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UYlUl 

[)~-Wal'YI[)fl:a'W (Aflatoxins) L iJ'Wa-l';i'W'Mc.J~h911~m:§ml1'W~';i~Qa Aspergillus LLlOi'W'ldl 

Aspergillus jlavus LLa~ A. parasiticus a-l11l';it1c.Ja~1~&ifl';ha-lt1-w'Wif5'W ';il'W1fl Aspergillus 

a-lm';it1~~qJL~U1~1~&iu'W5qJ'¥hH?j'W "11111'W~ 51 [)::-Wall1elfl:a'W~'Wumllll';i';ill111~1~LLri [)~-Wal­

l1[)fl:a'W iil, ih, ~1, LLa~ ~2 (Aflatoxins Bl, B2, Gl and G2) L~mmtlUL~tlU[)::-wall1[)fl­

:s'Wi'l~t911;fLLa1 [)::-Wall1[)fl:S'W U1 LiJ'Wttl1~'WU11)jfll';iU'WL.fj[)'W1'W5qJ-W'7fmlllruu'l~'1~ (EHC, 

1979) ~h11 "[)~-Wall1[)fl:S'W" !l'l';i111~'1Lll1111ula'¥i' (metabolites) Ul'1t911~[)'1[)~-Wall1[)fl:a'W~'1~ 

~jjU~';ilA';i'la-fl'1Aalt1Aa'ln'W5fl~1mti'W [)::-Wall1[)fl:S'W L~lll, L~1l2, wI, LLa:: ~b1 (Aflatoxin 

Ml, M2, PI, and Q1) fll';iAfl'Ml111'1~1'W'W'Mil1mLLa-~'11l1Li~'W111'Wu';i';i~1a-l';i'W'\:Jfl~1l;f [)~-Wal­

l1[)fl:a'W ul lh1l1Ln~1l~L~'1t91U (hepatocellular carcinoma) 1~LL';i'l~'1~~'11'WA'WLLa~~~111~a[)'1 

(EHC, 1979; WHO, 1987) 
••1 ",,!:l ~I 1 1 ...J -s OJ OJ.J ••1 "" "" [)::Y'lall1[)fl'll"'W L[)lll Lu'WLll111 U al1l1"lAqJm'YI'W'I~[)'1 [)::Y'lall1[)fl'll"'W U 1 a-l11l';it1~';i1~ 

!' OJ .. .J' IV .J"" .J _ I -!i IV ••1 "" "" d1~ 'WU ~ L'W'Wl'Wll~[)'1 A'WLLa~a-~1Latl'l afl~1t1'W1l11fl'Wm'YI1';i'll"'1u'WLu[)'Wmtl[)~Y'lall'I[)fl'll"'W U 1 L'W[)'1
"\J 

~lfl[)~-Wall1[)fl:a'W L~lll LiJ'Wa-l';i~11'WlOi[)A1111f[)'W fll';il'il'W1l1l1LiJ'WL.Qm&imn'W (homogeniza­

tion) fll';il'ilL'WtI fll';il'il'Wllc.J'Il~tlir; spray drying LLa::fll';iLLU';i~U'Wllir;lOil'1" ~'1l'il1l1a-l11l';it1 

m1~'WU[)~-Wall1[)fl:a'W L~lll 1~~'11'W'Wlla-~LLa::c.Ja~ilru't1'WllLi'W 'Wll'Wla-L~[)1h~ 'Wllc.J'I LLa::L'WtI 

(Yousef and Marth, 1989) fll';iAfl'\:Jll11'1vh:Jil1mLLa-~'11l1Ll%'W11[)::-Wall1[)fl:a'W L~lll l'il1l1Ln~ 

!:l OJ !:l 0 1~ OJ .. • .J ••1
ll::L';i'l~ULLa::ll::L';i'lal a-L'Wa-~111~a[)'1 (Hslesh et al., 1984; Cullen et ai, 1987) fll';il1[)::Y'lal­

"" !:l ~I • !:l.J' 0 1 IV _ I 0' d _ r.=
l1[)fl'll"'W L[)lll L u'Wa-l';ifl[)ll::L';i'l'WL[)'1l11 'YI'YIaltlu';i::Ll1Afll'YI'W~Al11l~';i~l'WL'W[)mUAllu';imru... . 
[)~-Wall1[)fl:a'W L~lll 1'Wtll'W1l111[)tiL'W';i::~u~ua[)~iltll9im.ru~1.nAl~m:U'Wl::L~fl u. S.FDA 

"\J "\J 

nl'Y1'W~lll~';i~l'W[)~-Wall1[)fl:a'W L~lll 1'Wtll'WllLlhnu 0.5 ppb 'YIalt1U';i::Ll1A1'Wf!huLi'W LtI[)';ill-U 

L'WLll[){LLa'W~ a-i~ L'll"[){LLa'W~ LLa::a-1L~'W nl'Y1'W~lll~';i::il'W~l'Y1-rU[)::-wall1[)fl:a'W, L~lll 1'Wtll'Wll~ 

~lmflA[) 0.05 ppb (van Egmond, 1989) ~lV1-rUU';i::Ll1A111t1!l'lhjjjfll';inl'Y1'W~lll~';i::il'W[)::-Wal 

l1[)fl:a'W L~lll 1'Wtll'Wlll~m:U'Wl~LLl9imh'l1~ (fl';i::11';i1'1a-l11l';iru'1~ 2529) 

http:W';i::~u~ua[)~iltll9im.ru~1.nA
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vlfl fl1'j"l'I'j"'1vllYl 'j"1~""~'1mhnhwJJ ~tJvlfl eN Afl1'j"rl~ l~~JJnv fl1 'j"lY1'WJJ IIvi~U'j"~l 'VI I"!1 'VIti 

ll'£'l~'WJJ'Vnmvfl~h~'lfiJ~~~~~;ffflvlfl'l!UlUe),!JJ1{lfll'1lli~~fl'WAnt'11u ~'1t115 high performance 

liquid chromatography (HPLC) 1~tlmJJ1'V1tJ1I"11~l'I{fll'JllW'VItl ll'£'l~~l,rfl~l'WYlUI~m'j"JJfl1'j" 

