI 

%CO % RSD 

TI* 74.74 3.00 

TP* 74.31 8.59 

TB* 76.34 0.14 

*TI = treated tuna, TB = treated pork, TB = treated beef 

http:lla\lm1ua'U.3Ja'U.an


tl ih.l")1 tJ~~ n1,,)'t1~~ tl" 

,nnt:.l~m1'YlCiltHl\l'il::L~Uil LtlerfL.nu~"lJa\lmfuau3J aua nL"If~"lJ a\l L dEH~"CilfLL"liLLiJ\lrf\l 3 

-niiCil L~LLfi Ldatl~l'Yl\b Lda~3J LL~::Lda1-nfu iifilff\l(1\1 70-76 LtlafL.nU~ ~\lLLffCil\lil1U1J11'il 
1.1 1J 1J " 

.rlrn'Yl"lJ a\l L daiCilfrf\l 3 -niiCiltXU ~lum1i'CilLLtl1U11rllmf'ltCil rliimfuau3J aua nL"If~ari~1 rl'il1\1 
'U 

I A. (( .d A I I I _a.:::. tr'J" A .d 
LL~::'illnm %RSD "lJeJ-:lm11Lfl11::~ 'Yl3Jm 3.00 , 8.59 , 0.14 U\lUan1111i1Lml::~U3Jfl11:l.IL'Ylrl\l 

ff\l 
'U 

Q".c:II oCt Q"..o I ~.ct A cs"''''' A

2. 	 1fiLG1")tJ3JG11tltJ1"LL~::1fin1,,)1L~,,)1::"'~1m't1~U~ Visible absorption spectrophoto­

metry - double wavelengths 

... 
o 	 .. 

200 j.lL U1L~eJ~ 

L~3J 3 mL phosphate buffer pH 7 (deoxygenated) 

1 L~3J 10 mL Sodium dithionite solution (20 mg/mL), vortex-mix 

1 


[A(420) x 0.78] - [A(431) x 0.67]
XeD 	= 

[A(420) x 0.32] + [A(43 I) x 0.55] 

,0.­

~dfltll'1 

FT** 

TT* 

FP** 

TP* 

FB** 

TB* 

XeD (%) 

39.97 

56.55 

62.34 

137.62 

76.52 

91.05 

%RSD 

5.98 

8.89 

-

-

-

-

*TT, TP, TB = treated tuna, treated pork, treated beef ~llJril~'J 

**FT, FP, FB = frozen (non-treated) tuna, pork, beef~llJril~U 
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il ihJ "i1 U f.I ,W1 "iYl {;HHl \I 

1. LU~rJULYirJULUerfLiu~mfuel'u,3JaUf)nL'lf~1uu~1'Y11b 2 LLUU (FT LL~:: TT) L~ULi11 
'II 

Lfl f) Lttau ~1'Y1ti1U11,;) ml1UU11,;).rlrn'l'l~iim1i~ LLU1U11 rJ1 m~1~ rJiimfu f)U3J elUanL'lf~f) rii1 rJ 
'II 1 'II 1 'II 

';)::iifi1 Xco (%) ~~ n11 

,;)In m1i~Ln~~n~rn::"1J a~U~1'Y1ti1i1 f) ri1~1ULdf)~iu 'WU11U~1'Y1ti1~~ (FT) Ju 
'II 'II 

fl1,;),;)::hl ~~';)~~ LL~ Luum1tbu~1'Y1ti1LL"liLL"iJ~1UU11,;).rlrn'l'li~ LLU1U11rJ1 m~3J1i~ LLti~LUU~lU ')
'II 1 

LL~ltJ11,;)hunuU11';).rlrn'l'l'W ~1 ~~n1i113JmLYi f)';h~ tb rJ 1~ rJ i~ Ln~,;)lmttau~l~ii~LL~~ tj~un~
1 1 

LLfl::LL~~'YIU'U1U i1~LL1Y,;)::L nuL11UiLfiuLUUL 1fl1U1U ~~ L\i'f)Ufl1'Y1ti1~~~LLrr';)~~JU~li1m1'Y1~flf)~
'11'11'11 

Lll~13J11n~14ff)Li a1,;)LUuL'W11::Ufl1lJti1Juif)~il.1Lil3J1,;)lmh~u1::L'YI~ i~Ju,h Xco (%) ~ 

Liiifi1L'Yhnu 39.97 ~~~~n11,h Xco (%) "1Jf)~Ufl1EiU'YI~£f~~~~L'Yhnu 17.391~rJu~lEiu'YI~£fJ'U 
LUUufl1~~~m1,;)1~ 

2. fi1 Xco (%) "1Jf)~Ltttl~3J~~ Ldtll1~~ iifi1~~'Wf)U1::3J1rn LL~rr~Llliiif)~1U~i~L,;)U
'11'111 

L'W11::11LLfl::~3JLUui~{un lUL~tl~f)l';)ii CO f)riLiu1~ L'W11::1ufl1m~nii CO UUf)rii1m~3Jf)
'II 'II 'II 

,;)::3J1n~1f)UtlrJ~Uf)rintJ3J~~~luf)ln1~
'II 

LLfl::Lflf)~,;)11rn1fi1 Xco (%) "1Jf)~Ldal1 LLfl::L da~3J ~U11,;)1UU11,;).rlrn'l'li~LLU1U11rJ1 
'II 1 1 

ml'1~iifi1~~3J1n';)utj~un~ ~~i~ LUuif) ~3J3J~;nu11 iifiLm1::~LLfl::~3Jm1m1fi1U1rnffii 1 ( 
'II ~ 

~3Jm1 (1)) LllL~3J1::nUthL~ f)~"1Jf)~Ldf)11LLfl::Ldf)~ 3J 1~ rJiiL~~ ~fli~d 
'II 1 

Lflf)~11fl::fl1rJ"1Jtl~"1Jf)~~~3J1::Wj1~ carboxymyoglobin LL~:: deoxymyoglobin ~~n~u 
'II 

LL~~~ fl113JrJ11f1~U 420 LLfl:: 431 nm ~l3J~liu fi1m1~~n~ULL~~ (Absorbance, A) Luui~d' 
'II 

'YI '" 420 nm : A10tal.420 =Ac0.420+ ~eoxY.420 ............ ...... ............................................. (2) 
, 

'YI '" 431 nm : Alotal.431 =Ac0.431+ ~eoxY.431 ...... .. ........................................................(3) 

l~rJ Alolal420 ~f) fi1m1~~n~ULL~~113J"1Jf)~ carboxymyoglobin LLfl:: deoxymyoglobin ~fl113J .. 'II 

rJ11f1flU 420 nm 

A101al.431 ~f) fi1m1~~n~'ULL~~113J"1Jtl~ carboxymyoglobin LLfl:: deoxymyoglobin ~fl113J .. 'II 

rJ11f1flU 431 nm . , 
old I A .d a 
flf) mm1~~nflULL~~"1Jf)~ carboxymyoglobin 'YIfl113JrJ11f1flU 420 nmAc0.420 , Ac0.431 'II 

LLfl:: 431 nm m3J~liu 

~eoxY.420' ~eoxy.431 ~f) fi1m1~~n~ULL~~"1Jf)~ deoxymyoglobin ~fl113JrJ11f1~U 420 nm 

LLfl:: 431 nm ~l3J~liU 

,;)In Beer's Law A =£bc ... .. 
A flf) fI1m1~mmLL~~ 

'II 

£ ~f) fi1 absorptivity (lu~d'ii~ti1muu cm-
1 

) 

b ~f) fl113Jn11~"1Jf)~ cuvette 

http:UU11,;).rl
http:UU11,;).rl
http:UU11,;).rl


c ~El flll:IJLi:IJ'n\j,"lJEl>'l~T'm::~l[J (lu~diiflll:IJLi:IJiULihl.L~~~lU (fraction )) 

,nn~:lJmd~ (2) LdEl b = 1 cm ';)::l~ 

Atotal.420 =CCO(420)CCO+ CdeOxy(420)Cdeoxy .... .... . ~ ....... .. ........... . ....... ... .... .... .. ... .... .. (4) 

lutilUEl>'lL~[JlnU~:lJmd~ (4) ,;)ln~:lJmd~ (3) ';)::l~ 

Atotal.431 = CCO(431)CCO+ CdeoxY(431)Cdeoxy .............. ... ...................... ........ .... ........ . (5) 

mlmfm~·'uTI"lJEl>'lU1mrn carboxymyoglobin 1 ~lmdrl~ll~,;)ln 

XCO = 
Ceo + Cdeoxy 

~1El XCO ~El L~~~lUU1mrn (fraction) "lJEl>'l carboxy myoglobin luu1mrndl:IJ"lJEl>'l 

carboxymyoglobin LL~:: deoxymyoglobin 

~>'lmdf11Ulrnt~[JliThmwl~n~ULL~>'l~>'l~~~"lJEl>'l carboxymyoglobin LLiil:: deoxymyoglobin ';)::l~
'II 'II q 

...... Q,J Q..tG' 2 
flll:IJ~:IJ~UTI~>'l~:lJnld 

A(420)A r deoxy(43I) - A(431)A r deoxy(420) 
Xco= ..... . (6) 

A(420)[A
r
deoxy(43I) - A r co(43I) ] + A(431)[A r co(420) - A r deoxy(420)] 

t~£JLdf) c = 1 ~m[Jflll:IJ ..hLUU~ldU1~'YlTI..~>'lThmd~~n~ULL~>'l~flll:IJ[J11fl~U~rt>'l"lJEl>'l~ld
q 'II 

A A~ r I 4L.I ::, 

Ud~'Ylli (A) ,;)::L'YllnU C "lJEl>'l~ldUU 
q 

';)lnmdLL'YlUThmd~~n~ULL~>'l"lJEl>'l~ldU1~'YlTI..';)::l~flll:IJi:IJ~U'rfi>'l~:lJmd2
'II q 

[A(420) x 0.78] - [A(431) x 0.67] 
XCO = ..... ... ......... ... ........... .... ..... .... .......... (1 ) 

[A(420) x 0.32] +[A(431) x 0.55] 

A 
r
deoxy(43I) '" ~dEl C deoxy(431) = 0.78 

'" A r deoxy( 420) ~dEl C deoxy(420) = 0.67 

A 
r 
co(43I) '" ~dEl C CO(431) = 0.46 

A 
r 
co(420) v\1eJ E CO(420) = 1.22 

'" A 2 .:to A~ • • ,:::i, 

~ldUd~'YlTI"lJEl>'l carboxymyoglobtn LLiil:: deoxymyoglobtn L~d[J:IJ';)ln,;)lmEln~ldEl1>'lEl>'l 
q 

myoglobin "lJEl>'lU~l'Yllb LL~::lblULL'YlUThlu~:lJmd (6) l~~~~~TILUU~:lJmd (1) ~hlumd 
'II 

f11Ulrn~lLUtlfL.nU~"lJtl>'l carboxymyoglobin i>'lJuLdmll~:lJmd (1) dLulin1JltlL~tl~"lJtl>'li~{ 
LdmL~>'l5u') L'IiuLittl~:IJ dItlll tltl:IJiiitl~~~~l~l~ Liitl>'l,;)lnU1mrn'lJtl>'l myoglobin lULd'tli~{

'II ... 
LL~~::'15U~UULL~n~l>'lnU 



... ... &.. 

(;l1mYl~"~ visible absorption spectrophotometry nu headspace Gas chromato­

graphy-Mass-spectrometry 

nTllLH:i1::~~'HJL 'Ylflitfl headspace GC-MS h;~.Hl1U~i1J"1J th'IL 1.1 trfL-UUII1"1Jth'lnl'D'mfueJu 
'IJ 

1J eJUeJ nL'D'~1Unl'D'fllfu eJU1J eJUeJ nL'D'~~'n 1J nUnl'D'eJeJ n-nL ~u ~1.1 fl~1.1fi eJ tJ1J1~lmi'lL~ eJ~ LY7 mj" 
J'. ~ ~ I ~ I 1 .... « ~Q.; A 

-n11LUeJ~~1LL-nLL"1J"UU~lUn11U11~, UU11~[HU.'Y1-nU~ carbon monoxide treated-modified, 
atmosphere packaging (CO-MAP) 'VI1eJ hi ;S" L'Ylflitfl headspace ~::"lh tJ1'VILli ijn111Un1U';)ln 

L1J'Yl~n.n"1J eJ"i1 mh" n11~ ~L eJ1 eJ1n1~LWu'eJi1 eJ cil" 1 U"1J1~ eJ eJ n ri eJULUUn11fl~n111U n1U~1 n nl'D' 
'IJ 

~ul~mu-rn::nl'D'mfu eJU1JeJueJnL'D'~LLfl::nl'D'eJ eJn-nL~u1UeJl n1 ~ 1.1~1J1 ru."1J eJ" nl'llmfu eJU1J eJueJn 

L'llIl1LLfl:: nl'll eJ eJ n-nL ~U~ n n 1.1 fl ~ 1.1 fi eJ tJ~l mi'l L~ eJ~ ~1.111Jl ru.Lll1Jl n LLfl:: 1J1 fl"1J eJ" flTfu eJU1J eJ UeJn 
'IJ 

L'll~ (28) LLfl::eJeJn-nL~U (32) ~l"nuLll1J1n n11~~::1i full scan mode (m/z 10 n" 40) "1JeJ" mass 

.. ~ ,~.d .... ~" '1".d ::-11.1spectrometer ~"L1J L1WeJ'Yl~::~11~1~ L~ LL~n11 -n SIM mode 'Yl m/z 32 LLfl:: 28 LLa::~" 1LLm1J 

LUll. 2 '7i1" ~eJ m/z 32 (0-5 min) LLfl:: m/z 28 (5.01-10 ) ~::'YhhmL1fllWeJ~~::~::~1Jffil!,!!lru.lfi 

lLml::~d~"L1~eJn11~11~lLml::~ LLfl::~lnThfl111JL~tJ" (%RSD) ~L~mJ1uLnru..n~~1J1n 
'IJ 

LiieJ"~ln"lUl,]tJd1.11:: ~U1.1""ru'VIl Lll ~11Jl1ni".ffeJ nl'llfllfu eJU1J eJUeJ nL'D'~ 'VI1eJ nl'll~ ~1J... 

1Jl ~HlU~'Yl11U ff'~ ~1 U"1J eJ" nl'llfll fu eJ U1J eJ UeJ n L'll~1Jl1-nl~ ~"Lll ~11Jl1nL~1 tJ 1J carboxy­.. 
myoglobin u1~'YlR"LY7 mll1J1~fl"mlv.J1Jl~1~lU LLfl::~lU1ru.'VI11.111J1 ru.~LLri~~" (absolute value) , .. 
"1JeJ" carboxymyoglobin hl.li'lL~ eJ~L~ ~1m 'VI~d~"~11~ ~eJUfl111J1-nL~"1JeJ"lfi visible absorption , 
spectrophotometry 1~m1.11tJuLYitJunU~fln111Lfl11::~~1m'YIflitfl headspace GC-MS ;S"Luulfi 

rhiLfl~eJ" ~eJl Lfl11::~.ffU~" LLfl::ijfl111J LLlluih~" 
'IJ 'IJ 

~flL1.11tJULYitJUn111Lfl11::~~lnrf" 2 lfi Luui"~LL~~"1um11"~eJLtld 

Gl1,)1\1LtJ~umfhJ1J~H:m1,)1L~,)1::lf6i1um~\'\~ visible absorption spectrophotometry nu 
m~li~ headspace GC-MS 

111mh-:J Headspace GC-MS Visible absorption 

spectrophotometry 

RPD 

%CO %RSD Xeo (%) %RSD 

TT 74.74 3.00 56.55 8.89 -18.19 

TP 74.31 8.59 137.62 - +63.31 

TB 76.34 0.14 91.05 - +14.71 

.... . 
RPD m.l relative percent difference 



LUtI-1';J1WhL'YIflUfI headspace GC-MS di~ll L UUL 'YIf1ufI"IfU~-1 ~ iiWl1:JJL ~ rJ-1LLGl:: 
'IJ 

Luvn::L';Jl::';J-1 ~-1~-1i~L1L UUL 'YI flUfI:JJ1 m~lUL~ tllh m11Lfl1l::~~1m 'YIf1 Ufl visible absorption
'IJ d 

spectrophotometry :JJ1L iJ~rJULYi rJU~l rJ 

W1v\'fum11Lml::~iJGll'Y1"b (IT) L'YIflUfI visible absorption spectrophotometry 
'IJ 

1~~Glm11Lml::~~lnllL'YIflUfI headspace GC-MS t~rJiifil RPD Lyhnu -18.19 ~-1,rtlrJnll 20 

~-1rJtI:JJfUL~ LLGl::ii,rm~'-1Ln ~gu ') L ~:JJL~:JJi'-1d 

1. ~:JJm1 (1) ~hlum1"lUlrn LUU~:JJm1~L'VI:JJ1::~:JJ LYl1l::LUU~:JJm1~"lUlrn:JJ1';Jlnfil 
absorptivity "l.ItI-1 myoglobin "l.ItI-1iJGll'Y1't.i1 LL~lu'YI1-1n~unu cllT1lit-1n-1iJGll'YJl.h'lfU~~l-1 '1 ~ii~ 

'IJ 'IJ J 

Ld'tI~l-1 ')nu L"!5U ~LL~-1:JJ1n ~i:JJ tltInL~~ tI-1 ~1t1~L'VI~tI-1t1t1milmGlLUU~U ';J::~1:JJ11nli~:JJm1 
(1) lum1"lulrnt~ rJhiLii~flll:JJflGll~ LfI~tlUtI cil-1iiurJ W1Tlru~1t1LaJ., 

2. m11Lml::~~lm'YIflUfI headspace GC-MS LUUL'YIflUfI~iim1UrJn ~-11~~Glm11Lml::~ 
1IuaJurhiJ1l~';Jlnm11unlU LL~L'YIflUfI visible absorption spectrophotometry Luum11Lml::~ 
lu bulk solution ~-1mtlm~~-1~';J::Lii~m1dUnlUUGl::Lii~ false determination 

'IJ 

~l~fu~Gl m11Lml::~Ldtl~:JJUGl::Ldtll1iurJtI:JJfuhJL~ t~ rJiifil RPD ~fitlU,rl-1~-11U 
'IJ 'IJ 

.. ..t... ~ La 11 .. ..t ~.. ~ 
mrn"l.ltl-1LUtlll (TB) UGl::~-1LnU u umrn"l.l tI-1 LUtI~:JJ (TP) LLGl::~Gl m11Lml::~"l.ItI-1L 'YIf1UfI visible 

'IJ 'IJ 

absorption spectrophotometry U~n~1-1';Jlm.,mm11Lfl1l::~"l.ItI-1L 'YIf1UfI headspace GC-MS lu 

L~-11J1n (~-1nll) ~-1~1iJLUU~L'VI~L~i'-1d 
'IJ ~ ~ 

fl. ~:JJm1 (1) LaJL'VI:JJ1::nu m1"lul rnL iJtlfLoiiu~mfu tlU:JJtlUtI n L'lf~lUtilL~ tI~"l.ItI-1L ittll1(~ 
... , , 

~4CiI A. Aod.d a 

:JJ~U~-1:JJ1n) LLGl::LUtI~:JJ ('YI:JJ~LL~-1L1t1 ')
'IJ 

'\J. ~Glm11Lfl1l::~~ ~-1LiiULiJ U-1Utl whiim11UnlU1u~n~rn::LL 'YI1n L~1:JJ L Yl1l::L uum1 
'IJ 

1Lml::~lu bulk solution 

U~tlcil-1hri~md1Lfl1l::~~lm'YIflUfI Visible absorption spectrophotometry LUU 

L'YIflufI~liLfI~tI-1ii tI~lTnii tI ~1U~tI-1iJlju1i m11Lml::~~1 ') LiJ LLGl::L 'YIf1UfI double wavelengths 11 
liri~1:JJ11niJnu1iL~LULfI~tI-1 UV- Visible spectrophotometry 'YIn"l5U~'YIn'iu ~-1L~:JJ1::~lilTId

:.J ~ ~ ~ 

L~tlml';J1Lml::~'itl-11t1rJ"l.ItI-1 carboxymyoglobin 1 U tilL~tI~ LyjtlU-1;fm1iiu11~.nrn'tfLLuu CO­

MAP ~-1~lulmu';)::hliim11::u1~~U1tl1f1'Y111U LL~Ldtl-1';J1WhL 'YIf1UfldL uum11Lfl1l::~1U bulk 
'" ~ 'IJ 

solution ~-1ii~-1dUnlU~l-1 ,):JJln:JJlrJ L"!5U mdLUUfltlGlGltlrJ~"l.ItI-1~11Gl::GllrJ m1~n~::nml."l.ItI-1 
tiJ1~U flll:JJ~U1LLUU"l.ItI-1L:IJttl t nGluu 11:JJ n-1 ~"l.I tI-1tilL~tI~1ui~lLL~Gl::"liU~';J::u~ n~l-1nU LLGl::~Gl 

.A. tS"'.d I · A tS'" AA . A ...... I A.J".d 

m11 Lfl1l::~'YIU~ n~l-1';Jln ~GllLml::~"l.ItI-111i headspace GC-MS rJU rJ UTI L 'YIf1UflU:JJflll:JJ 

flGll~ LfI~ tlU~-1 ~-1 tll';JhhUUL~ rJ-11fi1Lml::~LdtI-1~ULrhiU U~mh-1hri~m11 Lfl1l::~'itl-11t1 rJ 
'IJ 

"l.I tI-1 CO-MAP rihJ iiflll :JJ~~I LUU~~tI -11 L fI 1l::~tI cil-1 Gl:: La rJ ~ ~-1 ~1:JJ11 n1i1TIl Lfl1l::~dlU 

itl-1iJlju1im1'Y1~~tlUtll~1111lf1~Ul:JJ (at site analysis) rn ~mU~l~Ulmdtli~l ~1eJ~lU 
ml';J~tlUtJ1~11U1L,rlL~ 
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Migration of Plasticizers from Metal Lid Gasket of Glass Jar into Food 

1 "" 6"'.. "'" £U A 2 "" ~ 1 "" "" a A.... ~ 6'" 1QA IV 6'" \II "" t?
,;]U'Yl1,;]11 ,;]U'Yl1 1::L~1;j, ~1~Vt'YltJ L'YHU~1::n~, rn,;j"lfuru ~'Yl'Yl~\l. L'YlU~tJ, Y'l1'Yl~~1 L"lftJU~ 

,u "" ,. .... QI 'U 

lm,btJiitJn11LLtJn~11LL~::lTl1:1J11'Ylml~ 1l1TlLTllj Tl rn.::i'Ylmm~~f ';]m~~n1rn:IJVtli'YltJl~tJ. . 	 , 
2 A.... 6'" A 6'" 6'" A .... 