I a ••1 ~ ~ • 1:iIi it I 1<V I

m111'j"ll'£'l~m WtJ11JJfl~l'tm'VIflfl'lf'W lflJJ 1 u'Wlufl'Wfl~ 'W'j"~~tJ 0.15-0.80 ppb Lll'l~'j"'1v JJWtJ 

••1 ~ ~ .J ~I ~ <V .. .J 0" I. I <V ..1
fl~l't'£'ll'V1flfl'lf'W lflJJ 1 'W'WJJ ~~'lf~ lu'W wa~.fl UI't1'V1'Wll"lllvlfl~l~ u'j"~l 'VII"! (~JJ1lla~~'1~v'W'VI'j", 2537) 

vl fl fl1'j" A fl't~lliffl~ i'Wfl1'j"~ 'j"1v1lYl 'j"1~""fl~yJal'V1fl fl:a'W'j"'1 JJ1'W'WJJtJ l fl'lfii'lfiJ ~~~ lla~'lfiJ~ 
'\J 

ml'W~'1tJ15 Enzyme Linked Immunoabsorbent Assay (ELISA) l~tJl"lf ELISA kit WU:lliJ 

fl1'j"u'Wdicl'W,rfltJJJ1fl (,rfltJfl11 0.5 ppb) ll~WtJfl1'j"u'Wdifl'W~~ii~ L7 ppb 1'W'WJJU1~ Ll~~~ lfl'lfii 

'j"~'lfflYllflua~ (U'j"l~'W, 2537) ii~llaj ELISA kit ~~mh'1t1flflflmltJtJJJll.vjfll"lf~'j"'1vllA'j"l~"" 

fl~yJm'VIe)fl:a'W lBJJl 1'W'WJJnmJJ u~fl~yJal'V1flfl:a'W iil nmvln~ cross-reaction 1~ ~l'j"tl~yJm-

Ll~~~1m~lv'W11l~'Wfl~yJm'VItlfl:a'W'lfiJvI1~J'W'.\hl'lJ'Witl~1m5 HPLC (High performance liquid 

chromatography) ~l'Wl~tJi'WdAfl'lilfl1'j"U'WlTItl'W"llfl~tl~yJal'V1flfl:a'W lBJJl Lt.ariJ 1 1'W'WJJw-rtlJJ 

~JJ'j"~'lftl Almla~ ~~rl'liJfl1'j"U'WlTItl'W"lltl~ tl~yJal'V1tlfl:a'W i11 1 'W~al'l.nUI'if~~mil'1v~l~ltl'W,rtlJJa 
'\J 

-3 <V I .J.J., 1 ~ '1.1
(;1111'j"tJl1'W'1tJ~1'W'VIlflm"lltl~ 'Wfll'mfl L"lll'ltl u 
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2.1 i1f)th'l'luJ 

G11 mh'l14:JJlflm14fll'il~tI fI~'IifLtJ1414:JJ'VnaL~fl{l'JdLLa~14:JJtI Lfl"lfiha"lfflflLfl LLat9l;fffl~lfl
'" 

-n14A111JL1Jt9lfl'J'IL'YI'W:JJ'VI114fI'J :5114114G11 flU1'1iiG1'1;1• 
14:JJ'W1aL~fl{l'Jd 8 'U~';'Y1 'U~';'YIa~ 5 114fl1'JNattl (lot) LLa~i14fl1'JNat9la~ 3 fl~fl'l 

'J1:JJLtJ14G11flti1'114:JJ..r'l'VI:JJ~ 120 G11 flti1'1 

14:JJtlLfl"lfii 5 'U~';'Y1 'U~';'YIa~ 5 ~14fl1'JNat9l (lot) LLad14fl1'JNattla~ 3 fl~fl'l'" . . 
'J1:JJLtJ14G11flti1'114:JJ..r'l'VI:JJ~ 75 G11flti1'1 

2.2 fl,.fjI,A11~,"l'ilmtlltuf)~~1't1f)fl'Bu L~tl1 luutl'Vf~f)tI~tl1a"6f)AtflU~G1 

an~ LLa~1 Lfll1~11'V11m:JJ1ru fl~vJa1'Y1flfl~14 L5:JJ 1 114G11 flU1'114:JJ"lfflflLfl LLat9lL~tl1m6 

Official Method 986.16 (AOAC 1990b) 

2. 2.1 fl1'Jan~fl~vJa1'Y1flfl~14 L5:JJ 1 

Lt9l~tI:JJfltlfl'Jrufl1'Jan~fl~vJal'Y1flfl~14 L5:JJ 1 ~'1LLa~'1114'JtI~ lA ~fltla1t1~lTU. '" 
L111 (~hWtI11) 1Jfl'l CI8 Sep-Pak n'U'VIafl~tI15~'Wa1a&lfl (syringe) 1J14l~ 50 iJaaat9l'J 

LLa~~fltla1t1!il114flflfln'U vacuum flask L~:JJfl1'Jan~L~tIL&i:JJL:JJi)l14fla 5 iJaaat9l'J114'VI(;\fl~tI1 

5~ LtJ~LfI~fl'l~~~t1lt1l1fl1r1 (vacuum pump) t1-!f'U1iL:JJi)114fla1'V1a~h14 C18 Sep-Pak iia~ 
'VItI~~14Lfifl'U'VI:JJ~LUl1;;j'lL&l:JJJl 5 iJaaat9l'J LnflJ11'V1at-il14 C18 Sep-Pak ~14Lfifl'U'VI:JJ~~'IL&i:JJ 
Jl14:JJ~'U~L~fl~1'1!il1t1JleJ14 80°"lj" 1iJ114:JJ~'U 20 iJaaattl'JNa:JJJleJ14 20 iJaaat9l'J t1-!f'ULfI~fl'l 
~~~'Yt1l1fl1r11iJ114:JJ1'V1at-i114 C18 Sep-Pak t1'J~:JJ1ru 10 iJaaat9l'J~fl14lii LnflJl14:JJ1'V1at-il'w 

C18 Sep-Pak Lnfl'U'VI:JJ~;;j'lL&i:JJJ1t11al'1 (wash solution) ~'ILtJ14ti114Na:JJ1Jfl'lJ1LLa~fl~m'YI 
1141'YI'J ( acetonitrile) 9 : 1 :5114114 1 0 iJ(;\aattl'Ja'l114'VIafl~tI15~ t1-!f'ULfI~fl'l~~~t1lt1l1fl1r11i 
Jlt11al'11'V1at-i114 C18 Sep-Pak ~14'VI:JJ~ flfl~ C18 Sep-Pak flflfl~lfl vacuum flask LLa~ 
'VIafl~tI15~ L%~t1a1t1..r'lafl'l111'11Jfl'l C18 Sep-Pak !il1t1fl'J~~1'Mi1"lf!l"~uLLi'lail'YI ~fl C18 

Sep-Pak L-irln'U'VIafl~tI15~'Wala&ifl1J141~ 10 iJaaattl'J Lyjfl elute fl~vJa1'Y1flfl~U &"J 1 ~fl1t1 

Lttl~tI:JJ minicolumn ~1'V1-!f'Ufl1'J clean-up fl~vJal'\'Iflfl~14 L5:JJI ~an~1!il~lfl~14ttlfl14 
LL'Jfl 'U'J'J1<Bafl1 L~a 60 (silica gel 60) t1'J~:JJ1ru 1.2 fl-!f:JJa.:.l114 minicolumn ~afl1 L~a 60 if 

ifl'l fl'ULLi'l~ 105°"lj" LtJ14L1al 1 ~1L:JJ'ILLa~L&l:JJJl 1% L~tlJl'V1Ufl L1Jtil1iL-irln14 if'l11'flu1'I 

,rflt! 15 ~1L:JJ'Irifl14fl1'J1i ,11 minicolumn :JJ1L~t!'Un'U~fltl1-.:.1 Luhlh:JJ1~fln'U vacuum flask • 
L~:JJlflian~fl~vJa1'Y1flfl<Bu L5:JJI L&i:JJ~hi)fl{ (diethyl ether) 5 iJaaat9l'J(;\-.:.I114 minicolumn 

LU~ LfI~fl'l ~~arurulfl1r11 
'\..I 4..0 

i~hi)fl{l,.,aii(;\~'YItI~ ri mJ~'h;)f){l"'(;\flflfl~lfl minicolumn ~14'VIlJ~ 
'\J .., 
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tJ~L~~tl~~~~tytylfl1r! elute tl~\"JaTVltlfl~'W L~lJl ~~~fl~~~uln'W C18 Sep-Pak l~tJL~lJ 
~LLitl{ 10 iJaaal?l';il'W'Hatl~m5~ ~'W~LLitl{tltlfl~lfl'Hatl~m5~l~tlli plunger lrr~LLitl{l'Ha 

rJl'W C18 Sep-Pak a~rl minicolumn ill~'W'HlJ~ LtJ~L~~tl~~~~tytylfl1r!lrr~LLitl{l'Ha~h'W 
~afl1 L~a 60 -na~'Htl~~'W'HlJ~ tl~\"Jall'1tlfl~'W L~lJl ~~f;)fl~~~uln~tl~afl1 L~a 60 1'W 

'\J '\J 

minicolumn 

Elute tl~\"Jall'1tlfl~'W L~lJ 1 ~lfl~afl1 L~a 60 a~rl'Hatl~l'1~atl~ (test tube) 1I'Wl~ 15 

iJaaal?l';i ~~~~tldl'W vacuum flask (~~LLt'f~~l'W';iu~ IB) 1~tllit'fl';i'vha~mmJt'flJ1~~atll';i-
'\J 	 '\J 

ijLLi'W (dichloromethane) : Ltl~mLtlaflm'lml (ethyl alcohol) 95 : 5 :;)l'Wl'W 10 iJaaal?l';i 

ujUL~~tl~~~t'ffilfillfl1r!lrrt'fl';ia~mtl1'Ha 1 iJaaal?l';i~tl'Wl-n 'Wl'Hatl~l'1~atl~'WftllJt'fl';ia~mtl
'\J '\J '"' u 

~~1U';i~L'HtJLLrr~ ~1 tlnl'll'1'Wll?l';iL~'W~'WL'H~mBml?l';iu';i~mru 500 1lJl~';ial?l';i~~t1LUl?l t'fl';i 

a~altl~L'Hatllrl1.'W vial1l'Wl~ 5 iJaaal?l';i l11fl1';i';i~L'Htl~tl~'WLLrr~ 

2.2.2 fl1';i1L~';i1~"''HlmlJlrutl~\''Jall'1tlfl~'W L~lJl 

Liitl~~lflmmrutl~\"Jall'1tlfl~'W L~lJ 1 ~t'fn~1~~lfl~ltlth~.Jl'WlJijmlJlru,rtltl 
lJlfl fl1';il?l';il~1L~';il~'Hl~tl High Performance Liquid Chromatography (HPLC) ~ij 
fluorometer LU'W detector 1~tl1~l111~1~tll?l';i~ ~~l11fl1';i derivatization 1~tll11u.nfl~mnu 

fl';j~1l?l';i~atlhtl~~~fl (trichloroacetic acid) LU~tl'WlrrLu'Wtl~\"Jall'1tlfl~'W L~lJ2Ltl 