1l1Tl1"lfl1~~Y'll~~1 Tlrn.::1'Ylmm~~1 ,;)'Yn~~mru.:lJVtl1'YltJl~tJ, 	 , 
1'Yl1 (02) 218-7608 1'Yl1~11 (02) 254-1309 ~iL:lJtf siripastr.ja@chula.ac.th 

,rruVtln11L:IJ Lm"IfWlJ rJ~'Yl ~1 ~~L'l1L'l1rJf~nnu:: Lfi\l.~1"lJ1~LLn1 L"JJl ~rJ1Vtl1rh~~LUU~L~fu 
~ 	 ~ 

Tl11:IJ ~Uh,;)ln r-rU1::n rJUn11~~ rJ rJn"lJrJ~L'Yl tJ rJ ~l~:IJ1n 1~ tJ LU'Yll::rJ1Vtl1U1::Lll'Yl ~ljU13.lUVt1rJL"lJ~ 
'II 

LuUrJ~~h.h::n rJU,;)::'YlU1J'ruVtl n11L:IJ Ln1"IfU"lJrJ~'Yl ~l~~L'l1L'l1rJfLnuTilii~-;iln~"lJrJ~ ~Vt1l1'Yl tJl1urJ~ 
~ 	 , 'IJ 

L~:IJ rJ LL~11U;';)u\l.r-rlh::n rJun';) n11~ ~~ ~ll~Vt::L~tlfu L U ~ tJU"lfU~LL~::~1U~ ~:IJ"lJ rJ~tl::LfiuL~rJ~~ 
, 	 'II 

n11L:IJ Ln1'Yl"lJ rJ~'Yl~l~~L'l1L 'l1rJfli ~rJ~Tl ~rJ~nU1::LutJU"lJ rJ ~tl1::L 'YlY'lT1T11 LL~1fi~1:IJ tl"'ruVtln11L:IJ Lm 
'II 	 ~ 

"IfU~LnuTilii~-;il n~ £T~Tl~ Ln ~;]U ~lUiitJu"t~u1 LLUU-;il ~ rJ~n11L:IJ Ln1"IfU"lJrJ~'Yl ~1 ~~L'l1L 'l1rJf,;]ln 

LL~UU::LfiU:lJlHlUn11~n ~1~1LLU'm~::tl;itJ ~l~qj"lJ rJ~n1::U1UD11L:IJ Ln1"IfU"lJ rJ~'Yl ~l~~L'l1L 'l1rJf 4 

"lfU~ L~LLfi ESBO, TAC, DBS LL~:: DINCH 1U~1LL'YlUrJ1Vtl1tl1::Lll'YlJllTU~~'YlUn11tludjrJ 

1. 	 LLUmh~rJ~rni 
n11-;il~ rJ~n11L:lJLn1"IfWyh1U"lJ1~ LLn11~ tl1:IJ1~1U11,;) 115 ~~1 Li\l.~lUY'I\l.Un~l~ 51.2 

, 	 'II 

ij~·~L:IJ~1 ~~ 86.5 ij~~L:IJ~1 J1VtUn 105 nf:IJ-1i~ltl~"lfU~~lLn~tJ1 RTP LiU~lUY'lUUn~l~ 48 
'IJ 	 'II 

iJ~~L:IJ~1 J1Vtun 6.6 nf:IJ llrltJ1uiitl::Lih~~1~nl1~ 13 ij~~L:IJ~1 J1VtUntl::LllU 0.99 nf:IJ/~h 

iTIn11-;il~rJ~n11L:lJLn·1"If\l. 

• 	 L'YlJllT\l.:IJ::nrJn~1idJu~lLL'YlUrJ1Vtl1 (food simulant) ~~lU"lJl~LLnl 1J~~11i~U'Yl 
• 	 Tl~1"lJl~LLnl~U11,;)~lLL'YlUrJ1Vtl11u incubator TllUTl:IJrJrn,VtlliJ~ 30 °c LUUL1~l 30 

, 	 " 'II 

1U L~rJ~n~l~~"lJ rJ~L1~1~lj~rJn11L:lJLn1"IfU"lJ rJ~'Yl~l~~L'l1L'l1rJflU~l LL'YlUrJ1Vtl1 

• 	 ~n~l ~~"lJrJ~n1::U1Un11'Yll~L ';) rJfl1L'l1"IfU~ii~ rJU1:1J1 rnn11L:lJLn1"IfU"lJ rJ~'Yl ~1 ~~L'l1 
L 'l1rJfl U~l LL'Yl\l.rJ1Vtl1 1~ tJU1"lJl~LLnl~U11,;),~1 LL'Yl\l.rJ1Vtl1LU ~l\l.n1::U1Un11'Yll~ 
L,;)rJfl1L'l1"IfU~rJrnVtllij 100 °c LUUL1~11 -il1:u~1u~n~rn.::Tl~1 ,;)lmfu~~liLfiu LL~ 

, 	 'II 

ulLtlnulu incubator TllUTl:IJrJrnVtllij~ 30 °c djUL1~1 30 1U 
" 'II 

mailto:siripastr.ja@chula.ac.th


• &{1V1funT~~m~1(:.JGl"lJa\lmu.Vll1ii~ii~am1L3JLn1iu"lJa"V'/Gl1~~L'1fL'1fe:)'f U1"lJl~LLnl~ 
• 1.1 

U1-:1';]ilLL'YlUa1'V111LtJ~r:hLllu incubator fllUfl3JarnVll1:iHi 30°C, 40 °c LL~:: 60°C 
" "" 'U 

djULl~1 10 lU m3J~1iu 

• 1Lfl11::~tJ13J1 rn"lJ a\lV'/Gl1 ~~L'1!L'1!afriLmm-nu1U~l LL 'YlUa1V111 

2. m1L~1rJ3Jilmh"L~a1Lfl11::~tJ13J1rn epoxidized soybean oil (ESBO): U1J13JU3J::na 

3J1rhtJ~n1r.J1'Y111ULa~L'Ylaf1YlLfliu~lrJ 5% ~ethoxide LrlatJ~n1r.J1~1LUULtJ~3JU1rnU~1 L~3J 
'IJ 

LtltJL'YlULLGl::L~l'1!L~fJ3J'tl'1~1L';]wjh~1~L~aVl~~tJ~n1rJ1 ,;]1m!uU1 ~11~::~1 rJ'tJ1Lm1::~~lrJ 
GC-MS 

3. m1L~1rJ3Jilmh\lL~am11Lfl11::~tJ13J1rn monomeric plasticizers: ~n~V'/Gl1~~''1!L'1faf , 

LuJ13JU3J::namilrJ MTSE/hexane LL~lU1'tJ1Lfl11::~~lrJ PTV GC-MS 

4. ~1111::m11Lm:1::~~L'VI3J1::~3J1~mLn~1f113J11'Yln1T~ 
Ad A ' ft • . •

4.1 lTIm11Lfln::VI epoxldlzed soybean 011 (ESSO) 

Column Agilenf Rtx-2330: (90% biscyanopropyl/10% phenylcyanopropyl polysiloxane), 

15 m x 0.25 mm Ld. x 0.2 iJm 

Temperature program initial 110°C for 1 min, 20°C/min to 200°C, BOC Imin to 260°C (2 min) 

Injector splitlsplitless, 1 iJL, 110°C 

Carrier gas helium, 3 mUmin 

Detector mass spectrometer 

4.2 1TIm11Lfl11::~ monomeric plasticizers (TAC, DSS LLGl:: DINCH) 
------------------, 

Column pre-column: Agilent DS-1: (100% dimethyl polysiloxane), 0.5 m x 0.25 mm i.d. 

T-piece, line to backflush: fused silica tubing: 13 cm x 0.15 mm Ld. 

separation column: Rtx-225: (50% cyanopropyl/50% phenylmethyl polysiloxane), 

15 m x 0.25 mm Ld. x 0.25 iJm 

Temperature program initial 90°C for 4 min, 25°C/min to 190°C, 20°C/min to 240 (10 min) 

Injector 

Carrier gas 

PTV splitless, 2uL, 60°C for 0.2 min, 14 .5°C/sec to 250°C (16.Bmin), 14.5°C/sec 

to 350°C (5min) 

helium, 50 mUmin 

Detector mass spectrometer 



~~n11-;il~El\l n1::1JT\.1.n11L:IJ Lm-nU"lJ El\l'V'l ~1 ~~L6!fL6!fElflU~l LL 'YlUEl1V1111h::LI1'millJU 

eJ:llJU:IJ::nEln) 'V'I1J';hn11L:lJLmiu;jumjnmlrJ~11\l ') L~LLri 
'IJ 

1. 1::rJ::L1~11Un11i:IJ~~ (111'V'1~ 1A) n11L:lJLn1-nU"lJEl\l'V'l~1~~L6!fL6!fElfm.h~uL~rJm\ln1JL1~l 
1Un11i:IJ~~ L~rJ'V'I1Jn11L:lJLm-nu~\l~~~ 30 lu1umrn"lJEl\l ESBO 'V'I1Jn11L:lJLn1-nU~\l~~~ 

'IJ , 'IJ , 

26.84 ii~~nf:IJ 41\l~\lnl11.J1:1J1rnLifEl\l~ui1\l 31 L'Yll n11W"lJEl\ln11L:lJLm-nU~ln~1\l1.J1::Ll1millJ 
'IJ 

"lJEl\l TAC, DBS LL~:: DINCH JU'V'I1Jn11L1.J~rJULL1.J~\lL~rJ\lL~mXElrJ (2-4%) lu 30 lu 