(Aflatoxin M2a) ~~ij absorptivity ~~'WtlL~tlritl'W 

L~lJLnm'll''W (n-hexane) 200 1lJl~';ial?l';i a~l'W vial ~lfliJtl 2.2.1 L~tla~mtltl~\"Jm-
Q ~ .J 1 v ~..,: 1JI 0 .q.J 1JI .... 1 Q ~ .J ~ 1QJ 	 (V

l'1tlfl'll''W 	 LtllJ 1 l'1t'ffl ~ ~ l'1~'Wl?ltl~l'11l'1'Wl'1l'1';i~L'HtlU'H~ L'W';il~tl~nall'1tlfl'll''W LtllJ 1 l'1LflU 'W 
... 1 .J... .., '1 ... 1 .... r;! ••1 ""Q 	 ~ 

.fll7:f'W~LLm 'Wt'f.fll'Wl'1LL'H~~~f;)fl~~'ll'U L~tJLLml'11 'Hu';ilJlrutl~nall'1tlfl'll''W LtllJ 1 a~a~l?lllJ-
'\J '\J 

al~u ~t'flJt'fl';ia~altltl~\"Jml'1tlfl~'W L~lJ 1 1'WLnm'll''W~~1rrLiln'W~ LLal~~L~lJfl';i~1l?l';i~atl 
htl~~~fl 200 1lJl~';ial?l';i tJ~e.h vial t.Jt'flJt'fl';ia~altllrrLilt1'Wl~tlli vortex LLal'Wl vial LL7:f'1'W 

water bath ~ 40°'ll' 10 'Wl-n 'Wlt'fl';ia~mtlm';i~L'HtJLLrr~1~tllinl'll'1'Wll?l';iL~'W a~mtl residue 

~ltlt'fl';ia~mtlt.Jt'flJ,h : tl~~1l'1';i1'W1l'1';i (95:5) 0.5 iJaaal?l';i fl';jtl~rJl'W nylon filter ~ij pore 

size 0.45 m1L~';il~"''HlmlJlrutl~\''Jml'1tlfl~'W L~lJl l~tl HPLC 

L~tl'W111 ( conditions) lhi~1'Hju1L~';il~",tl~\"Jall'1tlfl~'W L~lJ1 

Column Spherisorb ODS-2 (5 ,urn) 

1I'Wl~ 0.4 x 25.0 L'll''W~LlJl?l';i 

Mobile Phase water: acetonitrile : iso-propanol 80 : 12 : 8 

Flow rate 0.7 iJaaal?l';i/'Wl-n 

Detector fluorescence detector 

excitation wavelength 365 nm 

emission wavelength 455 nm 



- "'
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1nt1fSJ"nft'~ • lJU1"!lU 1'nll" -I... .. 
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5 

50 cc Syringe 

-CIS Sep·Pak 

1 ml Pipet Tip 

To Vacuum 

10 rnl Polypropylene 
Column 

Silica Gel (1 % H20) 

Collection Tube 

'Wffit--- Na2SO4 

A B 


'jU~ 1 fl1'jl1itltlUf1'jW~ll1-rU{ffl~tl~yJaTYltlf1:SU L~aJ 1 Iillf1t?l1tlth'lJ1UaJ... . 
A) fl1'jl1itl CI8 Sep-Pak flU vacuum flask LLa~l1atl~tI1:5~ 

B) fl1'jl1itl minicolumn L~tl elute tl~yJaTYltlf1:au L~aJI 
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2.2.3 m'H:hu"HUA'11lJl"lllJ"Il'UlIeJ'l'el:;vJ~1'Y1eJfl~'U lBlJ 1 

Al'U'1UAA'11lJ l"lllJ"Il'U'lJfl'lfl:;vJ~l'Y1flfl~'U lBlJ 1 1 'U~'1fltil'1.Jl'UlJ&lUl~tllmtlu 
ll1t1uif'U#tt9lla'U1A'I (area under the curve) ~lfl HPLC chromatogram 'J:;,..dl'1~'1fltil'1 

~ d ~I ••1 "" ~ I "" ...1 ". 1.,1Ll~:;al'JlJ1W1'J~1'Ufl:;vJa1'Y1eJfl~'U lfllJ 1 'If'l ~ lu~tI'Ulu'Ufl~Y'j~l'Y1flfl'lf'U lfllJ2lfl l"ll'Ul~mflU 

~'1 fltil'1'UlJ 

2.3.1 m'Jan~fl~vJ~l'Y1flfl:a'U U 1 ~lfl~'1fltil'1'UlJwi'fllJ~lJ'Ja"llflAlml~WI 
151LA'Jl:;""""lmlJ1UAfl::vJ~1'Y1flfl:a'U l~lJ 1 1'U'UlJ"llflAlml~Wll~tl15 Official 

Method 986.16 dallJl'J(,)WI'J'1~1lA'Jl::""fl::vJ~1'Y1flfl:a'U u1 l~l-d'Un'U i'ldlW'Jl::fl::vJ~l'Y1flfl 
'lS'U Ul ii retention time ~LlWlfl~l'1~lflfl:;vJ~l'Y1flfl:a'U lBlJl fltil'1-6~l~'U (HPLC 

••1 "" ~ 1 . 1.,1 .,I "" ...chromatogram 'lJfl'lfl:;Y'j~l'Y1flfl'lf'U'YI'Iafl'llla~'1 'U~u'YI 3 lIfl\lU'YI'YI 3 t-J~m'J'1~tI) 
'" ~I .".., "".. ..1 "",.. 1 'f 'f """" IOJlWfll u'Um'JtI'UtI'U m'JWI'J'1~'1lA'Jl::""fl::Y'j~l'Y1flfl'lf'U U 1 'U'UlJ"llflA Lml~WI L~mLi~\lfl ~1'1 