2. 1Umrn~El1V111~El\l~,hun1::1J1Un11'V'11 ~L-;) Elfl1L6!f-nU 'V'I1Jl1n111l-ffll1:IJ1ElULifEl\l~uLl1ii 
~~~Eln11L:lJLn1'Yl"lJEl\l TAC, DBS LL~:: DINCH LL~Elcil\l1<i1 ~lUmrn"lJEl\l ESBO JU'V'I1J11n1111-f 

fll1:IJ1ElULifEl\l~U-;) ::'Yh1l-fiin11L:IJ Lm'YlLifEl\l ~U~\l;jUL~nUEl mL~VI ~\l-;)ln J U-;)::Ll1 iin11L:IJ Ln1'Yl 
'IJ . 

L~:IJ;ju5n 1.J11n!lm1rnd~l:1J11rlElfi'Jl rJL~11m11l-ffll1:IJ1Elu~\l1U1::rJ::Ll~liuJU'yh1l-f'V'l~1 ~~ 
L6!fL6!fElff:ln~n~ElEln:lJ1LflWihulu:IJ1n-;)uLn~Lflu layer of de-plasticized ;ju1J1L1rnt:hi:IJ~~El-1

'IJ 

1.J::Lnu LiiEl-1-;)l n1.J1:1J1 rn."lJ El\l'V'l~l ~~L6!fL6!fElflwill.dii1.J1:1J1 rnUEl rJ~-1Ll1'V'l1Jm11.JuLn ElU-;)ln'V'l~l~~ 
L6!fL6!fElfL~:IJ;ju~mL3J-;)::rr\lll-fi:IJ~~nmtllJULflUL1~lU1ui1\l 30 lU 
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I' I I 
.dI A a .ell I .cII 1=IIt..d • 

incubate 'YlElrnVlI1:IJ 30 C 'Yl1::1J:;L1~lm\l ') (A) n11 incubate 'YlElrnVlI1:IJfI\l'Yl (B) n11mcubate 
" cu " cu 

VI~-1m::1J1Un11'V'11~L~Elfl1L6!f-nU~ElrnVll1ii 100 °c U1U 1 -llL:IJ\l 
, 'IJ 

3. ElrnVll1ii"lJEl-1n11i:IJ~~LL1.J1~UL~rJ<il1-1n1J1.J1:1J1rnn111.JULnElU 'V'I1Jl1n11 incubation ~ 60 
, 'IJ 

oC -;)::riElll-fLn<iln111.JudlElU~-1 ~<iI~\l LL~~\l1Um11\l~ 1 J-1dL iiEl-1-;)ln L:IJL~n~"lJEl\l'V'l~l~~L6!fL6!fElf 
'IJ , , 

~l:1J11mfl~ElU~L~~;jULrl El El rn Vll1ii ~-1.ffu 'Yil1l-f'V'l1J1.J1:1J1 rnt:JJ~ n ~'V'I ~1 ~~L6!fL6!fElflU~lLL'YlUEl1V111 
" 1..1 1.1 .. 



Gll'11"~ 1 U1mrn ESBO, TAC, DBS LLi;l:: DINCH lui'm'Yl'\.Hn'V\11~EJrn'V\fl3j~h-1 ') incubation 
, 'II 

time 10 ill. 
Incubation Temperature t1~:lJl ruV'H::n~~'l"Jj~"lHrflU~1~~'YlU1l1'VI11 (mg/lid) 

(C) ESBO TAC DBS DINCH 

30 15.69 ± 0.01 1.19 ± 0.29 0.49 ± 0.09 0.19 ± 0.02 

40 17.48 ± 0.69 0.98 ± 0.36 0.62±0.11 0.24 ± 0.02 

60 21.12 ± 1.70 1.31 ± 0.52 0.78 ± 0.22 0.29 ± 0.02 

~m1nLaJLn1'YlL~~n"hhmmi;l"lJ'Ul~1'V\ ill i-1Ln~~lnU1m rnm1Lm n1i''U"lJ EJ-1 TAC mnn1l , '" 

DBS LLi;l:: DINCH ~lmhi1J LrtEJ-1~ln~i;ll ~~L"ll'L"ll'EJ-flaJLi;lnm~n~::LfI~EJ'U~LLi;l::LaJLn1'YlLUrJ-1, 
1J1L1 rneh1laJL~Jl mLi;l::1l~L1ln1l~i;l1~~L"ll'L"ll'EJ-flaJLi;lni;l1'V\ ill ~-1nn ~n~~l £J~lLL'Yl'UEJ1'V\11L~ 

, '" 'II 

mnn1l 

Gll'11"~ 2 U1mrn"lJEJ-1 ESBO, TAC, DBS LLi;l:: DINCH ~EJrn'V\fl3j 30°C 
. , 'II 

t1~:IJl ru'V'Hn ~~'l"Jj~"JjllnU~1~~'YlU1l1'VI11 (mg/lid) 
1::EJ::mni:IJ~~ 

(1U) 
ESBO 

(MW.950) 

TAC 

(M.W.218) 

DBS 

(MW. 314) 

DINCH 

(M.W. 424) 

0.25 0.87 ± 0.07 0.88 ± 0.36 0.17 ± 0.05 0.08 ± 0.01 

5 11.24 ± 0.16 0.97 ± 0.29 0.32 ± 0.15 0.13 ± 0.00 

10 15.69 ± 0.01 1.19 ± 0.29 0.49 ± 0.09 0.19 ± 0.02 

15 18.92 ± 0.36 1.24±0.19 0.63±0.12 0.26 ± 0.06 

30 26.84 ± 0.78 1.55 ± 0.52 0.74 ± 0.10 0.33 ± 0.05 

"'11.1 ~HW1 '1'Y1 Gl ,H)", 

m1Lmn1i''U"lJ EJ-1~i;ll ~~L"ll'L"ll'EJfl'UU::Ln'U~lm1mn~L~~ln'V\i;ll £Ju....~i£J L~LLTi Lli;ll~ 

~aJt-l~ m1~1~L~E)'f1.1L"ll'i''U~EJrn'V\fl3j~-1 EJrn'V\fl3jLLi;l::"lJ'Ul~"lJEJ-1 taJLi;lni;l t~£J~1J1l ESBO ~:: 
, 'II 'II , 'II , 

Ln~m1LaJLm,r'UL~mn~~~LLi;l::iiLL'UlhraJ~~::Ln'UThii~,hn~m1Lmn1,r'U~ 60 mg/kg "lJrn::~, 
TAC, DBS LLi;l:: DINCH ~::liThm1LaJLn1,r'U~~lmn 'UEJmnnit'V\ln~lLL'Yl'UEJ1'V\11iim1iaJ~~n 
fill aJ1EJ'U~ i;ll ~~L"ll'L"ll' EJf~::nnm::~'U1iLn~m1Lmm,r'UL~aJmnif'U LL~'V\lnL~11JflllaJ1EJ'U~-1~ 

'II , 'II 

1::£J::Lli;l1;'U ') L"Ji'U nTfYh~l~L~ EJfl1L"ll',r'U~::~1J1lm1LaJLmi''U1ifh~-1 LLi;l::fI-1~ 'UEJn~lnd'"lJ'Ul~ 
"lJ EJ-1~ i;ll ~~L"ll'L"ll'EJf~L ~n n1l~::Ln~m1LaJLn1i''UL~1.11 n n1l rJ-1 ii t-l i;l~ EJ m1LaJ L n1i''U~L~aJif'U~l £J 

1. Fiselier, K., Biedermann, M., Grab, K. J . Sep Sci. 2005, 28, 2144. 

2. Fankhauser-Noti, A. and Grab, K. Trends in Food Science and Technology. 2006, 233, 



ON-LINE SOLID PHASE EXTRACTION COUPLED WITH SEQUENTIAL INJECTION 

ANALYSIS FOR THE SEPARATION AND DETERMINATION OF SULFONAMIDES 

Eldl~~rn. -ntlGl111nGl " ~:lJvf'lJlru ,ru,l'l~fiu~::, ., 

1Jf1A~Ua: 1u,\l1u,i,rtlii'1~Yhm~vr~\I,1m~LLtlnLLGl::iLTl~1::~L:a\l U1:1J1 rn'lJa\l ff1~'IfGlt vJU,1L:IJ~ t~tI 

hlifm~ffn~~l tilvJff'lJ a\l LL"i1\1 LLUUEl au, LL'lU il:IJnml'lTliiTl-nLTllu,L iftlGl au,L';) n-nu,El::u,1 ~oiiff ff1Wi'U 

n~::Ulu,n1~n1~ffn~ ~l til vJ ff'lJ a\l LL"i1 \I,ru, ';)::~ Tl El ri':IJ U'lJU,1 ~ L~ noi1 \I 'Yhifu,L El\l 111 £.11 U,U~~,;)~l tI, 
au,111Tl'lJa\l il~~'IfU n~::ulu,m~it';):: Lilu,a~t u,:lJ1irf\ll \l,m~fh,r~ ~\I L~auu,a Eln,;)1n ilaci1\1 LLL'l:: 

, 'II 

.... .d ~ I .., d ~ d " t ~ ~ .. IA AA 

m~ffn~ 'U\I n~::Ulu,m~u,';)::~ a nu~::uU 'UL TllU,L"1!tI Gl ElU,L';) n"1!u,a::u,1 L'l'Uff ~ tll'l~::UUu,';)::LJ~::n ElU 

LU~ltJ U~:lJff1~fUTllUTl:IJm~L~Gl LLGl::11ffl iifitff1:1..11~n~,;)::'Yhi.~El ci1\1~ElLrta\li\l LL~m~ffn~ff1~, 
'IfGl t vJU,1L:IJ ~,;)1n il El ci1\1 ~ L ilu,'lJ El\l L~Gll L u';)u,n\l n1~LLti n ff1~~L~1 ffU,h t ~ tiliLl'l TliiTl Lm Yl af 

vJElf:lJ1wn~Tli~ tTl~:lJ1 t l'ln~1Vl il:IJnu m~~~1,;)1~1'l1\1 LTl~LvJ~1 \l1u,i,rtlttL~~nB1~11111::~ 
L~:I..I1::ff:IJ'lJ El\lm~ffn~~ltl LvJff'lJEl\l LL"i1\1LLUU El au,LGlU L~LLfi ~nB1~1 a~~1~1u,~L~:IJ1::ff:IJ'lJ El\l ff1~~ 
1iLilu,il"15::, a ~~1m~L~ Gl'lJ El\l ff1~1\l,iu,~ El\l,m~~h\l,ff1~il a ci1\1 LLL'l::m~"1!::ff1~il El ci1\1 LLL'l::t'Uu, 

'lJ a\l ff1~~nn"15:: El Eln:lJ1 ';)1 nm~~nB1wu11 a~~1~1u,~L~ :IJ1::ff:IJ'lJ El\l ff1~~li"15::~a L:lJ1'l1u,afl~a
'II 

LvJffLTl~ElU,~ 1 00:0, a~~1m~L~ L'l'lJEl\l ff1~1wffu,~ au,m~~1\1,ff1~ila ci1\1 LLGl::m~"15::ff1~ilElci1\1~ 
L~:lJ1::ff:IJ~a 10 L:lJtTl~~~~~Eliu,1fi LLL'l::t'Uu,'lJa\lff1~~nn"15::~L~:lJ1::ff:IJ~a 20-24 iU,1fi

'II 

Tl11:IJi:IJvrU,lh::~11\1 vfu,~'lJ El\l~nnu Tl11:IJL"li:IJ"liu,'lJ El\l ff1~'IfL'l t vJU,1 L:IJ~L ilU,L iu,~~\llWrll\l 0.01-8 

~lu,1U,Lt1U,~1U, ,;)1n ~Glm~1'l~GlEl\l:ff1iL~u,11 iifitLilu,iif~~1t1, ~l~L11 LLL'l::~Tl11:IJLlff\l ff1'VI'i'um~ 
'II 

LLtifi LLGl::iLTl~1::~L:a\lU1:1..11 rn'lJ El\l ff1~'IfGlt vJU,1L:IJ~ 

... "" 
'lfin1'if1~"a\J 

U1ElU,111Tl'lJEl\lLL"i1\1"15ii~ Oasis HLB ,;)1n SPE ~1U,1U, 0.048 nf:IJu~~,;)Gl\llu,riEl, U1riEl~, 
~ ," A d ~ &II A .... AA Ado .... .., I 

U~~';) ElU,111Tl'lJ El\l LL'lJ\I~ El nUL l'lTlU,Tl'IH TllU,L "lHHl El U,L ';)n"1!u,El::u,1 Gl'Uff LWElL ~~tI :lJ1'l1 m~ffn~~l El tJ1\1, , 
LL UUtl~ t u,:IJ~ ';)1 n,r\I,U1~::UU-nLTllU,Lif tI Gl a\l,L';) mJu,tl::u,1 ~oiiff~ El Li1nU L l'l TliiTl L m W tl fvJ Elf:l..l1wn 

~Tli~tTl~:IJ1tl'ln~1Vl t~tlTlElri':lJu~li~El t:IJtu,~~nTlElri':lJu C 18 (monolithic column C18) LLGl:: 

m~~~1,;)1~1'l1\1 LTl~LvJ~1~1i~El L l'lTliimLEl:IJ L W ElhL:lJ1'l1 (Amperometry) 1"1!1u,n1~iLTl~1::~~1 

U1:1..11 rn.ff1~ilEl ci1\1t~ tlm~fff1\1n~1vJ LfitlU:lJ1~~~1U, ~1Ellim~L~:lJff1~:IJ1~~;)1u, LLGl::ilLvJ~1li 
~ ~ 

\l1U,ff1Wi'U\l1U,i,rtlit~El ilLvJ~1LW"1!~~~u~htltU~ElU, i\l~u 
'II 



• • 

~ n 'M-1~1 n1 '1::~ L~ 3J 1:: iif 3J a1 ~ -i'lJ n 1 '1iif n~~'1 tI Lvi iif'21 tl\! LL if\! LLlJ lJ B~r'"lim'!'" n1 '1 

~ LVI '11:: M'rinrvi '"113J ~1~ tI '!i LtI VI ii VI:a L VI ~'" L1$ tI ~ ~ '" L,;) n-zt'" tl:: '"1 a~ iif~'13J OlJ L't1 VI "VI 

LLtl3JLfftlhL3JGl~ 

ibWl1~::~1t13J1m!1u,.n~hhn'1.aJ~ 10 ppm ~1U,~>1'YiEJ~1l11~EJ~111Tl'lJe:hm;J>1111n 
SPE LL~::'VIlff1111::~ L'VI3J1:: ffaJ ~1'V1111n11"1l:: ffl1.n~ t vJU,l '1.aJ~111 nLvJ ff'lJ tl>1 LL;J>1 YffEJ aJJ>1i LTl11::~'VI1 
tJ13J1rn~1 tIL 'YlTliiTl-nLTllu,L:atl~ au,L11 n-nu,EJ::m ~oiifft ~ tliiTl EJ ~aJ,raJ EJu,EJ ~~ ffl'V11lJ LLtin ffl1~ 7 "1lii~ 
'Yi1n11~1111l~~1tIL 'YlTliiTlLLEJ3JLWEJt 1LaJ~~ 

1. ~m~ner~11L111U,n11"1l::LvJff'lJ EJ>1LL;J>1~L 'VIaJl::ffaJ'lJEJ>1 ffl1.n~tvJU,l'1.aJ~J>1 7 

"1lii~t~tll'iln11~m!fl~er~11L118, 9, 10 LL~:: 11 . '1.aJtTl1~~1~tliu,lYi t~tll'iln11~1U,ffl1 

3J1ml~lu,.n~ t ~U,1'1.aJ~~1::~lJTl113JL-llaJ-llu, 10 ppm ~>1'Yi EJ~lJ1111EJU,111Tl'lJEJ>1LL;J>1111n SPE... . . . 
d .., , .ct I .., A 

2. ~nM1EJ~11ff1U,'YlL'VI3J1::ffaJ1::'VI11>1LaJ'Yl1U,EJ~ nlJmobile phase TlEJ 

Wl1~::~1 tlvJEJ ffL vJffUvJLvJ EJf~ EJ EJ::-nt~u,'1. u,'1.~1~~EJLEJ'YllU,EJ~ 1U,er~11~1U, 100:0, 90:10, 80:20, 

70:30, 60:40 LL~:: 50:50 t~tll'iln11~1U,ffl1aJl~1~1U,.n~t vJU,l '1.aJ~~1::~lJTl113JL-llaJ-llu, 5 ppm ~>1... 
• d ~ 

'Yl EJ'YllJ1111 EJU,111Tl'lJ EJ>1 LL'lJ>1111n SPE 

3. ~nM1L1~1~L'VIaJl::ffaJffl'V11lJn11"1l::ffl1.n~t vJU,l '1.aJ~~ 7 "1lii~~1t1LaJ'YllU,EJ~t~tI 
l'iln11~1U,ff113J1~11~1U,.n~t vJu,rI1ml~1::ilJTl11aJL-llaJ-llu, 10 ppm ~>1'YiEJYitJ1111EJu,nlTl'lJEJ>1LL;J>1... , . 
111n SPE 
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~ n lt1 \111111 d:::ri L\II1J1::" IJ a1 \II -i'lJ n1 'l" fl~~d U L ~ "'21 u\l LL ~ \I LL lJ lJ 5G1 t"IJml"n1 'l 

~ L~'l1::,.fozrnt~"111J~1~ ul2i'Lfl ~U~~L~~"L:.aU n ~"Lv n2fUut"1 ~~"~dlJ flU LY1 ~u~ 

LLuIJL....mhLIJG1~ 

1. ~n1!tlamln11L11"lJeh'~111u.ffU~uUn11~1'1.1.~11ilmh-1LL~::n11'1!::~11ilutil-1~ 
L'r\1I1::~1J"lJu-1~11i~1YlUlL1J~t-1 7 '1!it~ a~11L11"lJu-1n11'1!::~L'r\1l1::~1J"lJu-1~11i~1YlmL1J~t-1 7 

'1!it~ ~u 10 L1J1m~m"ulU1Yhiiu-1,;)ln~11i~1YlmL1J~t-1 7 '1!it~ijm1LLrJn~~ LL~::liiqjqjlru. 
.01 .01 

~ uu~ua-1Y1~-1Y1~~ 
'II • 

2. ~n1!tl a~11~lU~L 'r\ 1l1::~1J1::'r\il-1L1JYllUa~" illYl~LTI ~au~ ~ a ~11fl::fll rJYlu~LYl~ 
UYlLYlu{" a tl::.u1~uL U L~1~"ilLuYllUtlfl a~11 ~lU~L~111::~1J1::~il-1 L1JYllUtl~" illYl~LTI~ tlU~ 
~u L1JYllUtl~ 100% Lii tl-1 ';)1 n 1 iirurul ru.~tlU~Utl-1~~-1~~~ LLfl::L~irurul ru."lJ tl-1~11ifl1Yl'U.lL1J~ 

"" 11' "" .. 
mUl1-1 7 '1!it~ 

3. ~n1!tlL1fll~L'r\1I1::~1JfflWrUm1'1!::~11ifl1YlU1L1J~t-1 7 '1!it~~lm1JYllUtlfl1~rJ'ti1m1 
~lU~11Jlml~lUifl1YlmL1J~~1::<ilUTll11JL,r1J,rU 10 ppm fl-1'Yl U~U11,;) tlU1l1T1"lJ tl-1LL;J-1,;)ln SPE... . . 
YlUl1L1fll~L'r\1l1::~1J~lWrUm1'1!::~11ifl1YlUlL1J~t-1 7 '1!it~ ~u lU1Yi~ 20-24 lU1Yi L iitl-1 ';)1n 

1...... .01.-.01 
'r\~ru rul ru.~ tlU~Utl-1Y1~1JU1ruYI ~~ 

" " ~ ~ 

. 
G11'l1\1Y1 

." 

1 LL~~-1 Linearity, LOD LLfl:: LOQ 

Analyte Linearity 

·1 
(~g mL ) 

Slope 

(peak area 

. units I 

ppm) 

Intercept 

(~A) 

R2 LOD 

·1 
(~g mL ) 

LOQ 
·1 

(~g mL ) 

Sulfaguanidine 0.01-8 0.0101 0.014 0.9972 1.75 5.85 

Sulfadiazine 0.01-8 0.0348 0.0152 0.9981 0.27 0.88 

Sulfamethazine 0.01-8 0.0244 0.0117 0.9998 0.34 1.13 

Sulfamonomethoxine 0.01-8 0.0186 0.0104 0.9993 0.42 1.42 

Sulfamethoxazole 0.01-8 0.0165 0.0114 0.9997 0.44 1.47 

Sulfadimethoxine 0.1-8 0.006 0.0088 0.9972 1.23 4.1 

Sulfaquinoxaline 0.1-8 0.0035 0.0082 0.9941 1.85 6.18 
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nT'Hnr~~lmWff'lJu~LLiJ~LLuuer~1\u1111~ [J1iL'Ylflil.fl.nLfli'U.Li1[JfI~'U.L~mr'U.u:;'U.1~<1!ff 


li1:;[J:;Llf111'U.n11L~1mJilu [h~,ru mLfI:;fI~t111l1rn.n111iil111f1:;fll[J 1'U.n11'Yl~flu~i1."L~~mn 


fflll1:;~LlUI1::fflJ~1V1fUL~1mJil mh~1~[Jn11ffn~~1m W ff·llU~LLiJ~LLuuer~1'U.lJl1 11lJnUL 'YlflUfl 


.nLfli'U.Li1[JfI~'U.L~mr'U.u::'U.1~<1!ffLLfI::L 'YlflUmLulJ L ~ ul1LlJ~1i~d ermln11LVI fI"llu~ ffl11wff'U.~ u'U.n11 


~1'U.ffl1ilmh~LLfI:;n11"11:;ffl1ilmh~ ~u 10 LlJlm~~1~ul'U.1Yl, er~11ffl'U.~LVl1l1::ffm:;Vl11~ 


LlJ'Y11'U.ufl~mWffLfl~uWyt ~u 100:0 LLfI:; Llf11~LV\1l1:;fflJ ~1V1fUn11"11:;ffl1.nfllW'U.1LlJCifJ~ 7 "11U~ 


~u l'U.1Yl~ 20-24 l'U.1Yl ~lnfflll1:;~LV\1l1:;fflJ1'U.n11L~1[JlJil ucil~1~ [Jn11ffn~~lmWff"llu~LLiJ~ 


LLUUer~1'U.lJl11111iffl1l11nml~1~ffl1.nfllW'U.1LlJCif 7 "11U~ 1~[Jhi.m~ufwuf1l1wn~fll~llm 


lJl1'YlnnVHllJnUn11ml~1~LLUULLulJL '1W l1LlJ~n~iqJqJlrn.n11~uUff'U.u~~~LLfI:;fI~Llf111'U.n11 
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Development of Analytical Methods and Determination of Capsaicin and 

Dihydrocapsaicin in Chili Products and Hot Spicy Food: Application to Chili Paste 

~ 1 Xli113J\HlJ Vi\r;)n1*, n'U.n111ru. 11~.J, 11~'U.1 ~LfW.J, tl1J1 m'n1~3J 
'IJ U 'IJ 

y,7,bullnlJ1inT~11J"'un1'itwn"fl~rfmJ1rY/nJ/w n1fl1'1f1t flU flrn~1y/U1f(1ff~{1J'W1flJmrn• 

OJ • 

UYlAGlUD 

Livr~'U.11TIn11LL[JmLfI::1Lml::~Vil1.l1m rnLLfll.lL'll-n'U.tl [Jill (CAPs) iltlL'YlflitflLm'llflfllf 

~h~nl 'Yl1LflL'U.l1nlmm1'Yln11W (MEKC) y.d'tl3Jil[J1TIn11L~1[J3J~ltlcil.Jm1.l1::rm~linu~ltlcil.J• 
LfI~tl.JLLn.J ~lL1~11.l 1~ [JliI111::~LVim::~3J~lVi1Un11LLvnLLfI::Yh1.l13J1 ru.1Lml::-.{LLfll.lL'll-n'U.tltlll1~

'IJ 

Livr~'U.1LL~l~ln.Jl'U.1itlritlimU1U fitl uncoated fused silica capillary "ll'U.1~ 50 I!m Ld. x 40.2 

cm (30 cm n.JLfI~tl.J~11~i~) U11~~11iltlml3Ji'U. 0.5 psi dj'U.Llfil 5 'U.1-n ml~1~~ml3JtI11
• 

f1~'U. 214 nm intl1w~1 25 kV LLfI::mUfl3JtlrnVil1iJ~ 25°C LLfI::UWLWtlf"lltl.J MEKC 
•• 'IJ 

1.l1::ntluiltlUm1~UWLWtlfL-ll3J-ll'U. 10 mM ~ pH 9.21'llL~tl3Jl~L~n-nfl.nflLw~ 60 mM Lij'U.L3JL'llfi 

fllfLW~ LLfI::tl::-nl~L'U.Lm·~ 15 % 1~tl1.l1m~1 LLfI::Livr~'U.l1TIn11L~1t13Jiltlcil.J~Vi1u1Lml::-.{ 

CAPs 1'U.'lltl ~y.j1n l~tI'Yil n11~n~ CAPs 1'U.~l tlcil.Jil F.JL tll1f1 tl::-nL~ ~ y.j1tl3JJ.J L~mn~tlfl.JLl.lL~tl 
'1h [JL ~3J1.l1::~'YlTII11y.j n11~n~ 'U.tln~lnUrr.J1TI~vr~'U.l.ff'U.~Vi1U~l tl [h.J~LU'U.LfI~tl.JLLm~lL1~11.l 

'IJ 
.... ........... .... 


.c:II.' lOA .... A .... 0 0 A o.ell. #I 0 A .... 

'n'U.~m.J ') L'n'U. 'U.1y.j1mLn.J~3J Lmtl.J~3Jtll 'U.1y.j1ny.j::LL'U..J 'U.1y.j1nLLn.JL"lltilVil l'U. 'U.1y.j1nLLn.JaJ~3J 

LU'U.i'U. ~.Ji'U.L'Ylflitfl MKEC LLfI::1TIn11L~1t13Jiltlcil.J~Livr~'U.1.ff'U. ~3J11nliLu'U.anm.JL~tln 