"Ill\1t9l'U (l1'1"1lfl 2.2) 1"1115 Official Method 968.22 (AOAC, 1990a) 

thu WI ~'1 fltil\1'UlJ"llflAlml~WI 50 iJ~~~WI'J1il'U separatory funnel 'lJ'Ul~ 250 

iJ~~~WI'J l&ilJA~flhvJfl{lJ 1 00 iJ~~~WI'J l'lJtiltieJtl1 ~\lyf\l11l~fl111.Jl'UlJll~~A ~flhvJeJ{lJ 

lLtlfl11'U l'lJGi'1'UA~eJhvJeJ{lJ&.h'Um::~THmfl\l Whatman lUfl{ 42 dlual'J~::~lt1~mfl\ll~ 
d ~ ~ ...1 L:::I. q

lWeJd lA'Jl~""""lfl~Y'j~l'Y1flfl'lf'U U 1 

lWl'1t1lJ chromatographic column l~m&ilJA~flhvJfl{lJ 50 ii~~~WI'J ~\l1'U chroma­

tographic column lln'1'lJ'Ul~ 22 x 300 mm ii Teflon stopcock 1Gi glass wool ~\l1'U 

column l~vJfl\lfl1mrlflflfl l&ilJ anhydrous sodium sulfate U'J::lJ1UA 5 fl-!ilJ l~flltJ'U~l'U'Jfl\l 
-!iu~~ml~~ 60 al\1il1t11'U column ~'1t1A~flhvJfl{lJ~'Uhjiit-J\I anhydrous sodium sulfate 

&i~fl~ l&ilJ:a~ml~~ 60 :;)1'U'1'U 10 fl-!ilJ~\l1'U column (silica gel 60, 0.063-0.2 mm ~\lrJl'U 
m'J activated l~tlfluLll1\1~ 105°'lf 1 ~'11lJ\I Lla'1(()\ll&ilJJl 1% tJ~~flm~Lln'1 llltil~'Ul"llln'U• 
~ ~\lyf\l1J''UlI'1~Lln'1tJ~ail'YIfltil\1ll'fltl 15 ~'11lJ\I (()\ltJllJl1i) L&ilJ anhydrous sodium 

sulfate 15 fl-!ilJu'U11'UlIfl\l~~ml~~ 60 al\1,fl1t11'U column ~'Uhjiit-J\I anhydrous sodium 

sulfate &i~flti Lla'1~\ll'lJA~flhvJfl{lJfleJfl~lfl column ~'Ul""~flA~flhvJeJ{lJfltilWUfl11'U'lJfl\l
'\J '\J 

anhydrous sodium sulfate l~flll'fltl 

thuWlA~flhvJfl{lJ~meJ\ll~ 50 ii~~~WI'J 1il'U column ~lWl'1t1lJl1 u~fltl111al'J 
~::~1t1~'1fltil\11""~t-.h'U siliga gel column l~ml'J\I~\I~~l~fl l~flal'J~:;~1t1~'1fltil\11,..,~~'U 
""lJ~~\lal\1 column ~'1t1 n-hexane 150 ii~~~WI'J ll~:; anhydrous ether 150 iJ~~~WI'J lla'1 

~\I elute fl:;vJ~l'Y1flfl'lS'U U 1 ~lfl column ~'1mlJLil'Ufl~ : A~eJhvJfl{lJ (3 : 97) 



7 

2.3.2 fll'~1lA'l1~'l-11-11iliaJ1t:U[)~vJ~1'Y1[)fli1'W ill 
'l~mmli~ eluate m~l~uJlirLuial'WLl9l'll~'W ~~~ltJ residue 1'WA~[)hvJ[)1aJ 

Ll,j~a1'l~~a1tJm~m spot U'WLl~'W liC (Thin-layer chromatography) 'Wf[)aJnua1'l~~mtJ 
aJ1191'l~1'W[)~vJa1'Y1[)fli1'W {jl develop Ll~'W liC L~tJlir A~[)hvJ[)1aJ : ~lLi[)1 90 : 10 lU'W 

solvent system lhLl~'W liC ~Lli~ Lla')f)1'WA11aJl-naJ1I[)~ Ll~~~ spot 1Im[)~vJ~1'Y1[)fli1'W il1 
L~tJl,rlA~[)~ densitometer (CS-9801PC Dual Wavelength Flying Spot Scanning 

Densitometer, Shimadzu, Japan) 
l~mU'Wfl1'l19l'l1~a[)U1i5fl1'l1LA'l1'l-1[)~vJa1'Y1[)fli1'W {j 1 1 'W'WaJ'tf[) ALflLl~19l,r1~~'W;f ~~ 

1-11 % recovery 1I[)~1i5ffi~tJ standard addition method l&laJ 10 laJLA'lfl-!aJ 1I[)~al':m~mtJ 
aJ1191'l~1'W[)~vJa1'Y1[)fli1'W {j 1 ~~1'Wi1mh~'WaJ'l5[)ALflLL~l9l LLLf1~~an~ LL~~1LA'J1~'l-1'Vnilimt:U 

[)~vJa1'Y1[)fli1'W {j1 L~ tJ 1,r liC L1f'WL~mnu1i5fl1'Jl9l'l1~1 LA'J1~'l-1[)~vJa1'Y1[)fli1'W {j1 1'W 
~, v 4 , 
1911[)tJ1~'WaJ'W'J[)aJ~aJ'Ja'l5[)A Lfl LL~l9l 



3.1 fl1~Gl~l'ifhfl~l ::..f'HlmIJ1Wf)~~1't1f)fl'Bu L~IJ1 luulJ'WimJ~IJ~iif'7ff)fItml~ Gl 

t11':iGl':i1'illLrldl~l-1mtflaJlruf)~'Vhn'Ymn~'U LBaJ 1 1'U'UaJ~{tlaJ~aJ~'1'Hl'l·lfuVllV1t1l5 
Official Method 986.16 (AOAC, 1990b) ~tJilii % recovery ':i::'Hil'l 80-86% lV1t1ii~h 

L'il~m'YhntJ 83% detection limit 'tItl'l15.nL'YilntJ 0.01 ppb lV1t1~VI'illnmlaJ~'1"lJtl'l peak "lJtl'l 

tl~wt'tl't1tln~'U LBaJ 1 'illn HPLC chromatogram Gltl'lLtJ'Umil'l-utltl 2 L ..hIJtl'lmlaJ~'1"lJtl'l 

peak ':itJn1'U (noise) 

HPLC chromatogram 'tItl'ltil':iaJ1Gl':i~1'Utl::Wt'tl'Ymn~'U LBaJ I LLt't::iJI (~'1\}mU~tI'U 
'h1LtJ'U tl~wt'tl't1tln~'U LBaJ2Ltl LLt't::u2Ltl lV1t1.yhuiin~tI1ntJ TF A mi-J) LLtiVl'll'U~U~ 2 ~'1ii 
retention time th::mru 5 ut't:: 10 'Ulii GllaJth~tJ HPLC chromatogram 'tI tl'l'UaJ~lti 

L'iltl{h,hti"lJtlrllmLt'tGlut't::'UaJmtl'7f"hti'7ftlrllmLt'tGlLLtiVl'll'U':iU~ 3 LLt't~ 4 GllaJ~l~tJ lV1t1 
~ ~ 

peak "lJtl'ltl::wt'tl'Ymn~'U LBaJ2Ltl ii retention time U':i::aJlru 5 'UliiL-d'UL~tl1ntJtil':iaJ1Gl1'~1'U 

vilL'il~tlrl1iaJ L-naJi'U"lJ tl'ltl::wt'tl'Ymn~'U LBaJ 1 1 'U\.IaJ~ltiL'il tlll1'thti"lftlrllmLt'tGl"lJ tl'l~'1 
8 tJ~';'YI~.yht111'Gl1'1'illLrldl::l-1LLtiVl'l1'UGlldl'l~ 1 mlaJliaJ-n'U~-Utltl~~VI~~tJAtl < 0.01 ppb 

~'1~lnil detection limit "lJtl'l15 Llt't~mlaJL-naJi\.l~'1~VI~~tJAtl 0.243 ppm 

vilL'il~tlmlaJL-nlJi'U"lJ tl'l tl::Wt'tl'Y1 tl n~'U LBaJ 1 1 \.I'U lJ~ltiL'il tlll1'thti"lftlrllmLt'tGl'tl tl'l~'1 
5 tJ~';'YI~l1lt111'GlTI'illlrldl::l-1LLtiVl'll'UGlldl'l~ 2 mlaJL-nlJ-n'U~Utltl~~VI~~tJAtl < 0.01 ppb 

~'1~lnil detection limit "lJtl'l15 ut't::mllJL-naJi'U~'1~VI~~tJAtl 0.141 ppm 

3.2 fl1~Gl~l'illlfl~l::li'f)~~l't1f)fl'BU fil lUUIJ'Wif)IJ~IJ~iif'7ff)fItmlitGl 

~'11~mh1lJ1LL~11'UtJ'YI~ 2l5t111'lo5'tI -H1-ntl2.3 ill5llrldl~l-1mtflmrutl::Wt'tl'Y1tln~ 
'U LBlJ 1 1'U'UlJ"lftlrllmLt'tGltilm1'tlGl1'1'illLrldl~l-1tl::wt'tl'YItln~'U ii 1 l~L"li\.ln'U ~'1.nL~1'1:: peak 

"lJtl'ltl::wt'tl'Y1tln~'U ii I ii retention time ~UGlnGil'1'illntl::wt'tl'Y1tln~'U lBaJ 1 (Vl1'U~ 2)
~~ 

HPLC chromatogram "lJ tl'l'U lJ~ltiL'il tlll1'tlut't::'U aJ~ltl"lfihti'titlrllmLt'tGl utiVl'll'U~U~ 
3 LLt't:: 4 GllaJ~l~tJ l,judln{) peak "lJtl'ltl::wt'tl'Y1tln~'U iiI ~'\.h::mru 5 'Ul'Yl ~'1LLtiVl'll'U 
~U~ 2 "lJtl'ltil1'aJ1Gl1'~1'Utl::Wt't1'Y1tln~\.I LBaJ I ut't::ii1 'illnt111''YIV1titltJ % recovery "lJtl'ltl::Wt'tl 

'YItln~'U ii 1 1 'U'UaJ~{tllJ~aJ1'ti'titlrllmlt'tGllV1t1l5 standard addition method ~tJiliivill 'YilntJ 

86 % ~'1l1lh1~'U1'ilill5t111'tinVlLLt't::'HlmlJlrutl::Wt'tl'Y1tln~'U ul lV1t1l5 Official Method 

986 . 16 (AO AC, 1990) .n til lJl1'tl Gl 1'1'ill Lrldl::l-1tl~wt'tl'Y1tln~'U u1 1~tl~l'1 iiU1'::~'YI5.f11~ 
"" """... • l?i ••1 "" "'" 1 .,.J 'in11'GlTI'il1lrldl::'HtI'U tI'U n11'u'U Lutl'U tl::~t'tl'YI tln'Zf'U tJ 1 'U'UlJ~1'tllJVllJ1'ti'titlrl Lmlt'tGl 

lV1t1t111'tinVl~1 tlrlt'ttl hWtl{lJLLt't::llrldl::l-1'HlmlJlru lV1t1l5 TLC eh'Uvilr11llJlilJ-n'U'tI tl'l spot 
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HPLC c1lIomatogram LLt'fYl'l peaks "lJu'lt'f1'J:J.J1W1'J~1'Uu~yJ~l'y)uf):a'U L~:J.J 1 LL~~ 
....J tl.J ~I 0.1 "".:: ... '1 0 tl "" "" <V
'U 1 "If'l~m ~tJ'ULu'Uu~n~l'Y1uf)"lf'U Lu:J.J2Lu LL~~ 'U2Lu tYltJ'YI1 !)mmf)'U 

trifluoroacetic acid ij retention time tl'J~:J.J1ru 5 LL~~ 1 0 'U1'¥im:J.Ja1~'U 
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HPLC chromatogram LU1~'l peaks "lJfNfl~yJal'Ylflfl~'U L3)J 1 lia-n~1~lillfl(1\1flril'l 