Viit.J~lVi1u1Lml::-.{1.l1m ru. CAPs 1'U.'lltlfly.j1nLLfI:;LfI~tl.JLLn.J ~1L1~11.lUl.J'nit~Li L~tlmufl3J 

'IJ • 

""'" 'l1)nT'iYl GI GHhl 

~fin1"iLGI~U3Jm'ltHh:JLA~thlLLn\l~1L~~"iU ,r.Jiltlcil.JLfI~tl.JLLn.J 2.5 n13J fI.J1'U.Vifltl~ 
v 

y.jfll~~n"ll'U.1~ 50 mL L~mtll1f1tl::-nL~~ 10 mL LLfI::lhL1.l1tlfL'Yln.ndj'U.Llfil 4 'U.1-n ~lni'U.L~aJ 
anhydrous MgS04 1.0 n13JLLfI:: NaCI 2.5 n13J LL~l\bL1.l1tlfL'Yln.nanflf.JLU'U.Llfil 4 'U.1-nLLfI::L'll'U. 

~1vh,r~ 3000 1tlU~tl'U.1-n LU'U.Llfil 10 'U.1-n ~lni'U.iJLl.l~.ff'U.Ltll1f1tl::-nL~~ 8.0 mL fI.Jl'U.Vifltl~ 
'Yl~fltl.J LLfI::lhL1.l1::LVi tI~lY]lf1::fll tI~'U.'Yl1t11iLLi.Jil mfl~tl.J1::LVi tI LL~.J LLUUVi3J'U.. (rotary. 

evaporator) LL~l~l,h'U.~1::LVitlLLi.J3J1f1::fll tll~ tili ~11f1::fll tI~l tl cil.J~y.jftl3J~lL1.l1Lml::-.{ilti 

MEKC 1.l1::ntluil[J 50 ppm ii~w'U.tlmtl (LU'U. internal standard) 60 mM SDS LLfI:: 15% tl::-nl~ 

L'U.L'Yl1~ LLfI::n1tl.Jilti 0.45 11m PTFE syringe filter ritl'U.~lL1.l1Lml::-.{ilti MEKC 

http:LLfI::tl::-nl~L'U.Lm
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.d ...... A .. t!l A <'}..... l.d ..: 
nTl::rutun:: iIf3J iIf1'H'1"11 n 1 'i'l LA 'i1::\1 LlA 'Zi'lnUHJ VI L"@'\ '1 £HJ1" \ A 'i£hHLn" ilf1 L'iv'it!.. 

1iLf1~th'f1::~~~115L~nhm"~tl1rnN1U PlACE MDQ ditl Beckman f1::~~~11f1tl~inrdJu, 
uncoated fused silica capillary 'lJm~ 50 11m Ld. X 40.2 cm (30 cm t1"'Lf1~tl"'~"n,;)l~) lJ'f'S,;), 
N11~1[Jm1lJ~"'U 0.5 psi dJUL1~1 5 mfi ~11,;)1~~m1lJ[J11f1~U 214 nm f1ndhJ~1 25 kV LL~:: 

m13f1lJtlrnVt[)jj~ 25 °C LL~::uy.hy.Jtl{'lJtl." MEKC 1.h::ntl13~1[J13m1~uy.JLy.JtlfL"lilJ"lrU 10 mM ~ 
,. 'II 

pH 9 .21'IlL~[JlJl~L~nrn~'1f~Ly.J~ 60 mM dJuLm'Il~~1fLy.JN LL~::tl::rnl~LULrmf 15 % 1~[Ju1m~1 

r.4a n1'iflVliUl" 

l~U1:: [J n ~ilin11L~1[J lJ ~1 tl til." LL~::[)11::~L VtlJ1::t'h Vt 113 n11LL[J n LL~::iLm1::~Vt1U1lJ1 rn • 
CAPs ~L~vr~m1~"'1~ii[JfitlUVttt1dm1in13~1tlci1"'Lf1~tl"'LLn"'~1L1,;)1U"1fU~~1'" ') L~LLri ~1Yl1 

'II 

LLn"'~lJ Lf1~tl"'~lJcl1 ~1Yl1nYl::Lm." ~1Yl1nLLn"'Lii[J1Vt11U ~1Yl1nLLn"'llNi~ ~1tlci1.,,5L~nll'l1~h 
LLmlJ'lJtl"'~1Yl1nLLn."ilJ ~1Yl1nYl::Lm." LL~::Lf1~tl"'~lJcl1 LLN~"'~"'1U 

'II 

0 .0200 -.--- -------,,-------------------------r 0 .0200 

0 .0175 

0 .0150 

0 .0125 

0 .0100 

0 .0075 

0 .0050 

0 .0025 

0 .0000 

o 6 8 12 14 16 

CAP 

ISTD 
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10 
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'-----1. 0 .0000 

Min ute s 

" A
Ltl n ilf1'itl1"tl" 

1. Laskaridou-Monnerville. A. Journal of Chromatography A (1999) 838, 293-302. 

2. Anastassiades, M., Lehotay, S.J., Stajnbaher, and D. Schenck, F.J. Journal of AOAC 

International (2003) 86, 412-431. 
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Luihw tl1'V11'1't1::La 

(fl1M1tl\lfl'lM) Production of food supplement for Osteoarthritis 

prevention from sea food shells 

1) 
L­

2) tl.~1. Elll.1"n m"n11T11J 

.... I 

11 't1 fiI (9UItl 

m1ci El t1LTI~U'~1nLl.nU'VISjn~1mElU L'1faJ,nnn Aspergillus fumigatus LL!;!::LTI!;!ll.Ll.uTlriL1t1 

Serratia sp. ';UJ11'CH.J~~ L5U-LL£J6Jifh~-&1-n~tTl6Jl,ijll. (GlcNAc) LL~::L5u.L5u-L~LL£J6Ji~~LTItliiLUt£J~ 
'IJ 

[(GlcNAch1 El ci1\1LUYn::L-;)1::-;)\lL~ LElll.L'1faJ-;)1n11 Aspergillus fumigatus ~11J11rl ci EltlLTI~ll. (3% 

w/v) ~ pH L1Jll. 3 mu;vlflii 40°C L~~~~.nrn'tiLull. GlcNAc ~lm1.lElfL.nll.~~!;!~~~ 72% fl1t11ll. 
• 'IJ 

Ll!;!1 21ll. Lf1ll.LElll.L'1faJ-;)1ntTl!;!ll.LLUTlyiL1t1 Serratia sp. ~ pH Lyhnu 6 Elrnl-'Iflii 37°C yi1m1U1J 
• 'IJ 

LUll.Lla1 6 1ll.~11J11rl~~~~~~.nrn't1djll. (GlcNAch LL!;!:: GlcNAc ~lmllElfL.nll.~~~~.nrn'ti 43% 

LLa:: 2.6% ~11J~1i1J m1yh1~ GlcNAc LLa:: (GlcNAch u1~'Yli~11J11m'i1L~~t1mWm~::nElll.• 
9l11J~ltlm1rhi~~~ltl~\lti1ll.nmTll.il'VI1tltiTlEl~1J\r~ij~\lti1ll.n1JlTll.911~ GlcNAc 1J1~'Yli~ltl• 
L1.IElfL.nll.~~a~~~ 64% LL!;!:: (GlcNAch 1J1~'Ylif~ltJL1.IElfL.nll.il~!;!~~91 40% LL!;!::~11J11m~1JTl111J. . 

A J A .... ~.d 
1J1~'Yl1l"lJ El\l ~!;!91fl rn'YI ~\lrl\l 100% 

• 'IJ 

m1ci El t1LTI~ll.~ltlm~hIt~1T1!;!El1m-n1J-nll. t~t1m11iLL!;!::L1l1iTl~ll.el!;!~11t'1fUTI LyjEl1'V11~ 

Ln~Eln!;!tTl'1f1iju L~t911T1!;!Elh~ (GlcNHCI) ~\I~fl11::~1,nll.m1L911t11JLn~El GlcNHCI ~El 
'IJ 

el9111Lhll.LTI~ll.~Eln1~L~t~1T1!;!El1m-n1J-nll. 1:1 (w/w) LL!;!::~Elrn'VIflii 40°C 1~L1.IElfL.nll.il~~91.nrn't1 
• 'IJ 

~ El 60% LL!;!::~!;!m1ci El t1LTI~ll.t~ tI m11iTl~ll.L1JtTl1LlrJ,rll.~11J11rl!;!~1::t1::Ll!;!1n11ciEl t1!;!\1 L'VI~ El 

L~U\l 12 ll.1Yit91tlijfl11::1.Ilimtl1~Elel~11Lf1ll.LTI~ll.~Eln1~L~t~1T1!;!El1m,y1J-nll. 1:3 (w/w) ~Yl~\I 
L1JtTl1LlrJ 850 watts 1~LtlElfL.nll.~~~91.nrn't'l~El 52% ~\I~11J11rl1.l1::'VIiT~Yl~\I\l1ll.1ll.m1ciEltl!;!\lLtI 
L~1J'VI1~nmrimYitlunun11n111J1TIm1riEltl1ll.U-;)-;)UU• 
.... .,. 
'11) fl1'1m'mtl\l 

1TIn11'Yl~!;!El\l'VI~nij 2 LLU1'Yl1\1~El~1LUll.m1ri Eltl~l mElll.L'1f~LL!;!::m~ 

J) n1-s-dalJi'wLtJUl6JfJJ ~1LUll.m1LUll.~1iui\ld 

1) m1L~1t11JLTI~ll.,nmLnll.'VISjn (~-chitin) t~t1m1irll.1~ij"1Jll.1~ 500 J.lm LL!;!::m1L~1t11J 
TI El!;!!;! El t1~~ El!;!LTI~ll.t~ t1m1L~1Jn191L~t911T1 aEl1n L-n1J-nll.!;!\IL1.I1ll.LTI ~ll. n1ll.El ri1\1L11 ,;)ll.~11!;!::!;!1t1ij 



.. ~ .."" _~ ~ 1 
2) nl'H~·HJ:lJLe:J'U. L'll':IJ~U":ijlnl"i\l L":ij (Aspergillus fumigatus) 

o _~ ~ .f 1 .J' .f..l
'U.ll"i\l L":ij Aspergillus fumigatus (TISTR 3045) :lJlLvn::L'75e:J 'U. POS (e:Jl'VIl1LfUJ\lL'75e:J'Yl 

L~1rJ:lJl~":ijlmJ'U.~~\I) LU'U.Llfll 51'U. ulLi'U.lrJ"lJe:J\lYt\lh~l~:IJlL~rJ\ll'U. POA (POS ~~.h'U.m1'1h 
L.:.fie:J~e:JUl.'V\l1ii 121°C LL~l) ~mU'U.Llfll 51'U. ulL.:.fimlU'U. POA :lJlLvn::L~rJ\I~e:Jl'U. Colloidal 

, 11 

Chitin Minimum Medium (CCMM) (300 mL) (LL'VIa\l"lJe:J\lL'U.1~1L":ij'U.L~e:Jli1.'U.m1~~~Le:J'U.L'll'2f) ~ 
e:Jrn'VIl1ii 30°C 1::rJ::Llfll 91'U. ~lmTl~e:J\lL"lJrh ":ijlmf'U.LLrJme:J'U.L'll'2f~u~lrJn11:IJ1TIL'll''U.ffiYh,r
, 11 

3) m1L~1rJ:lJLe:J'U.L'll'2f~U":ijlnUUTlth1rJ (Serratia sp.) 

Le:J'U.L'll'2f~U":ijlmLUTlth1rJ Serratia sp. tiul:lJlli1'U.\ll'U.lirJU L~1U:lJl":ijlne:Jl":ijl161! Vi 

'75m\ln111lTll'75l'~hLTlii ":ijWlfl\lmrn:IJ'VIll'YlmtrJ Le:J'U.L'll'2f~U":ijlnUUTltiL1rJ Serratia sp. LL~~\lLLflU 
11 , 

hh~'U. 4 UflU":ijlmil'U. chitinase activity tliiJl'VIirnhlLflnmrilnu 40, 50, 60 LLfl:: 90 KOa ":ijln , 
80S-PAGE 'VIt\l":ijlmf'U.Lwme:J'U.L'll'2f~u chitinase "lI'U.l~ 60 KOa e:Je:Jn:IJlu11":ij1~y.jfll~ii~, 

2 
PKKChi60
 

4) m1'Yl~~e:JUCl'Yl~e:J\lLe:J'U.L'll':lJ1Tl~L'U.~ 


n":ijn11:IJ"lIe:J\I Le:J'U.L'll':lJ1Tl~L'U.~~ ,ill.h,x'U. Ul:IJll LTl1l::'VI1~ rJm11~'VIl-;il'U.1'U.tlfll rJ1~1'l1 ~\I 
Lrilnu-;il'U.l'U. GICNAc ~L~":ijlnnl1cie:JrJ Tle:Jflfle:JrJCil~e:Jfl LTl~'U.~lme:J'U.L'll'2f~l:IJ1TI"lJe:J\I Schales 

methoi m:IJlrn"lJe:J\ltlfllrJ1~1·1r,.fe:J"Jl~lflflnl~~lmTl~e:J\I UV-Vis ~LtlTl1~1iiL~e:Jf ~Tlll:IJml 
11 

Tl~'U. 420 nm 1~rJliJl 01 LU'U.~lLmrJ1JLtirJU ..t\lm11LTl1l::~LLfl::m1TllUTl:IJ":ij::rh 3 Tlr\l LLfl::, 
TilL\l.~rJ"lJe:J\lTilTlll:IJ~~n~'U.LL~\I (Absorbance (A)) ~L~":ij::Ul:IJlli1.'U.m1T1l'U.lrnTil activity unit 

11 

~e:Jm:lJl~1 (mL) "lIe:J\lL'll'1:IJ~\lT1l'U.lrn~~":ijlnTlll:IJLL~n~l\l"lJe:J\lTil,
A" ....
lLTl1l::'VI (A1) LLfl::~lTllUTl:IJ (AO), 

A (j' A ..... 6"d\1 ...... 
5) lLTl1l::'VI~fl~l1rn'YI'Yl L~~lrJ HPLC 

Ul~\I~f1ncie:JmL~l:lJl~:IJ1iL~e:J~L~e:J'1hL.:.fie:J ":ijln,x'U.UlLe:Jl~1'U.l~'VIt\l~.h'U.m1L'll''U.~1Yh,r (1 00 ~L)
11 

:IJlL~e:J":ijl\l~lrJJl Milli-Q (900 ~L) UlLe:Jl~1fl::fllrJ~L~ (0.300 mL) :IJl~~:lJnUe:J::on1~L'U.L~1~ 
A ... a A 6' A .., tr 

(0.700 mL) n1e:J\lLLfl::\l.~L"lIlLTl1e:J\I HPLC ~flm11LTl1l::'VI~fl~l1rn'YI GlcNAc LLfl:: (GlcNAch ":ij:: 

f1n~11":ijy.julwrll\lLlfllm1'75:: (retention time) Lrhnu 5.6 LLfl:: 6.5 ~l:IJ~l~U T1l'U.lrn'VIl~'U.~l~ 
11 

.. oJ .4 .~ 

y.jTl'll'\lLL~~\lmu1:1Jlrn"lJe:J\I GlcNAc LLfl:: (GlcNAch 


6) m1L~1rJ:IJ GlcNAc 

6.1) Single batch hydrolysis m1cie:JrJLTl~'U.~lrJn11:IJ1TI single batch ttLU'U.m1cie:JmLU1JTlr\l 

~e:JTlr\l LTl~'U.":ijlmLn'U.'VIiin (6 g) f1nUl:lJlLy.jl::ti:IJnULe:J'U.L'll'2f":ijlnYt\lL":ij (24 U) tl1um:lJl~11i 
11 

Lrilnu 300 mL ilrJJl 01 L~:lJLe:J'Yll'U.e:Jfl (15 mL) l'U.~l~LnuLl Til pH"lJe:J\I"lJe:J\I~~:lJl'U.tl~mm 
f1ntl1u~lrJn1~LLe:Jon~n (1 M) liLu'U. 3 ":ijln,x'U.~l'U."lJe:J\I~~:lJflnti:IJL~e:J~e:Jrn'VIl1ii 45°C LU'U.Llfll 5 
11 11 , 11 

l'U. LLfl::'VIrJ~tliimm~lrJnl1-;i:IJl1l'75'U.::fl\lLtll'U.Jl L~ e:J~ LU'U.Llfll 15 'U.lti LTl~'U.tlL'VI~ e:Jmjflnihi~
, ;.J , 1111 
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tmnL'tl"1tJn11L'1J'U.,;l1rhi Lfl'U.L'1J~~h.JflmnuL1t'U.fnn'U.::"1.Ifl~LLii~",t,r;nnm1 freeze dry m1 
'IJ 

1L~1l::~"1tJ HPLC LLff~~l~L~'U.':h Lfl'U.L'1J~~uihn3Jlrn GlcNAc 'tl1::~Jlrn 60% (w/w) 

6.2) Fed-batch hydrolysis m1tifltJLfl~'U."1tJn11111~ fed-batch d'LU'U.m1tiflmLuu~miifl~ 
Li1l"1tJLfl~'U. 6 9 LL£l:: Lfl'U.L'1J~ 24 u l'U."1.Ifl~t:-lff1l1'U.'tl~mtJlm1ll~1 200 mL LLiil::~1'U.~L'thn'U. 
"1.Ifl~ reactant ~m~1I£l~L'tll'U."1.Ifl~t:-lff1l'tl~mm"'t~~lm.h'U.L'tl 21'U. ",t~~ln~\I, 41'U.l~fl1l1lfE)\I, 
LLrl"1.lfl~t:-lff1l1'U.'tll)mml'U.Eh~Jlffl'U.LU'U.L1£l1 15 'U.1l1 U1Lm~1'U.~~nciflmL~1 (350 mL) 3Jln1fl~ 
LLiil::'yh1~L-ll1l-ll'U."1 tJmTI::L"'tJ~ flrn"'l1iiL~di'U. 70°C L~1ILflYll'U.fl iil£l~L'tl~::Ln~~::nfl'U."1.I'U.l~L~n~ 

q 'IJ 

ffl3Jl1f1£l::£lltJJlL" ~1'U.l~L"~lnn11n1fl~~'U.\h1ll1::L'" tJL""1.Ifl~LLii~~L",t!ifl~tifl'U. (9 g) Ul3Jl 

1Lflll::~"1tJ HPLC WU1l 91%(w/w) "1.Ifl~"1.Ifl~LLii~~L"Lil'U. GlcNAc ~~LU'U. 71% "1.Ifl~t:-liilt:-l~~~L" 
... 

7) m1L~1tJ1I N,N'-diacetylchitobiose [(GlcNAc)z] 

lllLfllLfl~'U.~lmm'U.",iin3Jl~1'U.m1cifltJ~1mfl'U.L'1J~~lmLUflYh~tJ Serratia sp. ~fil pH 3 

('tl1upH~1tJn1~LLflon~n) LLiil::~flrn"'l1ii 3rC LU'U.L1iill 6 1'U. t:-l~~Jlrn'tiLrl'fl~"'U.~L~flmnuL1I.'U. 
q 'IJ 'IJ 

1'tl"1.lfl~LLii~",t~~ln freeze dried ~lntt'U.1Lfl1l::~"1tJ HPLC WU1lt:-l~~Jlrn'ti~L~drfl~~'U.t!'U. 
'IJ 

'tl1::nflU"1tJ -63% "1.Ifl~ (GlcNAc)z U1Lfll (GlcNAc)z L~U1ffYlt"~mh13Jlfh,)~~~L~fl'tl'U."1tJm1
q 

~n~::nfl'U. LL~1 ~1'U."1.IU1'U.n11L'1J'U.~1rhi't'h1~LL~~111 tJl"ffl1l1::~qjqjlmf'l L~mllL'tl'VI~ L'tl flfL.n'U.~ 
recovery, LL£l::fl1l1lU1ffYlt"1.l fl~~::nfl'U.~1 tJ HPLC ~lnt!'U.UlLfll ~::nfl'U.~rh1~LL~~LL~111~1 LLtJ n 

q 

GlcNAc LL£l:: (GlcNAc)z flfln~lnn'U.~1 tJn11111~fl flt1l'U.1fl111l1~n11YlYJt:-l~f:il'U.n1liJ'U.~4 

ffl1£l::£l1 tJ"1.I fl~ t:-l~~Jlrn'tiLi1fl~ ~'U."1.I fl~ ffl1t:-l ff1l GlcNAc/(GlcNAc)z flnU11~£l~1'U.fl fl~3J\rt:-l~ f:il'U.n1l 
'IJ • 

iJ'U.~ (60 g) l'U.Jl (200 mL) LL£l::~1'1f::~'tl1tnflU"1mflYll'U.fl£lilflJl (- 30%) ~ 2 mUmin 

II) m'ivfwi'wn'ifl 

nT~tifltJ"1tJn1~irrr~LLti~flflmU'U. 2 1~an"1tJ~fl 
1) n1'iVElV[flviifJNuE1f1r1n [~u.mlJufI'J'!hv t:-l £ln111,) tJn11ti fl tJ"1.I fl~ LLfl£lYll-Lfl~'U.~L~~ln 

L'tlt!i flnn~ ~1tJn1~Lel1~1fl£lfl1m-ll1l-ll'U. (conc. HCI) LrlmmtJUL l1tJU1::'VI11~nl1£l::£l1 tJLfl~'U.1~ tJ 
q 

nl11ifl~'U.el£l~1l1'1JUnWU1lffl3Jl1f1-rl1 tJ1'U.nl1£l::£l1 tJLTl~'U.L"L'tl flfL .n\l,~t:-l~~Jlrn'ti GlcNHCI L" 

~n':hnl11~Tl1l1lffl'U.1~ tJL~liTl~'U.El£l~1l1'1Jun L~mrfl tJ LL~L3.iihrtJth~ru~El~1l~1'U.~ fln1~L yiln'U. ., 

(Figure 1) LL£l::m3Jlrn"1.lfl~ conc. HCI ri~ff~ii'U.LYhL1nri~ff11ll1m~1IL'tlflfL.n'U.~t:-l~~Jlrn'¥l1"1Iln 
'IJ 

ii'U.Lyht!'U....r..11'U.n1ru"1.lfl..1n11£l::£lltJ1~tJliLL£l::hJlifl~'U.el£l~1l1'1Jumh tJ hW~El~1l~1'U.Lfl~'U. I 
conc. HCI Lyilnu 0.2 ~::l~L'tlflfL.n'U.~t:-l~~Jlrn'ti3Jln~ff"ii..1 80% LL£l::~l~ff~ (43%) ~El~1l~1'U. 

q q 

1 I 1 

2) n1'iVDVfflviifJNu LJJ ffJ'iLJrJLlJufI"nhtJ 1'U.~1'U."1.I fl..1nl1ti fltJ'fl~'U."1 tJ conc. HCI 1~ tJii 

fl~'U.L1I1fl1L1Yl LU'U.~1-rl1 m 1..1'tl nmtJl~'U. ~..1~lnff1l1l~'1il'U.t1l1ifl ~'U.L1I1fl1L1YlTll~dl~::ff11ll1f1:..I q ... 

ti fltJL"~ fl rn'VIl1iiii'tl1::~Y1n111WU£l::1iL1£ll~ i'U.£l..1a n LL£l:: t:-l~ ~Jlrn'ti'VI tn"1.l~ln n11ti fl tJihb~::LU'U. 
q 'IJ 

mt!ifl GlcNHCI Li1l~1tJnl1L~~tJ1Iff11£l::£lltJ'Tl~'U.wffl1li1tJn11t:-lff1l conc. HCll'U.el~1l~1'U.~ 
~1..1n'U.LL~1 U£l::LTl'4 fl..1 '111fl1L1Yl~1,n 'U. n11Y1~ £l fl~ n11ti fl tJl 'U.flf..1d~ fl M183 ("1.1 fl..1U11fYl 
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Samsung) ~\lL~fhnTltl11JLL~\lli~13JTHlli~T~~11Jfhtl~n1mL~iiLffi~ tJnTH~l::~1\U~lU~T"1JU 
"lJ eJ\lL~~El\lL3Jt~1L1Yh~ eJ1iLUU'Yll\1~ eJ'YieJ~ElUL~UL'JfeJfL,rln1Jyhn ~Tl~ eJcillltJ1mLLa~LileJf~lU1 U 

'\I 

~lmfufhm1~nHl~1l11::LfitJln1Jtl~n1tJ1Ltlt~1L~SJiLit~tJiiif~itJ LLtl1~U~1\1 eJliiL"liU L1~11U 

m11i~~uL3Jt~1L1W (4-16 Ulfi), Vi~\I\llwl~~~li (100-850 watts), ~113JL,r3J,rU"lJeJ\I~11~::~ltJ 
~eJm3Jlm conc. HCI (1 :2,1:3, 1:4) LUU~U LL~::~lnm1 optimization Lll3Jl1(l~~1::tJ::L1~lm1 

cieJtJ~\lL'VI~mYitJ\I 12 UlfihltJiilll1::tl~mtJlflmr~11~lULTl&iU~eJ conc. HCI = 1:3 (w/w) ~Vi~\I 
L3Jt~1L1y.J 850 watts liLtleJfL.nu~~~~.nmsrifleJ 52% LL~::t11iiL~~eJ\lL3J~::UT1fl~L~ElfL1eJf3J1"liltJ 
L~3Jtl1::fu1n-lllVilunl1~U~::~3J11m~3JLtleJfL.nu~~~~.nmsriLUU 58% L~ 

1) nl'itiEllli'Jl1LElu1'1f,J 

LElUL'Jf1i~ln11 Aspergillus fumigatus ~3J11(lcieJtJL~&iu~ pH LUU 3 eJm'VIllii 40°C L~ 
q 	 '\I 