'U)J'Wla-Llilflfi'l~'m"ll'mllmLal?l LLa~Lt1~tJ'ULtJ'Ufl~yJal'Ylflfl~'U L3)J2Lfl 1~tJ111 
t1iifl~mn'U trifluoroacetic acid 1a.itl'llfl!) peaks "lJfl'lfl~yJal'Y1flfl~'U iJ2Lfl 

••1 "".. ).JtI ..(fl~ Y'lal'Y1flfl"ll''U 'U 1 'YI 'l~)J1U1 10 'Ul'Y1 
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HPLC chromatogram LLa~.:j peaks '7.IfNf):;'W~l'Ylf)f1:S'W L~lJ1 ~afl~l~':iIlf1i";)f)rll.:j 
'WlJtj L f)'2fli~a'2ff) AIf1LL~(JlLL~:;L-U~ tI'WL;J'W f):;'Wm'Yl f)f1:S'W L~lJ2L f) 1~mh-ul) f1~mn'U 
trifluoroacetic acid hj-U~lf1!l peaks '7.If).:jf):;'W~l'Ylflf1:S'W U2Lf) (f):;'Wm'Ylf)f1:S'W 

"" .de I ""'U 1) 'Ylu~:;lJl[u 10 'Wl'Yl 



12 

d • d ., ., •. 1 "" ~ 1 ~ , t1 ..s
m11'1'Y1 1 A1l~HUJA11lJll.llJl.I'U1.I[)'1[)::nm'YI[)fl'lfW l[)lJ 1 'U~1[)tn'l'UlJ'W1l:'fl-;;)[)1 b1~ 

1,;{"lf[) AImla~~di'U-;;)1flli'[)'1~a1~1'ULl.I~fl1'1l'YI'WlJm'UA11::rd1'1l~[)'U5'U11AlJ 2538 ­• 
tl'UtntJ'U 2539 (n = 3) 

AWil~tJm1lJL,jlJ,j'U1.I[)'1[)::Wa1'Y1[)fl~'U LalJ 1 (Ppb)* 

1?11mh'l i'Ufl11&-Ja~ (lot) 

1 2 3 4 5 

'U~';'YI 1 0.075±O.002 0.044±O.003 0.056±O.003 0.079±O.006 < 0.01 

'U~';'YI 2 0.129±O.01l 0.099±O.010 0.072±O.005 0.055±O.003 0.108±O.007 

'U~';'YI 3 0.083±O.004 0.173±O.012 0.202±O.01l 0.243±O.015 0.110±O.005 

'U~';'YI 4 0.029±O.001 0.033±O.002 0.022±O.001 < 0.01 0.034±O.002 

'U~';'YI 5 O.11 l±O.OlO 0.179±O.0 11 0.205±O.014 0.108±O.007 0.088±O.004 

'U~';'YI 6 0.013±O.003 0.027±O.001 < 0.01 0.015±O.001 0.019±O.002 

'U~';'YI 7 
0.029±O.002 0.017±O.001 0.014±O.001 O. 056±O. 004 0.083±O.007 

'U~';'YI 8 0.138±O.007 0.067±O.003 0.145±O.012 0.045±O.002 < 0.01 

* mean ± SD 
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.oJ 1.oJ v ... ..1 "" ~ 1"" I "" '1m';il'1'Y1 2 A1L\HltJml).JL"lJ).J"lJ'U"lJ[)'1[):::Y\I~1'Y1[)fl'lf'U L[)).J 1 'Um[)tn'l'U).JtIL[)'lf'YI';ii.'f'lf[)A bflLL~~ 
'lJ 

~LnU~lfli[)'1~~1~1'UL"lJ~fl';i'lL'YI'W).JVil'UA';i ';i:::ml'1L&i[)'UTI'U11A).J 2538 - n'Utnu'U 2539• 
(n = 3) 

i'Ufl1';it-J~~ (lot) 


1 234 5 


U~';'YI 1 < 0.01 0.024±O.003 0.021±O.002 < 0.01 0.058±O.005 

U~';'YI 2 0.044±O.004 < 0.01 < 0.01 0.014±O.002 0.012±O.002 

U~';'YI 3 0.039±O.004 0.075±O.006 0.049±O.005 0.141±O.009 0.044±O.004 

U~';'YI 4 < 0.01 0.024±O.002 0.037±O.004 0.101±O.007 0.039±O.004 

U~';'YI 5 0.131±O.01O 0.018±O.001 0.026±O.003 < 0.01 0.031±O.003 

* mean ± SD 
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'U'U TLC plate ~1tHA~f)'1 densitometer 1911:JJ111'1lf) 2.3 'tJ'llfl!)11hh'l'U peak l.If)'1f)~'Vhn­
V1f)fl~'U iil 1'U'U:JJ'VnaL~f){l';i~ll~~'U:JJ~lf)"lf'¥i~'1LLa~'11'U TLC chromatogram ~'tJ~ 5 lL~~ 6 

1911:JJ~h~'U % recovery 1.If)'1fl1';il9l';i1~1LA';il~11f)~y.J~lV1f)fl:zi'U iil 1~tl1tHf'W'U11L'Yhn'U 84% 

~'1lLa~'1h'L~'U111iHfal:JJ1';i{l19l'J1~1 LA'll~l1f)~y.Ja1V1f)fl~'U U1 1~mh'ljj'tJ'J~~V15m'W 
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TLC chromatogram 1IeN A) ffl'nJl~",j~l'U'[)~Wal'\'1'[)fl:a'U 111 ~'1 
.d 	 1'" ·.d.1 "" "" '" •peak l'1 run ~ ,[)~l'1u",j~3J1W 78 3Jam3J~",j ~lfl1l'[)lJ~1'Ual'111'[)'1 TLC plate 