~~~.nmsriLUU GlcNAc ilmtleJfL.nu~~~~~~ 72% 11ltJluLl~l 2 iu m1cieJtJL~&iu~lmeJUL'Jf1i 

~lnt~flULL1J~fiL1tJ Serratia sp. ~ pH L'Yiln1J 6 eJm'VIllii 37°C fhm1ti3JLUUL1~ 6 iuli 
q 	 '\I 

~~~.nmsriLUU (GlcNAch LL~:: GlcNAc ~lmtleJfL.nu~~~~.nmsri 43% LLfl:: 2.6% 'VI~\I~lnm1fh 

li1J1~t~ltJ"lJ1J1Um1~~~U1LL~1~113J1J1Ll'Yl~eJ\I~~~.nmsri~L~Ll\l 
q 	 q '\I 

2) n1'iti€wi'J lln'iVi 

m1cieJtJL~&iU~ltJ conc. HCI t~tJnl11i~~ua~~11t'JfU~L~eJl'V11~Ln~eJ GlcNHCI ~\I 
Lllll1::~lifleJa~11~luL~&iU~eJ conc. HCI = 1:1 (w/w) LL~::~eJm'VIllii 40°C liLtleJfL.nu~ 

q 	 '\I 

~~~.nmsrifl eJ 60% ~lU~flnl1iitJ1U~lU"lJeJ\lnl1cieJ tJL~&iut~ltJnl11i~~uL3Jt~1Lly.Jd'~3J11(l~~ 
1::tJ::L1~lm1cieJtJ~\lL'VI~mYitJ\I 12 ulfit~tJiilll1::tl~mmfleJa~11~luL~&iU~eJ conc. HCI = 1:3 

(w/w) ~Vi~\lL3Jt~1L1y.J 850 watts t~tJiiL~~eJ\lL3J~::UT1~~L~eJfL1eJf3Jl"liltJ~::L~Ln~eJ GlcNHCI 

ilmtl eJfL.nU~~~~.nmsri 58% ~\lln~Lfi tJ\ln1Jn113Jinm1ci eJ tJ1uif~~UU~13Jl1(ltl1::'VI rT~Vi~\I\llU 
q 
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~a(;lnrn..n~""nUn:;~nl~Wu\l~,"~3jVi'"1~ LU,Vn:;"lI u\l6'f1'l'nntlLuGi nGfUn:;Uu,"Gi u u n~L(;,"rf 
Local Fruits and Vegetables Products with Functional Substance of Prebiotic and Antioxidants 

~rn.:;~rh)u 1f:h1f11i.wrn';)11rJ ~n.lhlru. ~llUtl~a>1 **. tl1f~llr LoUum=n>1. ff1.l~~ l'Yl~lru."l1rJ, 

lffl1 nltl'Yla>1, "l1~tI~1 LL1>1mn>1, ~11.l~ L,;)1qj~'Yl( Lnl~ ~1rnlffiff~( U!JfI~1 

1~~'Yl( LL~:: n11ru.mf ffau lmn [n~1"l11L'Yl~1 U 1~fi'Yll>1fl1'V111 mu.:;l'Ylr.t1f11ff~f, 

..... I 

1J'YI~~fH) 

1~1>1m11-;)tldih::tI::Ll~ltl1::1.I1rn 4-5 U UUt>1LL~U 2550 i~f1tl1::ff"~LvlaliL'Yl~ii~, 
Lau1"1f1.l1un11ffn~ffl1a an~'YlfiYn>1ih[n~ ffl11in~u LL~::ff11'V1 Ul~L\l,~1::5u 6) ,;)lmTmm1lTL"lI~ 
faULL~::~"fau Lvl aliL{jui~ f1tl1>1LL~>1al'V111 1U>11Ul-;)mj>1Lth1tl~~nLL~::r-J~1lT~ij~n tI[Jl~1Un11, , , 
tl~n m1~'>1Lff11.1n11tl~nlutl1::L'Ylf1 t>1LL~a~~fi>1tl;,;)llu ,;)lnn11~111,;)LL~::i-;)tlluu 2550 ~u'·.hij

'II 'II , 

luL~tI mfltl'VIa1.l ~f"LL~" 1.1::~1.1 1.I::aJl>1,rl~an1ar ~'Yl11ffl1.11ff LLnl~"n1LL~>1 LL~um~tl LL~ 
'II , 'II . 

~>1~~ LL~::fl1';)';)::ij5U6) an, 
~l'V1fu1U11t1>11Ul-;)tlluu 2551 ~>11~11t1>11U1tlLL~T..h ffl1aaml'Ylfifl~ululuL~tI'VIa1.l ~a 

~~ a11~~~1i~Liitll ff11.111f1LLtl11tlL{jUffl1auvrUtf~ij~Liitll~'YlU~111.1faULL~::n1~1~~nil1tlL~1.I 
'II , 'II 

~f>1LL~>1Lrlmhun11ciatlff~1t1~1 maU1"1f~ yh1'IXtl11.11rn,rl~1~1~1.nL~1.I;]UL{jU 2 L 'Yil"lJa"i~f1~u ij, 
II Ie. ~ .ci .c:t a1"'.J' ~,d"u11.11 rn"ll a>1 LL "lI>1'Yl~::~1 tI ~ ff""lIU LL~::ffL'VI~ a>1 L~ 1.I"lIU ~lu1"1fftl1.l::~1.I Lrla~lunl1ciatlff~1t1~ltl 

'II 'II 

Laul"1f~L~~~LUff~1Jil1~tl11.11rnmi11Yiua tI~1.Iln;]u ~'VIfu1eJ1~11~ L~ ff1.l::aJl"~ ij1::iun11ci atI 

ff~lm~~~u~atl11.11rn,rl~1~1~1.nL~1.I;]U ~>1L{jutl~';)-;)tI~lflqj~mffntl1[Jl~"lIa>1El~~,ru L{jU~U 

~1'V1fu>11Ui-;)tlluu 2552 ~Uil LrlaliLaU1"1f~L~~~LUffffn~ffl1aan~'Ylfi;'11"ih[Jl~lu 

lUL~tI'VIa1.l ~Uilffl1.111m~1.Itl11.11rn~~ah~mfLL~::ffl1LLau~aan-nL~U'Yl'~L{jU 17.3 LL~:: 1.9 L'Yil 

~11.1 ~l~~U ~l'V1fun~l tI'VI a1.l1~r-J ~~.nrn'YI1"1fftl~ii ~11'V1 Ul~L\l,~1::~ij~111.11~~ L~Uffl1.111f1ib1tlli 

'Yl~ LL'YlUi~ f1tl1>1, LL~>1n~U 1ffn~1 tI'VI a1.1 ;>1 L~11::'VI'~L{jua cil"~, 1u~f>1 LL~>1~Ulll"1fftl~l~ij~'Ylfi~lU 
aan-nL~,ru ff11tl1::nauV1ua~n ~~111uatl~LL~::1~l~~uL~1.I1.I1n;]u ~1'V1fu1"1fftl1.l::~1.I~Ullij

'II 

tl1m rnlt1 fl1'V111 YilLLa~Yii~"lI a>1~11ula~n ffl11::L'VIti LL~::ffl1~lUaU1.l~Elff1::L~1.I;]uLrla~lUn11
, 'II 

ciatl~l mau1"1f~ 1Un11ci atlff~lm~~~u1U1.l:: aJl >1 ~Uil Laul"1f~"1ilm ~1.Itl11.11 rnltlal'V111~~::~1t1,rl 
~'Ylfifn1~luaan-nL~,ru LL~::tl11.11rnffl1LU~lLL~hYiu~ ~lui-;)tI~'Yl11ff11.11ff ~Uil Lrlatl1::1.I1rn 

. , 
Laul"1f~LL~::L1~1n11ci atlff~l tlff>1;]U ~"r-J~1 itl11.11rn lt1 fl1'V111~~::~1 tI,r 1 l~ff>1;]U >11Ui-;)tI LLnl~>1n 

'II 'II 

LL~::LL~U~l~tl ~Uiln11ci"U rf>1n11Ln~~,rlm~'Yill~l~tIlin1~LLaff~aun111.lnu~111.1fau LL~::n111 "l1 
'II 

Lau1"1f~'Yil1itl11.11rn,rlm~1~1.n"lla"LLnl~>1n1ff>1;]uL{jU1.5 L'Yil LL~::LL~um~tlL~1.I;]UL{jU 2 L 'Yil 
'II 'II 
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,nmJ iii n111']l'Jrf n ~113J1 LLtwh'll'lKL ~Uil n111iumL"1111~3Jl1r1,h I'Jtl11Jl.h>1, ~3J1J1iLU'Vn::"lJ El>1 

l~r1~1Jl'IK~Tl113Jt~~L~U LLiiI::~13J11r1~~U1L~ElliL,jU~11tl1>1 LL~>1El1V111'Yl~LL'Ylun111i~11i>1LTl11::lf, , 
L~L,jUElcil>1~ 

'" "" Ltl m<f1''H11\l tl \l 

tl11ru. ~lULtl~El>1. 2547 . LElUL"1111'Yll>1El1V111. ~3JyfTlf>1rf 4. n1>1L'Yl"r'l3JVllUTl1: h>1~3JyfLL~>1~Wlii1>1mrn
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Production of microbial polymer for the application in food industry 
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,",OJ::: (1998) 1iii~U'YIU~~1~\I V'lUil 1U~mal~11UfUU1\1l3J-;ilLuU~a\liim1L~1Iffl1~::n~~~~';), ,~ 

~u'YI1£ffh~lm1r:1L';)1qjl~LL~::~~~V'la~LL.nnmh~i.~L"1iunu LLUT1iiL1rJ ~lrJvrufi, EN02 LL~:: 

LLUT1iiL1rJ~lrJvrufi5uUl\l~lrJvrufi L"1iU ~lrJvrufi CU-CH4 LL~:: EN14 iiT11l1l~lm1f:l1um1~~~, , , 
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~ ,. 
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~~~V'la~LL.nnmh~i.~~\I~~~ 0.98 2.380 LL~:: 2.99 nf1l~a~m m1ltil~u V'la~LL.nnml1~~~~~ 
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2.8% ci"lUV'la~LL.nnml1~~~~~,;)lmLuT1YiL1rJ~lrJvru1i EN14 iiJl~1~tf\l~1I~ 60.7% LL~::ii, 
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a~mlb1m~~ ~~m1l~ltJ NTG V'lUil LLUT1YiL1tJ~f:lninUl~lmL~\la~mlb1m~~ii 

~ 

T11l1l~lm1f:l1Um1~~~V'l a~LL.nnml1~1~~\lnil LLUT1YiL1t1~ f:lninU11iLii~m1n~ltJvru1i~lmL~\I 
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Biosurfactant production by microorganism for food industry 

1 oCt..c:I~ A tf I' A Q.,oo 

I1l~l-nl,;)Cl-nll'YH.n m14::1'Ylrnm~m ,;)W1Cl~mnUJ'VI11'YlrnmJ
q q 

2 I1l~l-nlL'Yl~1 U 1Cl ~'Yll~ tll'V1l"l mu.::lm.n~l~~l'f ';)Wl Cl~mrn3J'VI11m.n itl 
q 

3 
Graduate school of environmental earth science, Hokkaido University, Sapporo, Japan 

.... I 

1JYlA~tltl 

Pichia anomala PY1 LUU~ltll4'Wrf~~~~~U"l::~'YlRl1l~1Un1"l~~'il~"lCl'ilLL"l~~~~liill1l~ 
q 

~,)'ilLLtlni.~,;)lntll'V1l"l'VI3Tn~WU1U (<JJ11'VImn) ~~lLl1tl~ir~it~3J -;)~'VI1'il-nCl1J1 ~~d1U~~~'YlwrtlU 
q 

~~lm"lm,;)1ru LLCl::~~ 'il~"lCl'ilLL"l~~~ ~liill1l~i.~~tl nl.'Vll1~ ~~i1~ 40 tl~~lL'D'Cl L6fitl~ ~~ ~l"lCl'il LL"l~ 
., III \I,. 

~~~liill1l~~~~'ili.~,;)ln Pichia anomala PY1 LUU~"lCl'ilLL"l~~~~lU"l::LI1'Yli.nCl1~~~'il LLCl::~3J1Cl 
13JLClnCl LYitl1JL~tl~n1J1'D'1l'J1"l~~'il 1 Un1"l'Yl'ilCl tl~di.~'Yhn1"l~m~nn1"ll4'~ul~l tll4'ulil'iltln1"ln1"l 

q q 

nClltll4'wrf Pichia arlOmala PY1 L~tlL~3Jn1"l~~'il~l"lCl'ilLL"l~~~~liill1l~ 1'iltl'Yi1m"lnClltll4'wrf 
q q 

Pichia anomala PY1 ~ltlf~~aCl'il"l1i.l1tlLCl'il Pichia anomala PY1 ~ 1% m"ltl~"ltl'il ~lm"lfl 
'II 

')'ilL~tln~l tll4'wrfnCll tJ (MU28) i.~LLCl::~l tJl4'ufi~lm"lflCl'ilYhLLd~~~ehi.~m n~~'il,;)ln 52.5 ~Cl~ 
q q q 

itl~U~tlL3J'il"lLUU 39 ~Cl~itl~U~tlL3J'il"l "lJrn::~1i~u~m::,;)lmilllU~~~'ilL'Yhn1J 17.56 m"ll~ 
'II q 

L'D'U~L3Jm 1Utll'V1l"lL'VICllnl'V1U'il~'il"l~~~11lu51L'VI~tl~ 4% LUULL'VI~~mf1Jtlu ~tlrn'VIl1~ 30 
'II q 'II 

.c:I .ca ~~.c:I 6' Q.; 6'I 

tl~m'D'Cl L'D'tJ ~ ,;)In m"l'Yl'il ~tl1J~ll3J L~fI tJ"l~1Jll'Yl~Utl ~'il~l [J~U1inCll [J MU28 ~lm"lmL~'il~m"l 
q 

m::,;)l [J~lllUi.~~~ ~'il1JUtll'V1l"lLL']~ Yeast Malt Extract ~~~l3J"'U~1J m::,;)l tl tl ~rrllU1ULL''In 1.3 
q 'II q 

i1~ 1.8 L'D'U~L3J'il"l ~tlm1U1U~ 5 ';)::~YllCl'ilCl~L~nUtl[J ~lufi~~~l[Jl4'ufi PY1 ~lm"lmL~'il~m"l 
q q 

n"l::,;)l[J~l3J"'ui.i~~~ ,;)lmruih MU28 3Jl"';lnTmClltll4'ufi5n~.f~~1[J~1"l Ethyl methane 
q 

fL,.o 0 Q.; a ~ I I Q.; " 

sulphonate (EMS) 'VICl~,;)ln'YllnTi~'ilLCltln'Yl 2.3% n1"ltl[J"ltl'il ~1Jll~l[J~U1inCll[J"lJtl~ MU28 
'II q 

(MUE24) iu1iYllm"lm::,;)ltl~11lUL'Yhn1J 17.64 'ill"ll~L'D'U~L3J'il"l LLCl::YllLL"l~~~~l~l~'il 35 ~Cl~ 
itl~u~tlL3Jm1ulU~ 5 LLCl::LrlmU1tl1JLYi[J1Jn1J~tll4'ufi PY1 LLGh~lm"lflli~u~n"l::,;)l[J~lllUi.'il

q 

~nll PY1 U"l::mrn 3.1 L'Yh LL~::L11nll~1[Jl4'ufiL~3J
q 
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1.1. mjmnr.J~UTI~'Hm~~el1il~rni.-Jlm1il~• 
1~r.JmjUlmL~~el1il~jli,11m1il~Tl113JmlTl~U 254 Ul1UL3J~j j::r.J::'Vh~'VlmL~~ 10 

L'UU~L3J~j 1~r.Jih::r.J::n1illhXmjUlmL~~~1~')nur12, 4, 5, 6, 8, 10, 12 LL1il:: 14 iU1Yi 
""' .. ~ 

1.2. mjn1illr.JY4U~ ~lr.J~lj Ethyl methanesulfonate (EMS) 

l~r.JmjL~3J~lj EMS U13J1~j 20, 25, 30, 35 LL1il:: 40 i,3JlTlj~~j 

2. ~~Ha u mf1 tJ~'Ufimn tJf1~13Jl'HlL\l~ru LL~::t ...trH'I ~~@I~T'H'I~ LL 'j"@i,, ~h~1fl1'rtf1~"n-h." .. 
.... t.' A Q ca.,.. t.' 

~1 tJ'rt'Ui5L(;l3J LL~::n~~u'U~113JL~n tJ'ji!u" ~1 tJ'rt'Ui5 n~1 tJ 

mjf1~L~tln~lr.J~UTIn1ill r.J'Vln'V1UL Y41::Lir.J~ L~tl1mJtl 1 r1ij~h1tl r.J1il::nljjtl~1U"ril~ 1­• 
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~1 iitlllhi.ltm1u1::ntlUtl1~11 LlI~~"'1u1::ntlU~1t1iihi~lt lu1~lt LL~::m~tl::~Llt 

~-;i1LUlt~tli1"'mti 2 "lfii~ fitl methionine LL~:: tryptophan oit.JYluL~UtltllltYl"lf"lfii~5lt 
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tl1m1U111Bm~u LL~::l1Tlll~LL i4' ~1WrU mn.J1~L~ ~ tl~1 nn11~n~,r111"'ltLL,h ~::aJ~11n~ 
, 

'U 
& 

, 

lignan glucoside ri~1T1qjL~LLri sesaminol diglucoside LL~:: sesaminol triglucoside 'l!.JLUlt 
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UYI"l 

111":: L'Yl f'lL 'YltlL~~1J~aJ tI1'\.1.1aJ11 "fI~l"lJ El\lh n" eJU.L tiel \I m,;)l n mm ru.m1"~\1 El tin alVil1"LL~:: 
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~u.'Ylu.lu.m1""lJu.~\I ~\lLii a LVi tl1Jri1Jm1""lJu.~\I'Yll\1J1 i\lJu.m1"LL riUruVi1 ~ ni~Vi ~\I~ am1"fl~a1 tilu. 
.. '\.I .." 

n11"Ln1J~m~lt.J~L3JLvj Eln11""lJU.~"'Yll"Jl~~a"li1"::tI::L1~1 tl11U.1 u.n11 'Yl1" El1n1f'1 LUU.LVi~ llK• 
\llu.i~tI'Yll"~1U.El1Vil1"L~~1Jml:JJ~u.l';)~"

'\I 

m1"1i'Y'l a ~ LaJ af'Yl1"il111'Y'l~\I nelL Uu.'Yl1"L~ an~~"~~ LL Ti El~ ~1Vi m1"aJ~" El a n t.J ~L3J 1~ tI'Y'lEl ~ 
'\I • 

LaJ Elf'Yll"il111'Y'l eJu.L~LLTi Lfll~'1l1u. L';) ~1~U. eJ~~Lu.~ L~tllmliLvi El fl~ Ell tI"lJ El\lt.J ~LlJLtia"aJl,;)ln• 
'""- '" ~ d '" .c:t I I '" A 


~aJ1J~m1"~lu.LL1JfI'YlL1"tI ~lU.L"15El1"1 fll1JfI :JJn11"LL'Y'l1"t.J1U.L"lJl El El n"lJ a" El a n'1lL';)U.LL~::
• 
mf1J au.L~a ElnL'1l~1J1L1 ru.~l"lJEl"t.J~LaJl~ n11"LfI ~El1J~l t.J ~L3J~l tI'Y'l a ~ LaJ af'Yll"il111'Y'lJ u.rJ\lii 
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~ 	 tJ -=1#:111 .... ~ II.... A 

~~UCiln11"~lULLUfl'YlL1"£1 ~lUL"lla1"l mUfl~n11"LLYl1"r:-J1UL"lJl El Eln"lHl" El Eln'llL,;)ULL~::. 
 . 

mfUflUi.~aani.'ll<tlU1L1rn~l"lJa"r:-J~i.~1~ n11"Lfl~flU~lr:-J~i.3T~lrJ~ El ~L~af'Yll":nl111YlJurT,,ii 

iJruVilauLtlEl"m,;)ln~n Mrn::Tll1~i.1i"llElUlr,"lJEl"~1r:-J~i.3T'Yi11i n11Lfl~ flU~l [JYl El~L~af'Yl1" 
" 

:nl1l1Yliiml~i.1i ~~'ILR~aLUULiffl L~ rJ1 flU1wffu~aUn11LTI ~ ElU~l "lU1,)£1d~"1i"L,rUn11"1i• 
L'YlflUfl n11"Lfl~ aU~l~~i.3T~1 rJ ~11Yl fl~ aL~n'Yl1ahYlLUUVJ ff~Ul"Vi ~1 [JiULYl a'YilVi,rl~ LUU~~ 
1"::Viil"~lr:-J ~i.3TLL~::Yl a~L~ flf:nl111Yl LYl fl n~Ell [Jn11"L nU1n Mlr:-J~i.~1Uii1"::rJ::L1~1 [Jl1U1U;rU

• 

~ El~i.~ a~~~i.~L~Yi~LLfl~1~Lii[J~fl~ Elh<tl (J'lVi,xn1m~n~ 200,000-350,000) LL~::YlEl• 
~Ri.Cil1u.u~1WL UCil (J'lVi,xn1~L~n~ 70,000) ;"cfiEl,;)lnU1M'Yl a~~1"ll U1::L'Ylf'li.'Yl [J i.fl1~'lllU ;"cfia• 
,;)lnU1M'Yl<aLW1"lli.Tl1~'lllU (LL~U) ,jlfl~ U1"::L'Ylf'li. 'YlrJ ~lU~ ~i.3TR~~1i~lW~·ULfl~auYJffl"i.~LLri 

~t" ~::l,h" LLElULi1~LiirJl LLElULi1~LL~" LL~::"ll~Yl cfia,;)lnYiElU'llULUafmfLn~ U1"::L'Ylf'li.'Yl[J 
~ . 

n"HfI~	tllJ tb eH~laJi'UJvM3JlJ1\J'VIa1l1~'"tJtl\J~u~ ih~nt<?l'llalif t<?lllLflflii.fI Layer-by-Layer 

Rl1"~::~l[JYW~i.~a~~~i.~L~Yi~LLEl~1~Lii[J~fl~ah<tl (VW~aL~n1~1"i.~Ylu1::,;)uln) ml~
• 

L'li~'liu 	 10 ij~~1~~lf LL~::~l1"~::~l [J~ fl~Ri.~1U.u~1WLU~ (Yl fl~~L~n1mi.~Ylu1"::,;)~U) ml3J
• 

L'li~'liu 10 ij~~1~~lf LYlElhlUn11"LTI~ElU~l~~i.3T i.~LLri ~t" ~::1il" u.auLi1~LiirJl LLElULi1mL~" 
LL~::"ll~Yl 1~rJLuun11"LTI~aU~l~~i.3T~~u.ffu1"::Viil"~ a~i.~a~~~i.~L~Yi~ LLa~ 1mit[J3Jfl~ah<tl nu 

~ 

~a~~i.~1u.u~1wLU~ ~l£JL'YlTiUTI Layer-by-Layer LYlEl~11"LUUVJtf~ul"Vi~1[Jiu~"uu~l"1Ja" 
~~i.3TLYl El"lll [J1Un11"n~Ell [Jn11"Lnu1n1!tl1~ rJ~i.1i'Yil1lKfl rn~n1!trn:: LL~::TI rn1l1Yl'lJ El"~ ~ i.3T. 	 ,. 
LU~[JULLU~"i.U 

1~[J1wffuLL1"n 'Yiln11"Lfl"r:-J~i.3T~lrJJ'lLU~11i~::Ell~LL~::~,,1lKLLlK" ,. ,;)lnJ U Yhn11"-;l~r:-J~i.ar 

a"hl.~T5a::~1 m'H)~i.~a~~~i.~L~Yi~LLEl~hlLii[J~fHIEli.1"<tlL'li~'liu 10 ij ~~1~~lf LiJunal 5 mY! 

LLttTli1r:-J~i.3T~i.~i"n~11Lfl"~lmr1nku 3 fl#"LYlmh,r~~ El~i.~a~~~i.~L~Yi~ LLEl~1~Lii[J~fl~Eli.1"~ 
~lU~i.1ii.~~~ El riuUthr:-J~i.3Tmlni.u ~"dU1Llrn~lr:-J~i.3T';)::nmfl~ ElU~l [J~El~i.~a~~~i.C1IL~YimLEl~ 

~ 	 ~ 

1mii[J~fl ~ Eli.1"<tlL UWffULL1"n 

,;)lmrU':br:-J~i.3T~t-ilUn11"Lfl~ ElU~l [J~ El~i.~a~~~i.~L~Yi~ LLEl~1mii[J~fl~ Elh<tlm-;l~, 1 U 

~11"~::~1[J~El~~i.~1wn~hhu~L'li~'liu 10 ij~~1~~lf LUUL1~1 5 U1Y! LLLflltlr:-J~i.3T~i.~i"n~11 
Lfl"~lmhnku 3 fl#"LYlmh,r~~El~Ri.~1wn~1wm~ ~lu~i.1ii.~~~ElriUU~lr:-J~i.3TElElni.u ~"~1 

~ 

"lHl"r:-J~i.3Ti"n~11';)::nmfl~ ElU~lrJYl El~~i.~1wn~1WLU~LuwgU~~El" L tlfl",;)lnYl fl~i.~a~~~i.~L~Yi 
~ 

~LLEl~1~Lii[J~fl ~ Eli.1"<tl~1~11"n,runUYl El~ ~i.~1WU~1WL U~~l £JLL 1""~"~~1"::Vi'h"u1"::';)~m"nu'lil~
~ . 

.ffu~ElU~n ~11m'lil" ~u';)::nn'Yil-dl LYl El Lfl~ ElU~l r:-J ~i.3T~1 [JVJ ff~Ul"Vi~1 £J"lrU1"::"11 il"Yl El~ 
~ 	 . 

i.~a~~~i.~L~Yi~LLa~1~LiirJ~fl~fli.1"<tlLL~::YlEl~~i.~1u.u~1wLu~ ,jlU1U 2 iULL~:: 4 iu 

http:LYlElhlUn11"LTI~ElU~l~~i.3T
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n1'i'YI~H'H) lJU'i" Gl" ~h'lJu" ~hf.J ~13i'rlrJ1~n1'iLA fi u lJ<K'lU~ a3J lJ1"~~1U.ff~LtJ~U lJLnUlJ fllJ ~h 
f.J~13i'rlh.i1~rJ1~n1'iLA fi ulJ (Surface contact angle measurement) 

.ffu~e)'\,UL"mrhnTaHJ~lli'lm3.J1m 10 i,3J1fl1~~1 ';h1UU~1~~i,3!~~.hunT~·Lfl~tlU~l~"'H.I 
~ ff3JU1-1Y1 ~1 t1iULL~ll'hn11(h£.I111W LL~::1~3J3J"lI tl-1Y1 t1~Jl~ tl ~UUvrU~l~~i,ar~Ln~;ju ru. L1~1. ~ 

~1-1 ') 1~tILmtlULtitlunu~~i,ar~i,3.li,~~.hunTnfl~tlU L~tl~nMlflru~3JU~fll1lJLUU hydrophobic• 
LL~:: hydrophilic ~LU~ £.lULLU ~-1i,UUU~l~~i,3!J-1r1 tl ULL~::YI ~-1L fl~ tlU 

,nn1U~ 1 LL~~-1~~"lI tl-1n11L fl ~ tlU~lLLtludI~~l t1W tl~~ L~n'Yl1tli,m1LuuYlfflJU1-1Y1~1 t1iu 
~ 

Lti t1UnU~l LLtlULrl~~i,1ii,~~·hUn11Lfl ~ tlU ~-1~1 LLtlULrl~ ~Lfl~ tlU~l t1W tl ~~ L~ n'Yl1tli,~rlLUUYlfflJ 

Ul-1Y1 ~1 t1iuttuii~n Mru::~-n tluJ1 LL ~ n ~1-1~1n ~l"l1 tl-1 LLtlU Lrl~ ~i,1ii,~~·hUn11Lfl ~ tlU ~LL~~-1 
~n1!tru::ml3Ji,3.l-ntlUJl tl ~l-1i~L~U ~-1~::L~Ui,~~lnn11Lti t1U"lItl-1~n Mru.::YI t1~J1UU~l"l1tl-1LLtlU 
Lt1~~ Ln ~;ju UU~l LL tlULt1~~i,3.li,~t.hUn11Lfl~ tlU~::LL~~-1 ~nMru::YI t1~Jl~Ln1::U1L 1 ru vrU~ltl ~1-1 
i~L~U U~UU~l LLtlU Lrl~ ¢lLfl~ tlU ~1 t1W tl~~ L~n'Yl1tl i,m1L1JU ~~lJU1-1Y1 ~lt1iULL~~-1 ~n1!tru::~l ~ 
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• • • 

I1l..G~MLLJl~}Grf1~GMnt~~l..~I1L'GrT.tt:'t1.rrW~lm,LurtkIfl.L~,tr.tl1l..Ltt 

• lH,LltL~ G~'~l..~11 L'G rT.lt:'t1.rl1~~t LrrtG!l.ltLt~~~It~m~lt~m~wl..~11L'G rT.tt:'t1.rL'~I1"'t1.n ~11' 

LH,LltL~'t1.g.n L~1fI.L' Lrtlt~~r.l t~rtG~~'.tLU't1.L!1~~l..~11 tt:L~'t1.::'~t L'~~"~r.l~~'t1.LL' 

• L"(!~~U~LU~~I1~~ 

• L~LG 99-917 L'L~IfI.~.tL't!1-'t1.tL'~L!pL!lrtG!l..tLU~It~m~ 
, " 

~,eel..~l1tt:'tt}t~t L!"mg.r.l L~IfI.L'Lrtlt~~lt:I1G~~H,LU~tr.lLLJ L~L'G 06-09 L'L~IfI.~.tL!~~tt:'t1.r't1.rt 

L!l~r.lIfl.L'GrT.~~It~It lt~l.tLUL~r.l~l L!lrtG!l.ffl...tLU~~It~m ~~L'tff~It~~" ~1!18" L'kl1 L~~l..l1.t~~~ 
" " , . ~ 

~ij.tLltL~r.l ~l ~l..t1l1lt:rtG ~~'.tLUL'GrT.~L!l.It.t.t.!lL'Lu.~~It~m ~11U.~.tU t111 L'~~" 'z ~I1WL~ 

~~It~It~L~G~ (L'tff~It~~" tr.l~ml!'I1G" 
" 

•L'-%I1) ,ttl..~11L'G rT.lt:'ttr'tt11'ttg.r.lL~ IfI.L'Lrtlt~~'ttr,p~t1l..G.tu.U~'~~GMr.lt~rtG~~'.tLUL'GrT.~11 :Z~l1t 
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Active Constituents and Quality Assessment of Food Supplements from Kaempferia 

parviflora 

ill.~ riVHJ1~f1*, ':i1WY11 "ll'1~1. U1"ll'1 IldLVnffif11L'l, ~~1111 ~1~~, LY-l'ymr 1"ll'~::~lm 
~ ~ 

YlL'llbll.tltl~ 10 "ll'ii~ ~LLtlnLi,nnL'VI.rlm::"ll'lt1<j)l (KO) L~tlrhm111~~tllJ[]11~iJ1Hf~Ltlll.L'll'3J 
ihmL'llf1~lI.Ltl ~L~ tIL1~ il tlin microplate assay Y-llJ'·h ~11 7 (5,7 -dimethoxyflavone) ii[]11~iJlJ8~ 

Ltlll.L'll'3JUlmL'l1f1~lI.Ltl~L~tlL1~fitlll.,yl~~~ LrilnlJ 84.6% ~ll1.~11 6 (5,7,4' -trimethoxy-flavone) ii 
~ 

[]11~iJlJ8~LVi tI~ 46.2 % ffl'VI1lJm111 ~~tllJ[]11~ll1.m1EJlJ ff~Ltlll.L'll'3J tl::L'll'ri L'llf1~lI.Ltl~L~ tIL1~'lJ tl~~11 
LlI.lmYlL'llbll. (~11 1-2) tldHlI.YlL'llbll. (~11 3-4) LLL'l::LtlLlI~YlL'llbll. (~11 5-6) ~i~Lml::'VIli 

Y-llJ'h fil % m1EJlJff~Ltlll.L'll'3Jtl::L'll'riL'l1f1~lI.Ltl~L~tlL1~ ~mll1L,yll,yll. 0.1 mg/ml 'lJtl~~1 1 (2-(3­

nitro-phenyl)-chromen-4-one) ';)::li % m1EJlJ8~Ltlll.L'll'3Jtl::L'll'i1L'l1f1~lI.Ltl~Lq}tlL1~~~~~ Lri1nlJ 72.58 
~ , 

% ~ll1.[]11~EJu8~Ltlll.L'll'3JUli1'1L'llf1~lI.Ltl~L~ tIL1~ Y-llJ'h~11 5 (N-[3-(4-oxo-4H-chromen-2-yl)­

phenyl]-cetamide) ';)::li % m1EJU8~Ltlll.L'll'3JUlmL'l1f1~lI.Ltl~L~tlL1~~~~~ Lri1nlJ 69.45 % 1l1.m1 
~ , 

LLth1t!m::"ll'1t1<j)lCH 1~tlinm1l'hliLLi~LLlJlJLL"liLLojj~ (freeze-dry) Y-llJl1 in n (~n~ilmrl) ';)::~nl1 
~ 

Ad ...." !' ~ A.A ~ &:l : \1 t,.I ,A 0 A ~ 
11l 'lJ (~n~~lt1 50% lI.l-LlI111l1.tlL'l) mtl~,;)lnlll 'lJ ';)::~~mll1"ll'lI.LlItll1~m n LL~LlItl111m11Lml::'VI 

~ 

'VIl~11ffltlqJilt1Ll1f1iifl GC 'lJtl~m1~n~ilmrl (in n) Y-llJl1Llliim1l1ru~11 6 LLL'l:: 7 ~~LtJlI.~11~ 
.f.. :'1'. I 

tltln[]111l111~"ll'lnlY-lLull.~ll1.u1::ntllJ 

"" ..1 B nl'l't1~HH)" 

1. LLtln~11lJ'1~11~ll1.~~~n~ LelnL'll'lI. (~11 1-3) LLL'l::L~f1L'ltlhiiLl1l1. (~11 4-10) Li~11YlL'l1bll.tl tlCiI, 