B) 'U3Jm~L~'[)l1",j~",jff"ij',[)Atfl LLa~ ~lfl TLC plate LL~'UL~ltJ1n'U hiU".l1fllJ peak 

••1 ""....d. I "" "" 1I'[)'1'[)~l"lall'1'[)fl'lf'U lJ I l'1u",j:-;3J1UA 78 3Jam3J~",j 
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tJl1'i1 4 

fll'Jf1.fhJ'JltJ ~ fil 

:lJ111'UA11~lrh-H~e),U5'U11A:lJ 2538 - tl'UtntJ'U 2539 'Wuml:lJL,r:lJi'U'lItl'ltl~vJaTYlf)fl~'U 

L~:lJl <0.01 - 0.243 ppb ~ll1-rU'U:lJ'WlaL~tl~h~ LLa~ <0.01 - 0.141 ppb ~ll1-rU'U:lJ~Ltllfii 

. I ~ ••1 "".. 1 '" , !!'1 .. ....Jit ' 'U~1tlm'l'U:lJ'WlaL~m b1aLLa~'U:lJ~Ltllf'YI'YI~11~LL~ :lJ'WUfl11u'ULutl'U'lItl'ltl~naTYltlfl'lf'U U 1 

~1'11 Li'U 0.5 ppb 'lItl'ltl1~L'YIAal1~~m:lJ~fl1 LLa~ 0.05 ppb 'lItl'lUl'1t11~L'YIA1'Uf!htl (van 

... 0:; 1"" . I ~ ••1 '" 0:; 1 ... dEgmond, 1989) LLa1 ~~Ll1'U mlfl11U'ULutl'U'lItl'ltl~nm'YItlfl'lf'U Ltl:lJ 1 'U'U:lJ'W1tl:lJ~:lJ 

1alftlAlfl LLa~5'1tltJ'1'U1~~U~tJtl:lJ-~U1~ ~'1~~Lli'U1~~lflA11:lJL,r:lJi'U'lItl'ltl~vJal'Y1tlfl~'U L~:lJ 1 
'\J 

~~'1~'l~~~11~'WUi1A1L'Yhtlu 0.243 ppb 5'1~lfl11Al:lJl~1~1'U'lItl'ltl1~L'YIAal1~~m:lJ~fl1tl~ 

:lJlfl 'Utlfl~lfl;f5'1'Wuil~1mh'l'U:lJ~i1m~vJm'YItlfl~'U L~:lJ 1 t1'ULTItl'U-WtltJfl11 0.05 ppb (~'1 

LtJ'Um~1~1'U'lItl'lUl'1t11~L'YIA1'Uf!htl) i1~'111:lJ~ 37 ~1tlf.h'l ~~LtJ'U 56.9 % 'lItl'I~1tlti1'l~ 

~11~1LA11~11 (65 ~1mh'l) 

• I ~ ••1 "" 0:; 1 ... d 1 J; ~.J<J '!I
fl11u'ULutl'Utl~nal'Y1tlfl'lf'U Ltl:lJ 1 'U'U:lJ'W1tl:lJ~:lJ1alftlA bmLa~'U'U:lJl~lfl'Ul'U:lJ'YI Llf b'U 

fl11t-J~~ 1~tJi1alLl1~~lfllAn'Um1111~t1'ULTItl'U~1tJtl~vJm'YItlfl~'U -u 1 ~'1f1m:lJ~~lu1a'lf1~ 
• '\J 

L:lJ~du1mi' (metabolites) ~1'1111:lJ~'1tl~vJm'YItlfl~'U L~:lJ 1 1 'UJ1'U:lJ mmfUfl11'llUtltlfl'lltl'l 

tl~vJm'YItlfl~'U L~:lJ 1 ~'Utlui1~~tJ~1'11rb'U111qJL~m,rtl'ltlu~11ALi'U 1~tJ~L1m'lltl'lfl111"';'U:lJ 

m:lJlfU'lItl'lfl111,..;Jl'U:lJ ('lL'YI'WLLa~LUty~:lJ1A, 2539; Frobish et aI., 1986; van Egmond, 

1989; Veldman et al., 1992) lA1'U1~tJ~LL1fl'lltl'lfl111"';'U:lJ (early lactation) ~~'llUtl~vJal­

'YItlfl:a'U L~:lJ 1 tltlfl m:lJlfl111~tJ~l1a'l'lltl'lfl111"';'U:lJ (late lactation) LLadAitl,..;Jl'U:lJmfl 

(high milk-yielding cows) ~~'llutl~vJm'YItlfl~'U L~:lJ 1 tltlflm1'UJ1'U:lJ),nflfl111Aitll1Jl'U:lJ 

-WtltJ (low milk-yielding cows) 



1B 



fI')~'YITI-:Ja'llil'HUt!"lJ (2529) U1~mf1f1')~'YITI-:Ja'llil'HUt!"lJ ~UU~ 28 L~rl-:J a.nGl1~1'Umm1~ 

iJa'11U'ULTIrl'U 11"lff1Oi1Oi11'ULUf)l>J1LalJ 103 1_OiI_16 Glrl'U~ 23 (~U1J'Vhf1l>J) 1;H1'U~ 16, 
.... 0'

f)lJ.fl1'V-l'Uli 2529, 

Ul1;J'U 11fl~ (253 7) m1GlTIOiI1L~11~lfm:y.J~1'Y1rlf)ta'U 1'U'UlJ'V-lfrllJ~lJhHJ1-6 ELISA kit 

(personal communications) 

t!L'YI'V-l L~rl-:J1Lf1l>J LL~~LUqJOiIa.nf1 lJ1"'a'f:l'u'U'YItJ (2539) mllJalJ~'Uth~wjl-:Jma.ntUrl~y.J~l-

'YIrlf)ta'U Ul 1'Umm11~'UlJu~~mlJ1Um~y.J~1'Y1rlf)ta'U L~lJl l'U,hl..llJ 11INl'l..1l\J~m1 

~lJl U~\!1ur LL~~m-:J~'l..I'YI{ t!U1~La'~qJ (2537) m11L~11~~mmlJltUrl~y.Jm'YIrlf)ta'l..l L~lJl 

LL~~L~lJ2 1'l..I'l..IlJLL~::l\JaGliltUi'l..llJ 'l..I1Glf)11lJa'llil1tUt!"lJ 13, 108-114 
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