• I ••1 1 '.d ... I"" "" .d • "lit! .( ..,.:: "11"- "" 1 '" u1::ml'l'Y'iL'l1 ll1.l1l1u1111rumnY-ltl 10 "ll'lI.~ l1,;)::lI.l ~ l1q}~tlU[]l1lltlUtl~Ltlll.~'ll'lItl::L'll''Y1L'l f1L'lll.Ltl~Ll1tl 

L1~LLL'l::ulmL'l1f1~lI.Ltl~Lq}tl L1~ 

2. m1i~Lml::'VI1l1.1mYlL'l111l1. (~11 1-2) tl::iill1.YlL'l111l1. (~11 3-4) LLL'l::LtlLlI~YlL'llbll. (~11 5-6) 

2.1 m1i~Lml::'VI1l1.1~1YlL'l111l1. 

i~Lml::'VI1~tl~ll1. 3 .ffll.~tlll. 1~tlLill,;)lm1Lq}1t111 nitro-benzyl chloride (b) l~mi.1 

nitrobenzoic acid 1l1.il1'11L'l::L'llt1LlJlJ6tlll. Ul111L~1I SOcI21Yl~niLtJlI.nL'l1 5 il111~ 



.ffu~f1U~ 1 li,1 o-hydroxyacetophenone (C) lJ1'Yilu~n1m esterification 1~tJm1L~:IJ 
pyridine ~l:IJ~ltJ b 1l1tJ1~U11tJlml'f'lJfI\li.ulmLllU L~:IJ HCI 1l::i.~ nitro-benzoic acid 2-acetyl­

phenyl ester (d) 
~ ~ ~ ~ 

'lJU~f1WY1 2 li,l~~~nrn'" d l'li.~1l1niu~f1ULL1n lJ1'Yilu~n1tJ1 acyl rearrangement 1~tJm1 

L~3J KOH ~l:IJ~ltJ pyridine 1l::i.~ 1-(2-hydroxy-phenyl)-3-(nitro-phenyl)-propane-1 ,3-dione (e) 

.ffu~f1U~ 3 li,1~~~nrn"'~i.~1l1n.ffu~f1U 2 lJ1'Yilu~n1m cyclization 1~tJn11L~:IJ glacial 

acetic acid LL~:: H2S04 liml:IJfflmL~::1yj~n.n LtJUL1~1 1 il1:IJ\I 1l::i.~ 2-(3-nitro-phenyl)­

chromen-4-one (1) LL~:: 2-(4-nitro-phenyl)-chromen-4-one (2) 

2.2 m1i\lLml::~f1::3nuyj~111u 

.ffU~f1U~ 1 li,1 nitroflavone lJ1'Yilu~n1tJl reduction of nitro group 1~tJm1L~:IJ HOAc LL~:: conc. 

HCI1l1n,rUf1f1tJ ') L~3J Sn 1l::i.~ 2-(3-nitro-phenyl)-chromen-4-one (3) 

.ffu~f1U~ 2 li,1 nitroflavone L~3J Pd/C(1 0%) 1l1mtuL~3J NH4HC02 m'l:: MeOH 1l::i.~ 2-(4-amino­

phenyl)-chromen-4-one (4) 

2.3 m1i\l Lml::~LfIi.:IJ~yj~~lllu 

li,1 aminoflavone lJ1'Yil1J~n1m acylation 1~tJm1L~:IJ Ac20 LL~:: triethylamine 1l1n,rUL~:IJ 

CH2CI2 1l::i.~ N-[3-(4-oxo-4H-chromen-2-yl)-phenyl]-acetamide (5) LL~:: N-[4-(4-oxo-4H-chromen­

2-yl)-phenyl]-acetamide (6) 

d 	 '" 3. m11'1~~f1U fll'l1i'1'l1\1'll11l1Yl 

2.1 m11'1~~f1Ufl1'l1rTu~\lLflui.'I1'3rfl::L'D'Yi~lf1~ULfI~Ll'lm1~LL~::U1Yi1~lf1~uLfI~L~m1~ ~ltJin-
1 

TLC assay 

2.2 m11'1~~f1Ufl1'l1rTu ~\I LflUi.'D'~f1::L'D'Yi~lf1~ULfI ~Ll'l m 1~LL~::U1Yi1~lf1~UL f1~L~m1" ~1 tJin­
2 

microplate 

4. 	m1L~1tJ:lJm::'llltJ~1~\I 1~tJin-m1'Yil1iLLi\lLLuuLL-ri'LL'ii\l (freeze-dry) 

in-~ 1 ~n~~ltJ1rl LL~1li,1i.U'Yil1iLLi\lLLUULL-riLL'ii\l (freeze-dry) 

in-~ 2 ~n~~ltJ 50% L:lJl'llUfI~-l.h LL~1li,1i.U'Yil1iLLi\lLLUULL-rlLL-ii\l (freeze-dry) 

~ ~m 1'Y1 ~ liH)\! 

1. m11'1~~f1Ufl1'l1rTu ~\lLflui.'D'~Ulm~lf1~ULfI~L~m1~ ~1 tJin- microplate 'lJfI\I~1~LLtJni.~ 
1l1nm::'llltJ~1 (1-10) YlUl1~11 7 (84.6 %) iifl1'l1rTu~\lLflui.'D'3fulm~1f1~ULfI~L~m1~~\I~~ ~1:IJ 
~ltJ ~11 6 (46.2 %), 10 (22.8 %), 8 (17.9 %) LL~:: 9 (16.5 %) ~l:IJlih~u 

2 



R R 
2 2 

MeO o MeO 
R 

3 

R 
1 

OH 0 OMe 0 

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

2R=R=R=H 6 R = R = H· R =OMe
'123 ' 1 3 '2 

3 R = R = OMe· R = H 7R=R=R=H
'1 2 '3 '1 2 3 

4 R = R = R =OMe 8 R = R = OMe· R = H
'1 2 3 '1 2 '3 

10, R = R = H· R = OMe 9 R = R = R = OMe 
1 3 '2 '123 

.cf ... A 3 .d I I .c::iI ,ftJ A .... 

ll,fJmnnll, ~1nLfJn~11fJ1-1th'l 'Ylt:-J1ll,:JJl'Ynn1~11 2 LLfl:: 4 :JJq'Yl1l~1ll,11:JJLLVl (antiallergic
'U 

...... .... .d .. .... 
activity) 1~tI:JJfh ICso Lyi1nlJ 20.6 LLfl:: 8 .0 ~M ~1:JJ~1~lJ L:JJm'YltllJnlJ~l'Un~11~1ll, ketotifen 

fumarate (ICso =47.50 ~M) 

2. n11~-1Lfl11::'VI1ll,1mYlfl1L-m (~11 1-2) fJd.i1 ll, YlfnL-m (~11 3-4) LLfl::LfJL:JJ~Ylfl11' .Ill, (~11 

5-6) VllJ 'h ij rj'YliiJlJ rT-1 LfJll,L'1faJfJ::L'1fl1 fl1,,~ll,L fJ ~L 'Yl m 1~LLfl::ii lmfl1"~ll,L fJ ~L~ m 1~ 

1 R = -NO
'1 2 

R 
1 2 R =-NO 

' 2 2R2 
3, R1 = -NH

2 

4 R2 =-NH , 2 

5, R1 = -NH(CO)CH
3 

o 6, R = -NH(CO)CH
2 3 

..r, .... ~ \'I" ""1'" d .... ~" 3. ~1 nt:-Jfl n11'Yl ~ ~fJlJrj 'Yl1l~ll,n11t1lJ tI-1 LfJll, b'1f3J fJ:: L'1f'Ylfl "flll,L fJ ~L~m 1~ "lI fJ-1 ~11'Yl ~-1 Lfl11::'VI b~ 

(1-6) VllJl1 fi1 % n11iJlJrT-1LfJll,L'1faJfJ::L'1fl1fl1"~ll,LfJ~L~m1~ ~"113JL,y3J,yll, 0.1 mg/ml "lJfJ-1~11 1 ~:: 

3 



..I 

li 	% nl'liJurf-JLeJU.LonaJeJ::LonYi~l~~u.LeJ liL~ m ·Hn~\'1li~ (72.58%) ~lU.(]YltiJU rf-JLeJU.LonaJihm~1~~u. 
'II • 

LeJliL~m1li ~Ul1lil1 5 ';)::1i % m1iJurf-JLeJu.LonaJihm~1~~u.LeJliL~m1lili-Jli~ (69.45 %) i-J~111-J 
. 	 'II • 

Yl 1 

(;IT'n,,r1 1 ~~ m1Yl~ lieJU(]Yltm1iJurf-JLeJU.Lon1.l1~~u.L eJ liL Yl m 1liLL~::ijlm~l~~u.U)liL~ m1li'lJ eJ-J lil1LU. 

1~Wl~111u. (lil1 1-2) eJ::iilU.y.j~11-1u. (lil1 3-4) LL~::L uL1.I~y.j ~11-1u. (lil1 5-6) ~ i-JLml::Vl1~ 

1.111 % ~lJ~"il:::~f1~tA~hl.Lil1.1l'YliH11.1 % ~lJ~"ihf1~~tA~hl.Lil1.1L~iH11.1 
1 72.58 67.74 

2 62.25 25.00 

3 70.87 63.24 

4 15.13 63.67 

5 21 .75 69.45 

6 56.14 64.98 

Eserine (Standard) 91 .91 98.09 

4. 	 m1LLu11um::"151£J~lm 1~£Jinm1'Yh1iLLi-JLLuuLL-rlLLiJ-J (freeze-dry) ~Ul1 in n (lin~
'II 

~lmrl) ';)::~nl1in 'lJ (lin~~l£J 50% Jl-L1.IYllU.eJ~) Li'teJ.:J,;)lnin 'lJ ';)::~~ml1.1:Bu.LdeJl1-J~.:JLl LL~L~eJ 
'\l 

Yhm1iLml::~Vl1lil1th~qJ~lmYl~U~ GC 'lJeJ.:Jm1lin~~1£JJl (in n) ~ul1Lllihn1.l1rnlil1 6 LL~:: 
d:'1 ..I ' J.. :'1'. 1 .J' 0 ~ 0 ....,:' ..I.. • 1 .. '" ..

7 on-JLuu.m1Yl eJ eJ n(]Yl1lYl1-J"1511l1~ L uU.lilu.u1::n eJU 'lJ rn::u. m ~.:JYll m1lin ~~1 rJ'U.1Yl1.l Lu mLonu.~'lJ eJ-J 

L1.IYllU.eJ~~1 ') m~11';)::i:i lil1 6 LL~:: 7 eJ eJnmUl.:J 1 u.'lJ rn:::L~ £Jlnu.m~11~~~.nrn'l1~L~,;)lnm1Yhli 
t.I I e.... A&:C .¥ L' .d'

LL VI-J LLUU LL"15LL'lJ-J~1 rJl!iU.';)::: 1.1 ~ ~ml1.1"15u. 
'\l 

1. 	 In K., R., Michiel M., Kornkanok I., Robert V. Journal of Chromatography A. 2001, 915, 

217-223. 

2. 	 Ingkaninan, K.; TemkiUhawon, P.; Chuenchom, K.; Yuyaem, T.; Thongnoi, W. J. 

Ethnopharmacol. 2003, 89, 261-264. 

3. 	 Tewtrakul, S.; Subhadhirasakul, S.; Kummee, S. J. Ethnopharmaco/. 2008, 116 , 191­

193. 
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th::~'VlfiIl1~"lI/eHI~1~~1'U nl~L'"I"i'l:!"lI'fI.:J~~'U'Vl1~"lI'fI.:J~1~~ n~ntJ~'fI n-i'lJii)J ( Punica 

granatum Linn. 

An Efficiency of antimicrobial activity from pomegranate ( Punica granatum Linn. ) peel 

extracts 

~'Ylfiin~" ~"lJlu~~~* ~LlIli ~u~n::Llhn ~u~~ lh::n~irrr~Ul ,)unfth::rl1 rill,;)-1hfn, , , 
Illf11"151L'Ylf11u1~fi'Yll-1ellV111 f1rn::imn~l~~f ,;)Wl~-1n1ntllVllimJir.J U'Yl1l1U m-1L'Yl'W"l 10330 , 	 " 

1JYI~~Uf) 

'11't,ifj~tJtf~1'(?\ ~U~:;~'1 ~L~'el ~mt1 ~'Vlin1~~uJ'I LLU~~ ~tJri'elh~ "lJ'el'l ~l~~n(;l"'l1 n LU~'eln ~~ 
~U~~~ltJ~'W~l1il'1 1 ~'.lmflLL~:;L'el'Vll'W'el~ 95 L,J'elh"ll'W[;] ~~ViU~l~l~~n(;lLU~'eln~~l1U~~~'.ltJtf 
LL~:;L'el'Vll'W'el~ 95 LU'elh"ll'W[;] ~l~l~Cl~UJ'I LLU~~ ~tJ ri'elL~~~h'WL~ru~H'Vl (;l~'elu1~'Vl n~ltJ~'Wfi L(;ltJ.. .. 	 ~ 

"'l:;~U~'1 	Staphylococcus aureus ATCC 6538P 1~~~~(;l ~'el'l~'1~1~'el Pseudomonas• 

aeruginosa ATCC 15442 LL~:; P. fluorescens TISTR 385 
,. II I 	 II 

LU'elfL"ll'W[;]"'l:;'el'el n ~'Vlfi~u~'1 LL U~~ ~tJ~H'Vl (;l~'elu1~~ n~l ~1 ~~ n(;l~'.ltJt!1 
~ .. 	 .. 


~ltJ~'WfiLL~'1 (?\ :;1''W'''l :;'el'eln fI'Vlfi~u~'1 LLU ~~ ~tJ'Vl (;l ~'elu1~~ n~l~'WfiYl'WLii'el'l LL~ :;~'Wfi"'ll n~lfil ~ruf~
q"'l 	 q q dB 

, .. 
.o=:iI cv (f""~ ~ .... (f"" cv 

• I "" " 1J~:;"ll16jj'W"'l'W tJnL'.l'W Pseudomonas aeruginosa A TCC 15442 'VlVi'WfiVi'WL~'el'l LL~:;Vi'WfiLL~'1(?\:;'.l'W. . .. 
~u~'11~1n~ L~m n'W 

1. 	 m1~n~~11,;)lnLU~eJnc-l~11U'nll 

til LU~ elnc-l ~l1uYillJ-1 ~1 r.JvrUtf~l-1 01 i.~LLri ~'Wfi~m5jel-1 ~'Wfi"'lln~lfil~ruf~u~:;6jj16jj'W9'W
~ J q q dB 

LL~:: vrutfLL~-1~::lU (elULLi-1~mll.VlIlii 60 °C) m~n~~'"w~'":l'Yh~::~lmEllilUel~lueJ~11ci''"m 1:4 
, 	 , 'IJ 

,;)lmfu1::LVlr.J~'"n-il~::~lmEllilUEl~ElEln~'"w rotary evaporator m1~n~~lr.J,rlniwrh 2 iTI ~El 
~n~~lr.J,rlEl"'~11~lU 1:15 L'Yh1~r.Jnl1L"lJcilLflUL1~1 24 {1111-1 (LLU1J~ 1) LL~:: ~n~~lr.J,r 
eJmlci'lu 1:3 L'Yll 1~HJm1~u~uLi1uLl~1 5 U1Yi (LL1J1J~ 2) til~11~n~~ltl,rlmn1El-1V1tJ11JLL~::U~ 
LVI~tI-1LL~ltilci'lul~n1El-1~ltl membrane filter "lJU1~ 0.45 J..1m ~11,;)~El1J1Eltl~::"lJEl-1~11~n~.y;i.~ 

... 
Q".I Q".I 	 A~ 

,;)lnm1i.m~'Yl-1 3 1li 

2. m1'Yl ~ ~El1J 'l'Ylfi~lULL1Jf1Yi L1t1"lJ El-1 ~11~n~,;)1n L U~ El n c-l ~l11JYill 
til~1~n~,;)ln,jel 1 m~m~1'l'Ylfi~lULL1Jfl.yiL1r.J~lr.JiTI paper-disc diffusion 1~r.Ju1::Liiu 

,;)In"lJU1~"lJ el-11-11~1~tlli'LL1JflYiL1r.JlIl~1;)lu1Um1'Yl~~El1J 10 ~1 tlvrutf i.~LLri Bacillus cereus
D 	 , 

ATCC 	 1729, Staphylococcus aureus ATCC 6538P Escherichia coli ATCC 25922 , 

Salmonella Enteritidis DMST 17368, S. Anatum DMST 17362, S. Derby DMST 16814 , 



s. Typhimurium ATCC 13311, S. Choleraesuis ATCC 10708 , Pseudomonas f1uorescens 

TISTR 385 LL~:: P. aeruginosa ATCC 15442 1~lJli~l1u~;h'U:: tetracycline dlu positive 
... 

control LL~::li DMSO LU'U negative control rhnl1'Yl~~tl.J 6 'lll 

~HW1 ~'t1 <;I ,Ul \I 

1 U1mm~l1~n~~lmU~tln~~r1tJ'Yi3J 

~~nl1~n~~1~lmU~tln~~'Yl-'-1.J'n3J l~LLfi ~'Wfivt'U,Liitl.J ~'Wfir.nnU~:;LVlP1~lfil~ruf~.. ~ 

U~:;'lIl'll'W~'W LL~:: vrwtfLL~.J~::l'U l~lJliLtl'Yll'U,tl~ 95 LUtlfL"ll'U,Ci! LL~:: ,rl Lu'Ui,l'th~::~llJ vnJil, 
~1n~LU~tln~~r11.J'Yi3J J.J 3 vrwtf~ ~n~~lmtl'Yll'Utl~ 95 LUtlfL"ll'UCi! iiU1mm~l1~n~, 
28.30±1.04 ,26.65±1.21 LL~:: 21.17±0.75 LUtlfL"ll'U,~ m3J~li1.J Lrltlli,rln~'ULu'U,~l1~n~ LuhYi 

LLlK.J~lm~i'f)'lrotary evaporatorl~U1mm~l1~n-'-~ 22.07±1.55, 9.89± 0.94 LL~:: 13.30 ± 1.22 

LUtlfL"ll'UCi!~l3J ~li1.J LL~::Lri tlliinnTmn~~llJ,rln~'U1~ IJnT~~U-'-'U LL~ln1tl.J~1IJm::mHmtl 
"l.I'Ul~ 0.45 lmntl'U ~11~~tl1.JU1mm"l.ltl.J~l1~n~m3Jin A.O.A.C (1990 ) Vl1.Jlliiu1mm 

Lriln1.J 12.03 ± 0.56, 7.17 ±0.62 LL~:: 9.71 ± 0.65 LUtlfL"ll'UCi!~l3J~li1.J 

2. ~Vli~l'WLL1.J ~Vl ~tJ'lJ'f)'l~l~~nC?l'"lln LU~'f)ntJ~"t11.JVhJ'Yr'W~I?il'l1 

m1li~l1~n~LU~ tlnr11.J'Yi 3Jvr'UTIvt'ULii tl.J ~'Wfi'"llnU~:;LVl P1~lfil~cwf~u~:;'lIl'll'W~'W LL~:: ,. .J 

vr'UTILL~.J~::l'U~~n~~lmtl'Yll'Utl~ 95 LUtlfL"ll'UCi!LL~::,rlni'U,LYi tlh1'Unl1rJ1.J 1J~.JLL1.JflYiL~lJfitl11f1J.J, 
10 ~llJvr'UTI, Lrlmllm'Yl~~tl1.Jm1rJ1.Jrr.JLL1.JflYiL~mLm3J1.Jln l~LLri B. cereus ATCC 1729 LL~:: 
S. aureus ATCC 6538P Vl1.Jll~l1~n~~lmU~tln~~r11.J'Yi3JJ.J 3 vr'UTI, ~~n~~lmtl'Yll'Utl~ 95 

LUtlfL"ll'U~LL~::~n~~llJ,rlJ.J 2 in ~lm1fltltlml'YlRrr1.Jrr.JLL1.JflYiL~mLn13J1.Jlnl~J.J 2 ~lJvr'UTI• 
LL~rJ1.Jrr.J S. aureus ATCC 6538Pl~~nll ~'lLL~C?l'l1'W"n~l'l~ 1 LL~::rJ1.Jrf.JLL1.JflYiL~lJritlhflLLn13J 
~1.Jl~J.J 8 ~llJvr'UTI l~LLri E. coli ATCC 25922 , S. Enteritidis DMST 17368, S. Anatum

• 
DMST 17362, S. Derby DMST 16814 , S. Typhimurium ATeC 13311, S. Choleraesuis 

ATCC 10708 , P: f1uorescens TISTR 385 LL~:: P. aeruginosa ATCC 15442 l~tJrJ1.Jrf.J P. 

aeruginosa ATCC 15442 l~mn~L~IJ.Jn1.J P. f1uorescens TISTR 385 ~l1~n~~lmU~tln~~ 

r11.J'Yi3J~1 mtl'Yll'U,tl~ 95 L U tlfL "ll'UCi!iiu1::~'YlR[)lVll'Unl1rJ1.J rr.J LL1.J flYiL~ IJ LLm3J1.Jl mL~::LLm3J~1.Jl~ 
~.Jnll~1~n~~11J,rlJ.J 2 in LL~::~l1~n~~lmu~tln~~r11.J'Yi3Jvr'UTILL~.J~::1'Uii'l'YlTIrr1.Jrf.Jl~~nll 
~ . 
~l1~n~~lnLU~tln~~r11.J'Yi3Jvrmfvt'ULiitl.JLL~::~'Wfi'"lln~lfil~cwf~u~:;'lIl'll'W~'W. . ~ 

http:mL~::LLm3J~1.Jl
http:LLm3J1.Jl
http:22.07�1.55
http:21.17�0.75
http:26.65�1.21
http:28.30�1.04


nurl2.J ~"'.HJlfi paper-disc diffusion 

lIul'lih~uYlIill'lOU 

l'Il'H,nIilIUiiom1Un3J 

IOYlIJl"oa 95 IUO{I.1"~ \~>1 (IIUUfl1) Jl (UUUfl2) 

~"Ii'jO" ~" II l'I" 1Jl::1" ~"Ii'jO" ~" 1Il'1,,\II::1" -r1"Ii'jO" ~" 1Il'1"1Jl::1" 

B. cereus 9.5±1.0 5.8±1 .4 l4.5±1 .1 7.4±0.8 3.6±0.8 10.3±1.0 8.8±O.7 4.3±1.0 11.5±2.3 

S.Bureus l6.6±0.8 l2.0±1.4 2l .Otl.l l2.3±1.7 5.8±O.8 14.8±1 .0 l8.5±1.0 10.7±1.9 16.6±1.2 

E.coll ATCC 7.3 ±1.4 3.7 ± 0.8 l3.3±0.8 5.3±0.5 2.2±0.4 8.0±0.6 5.5±1.2 2.3±0.5 8.7±6.8 

S. Enteritidis 7.5±0.8 2.2±1.2 8.8 ± 1.9 4.8±0.8 - 6.8±0.4 5.2±1.2 0.8±0.8 6.8±O.4 

S.Anatum 5.B±O.8 2.0±O.9 7.8 ± 1.5 2.8±O.8 O.3±O.5 7.3±O.8 3.3±O.B 1.7±1.0 7.8±O.B 

S. Derby 7.3±1.0 4.7±0.8 8.2±0.8 3.5±O.8 1.3±0.5 6.2±1.2 4.3±0.9 1.3±0.5 7.7±1.2 

S.Typhimurium 7.3±1 .0 4.7±O.8 10.2±O.8 4.6±0.7 2.7±0.5 7.5±1.2 6.3±1 .0 3.2±1.2 9.3±0.8 

S. Choleraesuls 10.1±O.7 6.17±O.7 l2.50±1.05 9.8±0.4 8.OtO.6 12.6±1.0 6.6±0.8 5.5±O.5 5.9±0.8 

P. fluorescens 12.2±1.3 11.8±1.3 16.5±1 .5 7.8±O.9 5.5±1.2 13.3±1.2 6.1±1.2 3.3±2.1 11.5±2.l 

P.aeruginosa 17.2±1.1 l3.4±1 .6 16.3±1.8 13.2±1.2 9.7±2.4 12.8±0.8 12.8±O.9 9.3±1.9 14.2±1.7 

"'lJ1uii~ "hithln!ll~lR 

1'1110l'lJl"~n~ fi!l filLU~U'lJ1l~1J"l<i\l~lR (lJlJ.) ± SD 

~Tmn~~lm11~ tl nnuYi:u ~1:JJ11t:l [J....U[J~~ lLUflYlL1mi tl11flriUl :JJ1'Yl~ ~tlUL~'Yl n-nU~ 1~ [Jviui
q q 

Ll~~~::luri~n~~l £JLtl'YllUtlt'l 95 L11 tlfL'1lU~lliil::Jl ii(]'YlTIfn1rJU rf~lluflrh1[Jri1i'Yl~ ~tlUL~~~nl1 
'II 

vrUi~ULiitl~ LLiil::~'Wfi"'ll n~lTI1~ruhth:::"l!1"l!'W~'W LLiil::~11~n~L 11 ~tl nnuYi:u~'w Ltl'YllUtlt'l 95 
q q 0Jl 

AI-Zoreky NS. 2009. Antimicrobial activity of pomegranate (Punica granatum L.) fruit peels. 

International Journal of Food Microbiology 134(3):244-248. 

Iqbal S, Haleem S, Akhtar M, Zia-ul-Haq M, Akbar J. 2008. Efficiency of pomegranate peel 

extracts in stabilization of sunflower oil under accelerated conditions. Food Research 

International 41 (2): 194-200. 



Application of QR Code to High Quality Nam Ook Mai Sritong Mango for Export 

2 iEh'ltlB'I.Nln11'Yl11'LmJ'u'fl1UYhm~~LUtewnuL'llerf Jllfli-nl'V'ltlm~f'll Gl~f mu.~imnf'llGl~f 

~m~-'lmnhJ'v\limnirJ 'V'lnnL'Yl n1-'lL'Yl'V'l'" 10330, 	 ,~ 

.... 	 I 

11fl~~ I:H) 

tl1~L 'Ylf'lL'Yl rJGtMHlmJ~aJl-'lil ~~nl1 1500 ~U djU1J~~h 547.73 ~lUU1'Yl (ltl'ltn-'llU
'II 

Lf'l1M~n~n11LnMm, 2549) n11vr~uli'lnrJJll'V'l1i1JlnL1Jnild~tJ-'ltJlirJn11vr~Ul1J::aJl-'l1i 
L~mu.Jll'V'lLL~~iin1TfU1f)-'lYi~ ~-'lL~vr~U11~UU OR code ~1~fUn11L~1J1J~~h1Un11fU1f)-'l

, 	 'II 

LL~::tl1~nufl,rnJll'V'lLL~::fll11Jtl~ f)~ntl1Un11j:,j~'il1J~aJl-'lLm'ilGt-'l f) f)mh-'ltl1~L 'Ylf'l '~lnn11Glfl-'l 

,nmJf) 1JGln11j:,j ~ 'il n111 iGl11Lfl m'il rJ1::UUn11j:,j ~ 'il LL~ ~-tltJ 1J~n11fllUfl1Jfl rnJll'V'l 'ill1J~in 
"" ttl 	 " , , 

Eurep GAP LL~~tlfu1imnU1tl;jlWtlf)1JGl php vr~Uln11L~f)1JtrJ-'l-tleJ1JGlGttrU1tJlfl YhL'ilL~rJ 
cu 	 """ 1J cu cucu 

n111i1'iKGl OR ~lU website www.qrthaimango.com/qr YiGlfl-'l.ffU~lrJttl1LLn11J Adobe ' 

Dream Weaver CS3 n11~lLil.Un111u1tlLLUUGllTI'ilLLGl~-'l1iL~Ul1 Gll1Jl1n1i 
'II 

t 'Yl1i'l'V'lrlLfl~tJUYiL-tll'il11~ GleJU-tltJ1J~t,hu keywa reader 1Un11L~rJn'il-tleJ1J Gln11fllUfl1J 
'II 	 'II 'II , 

fl,rn1l1'V'lLL~::fll11Jtl ~ tl'ilnrJ L'ilL'il rJ'il1-'l d1u'1leJ-'l'Yll-'lYi'1l1 r.JLGl11Jn11fu 1eJ-'lfl,rn1l1'V'l LL~ ::'1l1 rJ1oJ 
Ln~Jll'V'linMruYi~LLn~uYil Gt-'l eJ tJn"1JeJ-'ltl1~L 'Ylf'l 

"" ..1 1) nTl"fl ~GHh'l 

1, Glfl-'l;jlWtleJ1J~n11j:,j~'ilLL~~n11fllUfl1JflrnJll'V'l~lrJ~in Eurep GAP ~lnn~1J 
~ " , , 	 , 

LnM'il1n1trGt-'ltltln1J::aJl-'l,rl'ileJnLlT~'YleJ-'l e'hLJlmil.U1J~tl11-'l -;)-'lwf'ilViMrnhn ~1 
'II 	 , 

ttl1LLn11J php My Admin ~lmfuL~eJ1JtrJ-'l-tltl1J~1u1tltfl1-'l'hrJYi'il11~GltlUL~~ln 
'II 'II 

~UL'ileJfLU'il~lrJttl1LLm1J Adobe Dream Weaver CS3 

2. LLtl~-'l-tleJ1J~rf-'l~1J'il1ieJci1u1tlL~eJ1JtrJ-'ltlU1i'Gl OR t,huttl1LLn11J OR code 
'II 'II 'II 

generator 

3. 	 'il11~Glf)Ut~tln11GllTI'iln11'Yil-'llUUUt 'Yl1i'l'V'lrlLfl~ tlUvi t~ rJn11L~f)1JtrJ-'l t 'Yl1i'l'V'lrltlU 

1'iKGl~luttl1LLm1J keywa reader LL~::n11L~a1JtrJ-'lLtlGtn11fu1a-'lflrnJll'V'l 
'II , 

www.qrthaimango.com/qr


~a n 1'fYlI.9l,HI\l 

L'if1>'1;j1u.,rEl:JJ~nT'j(:.J~~:JJ::1il.:11h~ElnLajh;:;~nT~~>'IfHJn~~>'Im:JJj::1J1J Eurep GAP 
... 'II 

l.h::nEl1JLtJ~lt1 ,rEl mm1jU~n mjliL'i1jLflrnu.j::"'11>'I mj(:.J~~1U.LL~~::~ El~ ,rEl:JJ ~mjLn1J
'11'11'11 

LfitllLL~::tJf1JtJj>'l'V'l"'mf "j~"j
q q 

;j1u.,rEl:JJ~i>'ln~lT;)~Ln1Jlu.jtJ .xsl mjtJf1Jl'IKElcilu.jtJ php file LL~::.yhl'IKElcilu.jtJ 
~ ~ ~ ~ ~ ~ ~ 

interactive t~tlhltJjLLnj:JJ Php My Admin t~tlmjL~mJttl>'lii1f1j>'l~f1>'1i>'lLL~~>'Ilu.1l1'V'l .. 
(1l1'V'l'Yl 1.) 

LL~~::j1 tlmjLrlmLtJ~>'I1'IKEl cilu.jtJ~ ~l:JJ1jf.l~jTil~El1J ~1U. interactive ~1 tI ttJjLLm:JJ
'II 'II 

Adobe Dream Weaver LL~b hltJjLLnj:JJ OR code generator ~f1>'1j"''''~ 2 mi L~El:JJttl>'l 

,rEl:JJ~j1t1mj~1'IKmjjEl>'lf1J (1l1'V'l OR code) ,rEl:JJ~ OR code Lrlml1:JJ1i:JJvrwfinWfl1El"lhtl 
'II 'II 

BU.L~El·hU~'Yl1>'1Li1JL'1!~ http:/www.qrthaimango.com/qr~::L~j::1J1J~iimjrl1>.11U.lu.jtJLL1J1J
'II 

interactive j::"'11>'1,rEl:JJ~1u.;j1U.,rEl:JJ~~~1:JJ1jm1t1n~~1u. OR code ~1t1t'Ylji'V'l'rlLfI~ElU.~
'\I 'tJ'U01.1 

mjL1t1n~,rEl:JJ~rl1t~tI~lu.mjhltJjLLnj:JJ
'II 'II 

keywa reader t~tI~:JJ1jf.lli 

t 'Ylji'V'l'rlLfI~ ElU.~~L~El:JJttl>'ln1JBu.L~ ElfLU~~L'i1:JJ1jf.l rh tl1l1'V'lL~ rl11'IK~l:JJ1jf.l~jl~~El1J 
,rEl:JJ~mj(:.J ~~ LL~::mjf1JjEl1JfI ffi1l1WlJEl>'l:JJ:: 1il>'1J1~ElnL~~ (:.J ~~L~ El mj~>'I ElEl nL~ 

'II q 

http:/www.qrthaimango.com/qr~::L~j::1J1J~iimjrl1>.11U.lu.jtJLL1J1J
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". • 0: O1"UIR a"LH"i~ 1iI"i'l'ilHaULL<I:: 

i'U"ia\l accredit 

~1Ul11fJt Utl"i::Ll1ff : LiJ1"i::-r" fI'l1~tlfta6lnfJ6f1ua1"1"i 

fi'1U~1\ltl"i::Ll1ff 	 : L'iI"i'il16f1u~11i1"i.'l1uiiuFi1Ln"'IR"i 

LLft::£l1"1"i'l1\1"i::'lIUnnnuoWtlu<I::iGl-l 

(Quarantine System) 

ROAD MAP OF FOOD SAFETY 



I. Slr.leg;', Cor FOOD SAFt:TY 
..nporting : Inspection Quarantine alld Conlrol or Inputs 
Domestic: Sinele Standards (or both export Ind domeslic product 
Exponinc : Oertiry to Comply with Importinc Requirement 

1. Develop and Promote Good Ae,cicullUR Practi4:e (G:\P) 

ConsuRlt_r Hyciene and Safety 
Incrusing Fanner Income 
Redu« Pe.stidde Utaet 

Implement the traceability procedures 

FRO MFA R M11_-•• TOT A B l E 

GAP Farms Produellon 

Livt"stock : CaUlt', Swine and .'oultry 

GAP Farms Production meet and except by 
International standards and requirements 

Fishery: IlI'io\1' .uut to i he~' F:trlll~ 

GAP/CoC Farm Productions 

. Stakeholder 

Plant: Strictly Control and Monitoring of Import 

Hazardous Substance and Chemical Products 

Liveslock: Strictly Control on Safety and 

Standards of Import of Meet Products ,Feed, Live 

animals and Carcasses 

Fishery: Strictly Control Safety and Standards of 

Import Aquatic Feeds 

Pl;mt : CullCy Food Processing Plant ,Packaging 

House and Export Agricultural and Food 

Produd to 52 Countries 

l.iwstock : Certify Animal Feed Plant, 

Processing Facllllles and Slaughter House 

Fishery: CertiCy Fishery Frozen, Processing Plant 

and Aquatic Animal Feed Plant 



Roaa Map Of Food Safety: Outcomes 

WjUkU{ILill&:Jify 

- Plant and Plant Products 

- Meat and Meat Products 

- Fish and Fish Products 

Meet international standards and customer's 

requirements 

I. Reach MRA Agreement with China, Vietnam, 

Singapore, Australia and New Zealand and 

Focal Paint for ASEAN Food Safety Network 

and APEC Food Sectornl MRA 

Designed Standards 

Accredited Private and Public Certify Body 

with ISO 17025 

4. Develop Electronic Certification System 

e - Certificate Livestock Products 
5. Dev.elop Traceability System 

6. Initiate and Focal Point for 

- ASEAN Food Safety Network 
- ASEAN Single Window 
- APEC Food Sectoral MRA 

1. Organization and Regulation problems 

2. Farm management 

3. Industry and inspection problems 

4. Physical forms of export products 

J~ ran tine and inspection systems 
. , 
ese,arch and Development 

'\II~1t1ti\l .. t1t1fh'H'u6I (rules) flru;n~ru:: 1. WTO: (1) Agreement on the Application 
• 

(characteristics) '\II~m~'U1't11\1 (guidelines) of Sanitary and Phytosanitary 

Measures (SPS). Est. 1994 

(2) Agreement on Technical 

Barriers to Trade (TBT). 

Est. 1994 



I c/ . 

2. FAO l1lJfl1J WHO: Codex Alimentarius 

Commission Est. 1961162 , revised 
• 

lln16fll-3 

3. FAO : International Plant Protection 

4: OiE' : Inte{nationalAgrtemeiit for the ' -
- ..... .. .­ '!­ • - •. ~ _ ... 

Creation of an Office Interniltional 

des Epizooties in Paris. Est. 1942 

Codex 

(Recommendalions) ~~~;aLU,;)"1" (Guidelines) ~ . 

IDh.u..uyiiruiillltil_tl 

Food Standards 
01\111 

2) oJ v v • 
lntl1n\J~'Il0U1IW'W'!l IPPC Il1stiFAO 

t 
International Standards 

OlE 
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Quality and Safe Product 

- sampling testing I inspection 

AC U-U-,ulU-UUlXU-IU 

CodoGroop I CD -=--=-----'----,1 I I 




Food Safety Risk Analysis 

Plant/Animal Health Risk Analysis 

Import/Export Risk Analysis 

I. For-standard setting 

: Food Safety standard 

- MRL for pesticides residue, veterinary drug, .. 

- ML for contaminants 

: Standard based on risk assessment data 

- Codex Standard 

-Import I Export Risk Analysis 

- 'Training Seminar 

- Risk Analysis model 

- on - the -job -Training 

Nlltio~;;il COdex C~ntact:l'oint 
SPS Notifying I Enquiry Body 

TIlT(Food) I Enquiry Body 

fPPC Contact Point 

OlE Contact Point 



ACFS: RASFF 

Q "'"-ll'l!fllH'1I 82 11Ufl1i 

-ih.jt111.h~lJ;J 13 'ilUill1 

ACFS: RASFF 

Rapid Aicrt System for Food 'and Feed 

ifUll1lnl.jt11'f1U~~ .:!tltlil'UU;JU1':iu U2552.. . 
Q "'"-i:'I'l-IfI1vt'll 81 "j lUill'i 

-nl.jt11U'i~m II 'ilUill"j 

-iYuftl\Jl'JiiI'l1 3111J1111 

1111J1111 

ACFS: RASFF 

aUfll lh:aYlfl (Tm'~ 

11JfI~~ nnJ'Ij SalmonellJJ spp. 

11J1illJn n1tft'lj SulmonellJJ .pp. 

n~l~l1nll n1lft'lj E.Colilla~ 

~;-
Sumonel/a spp.. ,~ 

:':. ;.~ Nnmn n11A'Ij Salmonella spp. 

~'" ' .'­

ACFS: RASFF 

~ v umYlPl""'tl1 nU111'J 

ytinl1lJ1n n'ljlla'lj~ Formetanate (6.8mg/kg) 

i1Jn'~lnl e,na Omethoat. 

Dimethoate (8Jmg/k~ 

~lthn ~fl1a Histamine (Z43-Z75 mg/kg) 

, , 
Carbon monoxide 1'lj1~~'UaUA 

treatment 
5 

~ From Farm to Table; takes times, costs, benefits 

~ From Farm to Table Policy lead to Food Safety; Higbest 
cwComer's benefits 

~. AIl.tak.hold~rs in food chain involve with policy's success. 

" Food Safety NTrade Barrier 

~ Thailand strongly believes that food .afety could be achieved 
if sound scientific justification is provided and based on 
international' standards 
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n!u Design IlI'lUllft1UI'I'l1ULnulY1fJ 
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1nti11'1"i111'1HYl*1'1 'inflhnj 

LUUU'~'Il1ft~,;'U6L flnantirufl'l1 ~LnU 
lY1fJ 
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.:••nsf JI n1fii.litilniu R1~n\f~fi\.l"'ii (Organk:) 

.:. S-h.U.l1Mfj1lJ FOOd Safety 
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L~'i~t"'nun1f',j ConLracl Farming 'UUr::L"" 

.:. "1~\j\.ltAs~n1f1hAcy 1"u.ri n1f;"iulJ\.I1 n1f1l1S'l'~1I1~m11'~~~1\.1 

THAIFEX·Wo~d of Food Asia 2010 LL':011L"1h~"ULL....iuA"U"1~Ur::L"" 

(~.1"Vli'n 7 ~1\.1 U..::ft1l1"''':U 8 ~1\.1) n1s~" In-store Promotion n1S 
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Free Trade Agreement 
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